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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 

Systematic, well-designed research provides the most ef
fective approach to the solution of many problems facing 
highway administrators and engineers. Often, highway 
problems are of local interest and can best be studied by 
highway departments individually or in cooperation with 
their state universities and others. However, the accelerat
ing growth of highway transportation develops increasingly 
complex problems of wide interest to highway authorities. 
These problems are best studied through a coordinated 
program of cooperative research. 

In recognition of these needs, the highway administrators 
of the American Association of State Highway and Trans
portation Officials initiated in 1962 an objective national 
highway research program employing modern scientific 
techniques. This program is supported on a continuing 
basis by funds from participating member states of the 
Association and it receives the full cooperation and support 
of the Federal Highway Administration, United States 
Department of Transportation. 

The Transportation Research Board of the National Re
search Council was requested by the Association to admin
ister the research program because of the Board's recog
nized objectivity and understanding of modern research 
practices. The Board is uniquely suited for this purpose 
as: it maintains an extensive committee structure from 
which authorities on any highway transportation subject 
may he drnwn; it possesses avenues of communirntions and 
cooperation with federal, state, and local governmental 
agencies, universities, and industry; its relationship to its 
parent organization, the National Academy of Sciences, a 
private, nonprofit institution, is an insurance of objectivity; 
it maintains a full-time research correlation staff of special
ists in highway transportation matters to bring the findings 
of research directly to those who are in a position to use 
them. 

The program is developed on the basis of research needs 
identified by chief administrators of the highway and trans
portation departments and by committees of AASHTO. 
Each year, specific areas of research needs to be included 
in the program are proposed to the Academy and the Board 
by the American Association of State Highway and Trans
portation Officials. Research projects to fulfill these neeus 
are defined by the Board, and qualified research agencies 
are selected from those that have submitted proposals. Ad
ministration and surveillance of research contracts are 
responsibilities of the Academy and its Transportation 
Research Board. 

The needs for highway research are many, and the National 
Cooperative Highway Research Program can make signifi
cant contributions to the solution of highway transportation 
problems of mutual concern to many responsible groups. 
The program, however, is intended to complement rather 
than to substitute for or duplicate other highway research 
programs. 
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FOREWORD 
By Staff 

Transportation 
Research Board 

This report will be of special interest to transit planners and engineers responsible 
for evaluating alternative service concepts in order to satisfy travel needs within 
available resources. Other professional planners, including marketers and sociolo
gists, will find this report to be of general interest because of its central role in the 
application of market opportunity analysis to short-range public transportation 
planning. 

Public transportation traditionally has been provided by fixed-route service 
financially supported through revenues from passengers. Reduced patronage, re
sulting primarily from increased use of the automobile plus higher operating costs, 
has caused growing deficits. Public concern about energy, environment, auto de
pendency, congestion, and the quality of urban living in general has obliged govern
ments to underwrite these deficits in most urban areas. The rising amounts of 
required public monies plus the successful operation of a wide range of services 
directed at more specialized market segments have posed questions concerning how 
much financial support is appropriate, what services are required, and how these 
services should be provided. Public officials need this information in order to 
establish appropriate public policies. 

Project 8-16 was initiated in order to develop a method to provide public 
officials with the desired information and direction for local public transportation 
actions. The initial 12-month period of the project was spent conducting an in
depth analysis of present procedures and practices of the urban mass transit indus
try. Included in this effort were research team visits to 18 urban areas within the 
United States. From this research process, a model (Fig. I) was developed depict
ing the necessary information and procedural steps required for the application of 
market opportunity analysis to the planning of short-range public transportation. 
As depicted in the model, the application of market opportunity analysis requires 
both direction from policy decision areas and data from an engineering data base. 
A full explanation of this model, its application, and potential value is presented in 
NCHRP Report 212, "Market Opportunity Analysis for Short-Range Public Trans
portation Planning-Method and Demonstration." Four companion reports are 
concerned with the application of a market-oriented public transportation planning 
approach. These constitute a group of reports that bear the main title "Market 
Opportunity Analysis for Short-Range Public Transportation Planning," and are 
subtitled as follows: NCHRP Report 208, "Procedures for Evaluating Alterna
tive Service Concepts"; NCHRP Report 209, "Transportation Services for the 
Transportation Disadvantaged"; NCH RP Report 2 JO, "Economic, Energy, and 
Environmental Impacts"; and NCH RP Report 211, "Goals and Policy Develop
ment, Institutional Constraints, and Alternative Organizational Arrangements." Ob
viously, all elements of the comprehensive planning model could not be addressed 
in one report. Thus, each report is aimed at one specific segment of the over-all 
model as shown in Fig. II for this report. Together, the reports provide compre
hensive guidelines for public transportation officials covering the three primary 
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Figure I. NCHRP Project 8-16 model--a market opportunity analysis approach to short-range public transportation planning. 
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activities described in the model-policy, marketing, and engineering (Fig. III). 
The present report, "Market Opportunity Analysis for Short-Range Public 

Transportation Planning-Procedures for Evaluating Alternative Service Con
cepts," contains a general procedure to match desirable service attributes resulting 
from a market segmentation study with alternative service concepts to determine 
which alternative services are appropriate for a local area. In addition, key legal, 
regulatory, and institutional issues of the model involved in the provision of the 
alternatives are incorporated into the discussion. The purpose of this report is to 
encourage local planners to consider the full range of alternative public transporta
tion services available to an urban area. "Public transportation," as used herein, 
includes all forms of intraurban passenger transportation that are available to the 
public, even if they are not considered common carriers. Public transportation, as 
defined here, includes private, public, and nonprofit systems. The public transpor
tation system may move masses of people or only one person at a time. Rail sys
tems have been excluded because they are generally beyond the scope of short-term 
planning considerations. 
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SUMMARY 

MARKET OPPORTUNITY ANALYSIS 
FOR SHORT-RANGE PUBLIC 

TRANSPORTATION PLANNING 

PROCEDURES FOR EVALUATING 
ALTERNATIVE SERVICE CONCEPTS 

This report is part of NCHRP Project 8-16, "Guidelines for Public Transpor
tation Levels of Service and Evaluation," which is directed toward the development 
of improved methodology for short-range public transportation programs in urban 
areas. The material presented supports the major contention of the project that 
public transportation (see "Foreword" for definition of term public transportation) 
planning should rely on an interactive process of identifying market segments de
siring transportation attributes that can be served by one or more service concepts, 
specifically identifying candidate services possessing these attributes, and determin
ing the feasibility of implementation through cost analysis, field testing, demon
stration, evaluation, and refinement. The suggested approach is to institute incre
mental change to public transportation services that is consistent with the concern 
for implementing short-range management alternatives. 

This report has suggested a general procedure to match desirable service 
attributes resulting from a market segmentation study with alternative service con
cepts to determine which alternative services are appropriate for a local area. 
Alternative service concepts were classified as to vehicle type, degree of right-of
way control, and operational strategy (routing, scheduling, and stop location). 
This comprehensive classification structure includes many useful service concepts 
not currently in wide use. Traditional services reflect only a limited spectrum of 
the full array of service concepts available. The classification chart should suggest 
opportunities for service that are not being explored currently. 

This report also presents typical cost examples and methodologies to aid 
the planner in assessing the costs of implementing alternatives. Generalized "break
even" curves have been presented for conventional bus, express bus, demand re
sponsive and ridesharing services. Example cost analyses have been developed 
based on a disaggregate costing procedure. It is felt that the cost of estimation 
framework should be flexible with respect to cost items and categories to be 
included, and the estimate should be based on routing, scheduling decisions, recog
nition of the existing situation in terms of availability of equipment and manpower, 
and on commitments or investments already made. The costing analysis identified 
that sizable differences can occur, depending on who is responsible for providing 
the service (public vs. private), service levels achieved through routing and 
scheduling, and other operational strategies ( work rules, etc.) . Rather than pro
vide generalized answers, the planner should refer to the rough feasibility analyses 
to limit the range of alternatives and then perform a "customized" cost analysis. 
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consideratio~s ~an _limit deployment of a particular service concept. In the long
term, many mstitutional barriers can be overcome if a viable cost-effective concept 
has been identified. 

CHAPTER ONE 

INTRODUCTION 

BACKGROUND 

Transportation planning must change continually if it is 
to meet the needs of a rapidly changing society. During 
the 1940s and 1950s, the shortage of high-quality, limited
access urban highways and, in the major cities, the need for 
improved mass transit rail facilities led the American public 
!o become concerned with the need for providing new and 
improved transportation facilities. In order to improve 
~rban mobility, reduce travel time, and eliminate conges
t1on, transportation pl~nTIPT~ hP("~mP 1nvnlvPr1 ln nl~nnlno 

the construction of new highway networks. Analytical tool~ 
were n~eded to evaluate objectively and comprehensively 
large highway networks and mass transit rail facilities with 
respect to their capabilities to meet future needs. By the 
late . 1950_s, the first large-scale transportation planning 
studies usmg transportation systems models had been com
pleted in Chicago and Detroit. The chief tool for evaluating 
these long-range plans involving major construction of new 
facilities became a complex analytical modeling process that 
permiiied networks of highways or rail facilities to be tested 
against assumed future needs. During the 1960s, much 
effort was put into the continual improvement and refine
ment of the models. 

Then, the needs of America changed. By the mid-1960s, 
most of the major highway corridors and transit facilities 
had been established or were nearing completion. Many 
travel needs were being met through these new facilities, 
but energy and environmental needs had become serious 
concerns to both the citizenry and the technical community. 
Periods of recession forced taxpayers to question more 
seriously all government expenditures and to turn down 
basic tax levies that previously had been passed almost 
automatically. Because transportation uses large amounts 
of energy, contributes to air pollution, and requires large 
land areas, and because large governmental expenditures 
had been made on transportation improvements, the trans
portation objectives of America had to change. The new 
objectives were to reduce energy consumption, to reduce air 

pollution, to mitigate the adverse environmental impact, and 
to reduce governmental expenditures without reducing 
urban mobility. 

These challenging new objectives called for long-range 
plans that did not, as in the past, involve the iarge-scale 
construction of new facilities. Instead, these new objectives 
~alled for plans that would meet future travel needs through 
improved use of existing facilities and the reduction of 
private auto usage. The long-range plan combined a map 
showing existing facilities with policies leading to increased 
capacity on existing facilities. As the long-range plan 
evolved into a comprehensive statement of policy, the 
short-range plan became the statement of how long-range 
policies would be implemented. The transportation planner 
became involved in transportation systems management. 
Complex systemwide models were of little assistance in the 
evaluation of plans that assumed that private auto travel 
would be increased and that existing facilities would con
tinue to be used. The new transportation systems manage
ment elements needed to be evaluated for reduced energy 
consumption and air pollution, reduced negative land use 
impact, and reduced governmental expenditures. 

Many cities viewed public transportation as the means to 
achieve these new objectives while possibly increasing 
mobility. The transportation planner became involved in 
analyzing the role of public transportation in urban areas 
of all sizes. The planner found that some privately owned 
transit systems had become degenerating operations using 
outdated equipment and underpaid employees. It was felt 
that transit properties had not been managed effectively 
and that improvements could be made if they were publicly 
owned and operated. Some felt that by public ownership of 
the public transportation system transit operations could 
become profitable, or at least would break even. Improve
ments in the financial situation of the transit operations 
would be made by (1) eliminating taxes, (2) extensive use 
of federal funds, (3) eliminating the profit incentive, and 
( 4) better management. 
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Experience proved these assumptions to be false. Because 
of many factors, costs for transit services increased over 
100 percent from 1970 to 1976. Labor wage rates in the 
transit industry increased faster than in other major indus
tries and were the largest contributor to increased costs 
besides inflation ( 1). While costs rose, the levels of service 
provided by many transit systems did not substantially 
improve. Mobility was not necessarily improved and the 
public utilization of transit did not increase. Without a shift 
to public transit, energy consumption and air pollution were 
not reduced and there was no change in the impact of trans
portation on the environment. 

After taking over transit operations, many cities at
tempted to create an exclusive franchise for providing 
public transportation services. These cities felt that by 
maintaining an exclusive franchise, there would be a 
greater demand for the publicly owned services. However, 
the demand for services did not increase, and the number 
of suppliers that could provide transportation services often 
decreased. By reducing the number of suppliers, com
petition was reduced, and along with other factors, includ
ing inflation, the result was increased costs for the consumer 
and/ or the city. Many of the largest, most transit-intensive 
cities have already found the cost of transit service too high 
despite federal and state assistance, and some have at
tempted to retrench through service cutbacks and fare 
increases (J) . 

These service cutbacks and fare increases do not help 
to meet the nation's transportation needs. Innovative types 
of services and innovative management of existing services 
can, in certain situations, assist in reaching the national 
transportation objectives. Public transportation does not 
automatically provide levels of service that will attract the 
ridership necessary to reduce energy consumption or air 
pollution. Increasing investment in traditional public trans
portation does not automatically increase mobility. Finally, 
it has proven difficult to operate traditional public transit 
without increasing deficits. The planner must now become 
involved in the analysis and evaluation of all public trans
portation alternatives both public and private. "What an 
effective network requires is the largest number of alterna
tive modes of transportation, at varying speeds and vol
umes, for different functions and purposes" (2). 

OBJECTIVE 

The purpose of this report is to identify alternatives for 

3 

providing urban public transportation and to assist in 
determining the feasibility of implementing these alterna
tives. "Public transportation," as used in this report, in
cludes all forms of intraurban passenger transportation that 
are available to the public, even if they are not considered 
common carriers. Public transportation, as defined here, 
includes private, public, and nonprofit systems. The public 
transportation system may move masses of people or only 
one person at a time. Rail systems have been excluded 
because they are generally beyond the scope of short-term 
planning considerations. 

To assist in determining the feasibility of implementing 
each alternative, an approach to cost estimation is dis
cussed. The cost to provide a service not only depends on 
who is responsible for providing the service (public vs. pri
vate), but also on how the service is provided (routing, 
scheduling, work rules, etc.). It is impossible to present 
cost estimating procedures for the entire spectrum of 
alternatives. System costs are affected by geographical area, 
community size, service type, and a variety of other factors 
that need to be considered. The purpose of this report is 
to present typical cost examples and methodologies to aid 
the planner in assessing the costs of implementing alter
natives. 

The incremental cost approach is used because an incre
mental situation is usually what the planner must face 
when implementing short-range management alternatives. 
The cost estimation framework in these cases should be 
flexible with respect to cost items or categories to be in
cluded, and the estimates should be based on the existing 
situation in terms of the availability of equipment and 
manpower as well as the commitments and/ or investments 
already made by the existing transit company. In order 
to provide generalized values, a limited sensitivity analysis 
has been prepared alerting the planner to the range in 
costs that might be encountered and the impact of selected 
parameters on total cost. For typical situations, "break
even curves" have been identified to suggest where certain 
services become more economically advantageous than 
other competing services. It must be recognized that cost is 
only one element, however an important one, in evaluating 
a transit service. The proposed methodology is only one 
part of an integrated evaluation process. Other elements 
for evaluation are addressed in companion reports. 
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CHAPTER TWO 

ANALYSIS OF ALTERNATIVE PUBLIC TRANSPORTATION MODES 

CLASSIFICATION OF PUBLIC TRANSPORTATION 
ALTERNATIVES 

Public transportation alternatives traditionally are de
fined and analyzed by "mode." Transportation engineers 
and planners generally agree that a "mode" should not be 
solely defined according to the type of vehicle used (3). 
Bus, rail, van, minibus, and so on, are not modes. As noted 
in Figure 1, a bus can be used to provide a variety of 
services. For example, buses can be used to provide service 
on a fixed route and schedule with a stop at every corner, 
or a bus can be used to pick up commuters at a park-and
ride lot and carry them express nonstop to their place of 
work. These are two different public transportation alter
natives using the same type of vehicle. The way in which 
the vehicle is used is as important as the type of vehicle. It 
is the basic contention of this report that the planner must 
consider the full array of options and not become "locked" 
into conventional techniques for delivery of public trans
portation services. To do this, the planner must go beyond 
traditional definitions of service that categorize service by 
vehicle type. 

To provide a method for considering the full array of 
public transportation service options available, a classifica
tion scheme has been devised to identify and describe 
alternative public transportation service concepts (3, 4, 5). 
The classification structure involves three factors: 

I. Degree of exclusivity of right-of-way: fully shared, 
partially shared, entirely exclusive. 

2. Operational strategy: routing, scheduling, and stop 
location. 

3. Type of vehicle, with emphasis on the vehicle char
acteristics: that is, vehicle size, access and egress, comfort, 
etc. 

Each of these factors affects the level of transportation 
service provided. The type of right-of-way can control 
the speed, reliability, safety, and accessibility of the pnhlic 
transportation service. Operational strategy can determine 
the service area coverage, service accessibility, frequency of 
service, service reliability, service demand responsiveness, 
travel time, waiting time, and walking distance. Finally, 
vehicle type affects the safety, comfort, accessibility, relia
bility, and image of the transportation service. There is, 
of course, some interrelationship between the three classifi
cation factors. Some right-of-way decisions affect stop 
locations; some routing/ scheduling decisions affect vehicle 
size, etc. For example, a decision to use an entirely exclu
sive right-of-way would necessitate a fixed-route operational 
strategy. 

This classification structure can serve as a guide in show
ing similarities and differences between alternative service 

concepts and aid in applying information developed through 
marketing surveys. Given the desired attributes for service 
of a market segment, it is possible to suggest u mutch be
tween the segment and the service concept best able to 
provide desired attributes. Again, the interest is to ensure 
that through the classification structure the planner thinks 
in terms of service concepts and does not restrict the choice 
of options to a few conventional methods of transit 
operation. 

RIGHT-OF-WAY CLASSIFICATIONS 

There are three basic categories of right-of-way alterna
tives that can be selected for use by a transit service: 

1. Fully shared right-of-way; that is, surface streets in 
mixed traffic. 

2. Partially controlled right-of-way; that is, bus lane, 
signal preemption, toll station bypass. 

3. Fully controlled right-of-way; that is, grade-sepa
rated--either specially constructed or part of existing 
freeway. 

The type of right-of-way can control the speed, relia
bility, safety, and accessibility of the public transportation 
service. It also significantly affects the cost and time frame 
of implementing the service. For example, construction of 
an exclusive right-of-way (guideway or busway) can re
quire a major commitment of funds and 5 to 10 years to 
implement. For these reasons, only in a few instances can 
a new, fully controlled right-of-way be considered within 
the time frame of short-range planning. 

Fully shared right-of-way refers to a surface street open 
to mixed traffic. The characteristics of mixed traffic wiii 
control many service characteristics of the transit mode 
(speed, safety, stops, etc.). If automobile traffic movement 
is slow during rush hour, public transportation service also 
will be slow. It ·is possible to apply a variety of treatments 
to improve speed und schedule dependability of public 
transportation systems by giving the public transportation 
vehicle priority over other traffic. The most common 
example of priority treatment is the exclusive bus lane. 
If priority treatment is provided along the right-of-way, 
the right-of-way is categorized as partially controlled. 

CLASSIFICATION OF OPERATION STRATEGIES 

Operational strategies are those factors that bring the 
transit vehicle to the customer. These factors, therefore, 
have great impact on the level of service provided the 
customer. Although an unlimited number of possible 
operational strategies exists, three major categories have 
been identified: (1) routing, (2) scheduling, and (3) stop 
location. 
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Figure I. Broad spectrum of services provided by a bus. 

Routing 

Routing can be defined as the assignment of the course 
to be followed by the transit vehicle. Routing can be a 
predetermined path or a real time decision made to service 
different origin-destination demands in the minimum 
amount of time. The route structure directly determines 
the accessibility of the transit system to the potential cus
tomer and the degree to which desired destinations are 
serviced. If routing alone is considered, the closer the 
routing corresponds to the local pattern of origins and 
destinations, the more accessible the service will be. Basic 
routing strategies are defined as follows: 

1. Fixed-Route Service. Transit vehicle travels a pre
established route. Passengers are picked up or dropped off 
at designated locations along the route (see Fig. 2). Stops 
may be designated by markers (signs, benches, etc.) or 
by policy ( at the near side of an intersection). 

2. Route Deviation Service. A vehicle travels a basic 
fixed route, picking up or dropping off people anywhere 
along the route. On request, and, perhaps, with additional 
charge the vehicle will deviate a few blocks from the fixed 
route to pick up or deliver a passenger (see Fig. 3). 

3. Point Deviation Service. A vehicle stops at specified 
checkpoints (shopping centers, industrial parks, etc.) at 
specified times, but travels a flexible route between these 
points to service specific customer requests for doorstep 

pickup or delivery (see Fig. 4). 
4. Many-to-Few Service. Although origin points may be 

anywhere in a defined service area, destinations are limited 
to a few activity centers. Conversely, for a return trip, 
origins are limited whereas destinations are areawide. The 
vehicle travels a flexible route between origin and destina
tion points to service specific customer requests ( see Fig. 
5). Activity centers are not served unless a request for 
service to or from the center is received. 

5. Many-to-Many Service. All inclusive service is pro
vided throughout a defined service area. Service is not 
provided outside the service area. All origins and destina
tions within the service area are served. The vehicle travels 
a flexible route between the origin and destination points 
to service specific customer requests for doorstep pickup 
and delivery ( see Fig. 6) ( 6). 

Scheduling 

Scheduling can be defined as the assignment of the time 
that the transit vehicle will be available to specific custo
mers for transportation service. Schedules can be pre
determined or fixed, or they can be responsive to personal 
requirements of customers. Scheduling options fall along 
a continuum from fixed to :responsive ( see Fig. 7). A fixed 
schedule remains the same from day to day; a responsive 
schedule varies from day to day, depending on customer 
demands. 
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Service 

Figure 2. Fixed-route service. 

Figure 4. Point deviation service. 

Destination 

With 24-hour notice 

Figure 5. Many-to-few service. 

......_~~-Checkpoint 

Destination 

Scheduling affects the ability of a system to meet de
mands for service both on a continuous time scale and in 
a reliable or responsive fashion. Scheduling also affects the 
customer's wait and trip times. Fixed-schedule options 
generally provide more reliable service and shorter trip and 
wait times. Variable schedule options give the customer 
more flexibility in determining the time the trip is to be 
made. Basic scheduling options are defined as follows: 

1. Fixed Schedule. Customers board a vehicle at spe
cified times. Schedule is established by transportation 
operating ::igencv. 

2. Flexible Fixed Schedule. Customers board a vehicle 
at a specified time established in advance by the customers. 

Stop to 
Pick up 
Passengers 

Deviation for 
Doorstep Service 

I 

Figure 3. Route deviation service. 

~~-+.~Doorstep 

Immediate Request 

Demand 
for 
Service 

Route 

Schedule changes are permitted with short notice-perhaps 
weekly, daily, or hourly. For example, carpooling tradi
tionally relies on a pickup time negotiated between driver 
and rider. The times continually are adjusted to reflect 
changing circumstances. A flexible fixed schedule is more 
responsive to personal customer requirements than a fixed 
schedule, but the degree of responsiveness is constrained by 
the requirements of other riders and the driver . 

3. Vehicle Hail. A customer desiring service hails 
( waves or calls) a passing public transportation vehicle to 
obtain a ride. In some cases, the person must be standing 
at a designated vehicle stop in order to legally hail the 
passing vehicle. If public transportation vehicles frequently 
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With 24-hour notice Immedia t e Reques t 

Desire Line 
Dynamic Routing 
Origin-Des t i nation Pairs 

Cen t ral Dispatch 
and Storage 

Figure 6. Many-to-many service. 

Fixed Responsive 

Fixed Flexible 
Schedule Fixed

Schedule 

Vehicle 
Hail 

Advanced 
Request 

Immediate 
Request 

Figure 7. Continuum of scheduling options. 

pass the place or stop where the customer is waiting, the 
customer will receive almost instantaneous service. In 
this case, the vehicle hail scheduling option is responsive 
to the customer's personal requirements. If, however, there 
are few vehicles and infrequent passings, the customer may 
have to wait a long time and may not receive service. To 
receive prompt service responsive to personal requirements, 
the customer must be aware of the hours when frequent 
service is available . This constraint affects the responsive
ness of this service. 

4. Advance Request. Service is requested for a single 
trip to occur at some time, perhaps 24 to 48 hours later. 
Request is made through a control center. The customer 
has control of the pickup time with the advance request 
option, but must know complete trip details in advance. 
As this is not always possible, this requirement constrains 
the responsiveness of the service. 

5. Immediate R equest. Service is requested through a 
central control or dispatcher for a single trip to be made 
as soon as possible. Request generally is made by tele
phone. The constraints affecting the responsiveness of this 
option are the availability of a telephone, the availability of 
a vehicle to make the trip, and the availability of space in 
the vehicle. This is the most responsive service possible 
except for the personal automobile (6 ) . 

Stop Location 

Stop location can be defined as an assigned geographical 
location where the transit vehicle may pick up or deliver 
passengers. Stop locations affect vehicle travel time, waiting 

time, walking distance, and general accessibility of the 
service. Basically, there are three ways to classify locations 
of transit stops along a fixed route : local, express, and 
skip-stop (3). These are shown in Figure 8. Stop location 
is also a basic consideration in point deviation or many-to
few service as convenient, safe locations must be deter
mined to facilitate the congregation of patrons. These stop 
locations also must be desired destinations. Stop location 
decisions also must be made in implementing a many-to
many service. Consideration must be given to the kinds of 
places at which the transportation vehicle will stop, the 
number of stops, and the spacing of stops within the 
service area. 

CLASSIFICATION OF VEHICLE TYPES 

Traditionally, planners have described public transporta
tion services by type of vehicle. As stated previously, it is 
the way in which the vehicle is used that primarily deter
mines the level of service provided. However, vehicle type 
is important because it helps determine the customer image 
of the transportation service, right-of-way type, and op
erating strategy. 

There are many different types of vehicles available for 
public transportation services. The four basic classes 
considered in this report are bus, small bus (including 
converted motor homes), van, and automobile (including 
stretched limousines) . In most cases, a number of different 
vehicle types could be used for a particular service. Selec
tion of vehicle class should be based on four factors : 
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seating capacity, maneuverability, operational reliability, 
and customer acceptability. Table 1 lists the seating 
capacity of selected vehicle types. 

CURRENT HIGHWAY-BASED PUBLIC TRANSPORTATION 
SERVICES 

Using the classification structure described, Table 2 gives 
the range of available public transportation services that 
operate on highways. Common terminology-such as dial
a-ride, express bus, and subscription bus-is used to de
scribe transportation services with different characteristics. 
Some options, such as dial-a-ride, appear in various loca
tions on the table. The term dial-a-ride has been used in 
the literature to refer to almost any service in which the 
customer uses the telephone to request pickup. However, 
the operating characteristics and levels of service of various 
dial-a .. ride services may differ. Some services require an 
advance request (perhaps 24 to 48 hours), whereas other 
services respond immediately. Some services follow fixed 

(i) Local Transit Service 

transit 

routes; some only go to a few destinations and some go to 
any destination. Different levels of service could meet the 
requirements of different market segments, illustrating the 
importance of defining transportation services by operating 
characteristics and not by vehicle type. 

In Table 2, selected routing/ stop location and scheduling 
combinations have been blocked because the combinations 
are unworkable. Other combinations serve as possible 
service concepts, but insufficient data are available to 
document successes or failures. However, it is the intent 
of this material to encourage planners to ponder these 
combinations before rejecting them, not a priori, but based 
on characteristics of the travel market. 

TRADITIONAL SERVICES PROVIDED BY VEHICLE TYPE 

The type of vehicle and the degree of exclusivity of right
of-way must be considered along with the operational 
strategy to describe completely a transportation service 

_L T J_l_J __ lll_~ r - - -, ----:G8: * ir * 

(Will possibly stop 
other places as well) 

(ii) Express Transit Service 

transit 
route 

L __ :..J 

d=f d-tL- 111-~_J[cil 
I / lul 

L---1 

*Transit stop 

(iii) Skip-stop Transit Service 

transit 
routes 
1 and 2 

_l_l ___ l_l 
* + * + 
l 2 l 2 

" r.--:-, 
- '\._ - -t 'l<l I 

+ CBD I 
2 +2 I L __ '.J 

*l - Transit stop on route 1 
+2 - Transit stop on route 2 

Figure 8. Classification of stop spacing fixed route or route deviation service. 
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TABLE 1 alternative. Any of the vehicles listed in Table 1 could 
provide the current services identified in Table 2. Tradi
tionally this has not occurred. Tables 3 through 6 give the 
services that currently are being provided by each of the 
four vehicle type categories. 

EXISTING PUBLIC TRANSPORTATION VEHICLES (6, 7) 

VEHICLE TYPE CAPACITY 

Bus Full-size Bus 30-50 
Small Bus 15-30 

Van Converted Motor Home 10-30 

There are a few technical considerations that limit the 
use of some vehicle types. Large capacity vehicles, such 
as the standard size bus, generally are not chosen to provide 
flexible route, flexible schedule service. If the bus is used to 
capacity, most of the passengers will experience excessive 
travel time because of the route deviations necessary to 
pick up other passengers. Some increased operating costs 
(in the magnitude of 10 to 20 percent) and maneuverability 
problems are incurred with operating large-size vehicles 

Passenger Van, Van Conversion 8-16 

Automobile Stretched "Airport" Limousine 8-16 
Spec. Checker Cab 4-7 
London Cab 4-7 
Standard Passenger Car 4-7 
Mini-Cab 2-3 

TABLE 2 

RANGE OF POSSIBLE PUBLIC TRANSPORTATION SERVICE ALTERNATIVES CATEGORIZED 
BY OPERATIONAL STRATEGY 

ROUTI~G/ 
STOP 
LOCATIO~ 

Fi:-:ed-!'out2 
Local 

Express 

Skip-stop 

Rt. Deviat. 
Local 

Express 

Skip-stop 

Rt. Deviat. 

Manv-to-
~ 

Manv-to-

~ 

Traditional 

Transit, etc. 

S C H E D U L I N G 

Flexible 
Fixed- Fixed 
Schedule Schedule 

Traditional Subscription 
Transit Bus 

Express Subscription 
Bus Bus 

Express 
Bus 

'l;raditional 
Transit 

Airport 
__ Limg.usine 

_________ l _________ _ 
Rt. Deviat. 

Vanpools Vanpools 
Carpools 
Taxipools 

Vehicle 
Hail 

Dial-a-Ride 

Taxi 

Subscription Taxi 
Dial-a-Ride 

Advanced 
Request 

Seasonal 
Charters 

Subscription 
Dial-a-Ride 

Dial-a-Ride 
Jitney 
Limousine 

Immediate 
Request 

Dia'l-a-Ride 
Jitney 

Dial-a-Ride 

Dial-a-Ride 

Taxi 
Dial-a-Ride 
Taxi 
~ed-Ride 

Public Transportation Alte1native ~ 
Reported in the Literature ~ 

Not a Possible 
Public Transportation 
Alter)lative 

Possible Public 
Transportation Alternative 
(Not Reported in the Literature) 

1
A listing of cities where examples of each of the transportation alternatives 

were reported is included in Appendix A. 
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TABLE 3 

RANGE OF PUBLIC TRANSPORTATION SERVICES THAT COULD BE PROVIDED BY A FULL
SIZE BUS 

Capacity 30 to 60 passen~ers 

S C H E D U t I ~ G 
ROUTING/ 
STOP 
LOCATION 

Fixed-route 
Local 

Fixed
Schedule 

Traditional 
Transit 

---~---------~-~~~-
Exoress 

S'k lp-s,top 

Rt.Deviat. 
Local 

Express 

Skip-stop 

Rt. Deviat. 

:-!-any-to
Few 

Manv-to-

~ 

Exoress 
Bus 

Express 
Bus 

Flexible 
Fixed 
Schedule 

Subscription 
I Bus 

Vehicle 
Hail 

Advanced 
Request 

Immediate 
Request 

Dial-a-Ride 

Dial-a-Ride 

Traditional 

Transit, etc. 

Public Transportation Alternative 
Reported in the Literature1 

I I 
m 

Possible Public 
Tran~portation Alternative 
(Not Reported in the Literature) 

Not a Possible 
Public Transportation 
Alternative 

1
A listing of cities where examples of each of the transportation alternatives 

were reported is included in Appendix A. 

that are not used to capacity. Small capacity vehicles, such 
as a standard automobile, generally are not chosen to pro
vide fixed route, fixed schedule service because this service 
is usually only financially viable where there are fairly 
large demands for service. There are, however, many 
unique situations. A small, but consistent, demand for 

service could lend itself to fixed route, fixed schedule auto

mobile service. The planner should not choose the vehicle 

solely on the basis of tradition. 

Most of the service concepts defined by Table 2 and 
restated in Tables 3 through 6 could be used in conjunction 
with right-of-way priority treatments to improve speed and 
schedule reliability. Generally, these treatments are justified 
when there is a concentration of public transportation 
vehicles on selected routes. For this reason, most of 1he 
experience with partially controlled right-of-way public 
transportation alternatives has been with the fixed-route, 
fixed-schedule buses providing either express or local 
service. 

-
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TABLE 4 

RANGE OF PUBLIC TRANSPORTATION SERVICES THAT COULD BE PROVIDED BY A SMALL 
BUS 

Capacity 10 to JO passengers 

ROUTING/ 
STOP 
LOCATION Fixed

Schedule 

Fixed-route j Traditional 

Flexible 
Fixed 
Schedule 

S C H E D U L I N G 

Vehicle 
Hail 

---=~~~~----! _ Transit ---

Subscription 
Sus 

Express 

Skip-stop 

Rt. Deviat. 
Local 

Express 

Skip-stop Jitney 

Rt. Deviat. Pt. Deviat. 

Many-to
~ 

Many-to
Nany 

Traditional 

Transit, etc. 

I I 
~ 

Subscription 
Dial-a-Ride 

Dial-a-Ride 

Transportation Alternative
1 Reported in the Literature 

Possible Public 
Transportation Alternative 
(Not Reported in the Literature) 

Not a Possible 
Public Transportation 
Alternative 

Advanced 
Request 

Seasonal 
Charters 

Ill!lllediate 
Request 

Subscripti on Dial-a-Ride 
Dial-a-Ride 

Dial-a-Ride Dial-a-Ride 
Jitney 

1
A listing of cities where examples of each of the transportation alternatives 

were reported is included in Appendix A. 

In order to highlight the importance of defining trans
portation services by operating characteristics, currently 
existing services were categorized using the classification 
scheme developed earlier. The classification table can be 
used, in conjunction with market segmentation, to differen
tiate and select between alternative service concepts for 
implementation in a local area. Use of the classification 
scheme should allow the local planner to consider all 
alternatives. In order to match service concepts with 

customer needs and desires, user sensitive attributes of the 
alternative service concepts need to be defined. 

USER SENSITIVE ATTRIBUTES OF ALTERNATIVE PUBLIC 
TRANSPORTATION SERVICE CO~CEPTS 

All service concepts are not appropriate for use in every 
community. Also, it is impractical to evaluate in detail 
every alternative mode for any one community. For these 
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reasons, the local transportation planner must select the 
two or three most likely alternative service concepts for 
detailed evaluation early in the planning process. In effect, 
the planner should customize the service to meet the needs 
of the customer. Therefore, the selection process must 
include information about the potential customers' needs 
and wants-the user's evaluation criteria. Evaluation 
criteria are those characteristics or attributes of the trans
portation service that potential customers have indicated 
are desired before they will probably use the service (8). 

TABLE 5 

Several researchers have compiled lists of criteria used 
by people in comparing or evaluating alternative transporta
tion services (9, 10, 11). Service attributes such as safety, 
reliability, cost, speed, and convenience were found to be 
important. To be useful to the planner, the evaluation 
criteria must relate to modal attributes that differentiate 
beween the alternative service concepts. Through this 
match, the number of alternative service concepts that need 
to be evaluated in detail for costing purposes can be re
duced. There remain, however, many alternative service 

RANGE OF PUBLIC TRANSPORTATION SERVICES THAT COULD BE PROVIDED BY A VAN 

Capacity 8 co 16 passengers 

ROUTING/ 
STOP 
LOCATION 

Fixed-route 
Local 

Express 

Skip-stop 

Rt. Deviat. 
Local 

Express 

Skip-stop 

Rt. Deviat. 

Manv-to-
~ 

Manv-to-

~ 

Fixed
Schedule 

Traditional 
Transit 

Traditional 
Transit 

Vanpools 

Traditional 

~t, etc. 

I I 
~ 

Flexible 
Fixed 
Schedule 

Vanpools 

S C H E D U L I ~ G 

Vehicle 
Hail 

Transportation Alternative
1 Reported in the Literature 

Possible Public 
Transportation Alternative 
(Not Reported in the Literature) 

Not a Possible 
Public Transportation 
Alternative 

Advanced 
Request 

Seasonal 
Charters 

Subscription 

Illll!lediate 
Request 

Dial-a-Ride 

Dial-a-Ride Dial-a-Ride 

Dial-a-ride 
Jitney Dial-a- Ride 

1
A listing of cities 'Where examples· of each of the transportation alternatives 

'Were reported is included in Appendix A. 
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levels (coverage area, headways, fare levels) that need to 
be considered. 

user's need for reliable transportation service. Scheduling 
also affects the user's waiting and riding time. Table 7 lists 
selected transportation service attributes affected by sched
uling that have been found to be important to customers in 
evaluating the desirability of a transportation service. The 
degree to which each of the scheduling alternatives attains 
the service attribute is noted in the table. For example, a 
flexible fixed schedule service, such as a commuter vanpool, 

strongly attains short waiting times because the schedule is 

User sensitive attributes that differentiate between alter
native transportation modes can be categorized under 
(1) attributes that affect scheduling, ( 2) attributes that 
affect routing and stop location, and ( 3) attributes that 
affect vehicle selection. 

Attributes That Affect Scheduling 

Scheduling affects the ability of a system to meet the 

TABLE 6 

RANGE OF PUBLIC TRANSPORTATION SERVICES THAT COULD BE PROVIDED BY AN AUTO
MOBILE 

Capacity 2 to 16 oassengers 

ROUTING/ 
STOP 
LOCATION 

Fixed-route 
Local 

Express 

Skip-stop 

Rt. Deviat. 
Local 

Express 

Fixed
Schedule 

Airport 
Limousine 

Flexible 
Fixed 
Schedule 

S C H E D U L I N G 

Vehicle 
Hail 

Skip-stop Jitney 

Rt. Deviat. 

Manv-to-
..ll!!.. 

Manv-to
H.'.lny 

I =· . etc. 

I I 
~ 

Careool 
Taxieool Taxi 

Taxi 

Transportation Alternative 
Reported in the Literature 1 

Possible Public 
Transportation Alternative 
(Not Reported in the Literature) 

Not a Possible 
Public Transportation 
Alternative 

Advanced 
Request 

Auto 
Rental 

Public Lim. 
Shared-Ride 

Tax( 

l111111ediate 
Request 

Taxi 
Dial-a-Ride 

Taxi 
Shared-Ride 

Taxi 

1
A listing of cities where examples of each of the transportation alternatives 

were reported is included in Appendix A. 
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TABLE 7 

EXPECTED ATTRIBUTES OF ALTERNATIVE SCHEDULING CONCEPTS 

Expected Attributes Alternative Scheduling Concepts 

of the Service 
Fixed Flexible Vehicle Advanced Inunediate 

Short waiting 
time 

Reliable departure 
time 

Reliable arrival 
time 

User confidence in 
obtaining service 

Small variation in 
travel time 

Small variation in 
waiting time 

Freedom to select 
personal departure 
time 

Freedom to ~clc.ct 
personal arrival 
time 

Attainment of Criteria: 

W - weal< 
M - moderate 
S - strong 

Schedule Fixed Hail Request 
Schedule 

M s M w 

s s w s 

s s w M 

s s w M 

s s w w 

s s w s 

w M w s 

M M w M 

based on the travel desires of the customers (i.e., vehicle 
leaves soon after work lets out). A fixed schedule service 
moderately attains this attribute because the customers can 
adjust their travel desires to meet the schedule and thereby 
experience short waiting times. 

Vehicle-hail services, such as a cruising taxi service, 
generally are found only in areas where there is a large 
demand for this service and large numbers of vehicles are 
available to provide frequent service. Generally, short 
waiting times are experienced, but the waiting time is unre
liable. With advance request, the customer must request 
service one or more hours in advance. This time period 
generally is perceived by the customer as the "waiting 
time" even though the vehicle may arrive precisely at the 
time requested. With immediate request service, experience 
with waiting times has varied. Many dial-a-ride services 
have average waiting times of a half hour to an hour. 
Many taxi services can provide shorter waiting times be
cause of the smaller capacity vehicle or policies to carry 
only one customer at a time. With either service, waiting 
times are longer during times of peak demand. 

Likewise, for "freedom to select personal departure 
time," neither the fixed schedule nor the vehicle-hail
schcduling options are responsive to individual customers. 

Request 

w 

w 

w 

M 

w 

w 

M 

M 

With advance request, the customer has almost complete 
control in determining the departure time even though the 
waiting time is perceived as long. With flexible fixed 
schedule and advance request services, the customer is able 
to request a departure time, but the responsiveness of 
the service is determined by the desires of the other cus
tomers using the service. 

These rankings do not apply to every situation. There 
are exceptions to every ranking; some services do better 
and some do worse. They can be used as a guide in select
ing services that will best match local customer needs and 
desires, but they are not inflexible rules. For example, if the 
planner decides to recommend a dial-a-ride service but 
realizes that short waiting times are extremely important to 
the market segment, steps may be taken to plan a dial-a
ride service with better than average waiting times. During 
peak periods, perhaps, the service can be operated on 
a flexible fixed schedule. The rankings should serve as a 
guide to problems to investigate and solve as well as a guide 
in selecting service concepts_ 

Attributes That Affect Routing and Stop Location 

Routing and stop locations are the operational strategies 
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that should be considered in addition to the alternative 
scheduling options in the selection and design of a public 
transportation service. They determine accessibility of the 
public transportation system to the potential user. They 
also affect the over-all travel time, travel time reliability, 
route directness, and selection of destinations. 

Selected user evaluative criteria for transportation ser
vices and the corresponding relative ranking of the available 

routing and stop location options are given in Table 8. 
Again, these rankings do not apply to every situation. 
There are exceptions to every ranking. For example, if the 
market segment to be served lives in high density apartment 
buildings fronting a major street, doorstep pickup can be 
attained with fixed-route service. The rankings should 
serve only as a guide in investigating potential problems 
before selection, design, and costing of a service. 

TABLE 8 

EXPECTED ATTRIBUTES OF ALTERNATIVE ROUTING AND STOP LOCATION CONCEPTS 

Expected Attribute 
of the Service 

Doorstep pickup at 
residence. 

Doorstep delivery st 
non-residence destination. 

Short walking time to 
pickup point from 
reBJ.<lenc<?. 

Clearly identified 
transit stops. 

User confidence of 
obtaining sarvice. 

Freedom to select own 
pickup or delivery 
point. 

Shelter at boarding and 
departur<? points. 

Non-stop direct service 
between pickup point 
and destination. 

User's freedom to change 
destinations enroutee 

-
Attainment of Criteria: 

W - weak 
H - oodera te 
S - strong 

Fixed 

Local E:irpreee 

w w 

M M 

H II 

S2 s2 

s H 

w w 

w s 

w s 

s w 

Alternative RoutinR and Stop Location Concepts 

Route Route Deviation 
Point Many-to- Many-to-

Deviat. Fev Many 
Skip-Stop Local Expreaa Skip-Stop 

w s M M s s s 

M M M M s sl s 

II s M M s s s 

S2 S/WJ S/113 S/113 S/114 II/S5 II 

s M II M M II II 

w H II M s s s 

M s s s s s s 

M w M w w w w 

M s w M 56 w II 

1Atta1nment of doorstep delivery is strong only if the destination is one of the few destinations desiiinated to 
receive doorAtep service. 

2Many fixed route transit oystems are nov adopting transit stop identification schemes which aid the customer in 
usin~ the service. In Rochester, Nev York, all stops are numbered and coded on the route map. 

30n the route the otope may be clearly identified. However, it can be difficult for the customer to detenaine 
hov far or to what destinations the vehicle will deviate to provide doorstep service. 

4stops may be clearly identified at the scheduled points of service. Hovever, it can be difficult for the cus
tomer to detenaine hov far or to vhat destinations the vehicle will deviate to provide doorstep service. 

5Stops may be clearly identified only at the fev destinations which are designated to receive doorstep service. 

6
Deatinationa may be changed at each checkpoint. 
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Attributes That Affect Vehicle Selection 

\'ehicle characteristics affect the comfort and accessi
bility of the transportation service. Selected user evaluation 
criteria for transportation services and the corresponding 
relative ranking of the available vehicle alternatives are 
given in Table 9. Table 9 can help in selection of a vehicle 
and determination of which vehicle characteristics may 
need modification. Vehicle manufacturers offer a wide 
v::iriety of options th::it c.::in he selec.teci to mt>et m::irket 

segment needs and desires. Table 10 lists nonmechanical 
characteristics of vehicles that should be considered before 
purchase. Wise decisions concerning these characteristics 
will make service more appealing to the customer. 

Through market segmentation, described in more depth 

TABLE 9 

in companion volumes, a set of user sensitive attributes 
describing the local market segment's needs and desires 
can be established. Through use of Tables 7 through 9, 
these attributes can be used to differentiate between and to 
help select the service concepts identified in Table 2. The 
expected attribute rankings of alternative scheduling con
cepts, alternative routing and stop location concepts, and 
alternative vehicle types can be used to select and design 
public transportation services. Market segmentation is used 
to identify different population segments with different 
needs and desires. These needs and desires then are com
pared with attributes of the alternative public transportation 
services. The matching public transportation service is, 
in theory, most likely to attract ridership. These modes 
can then be analyzed for feasibility. 

EXPECTED ATTRIBUTES OF ALTERNATIVE TRANSPORTATION 
VEHICLE TYPES 

Expected Attribute 
of the Service: 

Guaranteed Seat 

Quiet/Little 
Interior Noise 

Little Vehicle 
Vibration 

Easy Entry and Exit 
- adult 

- child 

- elderly or 
restricted mobility 

- wheelchair 

- blind 

Easily Accessible Seat 

Space for Storage of 
Paekages 

Privacy 

Attainment of Criteria: 

W - weak 
M - moderate 
S - strong 

Bus 

W/M1 

M 

s 

s 

s 

M 
__ 5 
w 

w 

s 

M 

M 

Alternative Vehicle Types 

Small Bus Van Automobile 

M s s 

M s s 

!-! M s 

M2 w M3 

M w M4 

M w w 
'i 'i 'i 

w w· w 

w w w 

s w s 

M w s 

M w w 

1nuring the peak hours of travel the customer's perception of 
being guaranteed a seat on a full size bus is weak. 

2customer must enter and exit through same door. 

3rt is awkward for an adult to slide across a seat to sit in 
the middle. 

4Many car doors are difficult for a child to open. 

5A11 vehicle types must be specially outfitted in order to 
provide good service to those in whee lchairs. 



TABLE 10 

NONMECHANICAL CHARACTERISTICS OF VEHICLES 

Vehicle Exterior Vehicle Interior Supporting Facilities 

Characteristic Importance Characteristic Importance Characteristic Importance 

1. Appearance: The external appearance 1. Entrances and Some potential cus- 1. Fare The fare collection 
may be important in Exits: tamers (such as the Collection: system affects pas-
attaining new and elderly) may be pro- senger safety, lead-
retaining existing hibited from using a ing time, convenience 
passengers, mode due to entrance and the perceived 

design. user cost. 
Exterior Door Width Charge service, 
size biiled at end 

Door Height of month 

Silhouette/ Extra Loading Cash only, Profile Doors change given 

Color Elevation Exact change 

External required 

Advertising Step Illumination 
Prepurchase 

Step Height of tokens 

Step Spacing Subscribe for 
service 

Suspension 
Kneeling 

Floor Covering 

Handholds 

Ramps or Lifts 

Street Visibility 

Seat Padding 

Location of Handrail 

--..l 
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TABLE IO (cont'd) 

Vehicle Exterior 

Characteristic 

2. Vehicle 
Identification: 

Destination 
Sign 

Logo 

Color 

I J! 11 

Importance 

Easily understandable 
vehicle identificatlon 
schemes aid new cus
tomers in learning 
how to use the ser
vice and aid exist
ing customers in 
learning how to ex
pand their use of 
the service. 

~ 

Vihicle Interior 

Characteristic 

2. Seating: 

Arrangerner,t 

Seat Heigbt 

Seat Width 

Knee Room 

Privacy 

Storage Area 

Tables 

Visibility 
from Seat 

Wheelchair 
Space and 
Anchors 

Importance 

Seat accessibility, 
availability and orien
tation should reflect 
the characteristics and 
desires 0£ the customers. 
The handicapped may not, 
for example, be able to 
travel long aisles on a 
moving vehicle to reach 
a seat. 

Supporting Facilities 

Characteristic 

2. Stop Shelters, 
Terminals: 

Shelter from 
Weather 

Seating 

Lights 

Heat 

Telephone 

Restrooms 

Commercial Services 
(newspapers, etc.) 

Importance 

The provision of shel
ters or tenninali; may 
make an otherwise un
accessible system 
accessible to the el
derly or handicapped. 
Shelters and terminal 
design affects safety, 
comfort, and perceived 
waiting time. 

00 



Vehicle Exterior 

Characteristic Importance 

Vehicle Interior 

Characteristic 

3. Aisles: 

Width 

Floor Slope 

Handholds for 
Standees 

4. Interior 
Design: 

Aisle to 
Ceiling Height 

Seat Floor 
to Ceiling 
Height 

Importance 

Aisles are necessary 
for high occupancy 
vehicles. The design 
should reflect both 
passenger capabilities 
and total passenger 
turnover. 

Interior Design can af
fect both the actual 
comfort and the perceived 
desirability of riding 
in the vehicle. 

Supporting Facilities 

Characteristic 

3. Information 
System: 

Transit Stops 
Identifying 
Routes 

Transit Stops 
Identifying 
Schedules 

Transit Stops 
Coded to Route 
Maps and Schedules 

Telephone Informa
tion Service 

Interactive Compu
ter Information 
Service 

Importance 

The type, location, and 
design of the origin-to 
-destination information 
system affects the ac
cessibility of the trans
portation service. New 
and existing customers 
learn how to use/access 
the service through the 
information system. 

-'D 
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TABLE 10 (cont'd) 

Vehicle Exterior Vehicle Interior Supporting Facilities 

Characteristic Importance Characteristic Importance Characteristic Importance 

4. Interior 
Design 
(Continued.): 

Windows - Shape, 
Tint, Opening 
and Closing 

C6lor and De-
tailing 

Transportation 
System Information 
(route map mounted 
inside vehicle, 
etc.) 

Advertising 

Special Accessories 
(vending machines, 
bars, telephone) 

5. Ride Quality: Ride quality can 
affect the per-
ceived desirabi-
lity of riding in 

Heating/cooling the vehicle. 

Ventilation 

Illuminatfon 

Interior N,:,ise 

Interior Vibration 

Acceleration, 
Deceleration, and 
Jerk 

Source: Design and Perfor~ance Criteria for Improved Nonrail Urban Mass Transit Vehicles and Related Urban Transportation Systems. 
A report to the United States Department of Housing and Urban Devel opment, Contract No. H757. Washington, D.C.: Highway Research Board, 
May 1968, pp. 34-54. 

1 1' Al 

N 
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CHAPTER THREE 

CONTEXTS AND ISSUES OF COST ESTIMATION FOR PUBLIC 
TRANSPORTATION SERVICE CONCEPTS 

Estimating the cost of a public transportation service is 
a basic task in transit planning. When a decision has been 
reached on the type or types of transit service to offer a 
specific market segment, the question of cost must be 
addressed. There are several different approaches to cost 
estimation, and, unless the planner is careful to adopt the 
most appropriate approach, the cost estimate can lead to 
an incorrect decision. 

Cost estimation of fixed transportation facilities, such as 
highways, is relatively straightforward because their quan
tity does not vary periodically. Moreover, standard pro
cedures usually are available for determining the size 
of such facilities along with relative unit costs. In the case 
of a transit system, however, fixed facilities, such as guide
ways and terminals, are just one component of the total 
cost. Other components are the capital cost of vehicles and 
the operating cost for the service. Estimation of vehicle and 
driver requirements is not as straightforward as that of 
fixed facilities because their quantities may vary with 
operating strategy or work rules and may fluctuate during 
a day according to the peaking characteristics of demand. 
The allocation of labor costs and of equipment that is not 
used continuously is a controversial issue that can affect the 
final cost estimate. 

The approach or technique selected for cost estimation 
must be compatible with the context of planning, and the 
planner must understand clearly the issues and implications 
related to the selected approach. This section presents a 
brief overview of various planning contexts and some of the 
important issues related to costing of transit services. 

CONTEXTS FOR COST ANALYSES 

Cost analyses for transit operations are performed for 
varied purposes, and the desired degrees of detail and 
accuracy of the cost estimates may vary from case to case. 
The components of cost to be included in an estimate are 
not always the same and depend on the nature of the 
problem. The costing technique selected must, therefore, 
consider both the need and the context. 

Macroanalysis for an Existing Transit System 

In short-range as well as long-range planning studies, an 
analysis of the future financial situation of the existing 
transit system has to be performed. Basically, such an 
analysis involves projecting costs and revenues for the 
upcoming years so that appropriate strategies can be 
developed to avoid or limit probable deficits ( or to invest 
probable profits) in the most judicious manner. A macro
analysis usually incorporates all cost items for the entire 

system and is amenable to a coarse analysis. Thus, even a 
projection based on the trend analysis of the annual costs 
for the past several years, recognizing probable inflation, 
would be appropriate if no substantial changes in size and 
operational characteristics of the system are anticipated. 
Ideally, capital costs for equipment should be analyzed 
separately from operating costs, and the need for vehicle 
replacement and improvements toward fixed facilities 
should be considered. Another more refined approach to 
estimating operating cost may be conducted through the 
development of an empirically derived cost model (12-16). 

Cost Estimation for a Public Transportation System 

When planning an entirely new urban area transit system, 
cost estimates of alternative systems are needed for com
parison and evaluation purposes. Estimates should include 
all pertinent items, such as capital costs for fixed facilities 
and equipment, as well as operating costs. In the case of a 
new system, neither a trend analysis nor an empirically 
derived cost model is usually applicable unless one or 
more existing systems can be identified that are similar in 
cost characteristics to the proposed service. 

The most appropriate approach in this case is to identify 
the pertinent cost items and use system design procedures 
to estimate the quantities of various parameters or system 
output measures for each category. The total cost in each 
category then can be estimated by multiplying the para
metric quantities with appropriate unit cost values. Unit 
costs, in the case of the system design approach, would 
relate to clearly identifiable cost categories and may be 
derived analytically. Data from similar existing systems, if 
available, may be utilized for this purpose. System design 
for a large transit system requires considerable skill and 
expertise, especially if accurate estimates of vehicle and 
operator requirements are to be obtained. The use of com
puter programs, such as the one being developed by the 
Urban Mass Transportation Administration (UMTA), 
would be ideal for this purpose (17). 

Cost Analysis for Changes to an Existing Public 
Transportation System 

One of the most common tasks of a transit planner is 
to evaluate various proposals for adding or deleting transit 
services in an urban area. As mentioned earlier, cost 
implications of these proposals play an important part in 
the evaluation process and the planner has to derive the 
estimates as accurately as possible. The cost estimation 
framework in these cases should be flexible with respect 
to cost items or categories to be included, and the estimates 
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should be based on a recognition of the existing situation in 
terms of the availability of equipment and manpower as 
well as the commitments and/ or investments already made 
by the existing transit company. Proposals for incremental 
changes in service are candidates for an incremental cost 
analysis. 

The incremental cost analysis approach is applicable in 
a variety of situations and proposals related to an existing 
transit system. For example, in some cases the equipment 
needed for a proposed service already may be depreciated 
fully, leaving labor and operation as the only relevant cost 
items. In other situations, both equipment and labor are 
available without extra cost and the proposed service may 
involve only out-of-pocket vehicle operating cost. The 
addition of a service for a short daily time period may 
require high labor costs due to stipulations of minimum 
pay-hours in the labor contract. In each of these cases the 
planner has to be fully aware of the situation and decide 
carefully which cost components to include and how to 
quantify the magnitude of each. 

Empirical cost models are not suitable for incremental 
analysis because they are not easily adjustable to variable 
situations (J 8). The unit cost coefficients of the variables, 
being a combination of several different factors, are not 
easily decomposable. Moreover, these coefficients reflect an 
average or systemwide situation and may not be applicable 
for costing an incremental change. A disaggregate ap
proach for cost analysis based on system design procedures 
as suggested in this report is ideally suited for the purpose 
of incremental cost analysis. 

A major concern in costing is the allocation of costs to 
different operations. One of the highly debated issues, for 
example, is the cost of adding new peak-hour service. 

COSTING THE PEAK-HOUR SERVICE 

The need for equipment to provide transit service in an 
urban area varies during the day because of fluctuations in 
travel demand. However, the costs related to supplying 
vehicles and labor do not vary proportionately. For 
example, if a transit sysiem uses 60 vehicles during the peak 
hours and 40 vehicles during the off-peak period, it implies 
that there are 20 vehicles used only during the peak period, 
which lasts for approximately 4 hours per day. The capital 
investment for these additional vehicles, however, is no 
less than for the othP.rs. 

In deriving the hourly cost for service, should capital cost 
for these 20 vehicles be allocated uniformly over the entire 
daily service period or just over the four hours of peak 
service? Logically, the transit system should derive differ
ent unit costs for peak and off-peak services and the cost 
for the 20 vehicles should be included only in the peak-hour 
unit cost. 

A similar situation exists for manpower cost. Because 
of unionization of labor, public transit systems generally 
cannot employ part-time drivers. Therefore, in order to run 
additional vehicles during the peak hours, drivers must be 
paid for a minimum of eight hours. To be consistent, the 
total salaries of these drivers also should be allocated to 
the peak-hour period. 

CONTROVERSY ON MARGINAL VS. AVERAGE COST 

Estimating peak-hour costs by including all costs at
tributable to the service, as previously described, reflects 
the concept of marginal cost. This is a useful concept 
because of the increasing disparity between travel demand 
and services during peak and off-peak periods. Transit 
planners and analysts traditionally have used an average 
cost for planning, and the average cost has been derived 
by allocating the cost for extra peak hour equipment and 
manpower uniformly over the entire day's service. This 
lradilional approach leaus tu a misunderstanding of the 
economics of transit operation. In a recent article, Mundy 
(19) pointed out that, whereas many planners may con
sider peak-hour transit service to be profitable, there is 
often little or no profit attributable to these service hours 
because of the need to recover the costs of vehicles and 
manpower that remain idle during the off-peak period. 
Further, in some cases a portion of the true cost of pro
viding peak-hour service is hidden because transit systems 
tend to provide more service in the off-peak period than 
necessary to utilize otherwise idle vehicles and manpower. 
If off-peak service were made proportional to the demand, 
which may be contrary to the policy for transit service in an 
urban area, the disparity between peak and off-peak 
requirements for equipment and manpower could be seen 
more vividly. Following the previous example, it might be 
argued that a system opernting with 60 peak-hour buses is 
providing 30 to 35 extra buses for the peak hour if 25 to 
30 buses would adequately satisfy off-peak demands at 
an acceptable standard of frequency. In such cases, 50 
percent of bus and driver costs should be allocated to the 
peak period. 

The need to exarr1ine marginal cost us opposed to average 
cost for incremental planning is recognized by most 
planners and ana lysts. The use of equipment and man
power varies from ca e to case, and the planner must be 
familiar with the specific local siluation. The planner can 
avoid many difficulties and pitfalls by using the disaggregate 
approach, which does not rely on marginal or average cost 
coefficients. This approach permits the planner to include 
all relevant cost items attributable to a service in app~o
priate amounts reflecting the true picture of the situation. 

SUMMARY 

Different approaches and techniques can be used for 
estimating the cost of transit services; however, their scope 
and adaptability vary. Therefore, before selecting a par
ticular technique, the actual context of planning and the 
anticipated use of the cost information must be examined 
carefully. The planner also should be aware of the cost 
implications of incremental service of various types in
cluding peak-hour service. 

The technique that was found most reliable and adapt
able to varying planning contexts was the disaggregate 
approach relying on systems design procedures. Further 
discussion on the scope and application of this flexible 
approach is presented in the next chapter. 



CHAPTER FOUR 

COST ANALYSIS APPROACH 

The decision to experiment with a particular transit 
concept in a given market situation is a complex one in
volving many factors. Given the flexible nature of many 
short-range public transportation options, field demonstra
tions or incremental analyses become quite attractive. 
Important elements in a feasibility analysis are determining 
"what are the costs to be incurred by demonstrating this 
service?" and "is the ridership suggested from the market
ing analysis sufficient to justify the cost?" Revenue need 
not always equal or exceed cost, as many public trans
portation services can be justified despite deficits. The 
role of establishing community goals is important in deter
mining what is expected from public transportation (break
even costs, improved mobility for selected segments of 
society, diverting lone drivers from their automobiles for 
energy conservation, etc.) . Regardless of the objectives, the 
planner should be conscious of the resources involved in 
initiating and demonstrating a new service concept. Also, 
the planner should seek the most economical transit alterna
tive that provides the desired service level. 

This chapter will describe the incremental costing proce
dures utilized to provide cost estimates for short-range 
transit service options. Although general economic break
even curves will be presented as a "first approximation" 
to match market attributes with alternative service con
cepts, a more refined cost analysis requires a detailed 
knowledge of the local environment that is highly sensitive 
to how the service is to be provided. Transit planning is 
an interactive process, relying on experimentation, feed
back, and modification. The general cost relationships 
developed should provide sufficient information to make 
"first cut" approximations in order to select candidate 
services for detailed investigation. The disaggregate costing 
procedures outlined in this chapter were used to develop 
general relationships and can also be applied to a more 
detailed cost investigation of a particular service concept. 

DISAGGREGATE COSTING PROCEDURES 

The basic approach to costing analysis is to adopt a dis
aggregate procedure by first identifying major cost items 
and then designing the service to obtain estimates of the 
relevant input measures. The approach selected requires 
that the planner estimate various design parameters, such 
as number of vehicles, person-hours of labor, etc., before 
applying appropriate unit cost values. The approach taken 
is identical to the procedure used in the UCOST model 
to be incorporated in the Urban Transportation Planning 
System (UTPS) developed by the UMTA (20). The 
mathematical form of the model may be described as 
follows: 

N 

TP= L_,C(I) (1) 
1=1 

23 

where TP is the total cost, C(/) is the operating or capital 
cost in category /, and N is the number of categories. 

The cost in each category can be expressed as: 

I.: 

C(/) = LCF(/, !) M(J) (2) 
J = l 

where CF([, ]) is the unit cost in operating or capital cost 
category I attributable to causative factor or parameter J, 
and M(J) is the number of units of the causative factor J 
( i.e., parametric value of J) . 

The structure of the second equation implies that for 
estimating the operating cost in any particular category / , 
the planner is not restricted to use a single causative factor 
and can use as many parameters as appropriate. The 
planner also can select the cost categories considered rele
vant for the planning context under study. 

In the case of items involving equipment and fixed 
facilities, quantities must be estimated based on system 
design, and costs can be derived by multiplying quantities 
by respective unit costs. Initial costs, however, must be 
amortized to convert them to a proper time unit. Further, 
in the case of estimating the cost of part of a system, costs 
must be allotted to the service proportionately. 

Since a thorough understanding of physical and opera
tional characteristics of the proposed transit service is 
required for this disaggregate approach, the analyst/ 
planner has to spend some time laying out routes and 
scheduling vehicles and drivers. The amount of work 
involved in a system design varies with the nature and scope 
of service. For example, the design of a single express bus 
route and estimation of its vehicle and manpower require
ments are not very time consuming compared to the estima
tion of the same requirements for an entire bus system. 
The advantages related to the disaggregate structure and 
accuracy of the system design, however, tend to outweigh 
disadvantages related to the complexities to be addressed 
by the procedure. The resources required for the design 
and estimation of the parametric values for a large system 
represent a constraint of the disaggregate system design 
approach. In the future, this disadvantage may be over
come as computer programs incorporating advanced 
algorithms are developed to assist planners in using this 
approach for large systems (20). 

For assistance in applying the disaggregate costing ap
proach system, design procedures for fixed route and fixed 
schedule bus, express bus, demand responsive services, and 
ridesharing services are discussed in Appendix B and 
typical costing examples are presented in Appendix C. 

COST CATEGORIES 

For the purpose of this study, the following categories of 
costs were adopted: 
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1. Cost for guideways and related fixed facilities. 
2. Cost of vehicles. 
3. Operating cost (out-of-pocket vehicle operating cost 

( excluding operator's wage), direct maintenance c.ost. 
operator's ( or driver's) wage, and other operating co~t·s·): 

This level of aggregation will provide sufficient flexibility 
to allow the planner to address a specific planning context. 
Depending on the situation, certain cost items may be 
excluded or modified . The characteristics of these cost 
components and their implications in different planning 
1:uulex.ls follow. 

Cost for Guideways and Related Fixed Facilities 

In selected cases, separate guideways (busways) for bus 
tran~it service may be provided to ensure a high level of 
service when a large number of buses interferes with other 
ve~icles in shared rights-of-way. When the guideway is 
bmlt on a separate right-of-way, costs will include land and 
c?nstruction. If the guideway is built within the existing 
nght-of-way of a roadway facility, such as along the median 
of an existing freeway, a case can be made for excluding 
the cost of land, which already is a "sunk cost." 

To figure cost on an annual or daily basis, the initial cost 
of construction with or without right-of-way costs must be 
amortized, using an appropriate interest rate and service 
life. The amortized annual cost then can be converted to a 
daily cost by dividing by the number of days in use during a 
year. The cost then should be allocated among all the 
users of the facility (i.e., the different transit routes and/ or 
companies) in proportion to their usage . If necessary, the 
ann~al or daily cost can be converted to "unit cost per 
vehicle-mile" by dividing by the annual or daily vehicle
miles of operation on the guideway. 

In the case of a freeway or an arterial with an existing 
lane reserved for buses only or for buses and high occu
pancy automobiles, the cost for guideways may be ignored 
except for the cost of special signs and markings that may 
be needed to designate the special purpose lanes. If such 
a lane has to be built as an addition to an existing facility 
tor the exclusive use of buses, the cost of construction 
should be included in the analysis. 

A transit service may require certain fixed facilities 
related to the guideway, for example, passenger shelters for 
fixed route and dial-a-ride systems or park-and-ride facil
itie~. An'.rnal and/ or daily cost and even unit costs per 
vehicle-mile can be derived for these fixed facilities based 
on the srime 11pproach used for guideways. Costs for con
structing fixed facilities not related to the guideways ( e.g., 
maintenance garage and administrative buildings) are not 
included in this category. 

Cost of Vehicles 

The capital cost of transit vehicles is one of the major 
cost items directly related to providing a transit service. 
The cost can be amortized using an appropriate interest 
rate and service life. The amortized annual cost then can be 
converted to a daily cost by dividing by the number of days 
in use a year. If necessary, a "unit cost per vehicle-hour" 
or a "unit cost per vehicle-mile" can be derived. For the 

purposes of this analysis, it was assumed immaterial how 
the equipment purchase funds were derived (i.e., federal/ 
state aid programs) and only total cost was utilized. It can 
be 11rgued that tr11nsit vehicles with lives of 8 to 12 vears 
and depreciations of several thousand dollars per year ·need 
to be included in the cost analysis. Fleets have to be 
replaced on a continuing basis and not when a public grant 
program becomes available (21). In some planning con
texts the equipment depreciation cost is omitted. For 
example, if the incremental cost of providing an extension 
of an existing route is being estimated, the equipment cost 
may not be included unless the added service makes it 
necessary to purchase additional vehicles. However, out
side of special cases the capital cost for equipment has to be 
included in the analysis. 

Operating Cost 

From the standpoint of a planner evaluating a transit 
service, it is important to distinguish between the com
ponents of operating cost that always are incurred and those 
that may not be relevant in certain planning contexts. For 
example, the cost of fuel and lubricants needed for operat
ing a bus will be present whenever any vehicle-miles are 
operated. The costs for transportation operations that in
clude supervision, operator inspection, and instruction in
crease by discrete increments at large intervals and thus 
may not be included in the :rnalysis of small increments of 
service. Based on these considerations, components of 
operaling co t may be grouped into four categoric·- ut
of-pocket vehicle ope rating cost ( excluding operator' 
wage) , direct maintenance c sts, operator's (or driver' ) 
wage, and other operating cost ( ·uch a communicatioo 
costs). (Input~ to these cost categ"ries need to be based on 
the service levels.) Each cost category can be disaggregated 
into several components. The components of operating cost 
that will be used for the following explanations are identical 
to those used in the transit operating cost model UCOST, 
which is to be incorporated in UTPS (17). It should be 
noted that a standard accounting system known as FARE 
has heen proposed for all transit systems. The cost cate
gories used in UCOST are either individual FARE categor
ies. an aggregation of. FARE categories or parts of individ
ual FARE categories. The FARE functions corresponding 
to each category are shown. 

011t-of-Pocket Vehicle Cost (Excluding Operator's Wage) 

Out-of-pocket vehicle operating costs represent manda
tory expenditures for vehicle operation. Driver's wages are 
treated separately because of stipulations in labor contracts 
(drivers sometim es are paid even when they are not operat
ing a vehicle) and bccau~e ii may b po ible 10 utilize such 
id le manpower without incurring an incremental co l. 

Thu , the ut-of-pocket vehicle operating co t include the 
following: 

1. Fuel, lubricants, and power (including fuel taxes for 
revenue vehicles) (FARE functions 503-08-030, 504-01-
030, and 510-05-030). 

2. Tires and Lubes for revenue vehicle operation (FARE 
function 501-02-030). 

• --



The unit cost for this category usually is available on the 
basis of vehicle-miles of operation including in-service and 
deadhead travel. 

Direct Maintenance Cost 

This category covers the maintenance costs that are di
rectly related to the amount of use of a vehicle. (The 
corresponding FARE function is 060.) The unit cost for 
direct maintenance expenditures should be expressed in 
terms of vehicle-miles of operation. This category typically 
would cover the cost of inspection and maintenance of 
revenue vehicles. It should be noted that the cost of "servic
ing of revenue vehicles" (FARE function 050) has been in
cluded in the category of "other operating costs" because 
its unit cost usually is determined with "number of vehicles" 
as the causal factor. However, a planner may combine 
these two cost items into one category. 

Operator's (or Driver's) Wages 

The cost of labor accounts for a substantial portion of the 
total operating cost, usually 60 to 80 percent. In addition, 
wage rates may vary significantly by location. Therefore, it 
is essential to separate costs related to wages of drivers and 
other on-board attendants, if any. The following items are 
included in this cost category: 

1. Operators' (and attendants') salaries (FARE function 
501-01-030). 

2. Fringe benefits and other salaries for revenue vehicle 
operation (FARE functions 501-02-030 and 502-15-020). 

The unit cost for this category should be based on individ
ual service hours, and the cost should cover all paid hours
in-service, deadhead, and other guaranteed pay hours. The 
following equation can determine labor cost for the specific 
service that is provided ( 21) : 

LAC= [[(MIN) (DWR) + (REG) (DWR) + 
1.5 (OT) (DWR)] X (1 +%Supervision) + 
(I+% Fringe)] (3) 

where LAC is the labor associated costs per day, MIN is the 
minimum hours guaranteed according to contract, DWR is 
the driver wage rate, REG is the regular hours work in 
excess of minimum, OT is the overtime driver hours re
quired to provide service, % Fringe is the cost of fringe 
benefits based on a percent of salaries paid, and % Super
vision is the cost of supervision as a percent of driver 
salaries paid. 

Other Operating Costs 

There are several other items that are not as sensitive to 
the magnitude of the actual service or operation. These 
costs usually change only when appreciable increases or 
decreases in the size of the operation occur. These costs 
may not be relevant in some planning contexts, especially 
when small changes are made to an existing operation. This 
category includes: 

1. Transportation operations (FARE function 010). 
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2. Leases and licensing of revenue vehicles (FARE func
tions 506-04-030 and 510-04-030). 

3. Servicing of revenue vehicles (FARE function 050). 
4. Repairs to vandalized revenue vehicles (FARE func

tion 070). 
5. Fuel, service, inspection, and maintenance of service 

vehicles (FARE functions 080 and 090). 
6. Ticketing and fare collection equipment (FARE func

tions 110 and 150). 
7. Operation and maintenance of power facilities (FARE 

function 140). 
8. Other maintenance and maintenance administration 

(FARE functions 040, 100, 120 and 130). 
9. Scheduling and general administration (FARE func

tions 020 and 160). 

10. General functions (FARE function 180). 

The methods for deriving unit cost for this combined 
category vary with the different items. The cost for most 
of these items may be correlated with the size of the fleet or 
number of peak-hour vehicles. However, for the purpose 
of estimating the cost of providing service on an existing or 
new portion of a transit system, it would be convenient 
to use unit costs based on vehicle-miles of service. 

It should be noted also that there are cases when it is 
appropriate to separate some items within this group and 
form additional categories. For example, in the case of a 
demand responsive system, the cost of dispatching and 
monitoring vehicles and controlling their movement may be 
substantial, and it may be desirable to identify this cost item 
clearly. In the case of vanpools, fixed costs-which include 
insurance, parking, and vehicle registration-become im
portant components of total cost. The institutional cost of 
providing ridesharing services, such as promotional pro
grams and administration, can become significant. To en
sure that comparative cost analyses are not biased, the costs 
included in one option must be similar to those included in 
a second option. 

Unit Cost Values 

A final element of a cost analysis involves deriving the 
appropriate unit cost figures. Secondary sources of cost 
data exist, but none can provide up-to-date information for 
systems. Therefore, local planners must make some efforts 
to obtain either specific data for their areas or adequate 
information with which they can adjust data from secon
dary sources to fit their situations. A number of sources 
for cost data are available. One of the best is the handbook, 
"Characteristics of Urban Transportation Systems," which 
is also included in UTPS (22). A local planner would find 
this handbook useful for reference and to verify data
either original or from secondary sources. 

LEVEL OF SERVICE AND CAPACITY CONCEPTS 

In order to compare the costs of various service concepts, 
it is necessary to specify a desired level of service. In the 
case of a service that is repeated periodically throughout the 
day, headway becomes the common denominator. In the 
case of ridesharing, people make arrangements to travel 
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together and service is not provided on a repeated basis or 
with a headway during the day. Thus, service is provided 
that involves only two trips per day and headway is not a 
good indication of ievd uf service. 

There are many factors ( quantifiable as well as subjec
tive) that determine the level of service. Level of service 
should be based on a combination of these factors. How
ever, such a combined index usually tends to become very 
complex and would be difficult to utilize. Based primarily 
on considerations of practicality, frequency of service was 
selected as the sole independent vari::1hle in cleveloping a 
level of service measure for fixed schedule service. Number 
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of vehicles was used for demand responsive service, and trip 
time was used for ridesharing service. 

A second element is the maximum number of riders that 
can be handled in a fixed time period. Capacity serves as a 
physical constraint and limits the service to certain ridership 
levels. 

The next chapter will apply the general costing approach 
discussed in this chapter to suggest how a "first cut" eco
nomic feasibility test could be used when selecting an initial 
service concept for a predetermined market segment. Eco
nomic viability spaces will be developed based on the inter
action of cost, level of service, and capacity. 

CAPACITY AND BREAK-EVEN ANALYSIS 

A transit service can be defined in terms of the techno
logical characteristics and service levels provided. The 
technological characteristics depend on the gnicleway; ve
hicles, and operating strategy utilized, whereas the level of 
service is influenced by such factors as the frequency of ser
vice and loading standards. For a given set of technological 
characteristics and level of service, specific information can 
be derived regarding the maximum passenger carrying ca
pacity and cost. \'Vhen the cost of providing the service is 
known, the minimum ridership that is necessary for a finan
cially break-even operation can be estimated and fare levels 
determined. Break-even analysis helps determine not only 
ridership levels necessary for the service to break even 
financially, but also the minimum levels of fare and service 
required to break even if potential ridership has been esti
mated. Again, for a given set of technological character
istics including the operating strategy, different values for 
capacity and break-even ridership can be calculated for 
varying levels of service. 

This chapter will present break-even curves for three 
classes of transit service: 

1. Headway oriented fixed route, fixed schedule service 
( express bus on a busway ( or exclusive Jane), express bus 
on a shared freeway lane, bus on an arterial roadway bus 
lane, and conventional bus). 

2. Demand responsive areawide service, nonheadway 
oriented service. 

3. Ridesharing service (carpool, vanpool, and buspool). 

USES OF CAPACITY AND BREAK-EVEN CURVES 

Capacity and break-even curves can be derived for a 
variety of transit services. Transit planners can use them in 
determining the feasibility of a particular type of service for 
a given level of demand. These curves are developed for 
generalized sets of characteristics. Ideally, planners should 

develop their own capacity and break-even curves for the 
specific system configurations and operating strategies using 
local cost data. However. for the purpose of this prelimi
nary feasibility analysis, a planner may use a prederived 
curve to check whether the proposed service matches rea
sonably with the derived system characteristics and the level 
of cost incurred. In some cases even when unit costs 
change, the shape of the curves indicates the sensitivity of 
capacity and cost to varying levels of service, Tf the esti
mated demand for a specific type of transit service is less 
than the break-even demand, the planner may conclude 
that the service is not economically feasible unless subsi
dized in some manner. The capacity and break-even curves 
can be used also to define viability spaces comparing al
ternative service concepts and to define the alternative types 
of service that are economically feasible for different ranges 
of ridership. 

DERIVATION OF BREAK-EVEN CURVES FOR A FIXED ROUTE, 

FIXED SCHEDULE BUS 

The use of viabilily spa(;es, as described in this chupter, 
is similar to those advanced by Morlock (23) and Rea and 
Miller (24). Ridership by unit time was taken as a measure 
of travel demand. Daily ridership is a common unit of ex
pressing passenger travel demand. However, recognizing 
variations in service hours and fluctua tions in travel demand 
during a day, "passengers per hour" was chosen to be the 
dependent variable. Headway, expressed in minutes, was 
taken as a measure of the level of service. 

The estimation of break-even ridership, which by defini
tion generates revenue equal to the cost of provicling the 
service, is a relatively straightforward procedure and in
volves developing a relationship where either revenue 
equals cost or number of passengers times average fare 
equals cost. 

-



When the cost and fare are known, the number of 
passengers can be determined from the foregoing equation. 
Cost can be estimated by the disaggregate costing approach 
described in the previous chapter. For example, in the case 
of the express bus service on a busway discussed in Appen
dix C, the total cost based on the system design approach 
was determined to be $1,103.48 per day for a 4-hour period 
of service with a 20-minute headway. Thus, the hourly cost 
is $275.87. 

Estimation of revenue based on ridership and fare is a 
relatively simple process where there is a flat fare structure. 
However, where a graduated fare structure exists, revenue 
estimation requires a breakdown of ridership by fare level. 
For the majority of transit systems, a flat fare is charged 
irrespective of the distance traveled; this practice is espe
cially true for commuter services. For the purpose of this 
analysis, three alternative flat fares ( corresponding to low, 
average, and high fares) were assumed for each service 
listed as follows: 

1. Express bus on a busway = $0.60, $0.75, and $1.00 
per passenger. 

2. Express bus on a shared freeway lane= $0.50, $0.60, 
and $0. 7 5 per passenger. 

3. Bus on an arterial roadway bus lane= $0.30, $0.40, 
and $0.50 per passenger. 

4. Conventional bus = $0.30, $0.40, and 0.50 per pas
senger. 

A third component of the break-even analysis is the com
putation of capacity. The capacity function basically de
picts the physical ability of a particular type of transit 
service to transport passengers, and the break-even function 
defines its limit of economic viability. A detailed discussion 
of capacity computations is presented in Appendix D. Thus, 
these two functions can be used to identify all combinations 
of ridership and level of service (i.e., the region of output 
space) for which a given type of service is feasible both 
physically and financially. This viability space is repre
sented in Figure 9 by the area between the two curves. The 
viability space exists when the break-even curve lies to the 
left of the capacity curve. If the break-even curve is found 
to be on the right of the capacity curve, it will imply that 
the service is not feasible financially at the given fare level, 
even if maximum ridership is attained. 

In the example case of the express bus service on a 
busway (App. C), assuming a fare of $0.75 per passenger, 
the break-even ridership for the service with 20-minute 
headway is ($275.87 -c- $0.75) or 368 per hour, which is 
more than the estimated capacity of the service. This is an 
impractical or technologically infeasible service level. 

Characteristics of Capacity and Break-Even Curves 

The capacity and break-even curves jointly define the 
viability space as shown by the striped area in Figure 9. 
The capacity curve for a particular type of service is fairly 
stable, and it cannot change unless the vehicle loading 
characteristics are altered. A break-even curve, on the 
other hand, is likely to change over time because of changes 
in unit costs and fare levels. For the purpose of planning at 
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a given time, the unit costs are fixed, and it is the fare level 
that is a variable for decision-making. If the system con
figuration for a particular type of service is a variable for 
decision-making, break-even curves should be derived for 
alternative configurations. A break-even curve would be 
sensitive to those system characteristics that influence the 
cost of service. For example, route length and speed of 
travel dictate round-trip mileage and time; these influence 
the vehicle-miles of travel and the number of vehicles and 
drivers-all important determinants of cost. 

Four types of fixed-route bus transit have been selected 
as representative of services currently available (see Figs. 
10 through 13). The route layout and a few key assump
tions made as part of the analyses are presented. Break
even curves for low, proportional, and high cost allocations 
at an average fare level, plus the respective capacity curves, 
are shown in Figures 14 through 17. The three break-even 
curve categories result from the way costs are allocated, 
depending on availability of equipment and facilities de
scribed in the following. 

Low-cost break-even curves represent a situation in 
which the guideway and vehicles necessary for providing 
service are already available, and the decision is to be 
made based on incremental cost only. Guideway costs and 
depreciation of vehicles are excluded from the cost analysis. 
Driver and vehicle operating costs are proportional to the 
actual service provided. 

Proportional-cost break-even curves represent a situation 
in which guideway costs are shared by all routes and ser
vices using the facility, and vehicles are utilized during the 
entire daily service period. Guideway and vehicle costs are 
included in the cost analysis but are allocated to the service 
in question in proportion to the use of these facilities by the 
service and with respect to their total use by all services. 
Driver and vehicle operating costs are proportional to the 
actual service provided. 

High-cost break-even curves represent a situation in 
which additional drivers hired for the service are not uti
lized during the base period but must be paid for a mini
mum of eight hours. All other costs are proportional to the 
actual service provided. 

On the other hand, Figures 18 through 21 show break
even curves for high, average, and low fare levels. Costs 
have been allocated proportionately to derive the curves. 

Viability of Fixed-Route and Fixed-Schedule Services 

The viability spaces of different modes can be compared 
to identify break-even points that might suggest patronage 
levels for which a particular mode or modes might be most 
appropriate. Planners, however, should compare similar 
and truly substitute modes. For example, it may not be 
meaningful to compare an express bus service with a con
ventional service because they are not good substitutes for 
each other. An express service on a busway, on the other 
hand, may be compared with an express service on a shared 
freeway lane. In comparing their capacities and break-even 
curves, it is found that the passenger carrying abilities of 
both modes are very similar, while their break-even curves 
are quite different. For obvious reasons, an express bus 
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Figure 9. Hypothetical capacity and break-even ridership functions for a specific type of transit service. 

service on a busway would require high fare and patronage 
levels for meeting its large investment in fixed guideways. 
Actually, even for a fare of $1.00 per ride, the capacity 
curve was found to be to the left of the break-even curve, 
implying that it would be impossible to generate enough 
revenue to match the cost. In the case of an express bus 
service on a shared freeway lane, the guideway cost is 
avoided and, thus, it has a good potential for at least a 
break-even operation. 

Comparing the capacity of an express bus service on a 
reserved bus lane along an urban arterial with that of con
ventional bus service shows similar characteristics. It also 
may be noted that conventional service capacity is greater 
than that of the express bus modes, primarily because of 
higher passenger turnover. A comparison of break-even 
curves for the two regular frequent-stop bus services shows 
that bus service along a reserved bus lane would require 
fewer passengers than conventional service for a break-even 
operation. The greater viability of bus service on a bus lane 
is partly derived from the higher speed allowable, which 
increases productivity of equipment and labor. It also 
should be pointed out that the guideway-related cost for the 

reserved bus lane was assumed to include a few items of 
implementation cost, such as expenditures for traffi c signs 
and pavement markings. It is interesting to note that in the 
case of a conventional bus service at the low fare of $0.30 
per ride, the break-even curve was to the right of the ca
pacity curve, which implies that it would be impossible to 
generate enough revenue to match the cost at that fare level. 

Application of Break-Even Curves for Bus Service 

Break-even curves provide a convenient tool for planners 
in a quick preliminary asseSSfllent of the feasibility of a 
proposed service. For instance, a market segmentation 
study may reveal there is potential for a commuter express 
service between a residential area and the CBD, with 
approximately 100 residents of the area using the service 
in the morning peak hour, provided it has a headway of 20 
minutes or less and the fare is kept below $0.60 per ride. 
With this information the planner can examine the break
even curves in Figure 15 (which are derived for a fare 
level of $0.60) and three different contexts for cost. The 
capacity curve immediately reveals that it is physically 
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Residential Loop 

Speed= 12 m.p.h. 
Distance= 2 miles 

Busway Section 
Speed= 45 m.p.h. 
Distance one-way= 10 miles 

Assumptions: 

1. Cost of guideway = $2.5 million per mile. 
2. Warrant for guideway and c,ost allocation basis: 

50 buses per h@ur in peak direction 
Cost allocation based on proportion or peak 
direction buses used in desired service during 
4 hours of peak service per day. 

3. Equipment cost= $64,000 per 50 passen2;er bus 
(salvage value= $16,000 has been deducted, where 
service life 12 years) or $3.13 per vehicle-hour. 

4. Driver wages= $8.00 per pay-hour including fringe 
benefits. 

5. Operating costs - $0.35 per vehicle-mile, 
*Central Business District 

Figure JO. Route layout and other characteristics of express bus service on busway. 

feasible to accommodate 100 riders with a 20-minute 
headway, the capacity of such a service actually being close 
to 200 riders per hour. However, from the standpoint of 
cost and revenue, the minimum hourly ridership that would 
be necessary for a break-even operation is 95, 115, and 145 
for the low-, proportional-, and high-cost options, respec
tively. With this information, the planner can contact the 
transit authority to determine the availability of labor and 
equipment. If, for instance, the planner finds that the 
situation necessitates the high-cost option, because addi
tional drivers must be hired and paid for a minimum of 8 
hours of service, the planner will know that the expected 
ridership of 100 is far less than the break-even ridership of 
145. Under these circumstances the planner will have to 
find a source of subsidy if the express service is to be 
provided. Otherwise, the planner may advise the transit 
authority to wait until a situation arises when the condi
tions corresponding to the low-cost option would prevail. 

Another example may be cited of a regular frequent-stop 
bus service along an arterial roadway. A city may agree to 
provide a reserved bus lane along the roadway, provided 
certain related costs, such as pavement markings and new 
traffic signs, are borne by the transit authority. The ques
tion may arise as to whether these costs are reasonable 
through increased efficiency or if a new source of subsidy 
has to be found. The planner can compare break-even 
curves for the existing regular bus service with those for 
the expedited service to get a feel for the consequences, if 
any, of such a change. The curves of Figures 16 and 17 
indicate that the new service along a reserved bus lane 
would require fewer passengers for a break-even operation. 
Such a service may be expected to be cost effective because 
of increased productivity of the buses. It is reasonable to 
assume that the ridership will remain stable and may even 
increase; therefore, the financial situation of the route may 
improve. It is possible that the additional costs for imple-
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mentation would be recovered. Again, factors other than 
cost need to be considered in an evaluation process, but 
cost will remain an important element in assessing the 
practicality of an incremental change in transii service. 

DERIVATION OF CAPACITY AND BREAK-EVEN CURVES 
FOR DEMAND RESPONSIVE SERVICES 

There is a subtle, but significant, difference between the 
supply characteristics of a fixed-route, fixed-schedule ser
vice and a demand responsive system. As discussed earlier, 
one of the important measures of the level of service of a 
fixed-route, fixed-schedule service is the frequency (which 
is related directly to the passenger carrying capacity) of 
the service. Thus, level of service and capacity can be 
increased simultaneously by increasing the number of 
vehicles, because the productive capacity of individual 
vehicles remains constant. In the case of a demand respon
sive service, the productive capacity of individual vehicles 
varies inversely with the level of service. Thus, when the 
level of service is improved by increasing the number of 
vehicles (which decreases wait and travel times), system 
capacity would not increase because capacity productivity 
of individual vehicles would decrease. Similarly, if the 

number of vehicles is increased for the purpose of increas
ing capacity and if productivity of the individual vehicles 
does not change, level of service cannot be improved. 

For dt:maml responsive service, level of service and 
capacity cannot be maximized simultaneously by increasing 
the supply of vehicles. This is a deterrent to the derivation 
of the viability space in the same manner as used for the 
fixed-route, fixed-schedule services (i.e., by plotting both 
capacity and break-even cost values as functions of the 
level of service). The viability space of a demand respon
sive service can hi:': rlr.rivr.rl hy imalyzing the capacity and 
break-even cost values as functions of the number of 
vehicles in use. This procedure can be repeated for differ
ent values of levels of service, and a viability space can be 
derived for each value. 

System Design Procedure for Deriving Capacity and 
Break-Even Cost Values 

Unlike the case of a fixed-route, fixed-schedule service, 
many operating characteristics of a demand responsive 
service are not predictable. No straightforward relationship 
between the number of vehicles and their productive 
capacity can be developed similar to that for a fixed-route, 
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Figure 11. Route layout and other characteristics of express bus service on shared freeway lanes. 
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Figure 12. Route layout and other characteristics of bus service on reserved bus lanes or urban arterials. 

2. Vehicle speed= 15 mph. 
3. Operating strategy= many-to-many. 
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fixed-schedule service. The synthesized equation developed 
at Massachusetts Institute of Technology, based on a simu
lation analysis (see App. B), is one of the only tools 
available at this time to estimate capacity values cor
responding to different numbers of vehicles. This model, 
however, includes several other parameters-service area 
and vehicle speed-which may vary from case to case. 
The operating strategy also may vary. There are numerous 
situations with unique capacity characteristics. The same 
is true for break-even cost values because unit costs will 
vary from case to case. 

The capacity curves shown in Figures 22 and 23 were 
derived for four specific levels of service represented by 
values of 3, 4, 5, and 6, respectively, where L is the ratio 
of total time (wait time plus ride time) for a dial-a-ride 
service to the total time for an automobile. Break-even 
curves were derived for flat fares of $0.50, $0.75, and $1.00 
per ride. Unit cost values of different items and other 
assumptions used in the analysis are given as follows: 

It is important not to overlook the unique characteristics 
of each area and its transit service. An analysis of a typical 
case would give insight into the capabilities and constraints 
of similar services. Therefore, capacity and break-even 
curves were derived for a system with the following char
acteristics : 

1. Service area= 6.25 and 12.0 sq mi. 

1. Driver cost= $8/hour, including fringe benefits. 
2. Capital cost (amortization of depreciation used 10 

percent interest rate; useful life of van is 4 years; 
useful life of radio, farebox, and dispatch console is 
10 years): 
a. Van= $9,600 or $12,000 cost $2,400 salvage 

value. 
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Figure 13. Route layout and other characteristics of conventional bus service. 

b. Radio= $1,500/van. 
c. Farebox = $500/van. 
d. Dispatch console= $4,000 (including base 

radio). 
3. Gas, oil, and maintenance= $2.92/hour. 
4. Dispatcher wages= $8/hour, including fringe bene

fits. 

Viability of Demand Responsive Service 

An examination of capacity and break-even curves for 
a demand responsive service in two locales of different 
sizes revealed a few noteworthy characteristics. The 
capacity in terms of the number of passengers served per 
hour appeared to be very low for a high level of service, 
which is reflected by a low value of L. For example, in the 
case of the service area of 6.25 sq mi, the number of pas
sengers that can be served with five vehicles at the level of 
service represented by L = 3 is 22 per hour. With a lower 
level of service represented by L = 4, the capacity with the 
same number of vehicles increases to 43. The capacity also 
increases more than proportionately as more vehicles are 

added, which implies that the productivity of vehicles is 
related to the number of vehicles in operation in a given 
area. 

It is clear from the capacity and break-even curves that 
only where there are low levels of service and high fare 
levels can demand responsive service be expected to gen
erate enough revenue to cover costs. Of course, cost char
acteristics may vary from case to case, and this observation 
is valid for the assumptions related to cost described 
earlier. 

Application of Break-Even and Capacity Curves for 
Dem:md Responsive Service 

Fixed-route loop bus routes circulating through residen
tial areas are fairly common in small and medium size 
urban areas, and proposals for replacing them with demand 
responsive feeder service are made frequently. Capacity 
and break-even curves can be useful in evaluating such 
proposals. For example, if the demand responsive service 
is to accommodate 30 passengers per hour in a service area 
of approximately 6.25 sq mi, and provide a level of service 

-
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Figure 14. Break-even curves for express bus on busway. 

represented by L = 4, the planner can refer to Figure 22 
and find that at least four vehicles must be operated. The 
planners also can see that the proposed service will not 
break even, even if the fare is $1. 00 per ride. To find out 
the level of ridership that will be required for a break-even 
operation at $1.00 per ride with four vehicles, reference can 
be made to the curves: required ridership is 5 6 passengers 
per hour. The level of service for this situation would be 
very low, represented by L = 6. 

RIDESHARING COSTS AND SERVICE LEVELS 

Ridesharing has been defined as "a form of para-transit 
which entails prearranged shared rides for people traveling 
at similar times from approximately the same origin to the 
same destination" (25). In lightly populated areas with 
diffuse trip patterns, ridesharing involves informal pooling 
via van or automobile. In higher density areas, oppor
tunities are available to form larger pools and van/ auto 
pooling can be supplemented by subscription or express 
bus service tailored to the travel needs of a specific travel 
market. 

The term "ridesharing" commonly is associated with 
individuals traveling together between residential areas and 
work sites on a regular basis. Work trips are highly struc
tured and repetitive, thereby affording opportunities to 
increase transportation efficiencies (i.e., reduced vehicle
miles of travel (VMT)) through higher vehicle occupan
cies. In fact, ridesharing can be applied to other trip 
purposes for individuals living in a common area, such 
as a senior citizen complex or neighborhood. Many of 
these services already are provided through informal 
arrangements, neighborhood clubs, and social service agen
cies. As with work trips, the choice of rideshare mode must 
depend on a detailed assessment of travel needs and costs. 
For many applications, ridesharing may be a private respon
sibility with public sector input serving as a catalyst and 
promoter. 

One characteristic of ridesharing is that the service is 
provided on a prearranged basis and headways are not 
maintained. Thus, it is not possible to define the viability 
spaces discussed in the previous sections for fixed-route 
and fixed-schedule services with regular headways. The 
cost elements to be included in a ridesharing analysis 
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depend on how the services are provided. For example, 
carpools and some private vanpools have participants 
driving their own private vehicles either for cash compen
sation or free lransporiaiion in exchange for driving respon
sibilities. Employee or third party provided vans and bus 
operations usualiy involve payment for a ride, independent 
of whether the vehicle is owned by a club, employer, public 
agency, or transit service. Usually, in a subscription service, 
the driver receives compensation and the passengers pay 
in advance (26). Often pools, particularly carpools, rely 
on informal arrangement5, and the driver m~y not n~c.eive 
direct financial compensation. However, some rideshare 
services are organized formally, and in some cases are 
required to meet certain regulatory and insurance require
ments. Typically, organizational and marketing costs are 
internally borne by public agencies or major employers 
and are not included in the cost of providing service. The 
type of drivers used ( e.g., volunteers, part-time, or full-time 
(generally unionized)) will affect service costs. The need 
to deadhead a vehicle at the beginning and end of a 
rideshare trip also will influence operating costs. Cost 
estimates must then consider who is providing the service 

0 

and how the service is provided. Table 11 summarizes 
different rideshare modes and shows the diversity of opera
tors and users generally encountered. Appendix E contains 
a su111n1ary of cost relationships used in this section. 

Carpooling 

The total cost per person to travel 21 work days per 
month, 10 and 20 mi, respectively, is noted for different 
vehicle occupancies ranging from 1 to 6 persons per vehicle 
in Figure 24. Cost estimates are based on unit costs 
(including fixed and variable costs) of $0.179 / mi, $0.146/ 
mi and $0.126/ mi to operate a standard, compact, and 
subcompact car, respectively. For simplicity, a composite 
cost figure was developed based on a typical distribution of 
vehicle classes within a local area. For the computations, 
52 percent standard, 21 percent compact, and 27 percent 
subcompact vehicle distributions were assumed, yielding a 
weighted average of $0.158/mi. Because of the additional 
vehicle-miles of travel associated with picking up riders and 
discharging them, trip lengths were increased by 5 percent 
for an occupancy level of 3 persons per vehicle and by 
10 percent for 6 persons per vehicle. 

Headways less than 10 
minutes not considered 

a. Low cost break-even 
b. Proportional cost break-even 
c. High cost break-even 
d. Capacity 

Fare level - $0.60 

tio 

50 

Passengers per scheduled hour 

Figure 15. Break-even curves for express bus on shared freeway lanes. 



The resulting generalized cost estimates illustrate the 
impact of vehicle occupancy and trip length on monthly 
commuting costs per person. The type of automobile 
utilized (standard vs. subcompact) can easily account for a 
30 percent variation in monthly commuting cost. Driving 
additional miles for picking up and discharging passengers 
is well within the range of costs encountered by varying 
the vehicle class. 

Figure 24 cannot be used directly to estimate user savings 
due to increased vehicle occupancies. For example, in the 
case of rotated driving responsibilities, the commuting 
vehicle is not sold and the user still needs to pay fixed costs, 
such as depreciation, license, and insurance. Although 
these might be at a slightly reduced rate, the real savings 
result from the elimination of out-of-pocket expenses due 
to reduced vehicle use. Typically, variable costs represent 
about 50 percent of the total cost of operating a private 
automobile. 

Van pooling 

The costs of vanpools can vary extensively. In employer-
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based programs, an indirect subsidy generally is provided 
for the organization, administration, and promotion of the 
program. In some programs, incentives might be provided 
thrnugh preferential free parking privileges or direct mone
tary incentives to van users. As a program matures, "front
end" costs will be eliminated and program administration 
costs moderated to just sustain the program. Start-up costs 
have been estimated to be in the range of $15,000 to 
$50,000 to cover legal, advertising, sales, and administra
tive costs before the vans begin to operate. Overhead costs 
are estimated at $20,000 to $40,000 per year for programs 
using up to 50 vans. These figures were not included in 
the cost analysis, because they are generally considered as a 
vanpool subsidy and absorbed. Fixed and variable costs 
were based on two vanpool programs in operation (see 
App. E). The curve titled "low cost" represents a vanpool 
with a monthly fixed cost of $191 and a variable cost of 
$0.10/mi. The second curve titled "high cost" involves a 
fixed cost of $278 and a variable cost of $0.13/mi (based 
on 1976 dollars). For both programs, the unit cost values 
are within the range typically encountered for vanpools 

a. Low cost break-even 

Headways less than 10 
minutes not considered 

b. Proportional cost break-even 
c. Capacity 

Fare level $0.40 

400 500 600 

Passengers per scheduled hour 

Figure 16. Break-even curves for regular bus on reserved bus lane on urban arterials. 
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attempting to cover all operational but not administrative 
costs. Cost variations between the two programs depend on 
vehicle size, number of back-up vehicles, size of the pro
gram, and administrative details. 

For comparative purposes, part- and full-time labor 
charges for the driver of a van were included in the cost 
analysis of vanpool programs. In reality, these costs rarely 
are involved in commuter operations as the driver usually 
receives free transportation as compensation. In the case 
of many social service van operations, however, labor 
charges ( either part- or full-time) are involved, and if third 
party agencies become involved in vanpooling, labor 
charges for the driver may become more significant. 

In operating a van, excess mileage is required in order 
to pick up and discharge the riders. On the basis of 
experiences of several vanpool programs, it is estimated 
that trip lengths might increase by 10 to 30 percent over 
the corresponding home-to-work-trip distance when driving 
alone. These distance and time delays can be minimized 
if there is a good match between riders, but the scope 
varies with the density of development and the method of 
pickup (i.e., at door or at a centralized meeting place) 
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(25, 27). For the calculations, excess miles were assumed 
to be 10 percent for vanpools with occupancies of 10 and 
I 5 persons per vehicle. 

Typical monthly vanpooling costs per person arc plotted 
in Figure 25 as a function of vanpool sizes for a one-way 
trip of 10 miles. In Table 12, for the purpose of a sen
sitivity test, costs of deploying vans using different types of 
labor were compared for one-way trip lengths of 10 and 
40 miles, with an average vehicle occupancy of 10 persons. 
For analysis purposes, a van cost of $191 per month plus 
$0.10/ mi was used. Table 12 shows that labor costs can 
have a substantial impact on the cost of vanpooling. With 
smaller vehicle capacities, it is impractical to absorb full
time labor charges. Even the use of part-time labor almost 
doubles monthly costs per rider. The attractiveness of 
vanpooling lies in its low cost, which can be attained only 
when labor charges are avoided. 

A second aspect of vanpooling is the additional costs 
incurred in picking up and delivering riders along the 
route . It has been reported that front door pickups can 
require 10 to 30 percent additional vehicle-miles; the 
resulting costs are given in Table 12. Excess vehicle-miles 

a. Low cost break-even 

Headways less than 10 
minutes not considered 

b. Proportional cost break-even 
c . Capacity 

Fare level $0.40 

400 500 600 

Passengers per scheduled hour 

Figure 17. Break-even curves for conventio11al bus service. 



have little influence on monthly cost per rider, even if trip 
lengths are increased 30 percent. Of course, if labor costs 
and deadhead miles are added, the cost becomes greater. 

Buspooling 

The cost of subscription bus service varies extensively 
with equipment, routing, and labor agreements. Buspools 
can be operated in a fashion similar to vanpools by using 
part-time paid drivers, and by avoiding deadheading 
through parking the bus at the driver's home and work site. 
If full-time professional driver wages are to be included, 
the higher cost will seriously affect the appeal of pooling. 
Many public transit services with unionized labor are 
restricted to utilizing full-time drivers. Profitable service in 
these cases depends on the ability to utilize full-time drivers 
and equipment effectively during off-peak hours between 
express runs. Deadhead mileage can also become a sig
nificant cost factor (28). Private operators are able to 
utilize part-time drivers, reducing both the hours of com
mitment to the drivers and resulting wage payments. For 
the generalized analysis, unit costs for labor of $8.00 per 
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hour, depreciation of $3.13 per hour, and out-of-pocket 
costs of $0.35 per mile were used in the base case for 
analyzing express bus service. These costs vary for differ
ent assumptions of hourly wage, need for deadheading, and 
availability of compensatory work. Monthly buspooling 
costs per person are plotted in Figure 26 for a one-way 
commuting distance of 10 miles. These calculations illus
trate the importance of providing compensatory work for 
the driver in order to spread labor and depreciation costs 
across various services. When deadhead miles are reduced, 
driver and equipment become available for other functions 
and cost reductions can be achieved. 

Depending on accounting procedures, vehicle deprecia
tion costs frequently are ignored or taken only at 10 to 20 
percent of full value to represent cost sharing in vehicle 
purchase. As noted, these assumptions can have a signifi
cant impact on the resulting cost to provide service. 
Ignoring depreciation will tend to underestimate the total 
cost of bus service. 

The generalized cost analysis can be modified to reflect 
localized unit costs and the service specifications being 
considered by the planner. However, cost variations point 
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Figure 18. Capacity and break-even curves for express bus on busway. 
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out the need to consider details of how the service is to be 
provided. Lowest costs can be achieved if part-time labor 
can be used, if off-peak hour compensatory work can be 
found, and if deadhead miles can be reduced. In general, 
as trip length increases and pool size increases, the per
centage differences between different buspooling service 
options narrow in cost, although absolute dollar differences 
might remain significant. 

RIDESHARE BREAK-EVEN ANALYSIS 

The decision as to which ridesharing mode or mix of 

modes to select for a particular market segment depends on 
the specific characteristics of that market. On the basis of 
the assumption that cost is a major factor in the decision, 
break-even points can be identified for carpools, vanpools, 
and buspools. These are defined as the pool size at which 
one rideshare mode becomes less costly per person than 
another. All unit cost values are based on the assumed 
values presented in this report, and they should be adjusted 
before application to a local analysis. The intent of this 
section is to provide generalized relationships that can be 
used as a first approximation for assessing the potential 
application of a rideshare mode to a predefined market 
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Headways less than 10 
minutes not considered 
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Break-even, Average Fare ($0.40) 
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Figure 20. Capacity and break-even curves for regular bus or reserved bus lane on urban arterials. 

segment. The values given in Tables 13, 14, and 15 suggest 
the group sizes required to support a particular rideshare 
mode as the minimum cost option for different trip lengths. 

Reference can be made to these tables to obtain the gen
eral viability of a particular rideshare mode. For example, 
Table 13 suggests that on a one-way 60-mile trip it would 
require a group size of four to justify a buspool as the 
lower cost alternative if a part-time driver could be 
employed, if the vehicle could be parked at the work site 
and residence of the driver, and if a fully depreciated 
vehicle could be used. This is based on the assumption 

that the alternative travel mode in the comparison would 
be individuals driving alone in their private automobiles. 
As private automobile occupancies increase to 2 and 3 
persons per vehicle for the situation cited, the minimum 
buspool size increases to 7 and 10 persons, respectively. 
At an average automobile occupancy of 6, the buspool 
would be selected only with a minimum pool size of 13. 
Of interest to the planner is the finding that this particular , 
buspooling option does not require large groups to justify 
the service. 

In fact, services similar to this have proven to be quite 
effective. For example, it has been reported that Colonial 
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Transit Company in Virginia has been successful in operat
ing a subscription bus service with "moonlighting" drivers 
who are employed at the work site (29). Drivers are paid 
for their driving iime, and aii passengers have reserved 
seats. A conductor, who also works at the employment 
site, coliects fares and serves as transportation coordinator 
and receives free commuter service in lieu of direct pay
ment. In order to avoid deadheading, the bus is parked at 
the plant and the driver's home. 

0 

As the buspooling option accumulates more labor and 
depreciation costs and requires deadheading, the minimum 
pool size also increases. With a 60-mile trip length at 
carpool occupancies of 6 persons per vehicle and with full 
labor charges being allocated against the buspool (no 
compensatory work available for the driver), bus pools fail 
to be cost competitive. 

A comparison of vanpools with carpools (Table 14) 
shows that only when a person is driving a private vehicle 
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alone can the cost of full-time labor for driving a van be 
absorbed. Similarly, part-time labor charges for van driving 
can be absorbed only when the competing mode is driving 
alone or carpooling with two persons per vehicle. Van
pools are most competitive with carpools when no labor 
charges are involved and at trip lengths in excess of 10 
mi. A sensitivity check revealed that for the range of 
vanpooling costs used in this study and with van occu
pancies of 10 and 15 persons per vehicle, the minimum 
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group sizes increase only by a few persons from those 
stated in Tables 14 and 15. However, if it is assumed that 
the fixed cost of private vehicle ownership cannot be 
eliminated and only variable costs can be reduced when 
fewer vehicles are used, the minimum pool size required 
to support buspools and vanpools in comparison to carpools 
would be double those values cited. 

Table 15 provides a cost comparison of buspooling vs. 
van pooling. The table identifies the smallest pool· size re-
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quired to support buspooling. Again, labor costs are an 
important factor in determining the minimum cost alterna
tive. It is important to note that the inclusion of deprecia
tion charges against the bus s1gmficantly atfects the m1m
mum group size required. 

These two-way cost comparisons provide some "first-cut" 
guidance on the minimum pool size required to support a 
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particular rideshare mode. Because determining which 
mode is to be selected for further study and experimenta
tion may depend on the local validity of the cost com
parison, it is important that planners account for all 
relevant costs and closely consider the average vs. marginal 
cost issue. Although the two-way comparisons were pro
vided for specific unit cost values and vehicle occupancies, 
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the material in Appendixes C and E should permit the 
planner to tailor the cost comparison to the local situation. 

services and the m1mmum pool sizes required for eco
nomically supporting various rideshare modes. An analysis 
of these relationships permitted the development of some 
generalizations. However, for an actual application, the 
planner should refer to Appendixes B through E and to the 
procedures on how to tailor the cost estimate to the local 
situation. Costs were found to be highly sensitive to trip 

SUMMARY 

This chapter has defined the viability spaces of various 
headway-oriented bus services and demand responsive 
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Figure 24. Monthly carpooling costs for 10- and 20-mi one-way trips (varying occupancies and pool size). 
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length, labor charges, and allocation of labor and vehicle 
depreciation charge . This suggests that the issue of mar
ginal vs. average cost can be quite significant in selecting 
an aiternative service com:t:pl aml service level. 

used to find relationships that can be applied to specific 
situations. Although other parameters besides cost are 
important in the selection of service concepts and service 
levels, the planner should be conscioHs of the resources 
involved in initiating incremental changes in transit service. 
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Figure 26. Monthly buspoo/ing costs for 10-mi one-way trip for different service options. 
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TABLE 11 

DIVERSITY IN RIDESHARE OPERATIONS 

J.\.~uc5uaJ...c; l·.1.UuC 

Alternative Carpool Vanpool Buspool 
Responsibility 
Mixes 

Program Operator • Individual • Individual • Individual 
• Employer • Commuter Clubs 
• Public Agency • Employer 

• Public Agency 

Driver of Vehicle • Indiv idua l • Individual • Part-time Driver 
(Same a s • Part-time Vriver • Public/Pvt. Full-time 
rota ting) Driver 

Owner of Vehicle e Individual 0 Individual • Individual 
• Employer • Employer 
• Public/Private • Public Private 

Transit Company Transit Company 
• Third Party 

Provider 

Organizer and • Employer • Individual • Neighborhood or 
Market • Public Agency • Employer Commuter Club 

• Public Agency • Employer 

• Third Party • Public Transit Company 
Provider • Public Agency 

TABLE 12 

TYPICAL MONTHLY VANPOOL CHARGES FOR AN OCCUPANCY OF 10 PER
SONS PER VEHICLE 

Monthly Cost/Rider ($) 

a . Labor Charges Variable: 
(No Excess Miles Included) 

One Way Trip Length 

10 Miles 40 Miles 

Base Case 
(No labor charge) 

Part Time Labor 
($5/hour)** 

Full Time Labor 
($8/hour - No compensatory work)*~* 

$23 

$43 

$158 

b . E:x:cess Pickup :md Di:;charging Miles Variable: 
(No labor charge included) 

10 Miles 
Low* 

Base Case with No Excess Miles $23 

Base Case with 10% Excess Miles $25 
(Due to pickup and discharge 

of riders) 

Base case with 30% Excess Miles $27 
(Due to pickup and discharge 

of riders) 

*Cost of $19) per month and 10 cents per mile 

Low* 

$36 

$68 

$170 

40 Miles 
Low* 

$36 

$38 

$41 

**Assumes $5/hour for duration of travel time which is 25 minutes for 10 mile 
one-way trip with an additional 30 minutes deadheading and vehicle preparation 
time at trip end. For 40 mile one-way trip the travel time is 60 minutes plus 
an additional 30 mile deadheading and vehicle preparation time at trip ends. 

***Assume $8/hour with driver available 8 hours per day. 

;;; 



TABLE 13 

BUS POOL SIZE REQUIRED TO BE MINIMUM COMMUTER COST RIDESHARE SERVICE WHEN COMPARED TO CAR
POOLING 1 

Alternative Bus Pooling Arrangements 2 

Part Time Driver 
Alternative 

2 
No Veh . Depreciation 

Carpooling Arrangements 
10 miles 60 miles 

one-way trip 

Drive Alone 3 6 4 

Carpool-2 person/veh 11 7 

Carpool-3 person/veh4 
16 10 

Carpool-6 person/veh5 61 13 

Specific Assumptions 

Veh. Depreciation Cost NONE
6 Labor Costs $5/hr. 

Veh. Deadheading Required No 

1Tested Over Group Sizes of 1 to 125 persons 

2
Bus Assumed to have 45 seats, auto 6 seats 

3Auto Costs - 15.8¢/mile 

4
vehicle Miles Increased 5% for pick-up and 
discharge of passengers 

5vehicle miles increased 10% for pick-up and 
discharge of passengers 

6
1.8 hours of work per day for 10 mile trip and 
3.4 hours for a 60 mile trip. Includes time 
for travel and 30 minutes for miscellaneous 
duties of trip ends. 

Full Time Driver with Full Time Driver with Full Time Driver 
Compensation Worked No Compens atory Worked No Compensatory Worked 

& Vehi cle Depreciation & No Veh. Depreciation & Veh. Depreciation 
10 miles 60 miles 10 miles 60 miles 10 miles 60 miles 

one-way trip one-way trip one-way trip 

12 8 
26-45 

8 
38-44 

10 & 51 * 

23-45 17 N 15 N 19 & 47 

37-45 22 N 22 N 
20-45 

55 

37-45 
N 79-90 N 85 N N 

100 

$3.13/hr . NONE $3.13/hr. 
$8/hr. $8/hr. $8/hr. 

Yes Yes Yes 

N - Buspool never lowest alternative over range searched 

* - Cost fluctuations, trend is unstable and a special 
investigation is required 

X - Group size where bus pool first becomes minimum cost and 
continued to be min. cost service over full ranged searched 

T - Taken as 2 times revenue miles, plus 4 miles per day for 
access to garage 

""" -.l 
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TABLE 14 

VANPOOL SIZE REQUIRED TO BE MINIMUM COMMUTER COST RIDESHARE SERVICE WHEN COMPARED 
TO CARPOOLING 1 

Alternative Vanpooling Arrangements
2

• 7 

No Labor Cost Part Time Labor Cost 6 Full Time Labor Cost 

Alternative 2 10 mile 60 mile 10 mile 60 mile 10 mile 60 mile 
Carpooling Arrangements one-way trip one-way trip one-way trip 

Drive Alone 3 4-10 2 7-10 7-10 
15 &14 

3 N &14 

Carpool-2 person/veh 
7-10 

3 N 
15 

5 N * 

Carpool-3 person/veh4 
* 4 N 7-10 N N &13 

Carpool-6 person/veh5 
N 7 N N N N 

Specific Assumptions 

Labor Rate None $5/hr. $8/hr. 

1
T<>Rt<>d Ov<>r Group Si z<>R nf 1 tn 125 p<>rsons 

2van Assumed to have 10 seats, auto 6 seats 

3Auto Costs - 15.8¢/mile 

N - Buspool never lowest cost alternative over range searched 

* - Cost fluctuations, trend is unstable and a special 
investigation is required 

4vehicle Miles Increased 5% for pick-up and 

5vehicle miles increased 10% for pick-up and 

X - Group size where bus pool first becomes minimum cost and 
continues to be min. cost service over full range searched 

discharge of pas.sengers 

61.8 hours of work per day for 
3.4 hours for a 60 mile trip. 
for travel and 30 minutes for 
duties of trip ends. 

10 mile trip and 
Includes time 

miscellaneous 

7van Cost taken at $190/mo fixed cost and 10¢/mile variable 
cost. Veh-miles increased 25% for pick-up and discharge of 
passengers. Van costs are adequate (1976) to cover all cost 
except administration and interest for vehicle purchase for 
a fleet of 50 vehicles 

CHAPTER SIX 

KEY LEGAL, REGULATORY, AND INSTITUTIONAL ISSUES IN 
PROVIDING PUBLIC TRANSPORTATION SERVICES 

A major policy activity in the market-oriented public 
transportation process is the evaluation of proposed public 
transportation alternatives based on legal, regulatory, and 
institutional issues. Evaluation of proposed services with 
regard to these issues is necessary throughout the planning 
process because legal, regulatory, or institutional obstacles 
to service changes or innovations frequently exist. This is 
particularly likely if the new public transportation service is 
different from current service in the community. These 
obstacles may be overcome through innovative manage-

ment and interagency coordination, new legislation, or 
court action. They should not be ignored. A legal, regula
tory, or institutional obstacle may prevent implementation 
of a new service even after funding has been secured, or it 
may increase the operator's liability after the service has 
been initiated unless steps are taken early in the planning 
process to remove the obstacle. This chapter reviews the 
key legal, regulatory and institutional issues which are likely 
to impact public transportation improvements in a local 
community. No attempt has been made to provide any 
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TABLE 15 

BUS POOL SIZE REQUIRED TO BE MINIMUM COMMUTER COST RIDESHARE SERVICE WHEN COMPARED TO 
POOLING 1 

Alternative Bus Poolin5 Arrangements
2 

Part Time Driver Full Time Driver with Full Time Driver with Full Time Driver 
Alternative 

2 
No Veh. Depreciation Compensation Work & No Compensatory Work & No Compensatory Work Labor 

Vanpooling Arrangements Vehicle Depreciation No Veh. Depreciation & Veh. Depreciation Rate 
10 miles 60 miles 10 miles 60 miles 10 miles 60 miles 10 miles 60 miles 

one-way trip one-way trip one-way trip one-way trip 

No Labor Cost 11 
21-45 31-45 N N N N N None &51 &61 

31-45 30-45 
31-45 $5/hr" Part Time Labor Cost 11 11 11 61-80 71-90 &71 N N 

&101 &ill 

Full Time Labor Cost 1 1 1 11 11 11 11 21 $8/hr 

Specific Assumptions 

Veh. Depreciation Cost NONE
6 

$3.13/hr. NONE $3.13/hr. 
Labor Costs $5/hr. $8/hr. $8/hr. $8/hr. 
Veh. Deadheading Required No Yes Yes Yes 

1
Tested Over Group Sizes of 1 to 125 persons 

2Bus Assumed to have 45 seats, van 10 seats 

3van Cost taken at $190/mo fixed cost and 

N - Buspool never lowest alternative over range searched 

* - Cost fluctuations, trend is unstable and a special 
investigation is required 

lOc/mile variable cost. Veh-miles increased 
25% for pick-up and discharge of passengers. 
Van costs are adequate (1976) to cover all 
cost except administration and interest for 
Vehicle purchase of a fleet of 50 vehicles 

X - Group size where bus pool first becomes minimum cost and 
continued to be min. cost service over full ranged searched 

41.8 hours of work per day for 10 mile trip and 
3.4 hours for a 60 mile trip. Includes time 
for travel and 30 minutes for miscellaneous 
duties of trip ends. 

5Taken as 2 times revenue-miles, plus 4 miles per day for 
access to garage. 

solutions or provide guidelines that can be followed in 
evaluation. Rather, it can be expected that alternatives will 
be impacted by these issues and should be addressed by 
the alternative analysis. 

There are five key legal, regulatory, and institutional 
issues that impact public transportation service. These 
issues are: 

1. Accident liability and insurance. 
2. Regulation. 
3. Organized labor. 

4. Local apportionment of deficits. 
5. Availability of service providers. 

The major aspects of each of these issues and the effects of 
the issue on alternative public transportation services are 
outlined in the following sections of this chapter. 

ACCIDENT LIAB1Lll'Y AND INSURANCE 

There are six major issues with regard to accident lia
bility and insurance that may affect the feasibility of imple-
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menting an alternative public transportation service in a 
local community. These issues are: 

1. Cost of insurance. 
2. Availability of insurance. 
3. Adequate insurance coverage. 
4. Employer liability for employer-sponsored transpor-

5. Rider liability. 
6. Rider's personal security from crime. 

Cost of Insurance 

State laws generally require that public transportation 
providers have adequate insurance to cover liability claims 
or demonstrate the capability to self-insure. Insurance for 
public transportation is expensive because of the possibility 
of high losses with a high-occupancy vehicle (30) . Only 
two insurance companies (Transit Casualty and Canal) 
have a special insurance category for public lranspurlaliun 
operations. Other insurance agencies do not have statistical 
information concerning the risk involved in insuring public 
transportation. There is little competition in insuring 
public transportation services, and the resulting rates are 
reiativeiy un[avorabie Lu butit t1aJitional transit and 
paratransit operators. Considerable savings can be realized 
by being self-insured. The procedure and dollar amounts 
required for self-insurance generally are regulated by the 
city or state . In New York City, for example, taxi com
panies are required to make deposits with a bonding agent 
(26) . Savings may also be realized by staggering the levels 
of insurance coverage and spreading the risk between 
several companies. For example, a public transportation 
operator could self-insure for claims up to $25,000, pur
chase insurance from company A for claims from $25,000 
to $100,000, and purchase insurance from company B for 
claims over $ I 00,000. 

The cost of insurance most seriously affects the small 
operator as cost per vehicle is higher for small fleets. The 
range in insurance costs per vehicle has been $1,200 to 
$2,500 per year. Small operators are less likely to be 
financially able to self-insure (31) . High insurance costs 
sometimes prevent small operations from forming . For 
example, if vanpool drivers must purchase their own 
insurance, the fare may be too expensive to attract riders . 

Insurance costs also impact the cost of providing service 
for large operators ( such as traditional bus companies), 
and may increase the extent to which their service needs 
to be subsidized. Insurance costs can also affect operating 
decisions for large public transportation operations because 
insurance rates for large operators are often based on 
gross revenues. Insurance costs should, therefore, be 
considered in making decisions concerning service expan
sion and fare increases. 

Availability of Insurance 

Availability of insurance is as great an issue as cost, 
because only a few insurance companies will insure public 
transportation operations of any type. Until recently, 
carpools and vanpools were unable to obtain insurance 

because they were not classified or rated for insurance 
purposes . Companies would not risk insuring vanpools or 
would charge exorbitant rates. The Insurance Services 
Offii:e (!SO) now hRs est,ihlishP.ci rntP.s for vanpools and 
carpools, subject to approval by each state. Privately 
owned carpools and vanpools may be insured as private 
vehicles under the ISO recommendation and, therefore, 
should no longer be affected by either the cost or avail
ability of insurance (30). Volunteer and social service 
agency transportation services still have difficulty obtaining 
an insurance rating. Consideration must also be given to 
"no-fault" insurance where it is of concern. 

Adequate Insurance Coverage 

Insurance generally is written with an over-all limit on 
payment for bodily injuries. This amount may not be 
sufficient if several adults are injured (32). The driver of a 
multipassenger vehicle must have high policy limits to 
protect the passengers adequately. In addition, some sort 
of uninsured or underinsured motorist coverage is required 
to protect riders if the driver of another vehicle is at fault. 
Only seven states offer underinsured motorist coverage. 

Employer Liability for Employer-Sponsored Transportation 
Services 

Generally, employers are not responsible for their em
ployees while they are commuting to and from work. 
However, if the employer owns the vehicle, contracts to 
another agency for the service, or offers cash or merchan
dise incentives to employees who use the service, the 
employer may assume responsibility for the employee's 
safety (32). If the employer guarantees the safety of the 
ride (inspects vehicles or investigates drivers and/ or 
riders), the employer may also assume responsibility (32). 
Employer's Workmen's Compensation may cover liability 
claims, depending on the state law. At this time, there are 
no cases that have definitively outlined the responsibility 
of the employer (33). This issue will affect carpooling, 
vanpooling, and subscription bus transportation if employer 
sponsorship is involved. 

Rider Liability 

In some cases, the riders, as well as the driver, may be 
liable for an accident. This would be the case if the riders 
and driver were considered a joint enterprise or partner
ship (31). This may affect organizational arrangements 
for carpooling, vanpooling, and subscription services. 

Rider's Personal Security from Crime 

There is some risk involved in sharing rides with 
strangers, and many public transportation alternatives have 
no access to radios to call for help. Vanpool and carpool 
matching services may be held liable for matching riders 
with a criminal element (31). All transportation systems 
are responsible for guaranteeing the behavior of their 
drivers. Recent court decisions in Illinois and Louisiana 
found the public transportation system responsible within 
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reason for protecting passengers from criminal actions by 
other passengers (34, 35, 36). 

Insurance Issues Affecting Public Transportation Alternatives 

The relationship between documented public transporta
tion services and the six insurance issues indicates that 
almost all the issues are likely to apply to each public 
transportation alternative. Because liability and insurance 
issues vary by state law and local precedent, there may be 
local exceptions. 

REGULATION 

Public transportation is extensively regulated by federal, 
state, and local agencies. The Interstate Commerce Com
mission (ICC) regulates public transportation modes that 
cross state lines, unless the mode remains within one city, 
is school transportation, or is a taxicab operation. 

Public transportation systems that do not cross state lines 
are regulated by state and local government agencies. At 
the state level, the regulatory agency is usually the state 
public service commission or state public utility commis
sion. Although state public service commissions used to 
regulate all traditional public transportation systems except 
taxicabs, many states now exempt publicly owned trans
portation systems. Vanpools and carpools generally are not 
regulated unless the driver receives a profit. In some states, 
vanpools and/ or carpools operated on a share-the-cost 
basis are regulated and required to obtain a contract 
carrier permit. 

At the local level, public transportation may be regulated 
by the county, by the city, or by a joint metropolitan 
commission. The regulatory body might be an elected 
general purpose body or an appointed transportation 
authority, a government department, or one employee. 
Sometimes local regulation is split between agencies. For 
example, the city council may have the power to franchise 
taxicabs; and the transportation authority, the power to 
regulate the type of service taxicabs provide. There also 
may be local jurisdictional disputes. Most local public 
transportation authorities regulate their own services and 
set their own fares and safety standards. Privately sup
plied transportation, such as taxis, generally are regulated 
by a different agency. Vanpools or carpools are generally 
not regulated locally. It is also possible to have more than 
one agency regulate particular services. For example, 
transportation to a medical facility might be regulated by 
the transportation regulating agency as well as the state 
department of health. 

AREAS OF REGULATION 

Public transportation providers may be regulated in four 
areas: 

1. Safety and financial responsibility. 
2. Rates or fares. 
3. Service patterns. 
4. Entry and exit restrictions ( of the number of pro

viders). 
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Safety and Financial Responsibility 

All providers of transportation are required to meet 
safety and financial responsibility standards. These regu
lations are designed to protect the general public. Financial 
responsibility standards require that a transportation service 
provider use good accounting practices and have adequate 
insurance. Safety standards concern vehicle type and driver 
qualifications. Vehicle requirements may specify the num
ber of doors the vehicle must have, the presence of warning 
lights, and the adherence to federal safety standards (37). 
Sometimes, vehicle safety standards are based on only one 
type of vehicle (e.g., a large bus) and, thereby, effectively 
prohibit the use of other vehicles (such as small buses or 
vans). A driver is usually required to obtain a chauffeur's 
license, pass a physical examination, and have a good 
driving record (37). Drivers may be required to exceed a 
minimum age, to speak English, to have a certain level of 
education, to have passed a first aid course, to not be 
addicted to alcohol or drugs, and to submit character 
references. Individuals who have served prison terms may 
be automatically prohibited from employment. Personal 
neatness and uniforms may be required (31). Some driver 
requirements, such as to speak English, are now being 
declared illegal. 

Rates or Fares 

Regulation of rates or fares is designed to protect the 
public from high fares while assuring the public transporta
tion provider an adequate rate of return. There are two 
ways in which rates or fares may be controlled. The 
regulatory body may require that the rate or fare be 
publicly declared (filed for public information purposes) 
to assure that every rider is charged the same fare or rate. 
The regulatory body also may have the authority to approve 
or reject rates or fares. The primary basis for approval or 
rejection is the rate of return the fare would give the 
provider (37). Generally some fixed rate of return is 
specified. A low fixed rate of return may discourage 
innovation, the provision of special services to the handi
capped, or any other service that involves cost risk. High 
cost services include peak-hour service, service to low
density destinations, service to dangerous destinations, and 
service after midnight. On the other hand, a high fixed 
rate of return may flood the market area with providers and 
prevent low-income transit dependents from being able to 
use the service. 

One other basis for rate or fare approval or disapproval 
is the prevention of discriminatory rates or fares. The 
general principle is that all persons are to receive more or 
less equal value for the same fare (38). If distance is used 
to determine rates, equal fares should not be charged for 
unequal distances. If zones are used to determine fares, 
the zones should be approximately the same size. If strictly 
applied, this type of fare regulation discourages innovation, 
because innovation generally involves the provision of 
different services for different markets. It may thus be 
difficult to receive approval to charge premium fares for 
premium services. This could ultimately lead to sub-
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sidizing public transportation for upper income individuals 
who could and would pay a higher rate for the service. 

Service r'c1Herm; 

There are many ways in which service patterns may be 
controlled through regulation. The most serious is the 

service may be prohibited if it is not specifically allowed. 
This affects flexible route and flexible schedule service 
options, multimodal services, and new companies. A service 
pattern may also be specifically prohibited as is frequently 
the case with jitney service patterns. 

Service pattern regulations tend to promote the status 
quo anu prevent experimentation and innovation. In addi
tion, every service change or experimental service requires 
new approval, which can lead to delays and expenses that 
affect both the responsiveness and the cost of the service. 
It is also possible, by regulating the service pattern of a 
mode, to effectively eliminate a service. Many cities have 
used service regulations to eliminate jitneys (39). 

Many publicly owned systems are exempted from service 
regulation by an external government body, even if the 
service is similar to that provided by private operators. 
In this respect, service regulations may cause two problems. 
Regulations may prevent private operators from developing 
new services, such as shared-ride taxis, while the same 
service (dial-a-ride) may be allowed to be developed at 
public expense. The regulations mask the fact that the 
service might have been provided without subsidy. 

Specific service patterns that may be regulated are routes, 
service areas, passenger capacity, stops or solicitation 
policies, and service availability. 

Routes 

Public transportation providers operating on fixed routes 
may be required to obtain a certificate of public conve
nience and necessity that states the route is necessary to 
operate on a route. On the other hand, a public transpor
tation provider may not be able to discontinue a route even 
after proving there is little demand for service on the 
route (37). 

Service Areas 

Public transportation providers operating on either fixed 
or variable routes may be required to obtain a certificate 
of public convenience and necessity to operate within 
designated boundaries ( 37). These regulations prohibit 
the provision of service outside of the established bound
aries. 

Passenger Capacity 

Different types of services generally are legally dis
tinguished by passenger capacity of the vehicle. These 
regulations determine passenger capacity of the vehicle 
that can be used to provide service. For example, if a 
limousine is defined by law as a 9-passenger vehicle, neither 
a standard car nor a small bus could be used to provide 
limousine service, regardless of demand. 

Stops or Solicitation Policies 

Policies regarding the acceptable location of transit stops 
on fixed routes or permissible ways of soliciting customers 
on variable routes are sometimes established by regulation. 
On fixed routes, hailing, waiting for regular passengers, and 
minor route deviations might be prohibited, permitted, or 
rPrmirPrl On v:,ri,ihlf~ rn11tf'.~ ~"h st:,nrls . rnrlio rlisnatchin!!. ---i----- · --- , ------ --- - - --- --, ---- ---·----- , - ... ....,, 
telephone calls, hailing, or call boxes may be variously 
prohibited, permitted, or required. 

Service Availability 

The conditions under which a driver may refuse to 
accept a rider or compel a rider to leave the vehicle usually 
are established by regulations (26). Hours of service and 
service schedules for fixed-schedule alternatives also may 
Le 1egulated. 

Entry and Exit Restrictions 

Entry and exit restrictions are designed to protect the 
supplier from competition and to guarantee the con
tinuance of existing services. There are three control 
methods used to restrict the number of transportation 
suppliers: certificate of public convenience and necessity, 
franchise, and contract carrier permit. 

Certificate of Public Convenience and Necessity 

The ICC, state public service commissions, and local 
ordinances require common carriers such as traditional 
buses, express buses, and dial-a-ride services to obtain a 
certificate of public convenience and necessity before 
offering transportation service. If operated between states, 
they are regulated by the ICC. Unless specifically excluded 
from regulation by state law, they are regulated by the 
state public service commission. Other modes also may 
be defined by state law as common carriers. 

To obtain a certificate of public convenience and neces
sity, the public transportation supplier must demonstrate 
to the regulatory commission that there is a need for the 
service and that the supplier is properly able to provide the 
service. If another public transportation supplier already 
provides the same service to the same customers, the 
regulatory commission generally will conclude that there 
is no need for the additional service. Before ceasing 
operation a common carrier must also secure permission, 
which is frequently difficult to obtain from the regulatory 
commission. 

Franchise 
\_ 

Local governments frequently require a traditional public 
transportation service (privately owned bus and taxicab) 
to obtain a franchise before beginning service. The total 
number of available franchises frequently is limited by law, 
thus restricting the providers to some predetermined num
ber of vehicles. Otherwise, a local government may use 
the franchise in a manner similar to a certificate of public 
convenience and necessity by requiring a potential provider 
to demonstrate need for the service. In some areas, jitneys 
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have been excluded from operating by requiring that they 
obtain franchises, and then not issuing franchises on the 
premise that there is no need for the service (39). 

Contract Carrier Permits 

The ICC and the state public service commissions issue 
contract carrier permits to public transportation providers 
that only offer their services to regular passengers on a 
contract basis. Subscription buses, vanpools, carpools, 
special charters, and limousine services may be defined as 
contract carriers, depending on state law. To obtain a 
contract carrier permit, the transportation provider must 
demonstrate that there is an unmet need for the service and 
that all required standards will be met. 

Effect of Entry and Exit Restrictions 

Entry and exit restrictions are major obstacles to new 
or innovative services. A certificate of public convenience 
generally is issued only if the new business will not attract 
riders from existing operators. Sometimes regulations 
require that all innovations must be offered first to existing 
companies before a new company can offer the service 
( 40). Numerical restrictions may apply even if the type 
of service is different from those in existence ( 40). An 
unsuccessful experimental, innovative service may not be 
permitted to cease operation even if it is costly and in
efficient. Entry restrictions primarily affect private opera
tors. Publicly owned systems may be exempted from 
regulation even if a service similar to private service is 
provided. 

The procedure and cost involved in applying for a cer
tificate of public convenience, a franchise, or a contract 
carrier permit may discourage small providers. If small 
operators do not comply, however, they are subject to 
penalties of the regulatory act if the fact is brought out in 
a lawsuit (37). They may also be declared a public 
nuisance and prohibited from operating. 

EFFECT OF REGULATORY ISSUES ON PUBLIC 
TRANSPORTATION ALTERNATIVES 

The relationship between regulatory issues and docu
mented public transportation services is presented in Table 
16. The table indicates which type of regulation is most 
likely to apply to each of the public transportation alterna
tives. Because regulatory practices vary by state law and 
local practice, this table may not be accurate for a specific 
community. However, it can be used as a guide in deter
mining the existence of pertinent regulations and indicate 
which regulatory issues need to be investigated. 

ORGANIZED LABOR AND LABOR PROTECTION 

Section 13(c) of the Urban Mass Transportation Act 
(UMTA) of 1964 as amended assures that all workers 
who potentially may be affected by UMTA-funded trans
portation services will have their bargaining rights, wages, 
and working conditions protected and that they will be 
given priority for employment or reemployment. The only 
UMTA-funded program that is specifically exempt from 
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this provision is transportation services for the elderly and 
handicapped. Section 13 ( c) labor agreements usually are 
negotiated between management and local union officers 
and certified by the Secretary of Labor. The process can be 
long and involved, delaying receipt of funds or changing 
the scope of the project. UMT A funds may be withheld if 
the local union opposes the new service due to proposed 
labor practices such as the use of nonunion or part-time 
employees ( 41). There are also other issues unrelated 
to Section 13 ( c), which should be considered, such as the 
formation of unions where none previously existed or the 
impact of union negotiated settlements on nonunion 
employees. 

EFFECT OF LABOR PROTECTION LEGISLATION 

All flexible route, flexible schedule transportation options 
raise yet unresolved questions about which workers must 
be protected by Section 13 ( c) and who represents them. 
Presently, the Department of Labor relies on the UMTA 
to define the scope of 13 ( c) coverage. This generally 
excludes taxicabs, vanpools, and other nontraditional 
services ( 42). There have been cases in which dial-a-ride 
services were judged to be competing with other transit 
services, even when both were run by the same operator. 
Frequently, taxi drivers who are in business for them
selves ( either own or lease a taxi) are not unionized. 
They usually are not concerned with traditional labor 
agreements (wage rates, benefits, work rules), but they 
also do not invite competition from publicly subsidized 
operators. If they are included in the 13 ( c) bargaining 
process, they are likely to demand that shared-ride taxi 
service be implemented instead of dial-a-ride service. 
Shared-ride taxis are viewed by traditional bus employees 
as a threat to their jobs when public transportation is pro
vided more cheaply by taxi drivers who receive less than 
union wages. In the Haddonfield, N.J., dial-a-ride demon
stration project, dial-a-ride drivers were paid union wages, 
and the local taxi company was compensated for lost 
revenue ( 37). This double payment for service may not be 
very attractive for a local government not receiving federal 
demonstration funds. Vanpools also may be viewed as 
competition for traditional bus service and a threat to 
union drivers. When an UMT A vanpooling demonstration 
project was initiated in Knoxville, Tenn., the 13 ( c) agree
ment guaranteed to maintain the size of the existing bus 
company labor force for four years (37). The decision 
as to what existing transportation services will be involved 
in the 13 ( c) bargaining process, therefore, may determine 
both the services provided and the cost of providing the 
services. 

A second unresolved issue with regard to the Section 
13 ( c) bargaining process is the determination of the mag
nitude of change to existing services necessary before labor 
agreement is required. Some unions feel that the purchase 
of only one bus may be sufficient cause for renegotiation 
of an entire labor contract. This kind of labor dispute can 
delay, even prevent, minor service expansions because the 
U.S. Department of Labor is reluctant to override union 
decisions. 

Section 13 ( c) also affects employee costs by encouraging 
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TABLE 16 

EFFECT OF REGULATORY JSSUES ON CURRENT PUBLIC TRANSPORTATION ALTERNATIVES 

Current Public REGULATORY IS~,UES 

Transportation Safety Standards Rates or Fares SERVICE PATTERNS 
Alternatives Vehicle Driver 

Specif!- Qualifi- Publically Set Routes Service Passenger Stop,i Solicitation Service 

cations cation, Declared Level Areas Capacity Availability 

Bus Alternatives: 

Tra<litional Bus X X X X 

Exoress Bus :c X X X X 

Subscription Bus :c X ? X X 

Dial-a-iUde llus :c X X X 

S:i:all Bus 
Alternatives: 

Traditional Bus X X X X X 

Sl!bscriotion Bus X X ? X X X X 

Dial-a-Ride Bus :c X X X 

Minibus X X X X 

Ji tnev X X X X X X 

Soccial Charters 

Van ,Uternatives: 

Traditional 
Transit X X X X X 

Vanpools :K 

Dial-a-Ride Bus :K X X 

Minibus ,c X X 

Ji tnev .I{ X X X X X 

Special Charters 

Auto:,,;bile 
Alternatives: 

Airport Limousine X 

Ji.tnev ,c X X X X X 

Carpools 

Taxi X X X X X X 'Y. X 

Shared-r-ide Taxi X X X X X X 

Public Li~ousine 

S • ' I I 

Entry Restrictions 

of Public I Franchise Carrier 
Certificate \Contract 

Convenie~c~ l Pert'lit 

l X or X 

X or i X 

I X 

X ? I 

X or X 

X 

X ? I I 
X ? I 
X or X 

X ? 

X 

X 

X 

X 

X or X 

X ? 

' 

X ? 

X or X 

X 

X or X 

X 

Vt 
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unions to represent workers in negotiating Section 13 ( c) 
agreements. Union labor generally has higher wages and 
less flexible work rules. Labor compensation (wages and 
benefits) is the major operating cost element in most 
public transportation systems, and work rules dictate the 
number of employees that must be hired. Work rules 
restricting management's prerogatives in scheduling split 
runs or in assigning part-time runs can significantly increase 
the number of drivers that must be hired ( 43). The effect 
of 13 ( c), therefore, generally is to increase the cost of 
providing traditional public transportation service and to 
delay the implementation of new service (both innovative 
and traditional) . 

LOCAL APPORTIONMENT OF DEFICITS 

Local funding is usually a major source of subsidies for 
public transportation. If the public transportation service 
operates in more than one community, apportionment of 
the deficit may be a problem. Five possible methods are to: 

1. Apportion deficit based on the population of the 
communities. 

2. Apportion deficit based on ridership from each 
community. 

3. Apportion deficit based on route miles or area of 
coverage in the community. · 

4. Develop separate transportation services for each 
community and make some arrangement for transfer 
between the services. 

5. Subsidize the transportation user. 

Many other deficit appropriations could be added, but 
for purposes of discussion only the foregoing five will be 
considered. The manner in which the deficit is apportioned 
may suggest or require certain transportation designs to 
assure that adequate financial support will be available. 

EFFECT OF DEFICIT APPORTIONMENT MEASURES 

Deficit apportionment based on community population 
would suggest that the most populous community should 
receive the most service. The subsidy, however, is usually 
not tied to any measure of service and this means that there 
is little financial control over the service by the communities 
providing the subsidy. 

A deficit apportionment based on ridership does tie the 
subsidy to one level-of-service measurement. This policy 
usually assures that the community with the most transit 
dependents must pay the highest cost. This could mean 
that the community least able to pay subsidizes the public 
transportation service. Unfortunately, this policy also tends 
to be cyclical. The community of transit dependents sup
ports the service, therefore the service is designed to serve 
transit dependents. The incentive to attract new patrons 
may be removed. 

An apportionment based on route miles or area of cover
age must also consider service frequency and ridership. 
Where there are long loop routes with one-hour headways 
in a community, this would, in effect, increase the coverage 
area by creating long travel and waiting times. 

Having each community support its own system solves 

55 

the deficit apportionment problem. However, if transfers 
from one service to another are required, the service will 
not be desirable to choice riders. 

All of the foregoing four deficit apportionment methods 
involve provider-side subsidies. Provider-side subsidies are 
monies given to the transportation provider. In develop
ment of a transportation system design that will receive 
a provider-side subsidy, specific standards or effectiveness 
criteria are used in evaluating, monitoring, and controlling 
the service. Ideally, these standards measure both the 
service level and the efficiency with which the service is 
provided ( 44). These standards are difficult to establish 
(particularly for flexible route, flexible schedule service) 
and frequently are controversial because they are only 
indicators and not direct measures of service desirability. 

The transportation user also can be subsidized. Each 
community subsidizes only those citizens who need and 
cannot afford transportation service. User-side subsidies are 
provided in the form of free or discount tickets that can 
be used to purchase rides. Transportation providers are 
compensated for each coupon they receive. The provider is 
subsidized only to the extent that the subsidized users 
actually use the service. User-side subsidies can be used to 
both direct and/ or limit public support of public trans
portation. 

If a user-side subsidy is used, the subsidy itself measures 
both service desirability and service efficiency. The pro
vider receives the subsidy only if the service is efficient. 
Specification of the population group(s) that will receive 
the subsidy is, however, controversial. Also, there is no 
guarantee that the service will be offered. The provider 
might be forced to cease operation if an inefficient service 
is established that is neither profitable nor financially 
feasible. 

AVAILABILITY OF SERVICE PROVIDERS 

Private operators can and, in many areas, do provide 
effective and efficient public transportation services with 
little or no public subsidy. Because of the many legal 
restrictions discussed earlier in this chapter, it may be 
desirable for a local urban area to encourage the develop
ment and expansion of private operations. It should be 
realized, however, that implementation of a public trans
portation alternative that involves private transportation 
providers can be difficult. The service providers might not 
currently exist, or existing providers might be resistant to 
change. A local government cannot decree what private 
operator will do, but it can work cooperatively with 
private operatOTS. A thorough understanding of the prob
lems fac ing the private operator is necessary ( 40). Pro
viders must be shown how they may benefit or, at least, 
how to avoid large losses. 

Many alternative modes that tradit ionally are privately 
owned and operated (taxicabs, jitneys, subscription buses) 
may need subsid ies if they are to develop in a local area 
where they do not exist already. The suhs·idy assures them 
that a certain level of profit can be obtained if they ri k 
offering the service. Local governments may not be willing 
to sub idize a private operator or an operation that is 
uncertain. They also may be unwilling to own and operate 
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a system that traditionally is owned privately. In these 
cases, user-side subsidies may be a possible compromise. 
Ri<le1~lii1-1 i~ t;11l,;ouraged by the low· far~, arid the supplier 
is subsidized only to the extent that the public uses the 
service. Other indirect subsidies that can be provided 
to a private transportation supplier are dispatching services, 
customer referrals, tax waivers, leased vehicies, and group 
msurance. 

SUMMARY 

This chapter has outlined the five key legal, regulatory, 
and institutional issues that are likely to impact public 
transportation improvements in a local community. These 

CHAPTER SEVEN 

CONCLUSIONS 

A fairly wide range of alternative public transportation 
service concepts is available to an urban area. Public 
transportation can make all forms of intraurban passenger 
transportation available to the community, including pub
licly as well as privately owned services. It has been sug
gested that effective public transportation relies on an 
interactive process of identifying market segments desiring 
transportation attributes that can be served by one or more 
service concepts, of specifically identifying candidate ser
vices possessing those attributes, and of determining the 
feasibility of implementation through a cost analysis, field 
testing, demonstration, evaluation, and refinement. The 
proposed approach of instituting incremental change to 
public transportation services is consistent with the concern 
for implementing short-range management alternatives. 
The planner must take a broad view of the array of service 
concepts available and must not restrict the search to tradi
tional services or titles. The planner must relate the in
herent operational attributes of the proposed service to the 
needs defined by the market segment. 

This report has suggested a general procedure to match 
desirable service attributes resulting from a market segmen
tation study with alternative service concepts to determine 
which alternative services are appropriate for a local area. 
Alternative service concepts were classified as to vehicle 
type, degree of right-of-way control and operational 
strategy (routing, scheduling, and stop location). This 
comprehensive classification structure included many use
ful service concepts not currently in wide use. Traditional 
services reflect only a limited spectrum of the full array 
of service concepts available. The classification chart 
should suggest opportunities for service that are not being 
explored currently. 

issues are accident liability and insurance, regulation, 
organized labor, local apportionment of deficits, and the 
availability vf :;crvicc prvvidcrs. Every i~~ue 1.viH nat ~pp!y 
to every community. The local planner should use this 
discussion as a guide in researching issues that might apply 
to the community and to the specific alternative public 
transportation service(s) being proposed. The iegai, reguia
tory, and institutional issues may be obstacles in the 
development of a new service, but they can be overcome. 
Political support is necl:'85ary, 1mrnlly, to cleal with these 
issues. For this reason, evaluation of alternatives with 
regard to legal, regulatory, and institutional issues is an 
important activity in the market-oriented planning model. 

An important element in a feasibility analysis is to select 
a particular concept for further testing. This involves 
suggesting a prototype design and establishing cost/ revenue 
relationships. Although other elements influence the 
evaluation decision, it is important for the planner to 
appreciate the resource implications of making an incre
mental change to transit services and to then select the 
lowest cost service concepts that possess the desired at
tributes. First cut approximations to assist in determining 
ridership levels sufficient to cover costs for selected servici:: 
levels and fares were illustrated in economic break-even 
capa ily curves. 

Generalized curves for many service levels and alterna
tive service concepts have been presented. It is recom
mended that the planner undertake a detailed cost analysis 
relying on a disaggregate costing procedure. The cost 
estimation framework should be flexible wi h 1\: pect to 
cost items and categories to be included, and the estimate 
should be based on routing, scheduling decisions, a recog
nition of the existing situation in terms of availability of 
equipment and manpower, and on commitments or invest
ments already mad . Cost categories used in this report 
reflect the service con ept classification scheme developed 
to aid the planner in considering all alternatives. The 
costing analysis demonstrated that sizable differences can 
occur, depending on who i responsible for providing the 
service (public vs. private) service levels achieved through 
rouling and scheduling, and other operational slrategies 
(work rules, etc.). Rather than provide generalized an
swers the planner should refer to the rough feasibility 
analyses to limit the range of alternatives and then per
form 'customized" cost analyses with the design guidelines 
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and example cost analyses presented in this report. In order 
to provide a reasonable decision it is imperative that the 
planner consider all cost elements as incurred rather than 
"hiding" true costs in systemwide averages. 

Finally, the application of a service concept to a par
ticular market will depend on factors in addition to cost 
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TABLE A-1 

PUBLIC TRANSPORTATION SERVICES CURRENTLY BEING PROVIDED BY A FULL-SIZE BUS 

Capacity 30 to 60 vass~n~ers 

ROUTJ~G/ 
STOP 
LOCATION Fixed

Schedule 

Tra.d i tjonal 
Fi>:cd route I Bt,s 

Local r;,;"nsit (1) 

Express 

Skip-stop 

Rt. Ocv i;it. 
Local 

Express 

~rc!"s 
~(2) 

Expre ss 
llus (4) 

Flexible 
Fixed 
Schedule 

S C U E D U L I N G 

Vehicle 
Hail 

- - - ----~------------ t------·- ·- - ---¥~~.J. 

Skip-s top 

RL. Dc viot. 

x.,nv-to
Fct.r 

~ 
l.:.!!!!. 

Dial-a-ride, 
etc. 

I I 
~ 

Subscription 
Bus (6) 

Transportation Alternative 
in Current Use 

Possible Puhl ic 
Transportation Alternative 

:fot a Possible 
Public Tr.:in~portation 
Alt c rn.:itiV<.! 

Advanced 
Requ£'s t 

Jitney (7) 

I mmediate 
Request 

DiaJ-u-ricic. 
(5) 

Dial-a-ricle 
(7) 

Selected Examples of Currently Existing Services 

Number from 
Table 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

Example 
Location 

Knoxville, 
Tennessee 

St. Louis, 
Missouri 

Reston, 
Virginia 

Honolulu, 
Hawaii 

Kingston, 
Ontario 

Kingston, 
Ontario 

Buffalo, 
New York 

Stratford, 
Ontario 

Reference Where Described 

Knoxville Metropolitan Area Public 
Transportation Study. Transportation 
Center, The University of Tennessee, 
June 1977. 

Kirby, R. 
Neglected 
The Urban 
238. 

F., et al. Para-transit: 
Opti~or Urban Mobility. 
Institute, 1974. pp. 236-

Ibid., pp. 241-245 

Bus Transportation Strategies. Trans
portation Research Record, No. 60, 
1976. pp. 6-11. 

TransGuide. California Departments 
of Transportation. May 1977. p. SOA-
2.44. 

Ibid., p. SOA-2.44. 

Ibid., p. SOA-2.22. 

Demand Responsive Transportation, 
State-of-the-Art Overview. U.S. 
Department of Transportation, 
August 1974. I.A 

\0 
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TABLE A-2 

PUBLIC TRANSPORTATION SERVICES CURRENTLY BEING PROVIDED BY A SMALL BUS 

Capacity 10 to 30 passengers 

ROUII:IG/ 
STOP 
LOCATI0:-1 I fixed-

Schedule 

Fb~crl-ro11tc !Traditional 
Local ~ (1) 

Express 

Skip-stop 

Rt. De·1i3~. 
Loe.al 

Express 

Skip-stop 

Rt. Tlevi-,t. j Minihus (8) 

n:inv-to-
~ 

S C H E D U L I N G 

Flexible 
Fixed 
Schedule 

Subscription 
~ (2) 

Vchkle 

Hail. 

Jitney (7) 

Dial-a-ride 
(10) 

Advanced 
Request 

Sc.1sonal 
f..11:2!'_t_~r_'!. (9) 

Immediate 
Req,1est 

Suh5cription ial-a-ride 
Dial-a-ride (12) 

I __ (__I_J.l.___ ___ 1-------1 

}1anv-to
M mv 

Di.'.11-3-ridc, 
etc. 

I I 
~ 

• , ~ ,n 

Transportation Alternative 
in Current Use 

PossJble Public 
Transportation Alternative 

Not a Possible 
Public Transportation 
/\lternatJve 

Dia 1-a-ri<le 
(13) 
Ji t_!!EY (11,) 

i)ial-a-ri de 
(15) 

Number from 
Table 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

Selected Examples of Currently Existing Services 

Example 
Location 

Rochester, 
New York 

Denver, 
Colorado 

Columbus, 
Ohio 

Atlantic City, 
New Jersey 

Columbus, 
Ohio 

Batavia, 
New York 

Atlantic City, 
New Jersey 

Merrill, 
Wisconsin 

Batavia, 
New York 

Rubidoux, 
California 

Regina, 
Saskatchewan 

Regina, 
Saskatchewan 

Batavia, 
New York 

Buffalo, 
New York 

Bat:a,ria, 
New York 

Reference Where Described 

TransGuide. California Department 
of Transportation. May 1977. 
p. SOA-2.6'5. 

Demand-Res,onsive Transportation 
Systems and Other Paratransit: Ser
vi~es. Transportation Research 
Record, No. 608. 1976. pp. 70-75. 

Paratransit, LEA Transit Compen
dium. Vol. 1, No . .B, 1974. p. 17. 

Ibid., p. 38. 

Ibid., p. 17 . 

Kirby, R. F., et al. Para-transit: 
Neglected Options for Urban Mobili
.!Y· The Urban Inst :Ltute, 1914, 
pp. 129, 154-155. 

Ibid., pp. 170-171. 

Flusberg, l'lartin. "An Innovative 
Public Transportation System for a 
Small City • • . " Prepared for 
the 55th Annual Meeting of the 
Transportation Research Board, 
January 19n. 

TransGuide, op. cit,c, p. SOA-2.15. 

Ibid., p. SOA-2.68. 

Kirby, R. F., ~:!.!_, pp. 155-
157. 

Ibid., pp. 155-157. 

Trans Guide, op. cit._, p. SOA-2 .15. 

Paratransit, LEA Tra.nsit Compen
dium, op. cit., p. 39. 

T~mtS-Gu:i.<le, &ft, eit,_, p,. SOA-2.15. 

°' 0 



TABLE A-3 

PUBLIC TRANSPORTATION SERVICES CURRENTLY BEING PROVIDED BY A VAN 
C;ip,1city 8 to 16 passenger s 

SC HE DU L ING 
ROUTING/ 
STOP 
LOCATlOll 

fix<'d-rri11tc 
Local 

Ex p ress 

Skip-stop 

Fixcrl
Sch~dulc 

Tr,'.H]itJnn,,l 
~(]) 

Re. ncvt.1c. 1~!l2] 
Loc.J.l ~ (2) 

Flexible 
fi:a: c d 
Schedu l e 

Ve hicle 
il .:l il 

---------------..-------~-------~-x-
Exprl":SS 

Ski p-s tor 

n .1 nv-to

J- c • . .' 

M.,iw-tn

~\ 1!1V 

V.:rn~o~ 

Di;,J .. ..,. - r tde , 
C I C. 

I I 
~ 

.·1.!..!..~ 

(9) Jv.,n~o~ (ID) 

Transport~tion A1 tC'rnativc 
j n Currc:an Use 

Passi hl ~ Public 
Tr .,nsrorcat:fon Al Lcrnativc 

Nl)t ,, Possihlc 
Public Tr :wsporlrttion 
AltC'rn:1tivc 

(6) 

Ad v un c C'd 
R~Q\Jl'St 

-..-x 

Sc•;iso,,al 
.fl1:1r tcrs (7) 

~~£.!..i.P~.!~ 
nial-a-ridc 
--·(Ti) 

Di:1l-:1-ride 
- - -ci3Y 
}~ (14) 

Irrt!!'lcdi.:nc 
Request 

Oi;1}-.:i-ridc 
(8) 

Djal-:1-tiJ0. 
- - - (12) 

D:fal-.:i-d d<.> 
(15) 

Selected Examples of Currently Existing Services 

Numbe r from 
T~ 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15 ) 

Examp le 
Location 

Southeast 
San Diego 
County, 
California 

Southeas t 
San Di ego 
County , 
Cali fo rnia 

San Juan, 
Puerto Rico 

Batavia, 
New York 

Placer 
County , 
California 

Atlant i c 
City, New 
Jersey 

Batavi a, 
New Yor k 

Stratford, 
Onta rio 

Menlo 
Park , 
Cali fornia 

Knoxville, 
Tenne s s ee 

Bat avi a , 
New Yor k 

Ann Arbor, 
Michigan 

Scott-Carver 
Counties, 
Minnesota 

Buffalo, 
New York 

La Mi r ada , 

Reference Where Described 

Tra nsGuide. California Department of 
Transportation. May 1977. p. OOS-
2.71. 

Ibid., p . OOS-2.71. 

Andrle, Stephen J . and Jose L. Rodriguez. 
"The Organization and Economies of Jit
ney Operations in San Juan, Puerto .Rico." 
Paper pres ented at the Annual Meeting of 
the Transportation Research Board, Janu
ary 1977. 

Kirby , R. F., et al. Paratrans it: 
Negle c ted 0pc1oris"for Urban Mobili ty. 
TIie Ur ban I nstitute, 197~ , pp. 129 , 
154-155 . 

TransGuide, op . cit., p . SOA-2 . 62 . 

Para transit 1 LEA Transi t Compendium. 
Vol . 1, No. 8, 1974 , p . 38 . 

TransGuide, op. cit., p. SOA-2.15 . 

Paratransit, LEA Transit Compendium, 
op. cit., p. 37. 

Kirby, R. F., op . c it . , p. 235. 

Wegmann , Frederick J. and Douglas Wier
s i g. "Compari son of an Empl oyer-Based 
and a Community Wide Rideshare Demon
s tration Program--Knoxville, Tennessee 
Experience ." Presen t ed a t the Trans por
t a tion Res earch Forum, Atlanta , Georgia, 
Oc tober 1977. 

Kirby, R. F., op. cit., pp . 129, 154-155. 

Demand-Responslve Transpor ta t ion Systems 
and Ot her Para transit Se r vices . Trans
porta tion Rese a rch Re<:ord , No . 608 , pp . 
16-20. 

TransGuide, OE• cit. , p . SOA-2. 74. 

Paratransit 1 LEA Transit Comeendium, 
o~. cit., p. 39. 

Pa r a tr.~ns i.t • _l.[ A Tr:-ins_i ~ Comp.e!'d.i u~. 

0\ -
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TABLE A-4 

PUBLIC TRANSPORTATION SERVICES CURRENTLY BEING PROVIDED BY AN AUTOMOBILE 

<:apaci ty 2 to 16 passengers 

ROUTING/ 
STOP 
LOCATION Fi xe d

Schedule 

Fixcd-rcn 1tC" 
Loc a l 

Express 

Skip- st op 

Rt. Deviat. 1/\ i r po rt 
Loca l Li mo usine (1) 

Express 

Skip-stop 

P.t . Oevi~ t . 

t-1., ny- Lo 
Fc w 

~1.1nv- t o
}l:rn v 

I 

Di a 1-a-r i de , 
etc. 

! 

~ 

I 1 · I I 

S C H E D U L I N G 

Flexible 
Fixed 
Schedule 

Ve hi c le 
Ha il 

Jitne y 

(5) I ( G) T~xi 

(4) 

(7 ) 

Taxi (11) 

Transportation Altern,1t ive 
in Current Us e 

Possible Public 
Trans porta l i on Alterna tive 

Not a Poss i ble 
Pu blic Trans po rtation 
Altcrnatj vc 

Adv,1nced 
Request 

Auto 
Ren tal :s) 

ub lic Li '1l. ( 12) 
~,~d-ri <l E:_ 

(13) 

Inned l a t e 
RcGtles t 

Tax i (9 ) 
£Ji a l-a-ride 

(JO) 

Taxi (14) 
Sha r &d-rid~ 
Taxi (1 5) 

Selected Examples of Currently Existing Services 

Number from 
Tab.le 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

{15) 

Example 
Location 

Many cities. 
No specific 
reference 
found. 

Pittsburg, 
Pennsylvania 

Pittsburg, 
Pennsylvania 

Atlantic City, 
New Jersey 

Portland, 
Oregon 

Long Island, 
New York 

New York City, 
New York 

Short-term auto 
rental, still 
experimental. 
Montpellier, 
France 

New York City, 
New York 

Detroit, 
Michigan 

Washington, 
D.C. 

Many cities. 
No specific 
reference 
found. 

Madison, 
Wisconsin 

Washington, 
D.C. 

Davenport, 
Iowa 

Reference Where Describ,?d 

Kirby, R. F., et al. Para-transit: 
Neglected Opti~~-Tor Urbanl>lobili
..£21.· The ~rban Institute, 1974, 
p. 59. 

Ibid., pp. 180-181. 
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APPENDIX B 

SYSTEM DESIGN GUIDELINE 

FIXED-ROUTE TRADITIONAL AND EXPRESS BUS SERVICE 

The complete procedure for designing a fixed-scheduled 
service on a single or multiple route system involves the 
following sequential steps: 

1. Route layout. 
2. Preparation of schedule or headway table. 
3. Vehicle assignment. 
4. Driver assignment or run-cutting. 

Specifications for route layouts and headway tables 
should be obtained from marketing study results that iden
tify the market segment and system attributes. The route 
layout, for instance, should reflect such service attributes as 
speed of travel and desired proximity of the target riders' 
origins and destinations to transit stops. The headway table, 
similarly, should be based on the desired frequency of ser
vice and loading standards. 

Allocating vehicles and drivers to provide the services as 
specified by the route layout and headway table requires 
special considerations for minimizing the cost. In the case 
of a single route, the procedures are relatively straight
forward; however, for multiple routes these tasks would 
require some experience and training. The driver assign
ment or run-cutting procedure often becomes complicated 
because of the constraints of the labor contract. With small 
transit systems, vehicle assignment and run-cutting usually 
are accomplished manually with a trial and error procedure. 
For larger systems, computer programs incorporating ad
vance optimization algorithms are available for use. 

The number of vehicles and the trips per vehicle needed 
to provide the proposed service are obtained from vehicle 
assignment. Vehicle-miles of operation are based on the 
length of each trip and deadhead mileage figures obtained 
from the route layout. The number of drivers, man-hours 
of service, and actual pay hours including overtime and 
idle hours are estimated based on the run cuttings. In the 
case of express bus service, which is only provided for a few 
hours per day, it is necessary to account for the utilization 
of the driver and equipment during the base period. 

The system design process for fixed route or express bus 
service operating on a headway is depicted in Figure B-1. 
Details of the procedure for the various steps of route 
layout, preparation of headway tables, vehicle assignments, 
and run-cutting can be explained most effectively using 
typical examples. Two examples of system designs for fixed 
schedule service on single routes are given in Appendix C. 

DEMAND RESPONSIVE SERVICES 

The system design of a demand responsive service and 
the estimation of its output measures are characterized by 
uncertainty. In the cases of fixed route and express bus 
service every vehicle trip and its distance are known in 
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advance. For a demand responsive service, the number of 
trips, their origins, and destinations cannot be predicted 
accurately. However, based on the results of simulation 
analysis and the actual experiences of dial-a-ride services in 
a number of cities, guidelines for system design and estima
tion of output measures can be assembled. A step-by-step 
approach is presented in the following. 

Delineate Service Area and Identify Focal Points 

The service area, A, should be delineated into zones 
based on the findings of a market segmentation study, 
density of development, and natural features of the area. 
Focal points for travel destinations, such as shopping cen
ters, fixed route transit service terminals, CBD, and other 
work sites and community centers within the service area 
should be identified. The size of a zone would vary, de
pending on the density of development, and may contain 
2,000 to 5,000 population. Usually, one or two vehicles 
would be assigned to each zone. 

Select an Operating Strategy 

The operating strategy or mode of operation of a demand 
responsive service would depend on the market segment to 
be served. For example, if the service is to be provided in 
a residential area for commuters, a many-to-one operation 
focusing on the terminal of a line-haul service should be 
selected. Many-to-few operations would be appropriate 
where multiple focal points are identified in the marketing 
study. Cases in which travel destinations are widely dis
persed would be candidates for many-to-many operations. 
Route deviation type service may be appropriate, in some 
cases, depending on the development pattern and the road
way network. 

Determine Level of Service and Demand Rate 

The output measures of service in a given area depend on 
the level of service and magnitude of patronage, both of 
which should be determined based on a market analysis. 
The level of service for a dial-a-ride system usually is ex
pressed in terms of either the total time, T, from phone. call 
to delivery at destination or the ratio, L, of the total time, 
T, to comparable time to make the same trip by automo
bile, Ta. The total time for a dial-a-ride trip includes the 
wait time, which is one of the primary determinants of the 
level of service. 

The measure of demand that is most directly related to 
the operation of a demand responsive service is the number 
of requests per unit time. This demand rate, R, must be 
distinguished from the patronage rate, R', which is ex
pressed as the number of passengers per unit time. The 
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Figure B-1. System design process for fixed route and express bus service. 

patronage rate would be higher than the demand rate if 
several passengers with common trip origins and destina
tions can be served in response to a single request. The 
patronage estimate thus may be reduced somewhat to ob
tain the demand rate to be used for system design. In the 
absence of specific local information, the demand rate may 
be estimated as follows: 

R = R'-;- 1.2 (B-1) 

Variations in the desired level of service and fluctuations of 
demand, if any, during the service period should be noted 
and taken into account in estimating the number of 
vehicles. 

Estimate Number of Vehicles 

The number of vehicles, N, may be estimated based on 
a formula developed at the Massachusetts Institute of Tech
nology. The following formula first was derived based on 
the results of a simulation analysis and subsequently was 
calibrated to reproduce the characteristics of an actual de
mand responsive system.':' 

or 

N = (0.86A + 0.092R) -;- [ST+ 32.4 (A)1/2 - !]1/2 
(B-2) 

N = (0.86A + 0.092R) -;- [L-1]112 (B-3) 

where: A = service area, sq mi; 
R = hourly demand rate; 
S = vehicle speed, mph; 
T = total time from phone call to delivery, min; 

and 
L = ratio of total time to comparable time by au

tomobile. 

The foregoing formula was derived for a many-to-many 
operation, but may be used also for many-to-one or many
to-few services with an adjustment factor. The productivity 
of vehicles has been found to be higher for many-to-one 
and many-to-few services. The vehicle requirement for 
these operations would be approximately 85 percent of that 
of a many-to-many service. 

An alternative procedure to estimate the number of ve
hicles is to assume a value for the productive capacity of 
each vehicle based on the experience gained from the actual 

• Dial-A-Bus Feasibility in the North Central Texas Region. Dave Systems. Inc. (December 1974). 



operations of demand responsive services. However, it 
should be noted that the vehicle productivity values re
ported in various documents in some cases may not repre
sent the productive capacity for the desired level of service, 
but instead may be the actual productivity experienced with 
respect to a different demand rate as well as level of service. 

Estimate Various Output Measures 

When s~rvice-hours and the number of vehicles to be 
used during different time periods are known, vehicle-hours 
and platform-hours of drivers can be estimated. Vehicle
miles of operation also may be estimated by assuming an 
average speed of the vehicles. Pay-hours of drivers have to 
be computed after a careful examination of the availability 
of drivers and requirements of the labor contract. 

An example application of the system design of a dial-a
ride service and derivation of various output measures for 
cost estimation are given in Appendix C. 

RIDESHARING SERVICES 

The design of a rideshare service is relatively straight
forward, because no headway level is maintained. The first 
step is to specify a route layout from the definition of 
market segment to be served. The market segment will 
suggest an origin-destination pattern and time schedule. 
The number of rideshare vehicles can be determined based 
on the rideshare mode to be introduced, average vehicle 
occupancy, and size of market to be served. In develop
ment of the routing, maximum efficiency would be 
achieved, resulting with a full passenger load commuting 
the greatest distance. This should be the prime factor in 
selecting routes. Also, rideshare routes should be as direct 
as possible over the fastest highway links. Additional 
vehicle-miles of service need to be added to account for 
pickup and delivery for ridesharing circulation at the trip 
origin and destinations. 

With ridesharing, the planner has to serve as a catalyst
facilitator and coordinator, attempting to interest individ
uals and organizations in developing and maintaining 
ridesharing services. Because of this activity, there are 
"front-end" administrative costs involved in locating sup
pliers, securing vehicles, and matching rideshare demands 
with suppliers. These administrative expenses might impose 
additional costs. Examples of rideshare cost analyses are 
presented in Appendix C. 
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APPENDIX C 

COST ANALYSIS EXAMPLES 

COST ANALYSIS EXAMPLE FOR AN EXPRESS BUS SERVICE 
ON A BUSWAY 

Scenario 

The transportation planning agency is examining alterna
tive commuter-transit services. One alternative is fast ex
press bus service during peak commuting hours between 
selected residential areas and the CBD. A cost example of 
bus service to and from a specific residential area is 
required. 

Specifications for Service 

The market analysis and other studies prior to the selec
tion of alternatives help determine not only the residential 
areas to be served but the following specifications of the 
service: 

1. The bus should circulate through the residential area 
to minimize walking distance to bus stops. (The routing 
should be designed carefully to avoid an excessively long 
loop and still achieve good coverage.) The route through 
the CBD should connect the specified employment centers. 

2. Bus service should be provided for two hours in the. 
morning, the first trip leaving the residential area at 7: 00 
a.m.; and for two hours in the afternoon, the first trip leav
ing the CBD at 4:00 p.m. 

3. Headway for the service should be 20 minutes. 
4. Travel time by bus should be less than that by auto

mobile. This requires bus lanes or a busway that is to be 
built for the exclusive use of buses during peak hours. 

5. The local transit company will have to purchase new 
buses for this service. However, the new buses can be used 
for other purposes during the day. 

6. None of the present operators are available to drive 
the express buses. Additional operators have to be engaged 
and they have to be paid for a minimum of 8 hours. The 
maximum spread time without premium pay is 12 hours. 

Transportation Economics. Highway Research Record 
285 (1969) 131 pp. 

KOONER, J., ET AL., Investigation of A Light Rail Sys
tem for the San Diego Region. Review Draft, Depart
ment of Transportation, County of San Diego, Calif., 
Vol. 2 (Apr. 1975). 

BROOKE, T., An Analysis of an Urban jitney System 
in Chattanooga, Tennessee. University of Tennessee, 
Transportation Center (Sept. 1976). 

System Design 

The planner proceeds through the various steps of system 
design on the basis of the given specifications. The route 
layout is shown in Figure C-1 and the headway table is 
given in Table C-1. The following travel time estimates 
were necessary for constructing the headway table. 

1. Travel time for a one-way trip between residential 
terminal and CBD terminal = time required to travel 2 mi 
at 15 mph in residential area + 10 mi at 45 mph along 
freeway+ 1 mi at 10 mph in the CBD = (8 +13 · 3 + 6) 
min= 27.3 min or 28 min. 

2. Travel time from garage to residential terminal (or 
reverse) = time required to travel 1 mi at 15 mph for free
way access+ 10 mi at 45 mph along freeway+ 2 mi at 15 
mph in residential area = ( 4 + 13 · 3 + 8) min = 25 .3 
min or 26 min. 

3. Travel time from garage to CBD terminal (or re
verse) = time required to travel 1 mi at 15 mph= 4 min. 

Vehicle and driver assignments are fairly straightforward 
in this case, since, according to the specifications, additional 
equipment and operators must be supplied exclusively for 
the express service. These assignments are given in column 
1 of Table C-2. Estimates of the output measures of service 
that are needed for cost analysis are derived from the sys
tem design. Table C-2 shows the estimates of vehicle-miles 
and vehicle-hours of equipment operation and man-hours 
of operator service to be paid. 

Cost Analysis 

The cost of providing the express bus service, as speci
fied, includes all the major categories of expenditure. The 
analysis for each is discussed separately. 

Cost of Guideways and Related Facilities 

On the basis of an engineering study, it was decided that 

iii .. 
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Figure C-1. Route layout of express bus service for commuters. 

TABLE C-1 

SCHEDULE OF EXPRESS BUS SERVICE 

Bus and 
Driver !lo . 

1 
2 
3 
1 
2 
3 
1 

Bus and 
Driver No. 

1 
2 
3 
1 
2 
3 
1 

A. A.M. SCHEDULE 

Leave or Arrive Leave Residential Arrive CBD Arrive Resident in:J 
Garage Terminal Terminal Tenninal 

L 6:34 7: 00 7: 28 7:56 
L 6:54 7: 20 7: 48 8:16 
L 7:14 7: 40 8:08 8: 36 

8: 00 8 :28 8:56 
A 8:52 8: 20 8:48 
A 9: 12 8: 40 9:08 
A 9:32 9: 00 9: 28 

B. P.M. 8~HllDULll 

Leave or Arrive Leave Residential Arrive CBD Arrive Resident ial 
Garage Terminal Terminal terminal. 

L 3: 34 4:00 4:28 4:56 
L 3:54 4:20 4:48 5:16 
L 4:14 4:40 5:08 5:36 

5:00 5:28 5:56 
A 5:52 5:20 5 :48 
A 6: 12 5:40 6:08 
A 6:32 6:00 6:28 

TABLE C-2 

ESTIMATES OF OUTPUT MEASURES FOR EXPRESS BUS 
SERVICE 

A. VEHICLE-MILES OF OPERATION 

For A.M. hours For P.M. hours 
Bus No. 

1 

In-Service Deadhead In-Service Deadhead 

2 
3 

Driving No . 

1 
2 
3 

65 
39 
39 

14 
14 
14 

65 
39 
39 

B. VEHICLE-HOURS AND OPERATOR PAY HOURS 

Vehicle/Platform Hours 
A.M. Hou<e P.M. lloura 

3. 0 
2. 0 
2. 0 

3.0 
2.0 
2.0 

Total 

6.0 
4.0 
4.0 

14 
14 
14 

158 
67 
67 

TOTAL 292 

Pay Hours 

8.0 
8.0 
.!!.:..Q. 

TOTAL =14 .0 TOTAL =24 .0 
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the exclusive lane for the express service will be provided 
by constructing a busway along the median of a freeway. 
Of course, if express service was provided in mixed traffic 
or on an existing roadway, the costs would be different. 
The busway will accommodate one-way movement in the 
peak direction. The reverse movement in the off-peak di
n,dinn will tHkf, nhice ::ilon(!" the freewav lanes. Assuming a - - - -- - -- --- - -- - -- l -- . ~ ., ..... 

24-ft pavement with 8-ft shoulders on each side, it is esti
mated that the guideway will cost approximately $2.5 mil
lion per mile, including the cost of special access ramps. 
l hus, the initial cost for the 10-mile section is $25 million, 
assuming IO percent interest rate and 40-year service life: 

I. Annual Cost = $25,000,000 (CR - 10% - 40 yr) = 
$25,000,000 X 0.10226 = $2,556,500. 

2. Considering 250 days of operation per year, daily cost 
= $2,556,500-+- 250 = $ i 0,226. 

The busway will not be used by this particular express 
route alone. The minimum number of bus trips needed to 
justify a busway usually is considered to be in the range of 
40 to 60 per hour in one direction during the peak hours. In 
this case, the planner estimates that there would be 50 bus 
trips per hour on the busway in the peak direction, and 
thus a total of 200 bus trips will be accommodated by this 
busway during the four peak hours in the morning and 
afternoon of each operating day. Therefore, the daily cost 
for the busway that may be allocated to this express route 
providing 14 trips per day is $10,226 X 14/200 = $715.82. 

It should be pointed out that the busway may be used by 
carpools and vanpools during the peak hours and for other 
special purposes during off-peak hours. However, because 
in this particular case the primary purpose for constructing 
the busway is for the use of express buses during peak 
hours and because the other uses are not clearly defined, the 
cost is not allocated to other possible users. 

Cos/ of Equipme,it 

According to the specifications, none of the already avail
able buses may be used for this service. Therefore, three 
new buses must be purchased. However, the specifications 
also indicate that these buses will be used for other pur
poses; so the cost can be allocateJ to the express service in 
proportion to usage. 

Assuming that the initial cost of a new 51-passenger bus 
is $80,000 and that its service life is 12 years at the end of 
which it will have a salvage value, the present worth of 
which is $16,000, annual cost= $64,000 X (CR- 10% -
12 yr)= $64,000 X 0.1505 = $9,393 / year. 

Considering 250 days of operation per year and 12 hours 
of use of each bus per day, the hourly cost for equipment 
is $9,393 + 3,000 hours = $3.13 per hour. Thus the daily 
cost for equipment for 14.0 vehicle-hours of operation is 
$3 .13 per hour X 14.0 hours= $43.82. 

Operating Cost 

The operating cost of transit services is grouped into four 
broad categories: 

I. Out-of-pocket vehicle operating cost ( excluding oper
ator's wage). 

2. Direct maintenance cost. 
3. Operator's wage. 
4. Other operating costs. 

Of these categories, only the first three are considered rele
vant to this analysis. Considering that the express service 
is a small addition to an existing system, many costs related 
to systeiu operation and administration ·r1ill not be affected 
by the additional service. Using unit costs appropriate for 
the particular system being analyzed, the operating costs 
are estimated as follows: 

1. Out-of-pocket vehicle operating cost= 292 vehicle
miles X $0.15 per vehicle-mile= $43.80. 

2. Direct maintenance cost = 292 vehicle-miles X $0.20 
per vehicle-mile= $58.40. 

3. Operator's wage = 24.0 pay-hours X $8.00 per hour 
= $192.00. 

Thus the total operating cost is estimated to be $294.20 
per day. 

Summary 

As noted in Table C-3, the total daily cost of providing 
the proposed express bus service rnn be found by summing 
up the various components. These add up to $1,053.84 
per day. This cost now can be compared with the estimated 
revenue for the purpose of a feasibility analysis. 

The disaggregate structure of the cost estimation proce
dure will permit adjustments to be made if it is decided to 
change the specifications. For example, if it is determined 
that the express service can be provided with buses that 
are already available, the item for the cost of equipment 
depreciation may be ignored. On the other hand, certain 
types of changes will require revisions in the computations. 
For instance, if it is decided to explore the alternative of 
running the express buses with mixed traffic along the 
regular freeway lanes , the planner ~ot only may ignore the 
cost for guideways, but also may have to adjust scheduling 
since travel time for th~ buses along the freeway would 
be different. However, the planner would know exactly 
where and how these changes should be incorporated 
because of the open structure of the procedure. 

COST ANALYSIS EXAMPLE FOR A CONVENTIONAL 

BUS SERVICE 

Scenario 

The planning agency wants to implement bus service be
tween the BD nnd a major hopping center in a suburb. 
The planning agency feels that the service would attract 
many commuters and that it would provide urban residents 
access to the suburban shopping center enhancing their 
employment and shopping opportunities. The Transit 
Authority of an urban area wants a preci e estimate of the 
cost of providing the service before agreeing to implement 
the proposal. 

Specifications for Service 

The market analysis and other studies provide the fol
lowing information related to the proposed service: 

--



1. The bus service should be of a conventional nature 
with frequent stops. However, the route should be as direct 
as possible and use the major arterial roadway connecting 
the CBD with the shopping center. 

2. The bus service should be provided for approximately 
15 hours. The first bus trip should leave the shopping 
center at 6 a.m. and the last trip should leave the CBD at 
9:00 p.m. 

3. The headway should be approximately 20 minutes 
during the two peak periods of 7:00 a.m. to 9:00 a.m. and 
4:00 p.m. to 6 :00 p.m. 

4. Buses for the service are already available. 
5. None of the present drivers can be utilized for this 

service and the additional drivers to be hired have to be 
guaranteed a minimum of 8 hours of service. The maxi
mum spread time without premium pay is 12 hours. The 
premium pay is 11/z times the regular wage for all hours in 
excess of 8 platform hours. The spread premium pay is an 
extra amount at the rate of one-half the regular hourly wage 
for all hours after the 12-hour spread. 

System Design 

The first step in system design is to lay out the route and 
prepare a headway table. The planner accomplishes these 
tasks as shown in Figure C-2 and Table C-4, respectively, 
based on the following estimates of travel times: 

1. Travel time for a one-way trip between the shopping 
center and CBD terminal in peak direction during peak 
hours= 52 minutes; and in off-peak direction during peak 
hours and both directions during off-peak hours= 40 
minutes. 

2. Travel time from garage to shopping center ( or 
reverse) = 39 minutes. 

3. Travel time from garage to CBD terminal (or reverse) 
= 4 minutes. 

Vehicle and driver assignments were complicated by the 
requirement of different headways during peak and off-peak 
hours. Driver assignment, or run-cutting, needs careful 
analysis because the planner must strive to minimize pay
hours. The stipulations of the labor contract must be recog-
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TABLE C-3 

DAILY COST SUMMARY FOR EXPRESS BUS SERVICE 

Busway 
Equipment 

Operating Cost 

$715.82/day• 
43.82/day 

Out-of-Pocket Vehicle Opt. 
Maintenance 

43.80 
58.40 

192. 00 Labor 

TOTAL 

294 . 20/day 

$1053. 84 

*If express service was provided in mixed traffic or on existing 
roadway, the cost would be different. 

nized in the run-cutting process to avoid premium pay as 
well as pay without work. The run-cutting shown in Table 
C-5 was done manually by a trial and error procedure. 
The estimates of the output measures of service that are 
needed for cost analysis are given in Tables C-6 and C-7. 

Cost Analysis 

The cost of providing the new direct bus service between 
the CBD and suburban shopping center includes neither 
the cost . of guideways nor capital expenditures for new 
equipment. Of course, there will be some guideway related 
expenses for such items as bus stop signs, but they will be 
ignored for this example exercise. Thus, the operating 
cost in this case is the only major item that needs a detailed 
analysis. 

Of the various items within the category of operating 
cost, the out-of-pocket vehicle operating cost, direct 
maintenance cost, and operator's wage are most relevant 
for this case. Because the proposed service is an addition 
to an existing system for which administrative and opera
tional personnel are already available, transportation opera
tions, scheduling and general administration, etc. are likely 
to be absorbed by the current system. However, in the case 
of a small transit system, especially when the operating 
agency is already understaffed, the addition of a new 
regular route may require additional manpower. The 

-~ 

I \ 
Acc ess to / \ Access to 
Art eria l / \ CBD 

Leng th = 1 mile / \ Length = 1 mile 
Speed= 15 m.p.h, ( 1 speed • 15 m.p.h, 

' I - - ---1------ - - ----1---~ .... 
Suburban 
Terminal 

Shopping Center 
Circulut'ion l..oop 
Length= 1 mile 

Peak and Off-Peak 
Speed= 10 m.p.h . 

Arterial Section 
Length - 8.5 miles 
Peak Speed= 12 m.p.h . 
Off-Peak Speed= 16 m. p .h. 

CBD 
Terminal 

CBI> l.oop 
Length = 2 miles 
Peak Speed = 10 m.p.h. 
Off-Peak Speed= 12 m. p. h. 

Assumption: Peak speed used for travel during 
peak hours in the peak direction only , 

Figure C-2. R oute layout of conventional bus service . 
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TABLE C-4 

SCHEDULE OF CONVENTIONAL BUS SERVICE 

Leave or Arrive Leave Shopping Arrive CBD Arrive Shopp•Lng. 

~ Garage Center Terminal Center 

1 L 5:21 a.m. 6:00 6:40 
2 L 5: 51 6: 30 7 :10 
3 L 6:21 7:00 Peak 7:52 
1 7:20 Peak 8:12 
4 L 7:01 7:40 Peak 8: 32 
2 A 8: 56 8:00 Peak 8: 52 
5 L 7:41 8:20 Peak 9:12 
3 A 9:36 8:40 Peak 9:32 
1 9 :00 9:40 
4 9: 30 10:10 
5 10,00 10 : 40 
1 10: 30 11:10 
4 11:00 11:40 
5 11: 30 12:10 iJ,lll, 

l 12:00 noon 12 :40 
4 12:30 1:10 
5 1:00 1 :40 
l 1: .Ju L:rn 
4 2:00 2:40 
5 2:30 3:10 
1 3:00 3:40 
4 3:20 4:00 Peak 
2 L 4: 16 4:20 Peak 
5 4:00 4:40 Peak 
1 A 6:31 4: 20 5:00 Peak 
3 L 5:16 5:20 Peak ,, A 7:11 5:00 5 :40 Peak 
2 5: 20 6:00 
5 c;,c;:(\ C..'ln 

3 6: 20 7:00 
2 6: so 7:30 
5 A 9:19 7: 20 8:00 
3 A 9:49 7:50 8:30 
2 A 10:19 8: 20 9:00 

planner must examine the specific situation carefully and 
decide whether to ignore the item of "other" operating cost 
or not. For the purpose of this analysis, the "other" oper
ating costs will be ignored. The costs are estimated as 
follows: 

1. Out-of-pocket vehicle operating cost= 749 vehicle
miles X $0.15 per vehicle-mile= $112.35. 

2. Direct maintenance cost= 749 vehicle-miles X $0.20 
per vehicle-mile= $149.80. 

3. Operator's wage= 70.87 pay-hours X $8.00 per hour 
= $566.96. 

Summary 

As noted in Table C-8, the total operating cost is esti
mated to be $829.11 per day. Total operating cost in this 
case accounts for all additional expenditures to be incurred 
by the transit authority in providing the new service. The 
marginal or incremental approach used for cost estimation 
ignored the cost of equipment depreciation because the 
buses already were depreciated, and it did not allocate a 
portion of the "other" operating costs to the new service. 
This approach may be questioned from a pure cost ac
counting standpoint, but it is appropriate for the planning 
context of this particular case. 

COST ANALYSIS EXAMPLE FOR A DEMAND RESPONSIVE 
SERVICE 

Scenario 

The planning agency m a medium size urban area is 

7:20 
7:50 
8:32 
8:52 
9:12 

9:52 

10:20 
10:50 
11, 20 
11:50 
12:20 
12: 50 

1:20 
1:50 
2: 20 
2:ou 
3: 20 
3:50 
4: 20 
4:52 
5:12 
5: 32 
5:52 
6:12 
6:32 
6:40 
; . , n 

7 :40 
8:10 
8:40 
9:10 
9 :40 

examining the feasibility of providing transit service during 
off-peak hours in a low density residential area so that the 
local residents (housewives, elderly persons, and children) 
can have access to a shopping center, a community center, 
and the terminal of a line-haul bus route located at the 
shopping center. The transit planner has been asked to 
estimate the cost of providing a dial-a-ride service. In 
addition, the planner has been asked to explore the costs of 
two alternative suppliers for the service-the city-owned 
transit company and a private operator. 

Specification for Service 

A market opportunity analysis (MOA) was performed 
for a dial-a-ride service in the selected area, and it helped 
determine the potential demand as well as certain desirable 
attributes of the service that are listed as follows: 

1. The service is needed for a 7-hour period between 
9:00 a.m. and 4:00 p.m. on weekdays. 

2. The average demand for service= 20 passenger trips 
per 1,000 persons per day. During this 7-hour period, there 
is no significant peaking of demand. 

3. The level of service does not need to be high and a 
wait time of 30 minutes, or a total time from phone call 
to delivery at destination of 45 minutes, would be accept
able and consistent with the estimated demand rate. 

4. No additional shelters need be provided because those 
in the shopping center and the community center can be 
utilized by the dial-a-ride patrons. 

5. The vehicles ( vans and/ or limousines) for providing 



the dial-a-ride service have to be purchased by the city
owned transit company. The radio communication system 
for the regular fixed-route system of the transit company 
can be utilized for the dial-a-ride service, and there would 
be no additional cost for dispatching except for radio 
equipment in the vehicles. 

6. A few drivers of the transit company have idle hours 
during the off-peak period and may be available at no 
additional cost. One operator is available between 9: 00 
a.m. and 1 :00 p.m., and another is available between 12:00 
noon and 4: 00 p.m. Any drivers added for the service 
would have to be guaranteed a minimum of 8 hours of 
service according to the labor contract. 

System Design 

A step-by-step procedure for estimating the vehicle re
quirement, vehicle-hours, and pay-hours for operators is 
outlined in the following : 

1. Characteristics of service area and service. 
P = Population = 10,000 
A = Area = 6 sq mi 
R = Hourly demand= 20 X 10 + 7 = 29 re-

quests per hour (Assuming conservatively that 
each passenger trip generates one request) 

T = Total time from phone call to delivery = 45 
min 

S = Vehicle speed= 15 mph 
2. Operating strategy for dial-a-ride service. Many-to

few service will be provided between home and two focal 
points-shopping center and community center. 

3. Number of vehicles. The number of vehicles required 
to serve the anticipated demand may be estimated by two 
methods. Both are used for a comparison of the results 
and an assessment of their reasonableness, the difference, 
if any. 

a. Using a formula developed at MIT (see App. 
B), number of rehicles for many-to-many 
service= (0.86A + 0.092R) + [ST/32.4(A) 1/s 
- 1]1/z = 7.83 + (8.5 - 1 ) l/2 = 7.83-+- 2.74 = 
2.86. Number of vehicles for many-to-few 
service = 85 percent of vehicle requirement for 
many-to-many services= 0.85 X 2.86 = 2.4 = 
2 vehicles. 

b. Maximum vehicle productivity based on ex
perience in several urban areas with many-to
few snvice = 12 trips per hour (for medium 
level of service). Therefore, the number of 
vehicles required= 29 + 12 = 2.4. 

The estimates based on both procedures are compatible 
and appear to be reasonable. 

4. Vehicle-miles and vehicle-hours of service. 
a. In-service vehicle-hours per day = 2 vehicles 

X 7 hours = 14 vehicle-hours. 
b. Assuming a speed of 15 mph, daily in-service 

vehicle-miles of operation= 14 X 15 = 210. 
Deadhead vehicle-miles = 20. Total vehicle
miles = 230. 

5. Man-hours of service and pay-hours. 
a. Man-hours of service= 14 man-hours= (7 
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TABLE C-6 

VEHICLE MILES OF OPERATION 

us No . 

l 

2 

3 

1, 

5 

Totals 

Number of I n-Service ueadhead Iocal 
1\ound Tri~s Hileosc !lil!>Ol\ C! Mileage 

8 160 21 181 

5 100 23 123 

4 80 23 103 

140 21 161 

8 160 21 ill 
32 640 109 749 

man-hours on one vehicle and 7 man-hours on 
the second vehicle) . 

b. According to the specifications, 7 consecutive 
hours service can be provided by two idle 
operators and they can be assigned to one 
vehicle. For operating the other vehicle, how
ever, an additional driver must be hired and 
will have to be paid for a minimum of 8 hours. 
Thus, the number of pay-hours = 8. 

Cost Analysis for Public Operation 

According to the specifications there will be no cost for 
guideways and related fixed facilities. The costs for equip
ment and operations are estimated as follows: 

1. Cost for equipment. The equipment includes two 
vans equipped with radio and fare boxes: 

a. Cost for two vans at $12,000 each= $24,000. 
Radio equipment for vehicles at $1,500 each 
= $3,000. Fare boxes at $500 each= $1,000. 
Total= $28,000. 

b. Assuming 6-year life of equipment with no sal
vage value and 10% interest rate, the cost 
= annual cost for equipment = $28,000 ( CR 
- 10% - 6 yr) = $28,000 X 0.2296 
= $6,428.80. 

TABLE C-7 

DRIVER RUN SUMMARY 

Run No. Werk Time Per1oi 

l 10:51 - 6:46 
2 6:46 - 2:59 
J 1: 21 - 9: 34 
4 5:06 - 11:29 
5. 5:21-7:26, 7:26-1:59 
6 2:21-5:59, 6:06-9:51 
7 4:57-10:04, 5: 36-9: 11 
8 4:01 - 10:34 

Plaeform Ovarciwe 
Hour Hour 

,_ 

7 :55 0 
8:13 o. 22 
8:13 0. 22 
6:23 0 
8:38 0. 63 
7: 23 0 
8:42 0 . 7 
8: 33 0.55 

Spread 
Promlum 
~ 

0 
0 
0 
0 
0 
0 

4.47 
0 

c. Assuming 250 days of operation per year, the 
cost for equipment per day = annual cost 
+ 250 = $6,428.80 + 250 = $25.72. 

2. Operating cost. The operating cost in this case in
cludes out-of-pocket operating cost, direct maintenance 
cost, and driver wages. According to the specifications, 
other operating costs including those for dispatching and 
scheduling can be absorbed by the existing operation with
out additional expenditures: 

a. Out-of-pocket operating cost and direct main
tenance co~t at $0.15 per vehicle-mile =----- 2JO 
X 0.15 = $34.50. 

b. Drivers wages = pay-hours X wage rate = 8 X 
$8-00 = $64 00. 

c. Total daily operating cost= $98.50. 
Thus the total cost of providing the dial-a-ride service by 

the city-owned transit company= $124.22 per day (Table 
C-9). 

Cost Analysis for Private Operation 

The cost of private operation can be estimated accurately 
by actually taking bids from private operators who are 
capable and willing to provide the service. Therefore, the 
first step would be to identify appropriate suppliers. In 
ihe case of a small-scale service, it is highly unlikely that a 
private operator would be willing to start a new operation 
exclusively for this purpose. However, operators currently 
engaged in demand responsive services with small vehicles, 
such as taxicab companies, might be interested in providing 
this service. Therefore, the planner can contact a few 
selected taxicab operators, identifying those willing to 
provide the service at $10.00 per hour. Thus, the daily 
cost to be incurred by the city to provide the service through 
a private operator= $10.00 X 7 hours= $70.00. 

Summary and Comments 

The planner has two options for providing the dial-a-ride 
service in a residential area. The cost of providing the 
service by the city-owned transit company is $124.22 per 

Total 
Equ.iva cn t 

Pay Hour 

8.00 
8.43 
8.43 
8.00 
9.27 
8.0 

11. 64 
9.10 

70. 87 

1. Work time period covers 15 minutes before bus run starts and 15 minutes 
after bus run ends, plus q minutes of commuter time to and from CBD 
when drivers start or end their run at that location. 

2·. Overtime hour is the time in excess of 8 platform hours for which the 
rate is 1~ times the regular rate. 

3. Spread premium hour is the time in excess of 12 hours of spread time. 
A driver is paid an extra amount at the rate of one-half the regular 
hourly wage for these hours. 

ii 



day, while that of hiring a taxicab company to provide 
the service is $70.00 per day. The main reason for the 
difference in cost in this case is that the city-owned opera
tion will have to purchase new vehicles to provide this 
service, whereas the rate quoted by the taxicab operators 
appears to indicate that they would be able to accommo
date this added demand with their existing fleet. 

Another item of cost that may make a significant differ
ence between public and private operation is the wage 
rate of operators. Usually, the wage rate of drivers in a 
unionized public operation is higher than that paid by pri
vate operators who employ many part-time drivers. In this 
specific case, however, the wage-related cost for the public 
operation was not higher because of the availability of two 
idle operators from the existing fixed-route system. 

The planner should point out to the transit authority or 
the appropriate decision-making group that the cost esti
mates for the two types of operations (public and private) 
may not be directly comparable because the type of vehicle 
used may differ and the quality of service also may differ 
in terms of reliability. A satisfactory mechanism for rev
enue recovery will have to be devised in the case of the 
private operation. 

COST ANALYSIS EXAMPLES FOR RIDESHARE SERVICE 

Scenario A 

A middle income subdivision, where many individuals 
( 400) who work for the major employer in the downtown 
area reside, is located 15 miles from the CBD. The em
ployer has expressed an interest in promoting ridesharing 
as an energy conservation program and to avoid providing 
free downtown parking for employees. No transit service 
currently serves the subdivision. 

Present vehicle occupancies are 1.3 person/vehicle, with 
little incentive for ridesharing (no formal promotion, no 
incentive packages, relatively low and stable gasoline prices, 
tight but sufficient parking). Informal contacts suggest 25 
to 35 employees might seriously consider ridesharing. 
Should the employer encourage carpools through priority 
parking for carpoolers and provide an in-company match 
board or should the employer initiate a rideshare van or 
bus program? 

Specifications for Service A 

1. Assume 30 persons are seriously interested in ride
sharing, and carpools will assume to have an average auto 
occupancy of 3.2 persons/vehicle. Driving responsibilities 
are to be rotated, and the commuter car is not to be sold. 
Out-of-pocket savings are half of total operating costs 
= $0.158/2. Also include $1.50/day for parking. 

2. Fifteen-seat vans will be provided and are expected 
to achieve an average occupancy of 10 persons/van. Vans 
will incur 15 percent increased VMT due to pickup in 
residential area. Vans will cost $250/mo. plus $0.10/mile 
to operale. ll is also assumeJ van fares will be set to 
provide break-even operations. 

3. A standard 50-seat bus will be requested from the 
transit company. Since no additional peak-hour service 
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TABLE C-8 

DAILY COST FOR CONVENTIONAL BUS SERVICE 

None Busway 
Equipment None - Assumed to be 

Fully Depreciated 

0J>etat1ng Cost 
Out-of-Pocket Vehicle Opt . 
Maintenance 
Labor 

TABLE C-9 

112, 35 
149. 80 
566. 96 

$829 .11 

DAILY COST FOR DEMAND RESPONSIVE SERVICE 
(PUBLIC OPERATION) 

Equipment 

Vans 

Operating Costs 

Out-of-Pocket Vehicle Operation 
and Maintenance 34.50 

Labor 64.00 

TOTAL 

$25. 72 

98.50 
$124. 22/ day 

is available, a driver will be hired just to provide the 
express service and the driver will be paid 10 hours per day, 
two hours of which are considered overtime. The driver 
will start and end all trips at the garage. 

4. Annual bus operating costs are as follows: 
a. Vehicle operating costs= $0.15/mi. 
b. Maintenance costs= $0.20/mi. 
c. Operator wages= $8.00/hr. 
d. Full depreciation (at 12 years, 250 day/yr, 12 

hr/day)= $3.13/hr. 
e. Insurance and management costs are minor and 

are not included. 
f. Bus is not stored in CBD area, but is returned 

to the garage 2 mi from the CBD. 
g. Fare= $0.60/ride. 
h. VMT will increase 25 percent for circulation in 

residential areas. 

Cost Analysis A 

1. Carpools. Assuming carpools are attractive for 25 to 
35 (use 30 as average) employees with an average auto 
occupancy of 3 .2 persons/ carpool, determine the resulting 
cost. 

a. Autos eliminated from CBD = 30/ 1.3 = 23 
Less vehicles used for carpooling 30/ 3.2 = 10 
Net reduction for CBD parking 13 autos. 

b. Annual VMT = 10 autos X 15 mi/day X 2 
X 250 days/yr= 75,000 VMT/yr. 



74 

($0.158) 
c. Annual user cost 

2 
(75,000 VMT/yr) 

+ ($1.50/day) (250 day/yr) (10) = $9675/ 
yr. 

2. Vanpools. Assuming vanpools were established for 
the 30 employees interested in ridesharing and with an 
average van occupancy of 10 persons/ van, determine the 
resulting costs. 

a. Autos eliminated from CBD = 30/ l.3 = 23 
autos 
Vaus rc:quired - J0/10 = J vans 
Net reduction for CBD parking= 20 autos. 

b. Annual VMT = 3 X 15 X 2 X 250 X 1.15 
= 25,875 VMT! yr. 

c. Annual user cost= 25,875 VMT/ yr ($0.10/ 
mi)+ (3) 250 (12) = $11,587/yr. 

3. Buspoo\ 
a. Buses required = 30/ 50 = 1 bus. 
b . Annual bus VMT = 

revenue service = 1 bus X 15 mi X 2 trips/ 
day X 250 days/yr X 1.25 

deadheading = 1 bus X 15 mi X 2 trips/ 
day X 250 days/yr 

day X 250 days/yr 
= 17,875 VMT/yr. 

c. Bus annual cost= 17,875 VMT/yr ($0.35 / mi) 
+ $8.00/hr (8 hr/day) 250 days/yr+ $8.00/ 
hr (1.5) (2 hr) 250 days/yr+ $3.13 (10 hr/ 
day) (250 days/yr) = $36,080. 

d. To offset the operating cost revenue collected 
would be $0.60/ride X 2 trips / day X 30 per
sons/ day X 250 days/yr= $9,000. 

Summary A 

The results from the three options are summarized in 
Table C-10 and indicate that both the van pools and express 
bus are less efficient than carpooling in reducing user costs. 
Cost estimates for user savings through vanpooling and 
buspooling are conservative because it is assumed that 
carpools members rely on shared driving and no payments 
will exchange hands. If a private vehicle could be sold 
because of the vanpool or buspool, the resulting user 
savings would be greater for these two rideshare modes. 
Unfortunately, operating the express bus results in a large 
monetary loss to the public bus company. Most of this Joss 
can be attributed to the corresponding difficulty in locating 
base work for the drivers and equipment. The most efficient 
program would then be vanpooling, assuming that the 
employer is willing to become involved in coordinating a 
vanpool program. 

Scenario B 

Because of increased energy costs and a sharp reduction 
in downtown parking due to new office building construc
tion, the potential market for ridesharing has increased to 
180 riders per day. What are the prospects for an employee 
based program? 

Specification for Service B 

1. The same situation is evident as stated in the previous 
scenario, except that the bus company can provide a driver 
and bus with base period work. Thirty percent of the 
driver's time and 25 percent of the equipment will be 
charged against the express service. A distance of 2 miles 
will h P. rP.rn1irPrl tn rPt11rn the h11s to the 2:ara2:e or to its • • - - - - - - - -J ---- - - - - - - - - -- '-' ..., 

next assignment, and deadheading will still be required. 

Cost Analysis B 

1. Carpools 
a. Autos eliminated from CBD = 180/ l.3 = 130 

autos 
less vehicles used for carpooling= 180/3 .2 
= 56 autos 
Net reduction = 82 autos. 

b. Annual VMT = 56 autos X 15 mi/day X 2 
X 250 days/yr = 420,000 VMT/yr. 

c. Annual user cost= 420,000 ( O. ~5 ~ ) 
+ 1.50 (250) (56) = $54,180/yr. 

2. Vanpools 
• •• • , "" r i"'l~T°"'I. 1 nA 11 ""I '1 '")O a. AUlOS eummaieu uum 1..,nu = 1ou1 1.:, '- 1Jo 

autos. 
b. Vans required= 180/10 = 18 vans. 
c. Annual VMT = 18 X 15 X 2 X 250 X 1.15 = 

155,250 VMT/yr. 
d. Annual van costs= (0.10) (155,250 VMT/ 

yr)+ 250 (12) (18)1 = $69,525/yr. 
3. Buspool 

a. Buses required= 180/ 50 = 4 buses. 
b. Annual bus VMT = 

revenue service = 4 X 15 X 2 X 250 X 1.25 
deadheading = 4 X 15 X 2 X 250 
garage access = 4 X 2 X 2 X 250 
Total = 71,500 VMT/yr. 

c. Annual bus operating cost= 71,500 ($0.35/ 
mi) + (8.00) (8) + ($8.00) (1.5) (2) (0.30) 
(250) (4) + 3.13 (0.25) (12) (250) (4) 
= $25,025 + 26,400 + 9,390 = 60,815/yr. 

d. Bus revenue = 0.60 (180) (2) (250) 
= $54,000/yr. 

Summary B 

As noted in Table C-11, the buspool becomes competitive 
with the carpool, although the transit company would 
realize a slight loss from the express service. This loss 
might be justified in part by achieving other community 
objectives, such as energy conservation. 

Scenario C 

To avoid full-time labor costs and deadheading miles, 
the employer is exploring the option of attracting a private 
operator who would charter a bus using part-time drivers 
who also are employed at the employment site. The 
drivers could earn $5.00/ hour with no fringe benefits and 
secure free transportation. A fare of $0.50 per ride would 

;; 
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TABLE C-10 

SUMMARY OF RIDESHARE ANALYSIS A 

Autos Removed from CBD 

Carpooling 

13 

Vanpooling Busp ooling 

23 

Annual User Cost $ 9,675/yr 

20 

$11,587/yr $ 9,000/yr 

Transit Co. Cost 
(Opt. Cost less Revenue) $27,080/yr 

Employer Cost 

TABLE C-11 

Minor - few direct 
expenditures--sorne 
coordination as
sistance expected 
match based on 
ridesharing sur
vey < $9,000 

Major--must see 
that vans are 
purchased, main
tained, operated. 
Also must ad
minister pro
gram if costs are 
set to break even 

Little, some 
help tequired 
i.n coordinatJlnj 
and promoting 
bus service. 

SUMMARY OF RIDESHARE ANALYSIS B 

Carpooling Vanpooling Buspooling 

Autos removed from CBD 62 

$54,160/yr. 

120 

$69,525/yr. 

138 

$54 ,000/yr. Annual User Cost 

Transit Co. Cost 
(Opt. Cost less Revenue) $ 6,815/yr . 

Employer Cost 

be charged. Driving responsibility requires 2 hours per day. 
Smaller, school bus vehicles with 42 seats will be procured 
from the private bus company. Bus costs are $0.14 per 
mile with a fixed cost of $200 per month. 

Cost Analysis C 

1. Buses required = 180/ 42 = 5 buses. 
2. Annual bus VMT = 5 X 2 X 15 X 1.25 X 250 = 

46,875 VMT/yr. 
3. Annual bus costs= $46,875 (0.14) + $5.00 (2) 

(250) (5) + $200 (12) (5) = $6,562 + 12,500 
+ 12,000 = $31,062. 

4. Revenue= 0.50 (250) (2) (180) = $45,000. 

Summary C 

Using a private bus with moonlighting drivers can yield 
the greatest user savings and the fewest vehicles being 
stored in the CBD area. In addition, the private bus 
operator could receive a return of almost $14,000 per year 
for chartering the buses. 

Scenario D 

There is presently express bus service with four buses 

Minor - Coordination Major - Employer Minor - Coor
Agrees to operate dination 
18 vans ana coor-
dinate programs. 
Program starts to 
reach a size where 
it can be effi-
ciently admini-
stered by an em-
ployer. 

serving the subdivision in the morning and evening peak 
periods. A major hospital or office complex was constructed 
due west of the subdivision. If the bus schedules could be 
coordinated to attract 7 5 percent reverse commuting, deter
mine the resulting cost and impact ( variation of scenario 
B). Access to the office complex requires an additional 2 
miles of bus travel per trip, but no additional time. 

Cost Analysis D 

1. Buses required = 4. 
2. Annual bus VMT = 71,500 + 2 (2) 250 (4) = 

75,500 VMT/yr. 
3. Annual bus costs= 25,025 + 26,400 + 9,390 = 

60,815/yr. 
4. Annual bus revenue = 

peak direction = 180 X 0.60 X 2 (250) 
= 54,000 

reverse direction = 135 X 0.60 X 2 (250) 
= 40,500 

Total = 94,500. 

Summary D 

With the additional reverse flow express bus riders, 
service for the CBD employees would remain the same, but 
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revenue collected by the bus company would increase. 
With this situation the public bus company could operate 
the express service at a small profit ($94,500 - 60,815 
= $jj,o85J. 

Scenario E 

The public bus company can only provide three express 
buses, leading to overcrowded conditions on the buses. 
The employer is investigating the option of requesting that 
the bu~ company provide a fourth bus or rf:'ly nn prnmnting 
three vans ( variation of scenario B). 

Cust Analysis E 

1. Bus option. Addition of one bus, assuming 100 
percent commiirm:ul tu t:Xpress SeIViCe, uu 1.,u111JJ'-U

sating work available. 
a. Annual bus VMT = 

reverse service= 15 X 2 X 250 X 1.25 
deadheading = 15 X 2 X 250 
garage access = 1 X 2 X 250 X 2 
Total = 17,875 VMT/yr. 

b. Annual bus cost= 17,875 (0.1'i) + (8.00 (8) 
+ 8.00 (1.5) (2) (1.00 (250)) + 3.12 (1.00) 
(12) (250) = $37,650/yr. 

2. Van option. 
a. Annual van VMT = ( 1.15) X 3 X (15) X (2) 

X (250) = 25,875 VMT/yr. 
b. Annual van cost= 3($250) X (12) + 25,875 

X ($0.10/ m) = $9000 + 2,588 = $11,588/yr. 

Summary E 

As noted, it would be more expensive to provide express 
bus service, particularly if compensatory work cannot be 
supplied. The vanpooling option would relieve the situation 
more economically. 

APPENDIX D 

DERIVATION OF CAPACITY CURVES 

The capacity of a proposed service during a given time 
period is determined by the number of vehicle trips and 
the number of passengers per trip that can be carried in 
each vehicle. The number of vehicle trips corresponding 
to a given headway can be estimated based on systems 
design. For transit service in urban areas, the direction of 
a bus trip is significant for vehicle occupancy character
istics. From a realistic standpoint the bus trips cannot be 
expected to carry the same number of passengers i11 both 
directions, especially during commuting hours. Actually, 

Scenario F 

Twenty-five senior c1t1zens per day are interested in 
special service to a neighborhood shopping center between 
the hours of IO a.m. and 2 p.m. The bus driver and 
vehicle are already available from the commuter service. 
Would it be more economical to provide two vans from a 
social service agency or provide H pohlic hus? The trip 
distance is 5 one-way miles, with 3 miles deadheading for 
the bus and 2 miles for the van. A fare of $0.30 per ride 
could be charged for the service. 

Cost Analysis F 

1. Bus option. Provision of one bus, assuming driver 
and vehicle were already available. 
a. Annual bus VMT = 

service = 5 ;,< 2 X 250 = 2,500 
deadheading = 3 X 2 X 250 = 1,500 
Total = 4,000 VMT/ yr. 

b. Annual bus cost= 4000 (0.35) + 0 labor+ 0 
equipment = $1,400. 

2. Van option. Provision of two vans, assuming driver 
costs are absorbed by the social service agency, but 
one ne1.v van needs to be purchased by the agency. 
a. Annual van VMT = 

service = 2 X 2 X 2 X 250 
deadheading = 2 X 2 X 2 X 250 
Total = 8,000 VMT/yr. 

b. Annual costs= (8,000 VMT) X ($0.10/mi) + 
150 X (1) X (12) = $2,600. 

Summary F 

On an annual basis the public bus would be most eco
nomical. If a fare of $0.30 per rider could be collected, 
the bus company would be providing a valuable community 
service and breaking even financially (assuming driver and 
vehicle are already available and paid). 

for an express bus service, rarely are efforts made to pro
vide an equal number of in-service trips in both directions, 
and the trips that have to be made in the nonpeak direction 
often are considered deadhead trips. However, in some 
cases where business employment locations are decen
tralized, the trips in the nonpeak direction during com
muting hours could be utilized to serve the potential market 
segment of central city dwellers working in the suburbs. 
For nonexpress service, particularly for service during off
peak hours, it is common to have moderate ridership in 



both directions, although usually there is an imbalance in 
the number of riders. 

In addition to the directional distribution of travel, the 
turnover of passengers during a trip may influence the 
capacity significantly. In the case of an express service, 
passengers usually board the buses at the start of the trip 
and no one gets on or off the bus midway along the trip. 
On the other hand, in nonexpress service, passengers may 
get on or off at many intermediate stops, thus accommo
dating larger numbers of passengers without varying the 
loading standard. Also, capacity of a conventional service 
tends to increase with trip length since passenger turnover 
is related to the trip length. 

Assumptions concerning directional distribution and 
loading characteristics used in this analysis are presented 
as follows: 

1. The seating capacity of each bus is 50 and each pas
senger is assured a seat. 

2. For express service for commuting purposes along a 
busway or a freeway, each bus trip in the peak direction 
carries a maximum of 50 passengers, and each trip in the 
nonpeak direction carries a maximum of 10 passengers. 
(These capacity values imply that there is no turnover of 
passengers during a trip.) Capacity is not sensitive to the 
length of express trips. 

3. For nonexpress service on a bus lane or in mixed 
traffic along an arterial roadway, each bus trip in the peak 
direction carries a maximum of 60 passengers and each 
trip in the nonpeak direction carries a maximum of 15 
passengers. (The capacity value of 60 recognizes the 

APPENDIX E 

RIDESHARE COST RELATIONSHIPS 

CARPOOLING 

Carpooling costs are determined in relation to the cost 
of operating a private automobile. It is difficult to estab
lish a generalized operating cost value for a private vehicle, 
because costs will vary with the type of vehicle, prevailing 
gasoline and repair costs, annual use of the vehicle ( com
muting vs. noncommuting), type of financing, decisions 
about when to replace the vehicle and appropriate local 
tolls, taxes, and parking charges. (It is not surprising that 
large variations in cost can be obtained. For example, the 
FHW A estimates the first-year cost of operating a standard 
automobile is 18.73 cents/mile, while Hertz computes the 
cost as 26.01 cents/mile (E-3) .) Further, the economic 
advantages of carpooling depend not only on reduced 
vehicle use (direct out-of-pocket variable cost savings) but 
also on reduced fixed costs, such as insurance and deprecia
tion discounts due to reduced vehicle use. Where a second 
(for commuting only) car could be sold, the savings would 
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probable turnover of passengers on a local bus route.) 
These capacity values are applicable for routes of short to 
medium length, say up to 10 miles, and in the case of 
longer trips a capacity of 75 passengers in the peak direc
tion and 25 passengers in the nonpeak direction may be 
assumed. 

On the basis of these assumptions about the maximum 
use of each bus trip, the total passenger carrying capacity 
of a particular type of service during a given time period 
can be estimated by determining the number of trips in 
peak and nonpeak directions. For example, referring to 
the cost analysis (App. C) example of an express bus 
service on a busway with 20-minutes headway, the number 
of bus trips during a 4-hour service period is 22, of which 
14 are in the peak direction and 8 in the nonpeak direction. 
Therefore, the capacity during the 4 hours of service is 
(50 X 14 + 10 X 8) or 780 passengers, and the hourly 
capacity for 20-minutes headway is (780--;- 4) or 195 pas
sengers. The same procedure can be used to derive the 
hourly capacity of any particular type of service for 
different headways. The capacity values corresponding to 
the different headways may be plotted, and a curve fitted 
through them by hand, based on judgment similar to that 
shown in Figure 14 (Chap. 5). Ideally, several "observa
tions" should be plotted to draw a nonlinear curve~ How
ever, for the purpose of identifying the viability space of a 
transit mode for sketch planning purposes, four observa
tions would be sufficient, provided they cover the range of 
likely headways appropriate for the service. 

include out-of-pocket as well as fixed costs. Although not 
documented, there are situations where the family car, no 
longer being used for commuting purposes, could result in 
substantially increased cost due to increased family utiliza
tion of the vehicle during the day (E-1, E-2). 

The most complete cost information available for oper
ating a private automobile is contained in periodic studies 
by the Federal Highway Administration (FHWA) since 
the 1950s. The most recent study (1976) provides the 
cost breakdown (presented in Table E-1) for 10 years and 
100,000 mi of private vehicle operation (E-1). (Over the 
life of a car the variance in operating costs tend to stabilize. 
For example, the Hertz cost estimate for operations of a 
standard auto over 10 years and 100,000 miles of use was 
estimated at 19.32 cents/ mile-not much different from 
theFHWAfigures (E-3).) 

The FHW A cost estimate does not include financing 
costs or interest lost from savings withdrawn to make cash 
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TABLE E-1 

AUTOMOBILE OPERATING COSTS-BASES FOR ESTIMATES 

ITEM STAiHli\lill SIZE ATJ'f0MU6ILE co:•1P ACT SIZE ;\l!'fO;iJCTLE SU!J() ))[PI\CT SI7.E ,\u1n::101nLE 

Automobile 1976 model 4-<loor sedan 1976 model 2-Joor sedan 1976 moJcl 2-door scJ~n 
Description Friuippcd with: V-8 engine, uutonatic Equi pp,·d wilh: (, cylilldi'r cn;:;inc, Eq<iipp.:d with: stnn<lnr<l eriuip~ent 

Lr.:insrnissio,1, p::iwer :,tc,ering un;i b1:.1kes, auto::i:itie trnns1:1ission, pO\,:cr plas ra<lio, w!1.:,cl cover:,, Jnd 
nir conditioning, ti :1Lt'J glass, raJio, st~~ricg and brakes, radio, vinyl body protective raoul~inz, 
clock, white stripe radi:11 tires, whc,el t0r,, 1.!1ec.:l covers, t:i.nti..,d glass, Purch.:ise price - $3,224. 
covers, remoLe ~ontrol left-hand mirror, rt.: ,:,.:>tc control left-ho.nd mirro1·, 
and body protecLivc moulding. and body protEctive moulding. 
Purchase price - $4,899. Purchase price - $3,365. 

Repairs and Includes ro~t~ne 11tai i1tenn~cc such as lubrications, repacking wheel bcarin~s, fl ,Jsliing eoolin3 sys::cm,. and 
Maintenance aimine he.:idlat•!pS; renlacemQnt of minor parts such as spark plufis, fan belts, radiator hoses, distributor 

Cc!p, fuel filte:::, .:ind pollution control equipment; minor repairs sueh .:is brake jobs, water pu1~p, carburetor 
overhaul, and universal joir.ts; ami m.:ijor r.•pairs such as a conplete "valve job." Costs were calculated 
using 1976 pdrts pi:ices and a $13.50 per hour labor rate. 

Replacement It was assumed that] new regular tires and Li new snow tires would be purchased durin~ the l:.ves of t:hc 
Tires s tandar<l and subcompact size cars, and 7 new regular tires and 4 new snot~ tires would be purchased during 

the life of the compact car. 

Accessories It was assumed that extra wheels and floor mats would be purchi:csed the f i rst year, seat covers the sjxth 
year, and miscellaneous items totaling $2.65 each year. 

Gasoline Consumption rate af 15 miles per Consumption rate of 21 miles per Consurnp::ion rate of 29 r:,ile5 per 
gallon and a gasoline price of 60,9 gallon and a gasoline price of ga l lon and a gasoline price of 
ce,1 ts per gallor., including taxes 60.9 cents per gallor. inclucling 60.9 cents per gallon i~cluding 
were used. taxes were used. t<1):es ,\ .. 1.;cc used. 

Oil Consumption was associated with Consumption was as3ociated with Consumption wc1s associated wii:h 
gasoline consumption at a rate of 1 g.:iHoline consumption at a rate of gasoline consumrtion at a rate 
gallo:1 of oil for ~very 16 7 gallons 1 gallon of oil for every 119 of 1 gE.llon of cil for every 95 
of gasoline. A price of $1.06 per gallons of g~~olinc. A price of gallons of gasoline. A price 
quart 11::is used. $1.05 per quart was used. of $1. 06 per qu;:irt 11as used. 

Insurance Coverage includes $50 , 000 combined publie liability ($15,000/$30,000 bodily injury, and $5,or.o pcoperty 
damage), $2,500 personal injury protection, unLns,ir2d motorist coverage, and full comprehensive coverage 
for the 10-year period. De;'uctible collision insurance w.:is ass~11rned for the first 5 ycai:s ($100 deductible). 

Garaging, Includes monthly charges of $12.00 for garar.c rental or indireet cost of tl,e mrncr's gc1 r.1ging Licili.ty, and .i. toll 
Parking, average of $6.88 per year; plus parking fee averages of $70. 00 par year for standard size cars, and $50.00 per 
and Tolls year for compact aqd subcompact size car5, Parking fee and toll fee averages were assigned in proportion to 

annual travel. 

Taxes Includes Federal excise taxes on tires (10 cents per pound), lujricating oil (6 cents per gallon), and gasoline 
(4 cents per gallon); plus the M::iryland Tax en gc1solinc (9 cents per g~llon), titling tax (4 percent of retail 
price), sales tax (4 percent of retail items), and registration fee ($20.00 for 3,700 pounds ~r less shipping 
weight, or $30.00 for vehicles over 3,700 pounds). 

• I a 1 

-.J 
00 



payments for vehicle purchase or down payment. Table 
E-1 presents the detailed cost data and cost assumptions 
accompanying the FHWA study. Planners must adjust the 
costs to their specific locality utilizing local data. 

To estimate driving cost the following relationships were 
applied: 

TC= [FC + OPC (CVM)]+ (E-1) 

where: TC = total monthly commuting costs per user; 
FC = fixed monthly costs; 

OPC = out-of-pocket variable operating cost per 
mile; 

G = group size; and 
CVM = commuting vehicle-miles per month. 

For the purpose of this study, unit costs per mile of travel 
were taken from the FHWA study (E-1). The cost equa
tion was then modified as: 

TC= [(unit cost) X (CVM)]-t (E-2) 

where unit cost = fixed and variable costs to operate an 
automobile per mile. 

VANPOOL COSTS 

Cost accounting will vary between vanpool programs. 
For purposes of this analysis, representative costs were 
taken for the two Knoxville van programs summarized in 
Table E-2. The two programs use different assumptions in 
establishing depreciation rates and assessing salvage values. 

TABLE E-2 

EXAMPLE OPERATING COST FOR TWO 
VANPOOL PROGRAMS IN KNOXVILLE 
(1977 PRICES) 
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In both cases, depreciation includes interest charged on the 
loan for the van's purchase. The Tennessee Valley Author
ity (TV A) cost statement also includes a parking charge 
and administrative handling fee for the TV A credit union 
(E-4). As noted, operating costs can also vary, based on 
the age of the vehicles and the price paid for gasoline 
(E-5). 

The following cost equations were used in preparing the 
cost estimates: 

1. Vanpooling, direct trip from origin to destination: 

TC= [(FC) + (CVM) X (OPC)] X [ ~ J (E-3) 

2. Vanpooling, excess VMT's due to pickup and dis
charge rides: 

TC= [(FC) + (OPC) X (CVM + EVM)] X [ 6 J 
(E-4) 

where: TC= total cost per month per user; 
G = group size; 

CVM = commuting vehicle-miles per month; 
EVM = excess pickup and discharging vehicle-miles 

per month; 
OPC = out-of-pocket variable operating cost per 

mile; 
FC = monthly fixed cost (insurance, depreciation, 

interest on loan, registration, etc.); and 
OPC = out-of-pocket cost to provide as specific ser

vices comprised of two components: 

a. MAC = mileage associated costs, based 
on the total miles for providing service 

Knoxville Corrunuter Pool 
(51 vans - City Operated 

15 seats) 

Unit 
Cost 

Monthly 
Charge 

TVA 
(21 vans - Employer 
operated through Credi~ 
Unions, 15 seats) 

Unit Monthly 
Cost Charge 

Fixed Operating Expense 
Original Cost 7,000.00 
Salvage Value -1,500.00 

Depreciable Cost@ 
q years 

Sales Tax 
Insurance 
License 
Interest 10% loan 
Credit Union Admn. Fee 
TOTAL 

Variable Cost 
Gas 
Maintenance 
Tires 

Oil 
Misc.*** 
Parking 
TOTAL 

, 060/mile 
.015/mile 
, 015/mile 
.003/mile 

, 093/mile 

* Range 6,900 (1976) to 7,806 (1977). 

** 15 - 56 daily round trip cmrnnuting miles 
J7 - 6J t.1.ally 1uurnl Lrlp commucing miles · 
66 - 78 daily round trip commuting miles 

7,800.00* 
None 

114.58 200. OO• 

6. 67 
31.67 44.00 
1. 54 2.00 

36. 60 4.00 
30.00 

191. 06 2BO,OO 

, 070/mile 
. 020/mile 
. 020/mile 

.020/mile 

.130/mile 

Life cycle 
6 yrs. 

Monthly Principle 
and Interest 

5 yrs. 
4 yrs . 

79 and over daily round trip commuting miles 3 yrs. 

$147 
168 
200 
254 

*** Washing and Contingency 
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A.M. Run 

and nonrevenue producing deadheading, 
dollars/ mile; 

b. LAC = labor associated costs including 
rlo:"lily nr'.:lgP., fringp, hPnPfitc, '.:lnrl c11pl'.lor_ 

visory costs. For public operations these 
costs will depend on work rules specified 
in contract, dollar/ day; for example: 
( 1) If ihere is fuil utiiizaiion of iabor 

across the minimum day, say 8 
hours, for 2-hour commuter service, 
the allocation would be 25 percent 
of labor. 

(2 ) If a driver is hired and works for 
commuter hours without compen
sating work, the 100 percent labor 
cost should be charged to commuter 

(3) 
service. 
Under certain operating models a 
paid driver might be retained on an 
hourly basis to drive the van. As
suming that part-time help is hired at 
a rate of $5 / hour (base rate and 
fringes) and 30 minutes are pro
vided for miscellaneous duties and 
deadhead travel (assumes 20 mph 
for first 5 mi, 30 mph second 5 mi, 
and 5 0 mph for remainder of trip), 
the wage rate for different trip 
lengths were taken as follows: 

Trip Length 

5 
10 
15 
20 
30 
40 
60 

Daily Labor Wage 

$ 7.50 
9.16 

10.16 
11.17 
13.17 
15.16 
17.18 

,:;,..: ....... 1- p..:.-.11 .. p L~av<.eo 1:,0..1.a,sc 

BUSPOOL COSTS 

Buspooling costs replicate those of vanpooling with labor 
and equipment being allocated to the various services based 
on the availability of compensatory work. A major issue in 
express bus service is the deadheading mileage required to 
initiate revenue service. In the provision of express bus 
service to an office complex from a residential subdivision, 
deadheading miles per day are shown in Figure E-1 (E-6). 

In selected instances the transit operator may be able to 
mitigate the impact of the deadhead miles if other work can 
lJe fuuuli fur lhe bus in lhe vi<.:inily of lhe "enlis of Lhe run." 

REFERENCES 

E-1. LISTON, L, and FIKEN, C., Cost of Owning and Oper
ating an Automobile. Office of Highway Planning, 
Fcd~ral I-Iigh\vay Administratiou, U.S. Department vf 
Transportation ( 197 6) . 

E-2. TEETER, E., WARDEN, J., and BELOVICZ, M., Transpor
tation Costs and Benefits of the Car Versus the Bus for 
the Individual. Babcock Graduate School of Manage
ment, Wake Forest University, Winston-Salem, N.C. 

E-3. MOFFITT, D., "How to Figure True Cost of Car Own
ership." Wall Street Journal (Nov. 15, 1976) p. 44. 

E-4. Van pooling. Tennessee Valley Authority (Aug. 
1976). 

E-5. BEESON, J., How To Put Together a Vanpool. Knox
ville Commuter Pool (1977) . 

E-6. DAVIS, F., ET AL., Increased Transportation Efficiency 
Through Ridesharing: The Brokerage Approach. Uni
versity of Tennessee, Transportation Center (June 
1976). 

a,_: :_ _________________ at 6~a.m. 
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Arrives at work site 
at 7:45 a.m. 
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revenue VMT 
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at 4:45 p.m. 

Figure E-1. Express bus deadheading miles. 


