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Chapter l 

INTRODUCTION 

Significant changes have taken place in our society and economy 
in recent years. The former belief that natural resources are 
inexhaustable and that our use of them would continue to increase 
indefinitely has been proved incorrect by two major developments. 
First, continuous increase in consumption of disposable materials 
has caused damage to the environment which is much more harmful than 
had been expected. And second, it has bt~n realized that reserves 

of the basic resources, primarily energy, are exhaustable in the fore­
seeable future. 

Our cities are feeling this change very strongly . The trend 
of increasing reliance on the automobile for more and longer trips, 

typical for the 1950s and 1960s, requiring the continuous construction of 
more highways and parking,and resulting in deteriorating public trans­

portation, obviously must be stopped and drastically revised. Al-
though the automobile will undoubtedly remain an indispensable com­
ponent in our lives and an important, often dominant mode of urban 
travel, it cannot be the only mode which is receiving attention and 
which is being improved. A substantial portion of urban travel can 
and should be served by publ ic transportation. Both auto and transit 
must be better incorporated in the urban environment to permit re­
vitalization of our cities. Instead of construction of additional 
urban freeways, improved traffic engineering measures should be 
applied; instead of increasing subsi_dized parking, use of transit 
should be encouraged; instead of unattractive, slow and expensive 
transit which is provided by most citizens who have cars, fast., attrac­
tive and reasonably priced services should be introduced. 

The task of reversing trends in transit and creating modern, 
attractive systems is not an easy one, and it requires two major factors. 
First is to provide adequate financing to remove transit from the 
struggle for survival 1n which it was for several decades. The second 

factor is related to the first and it is at least as important: to 
increase expertise in transit - including all aspects, from planning to · 

L!BPARY 
1-1 



1-2 

dai1~' operations . Decades of neglect of transit have created serious 
voids in the professional knowledge of transit in both planning 

authorities and transit agencies. 

1.1. Purpose of the Manual 

This manual is intended to present the basic principles, methods 
and techniques for transit planning, management and operations. The 

material is presented through general definitions and matnematical 

. relationships with simple explanations of their use. A number of 
actual examples from transit system operations · are given. Procedure 

of scheduling is illustrated by numerical examples. 

The Manual incorporates the latest developments and standards in 
transit system operations and planning,governmental procedures, etc. It 

also examines such areas as design, scheduling, fares, information 
systems, marketing, as well.cts legal, procedural and planning issues. 

Much of this material has not been available in recent l iterature 

in 3 form convenient for application. 

1.2 Potential Users of the Manual 

Since professional expertise i n smaller agencies is particularly 
in need of improvement, t his Manual is primarily oriented for agencies 

i n small-to-med ium cities operating buses only. Design and regulation 
therefore refe r more t o bus than rail systems, although the latter are 
by no means excluded. Such areas as scheduling, information and 

marketing are, of course , independent of modes and they should be equa,ly 

useful to large and small t r ansi t agencies. 
The Manual may prove useful for the fol lowing groups and applica­

tions : 
- Transit agency personnel in their regular work; 
- City , country, and state officials involved in urban transporta-

tion planning, financing, operation,etc.; 
- Decision makers who are invol ved in urban transportation issues; 

t hese include board members of transit ctgencies, local and sta.te 
public officials and others; 

-.-F.or instruction at colleges and in var ious continuing educa- · 

i I 
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tion courses. However,since the practical use of the Manual was 
to be emphasized, relatively little emphasis has been given to 
academic or theoretical aspects of the discussed topics . 

. ··.· 
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Chapter 2 

POLICY, LEGISLATION, ANO FINANCING 

An extensive program of assistance to urban mass transit has been 
in existence since 1967. Main features of these programs and of the 
related federal assistance programs are briefly surrmarized in this 
Chapter. 

2.1 Rationale for Mass Transit Public Assistance 

It is a generally accepted fact that in many cities it is neither 
desirable nor possible to cover the total cost of transit services by 
fare box revenues only, since the fares required for total coverage would 

cause excessive diversion of passengers to other modes of travel and 
impose hardship on the remaining passengers; therefore, transit must 

be viewed as an essential public service . Some of the reasons why 
transit is often no longer self-supporting are as follows: 

- Public transport provides many services (e.g. evening hours, 

lightly traveled lines, etc.) which are not economically 
justifiable but are socially desirable and necessary. The 

"standby" feature is essential. although not directly remunera­
tive . 

- Transit carries passengers predominantly during peak hours, 

which is uneconomical because of the poor utilization of faci­
lities during off-peaks. Peak hour travel on any mode is 

"uneconomical" and its cost is usually cross-subsidized by 
travel at other times: 

- In choosing their mode of travel, most urban travelers are faced 
with the choice between the marginal cost of using an automo­
bile (since they own it for other purposes anyway) and the 
out-of-pocket cost of transit (fare). 

~ Transit causes much lower negative side-effects per traveler 
(congestion, aestheticdamage, noise, air pollution, etc.) than 
the automobile. These effects are not reflected in prices 

urban travelers pay for each mode. Potential advantage of 
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transit is thus -not utilized . 

Therefore the welfare of the urban population and t he economic 

and environmental vitality of cities depend heavily on the effective­
ness of the transportation system, of which transit is a major 

component. In order that transit fulfill such a role, the vicious 

circle of decline in quality of services and decreasing patronage 

must be stopped and reversed. 

2.2 Pennsylvania's Legislative Policy on Mass Transportation 
Assistance 

In accordance with Act 8 of 1968, the Pennsylvania Urban Mass 

Transportation Assistance Law of 1967, the State's legislative policy 

in relation to mass transportation assistance is as follows: 
- The social and economic development in urban areas is dependent 

upon efficient and coordinated urban mass transportation 
systems, facilities, and services. 

- Mass transportation is essential to the solution of urban 
probl ens. 

- Mass tran£portation will promote the health, safety, convenience, 

and welfare of the citizens of the Collillonwealth. 
Based on these policies, Act 120 of 1970 specifies the powers 

and duties given to the Pennsylvania Department of Trans portation, 
including the following ones relating to public transportation 

systems: 

- development of programs designed to foster effici ent and 

economical public transportation services in the State; 
- preparation of plans for the preservation and improvement of 

the commuter railroad systems; 
- development of plans for more efficient public transportation 

servi ce by motor bus operation; and 
- preparation and development of plans and programs for all modes 

of urban transportation including motor bus, trolleybus, light 

rail, rapid transit, coITTTluter rail, and other modes of urban 

transportation. 

2.2.l Mass Transportation Assistance Program Goals and Objectives . 
The goals of the Pennsylvania Mass Transportation Assistance Program 

• 

,I 
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are as follows: 

- to assist in the development of public transportation services 
which will contribute to more unified and balanced transporta­
tion systems throughout urban areas in Pennsylvania (implicit 
in this goal is the reduction of traffic congestion); 

- to encourage the development of desirable land uses and environ­
ments in urban areas; and 

- to assist in the provision of public transportation facilities 
and services to those persons who do not have access to other 
modes of transportation. 

In large metropolitan areas (population over 500,000), the first· 
goa 1 is the most important one, fo 11 owed by the second. If these goals 
are met, the third one will in most cases also be reached. 

In medium-size cities (100,000 - 500,000), the relative importance 
of all three goals varies from case to case, while in small cities 
(population less . than 100,000}, the third goal is likely to be the 
dominant one, since traffic congestion is a less ser.ious problem. 

In order to achieve these goals, the program has several immediate 
objectives . The program should: 

- maintain existing transit services; 
- increase the network coverage, capacity, and frequency of transit 

services; 
improve the quality of service (reliability, speed, comfort, 

infonnation, etc.); 
- :stabilize or reduce transit fares; 
- stimulate the use of transit services and facilities; 
- _lll)dernize operating practices and reduce operating costs; and 
- encourage the development of working relationships 'between 

transit agencies and other tran~portation authorities, such as: 
- local and regional planning agencies, 
- city traffic engineering departments, 
- parking authorities, and 
- airport authorities, etc. 

2.2.2 Financing Mass Transit Operating Deficits. Act 8 of 
1968, "The Pennsylvania Urban Mass Transportation Assistance Law of 
1967", Janu'ary 22, P. L. 42 (66 P. S. Sectfo .. 1951 et seq.) of the 
General Assembly of the Conmonwealth of Pennsylvania established a 
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program designed to assist in financing mass transit services where 
fare bo~ revenues are insufficient to meet ·the actual cost of pro-

. • l • 

Viding such ·servic:"es· • . , 

Accordfng to this law,· the ~mount of Conmonwealth funds for a 
particular project shall ·. not ;exceed· two-thirds of . the deficit. The 

deficit eligible fo~ fin~ncial ·s~pport -' shall be in accordance with 
the Department's definition of allowable costs and revenues. In 
cases WhEin the a·ppli.~ant is ···e,igible to re~eive Section 5 Federal 
Operating· As.sistance· G;ants ," C~lllllOnweal.th. funds wi11 be limited to 

two-_thirds of the, deficit (net project -cost) that is not funded by 
the Federc..l grant. The ·remaining P?.rtion of the deficit is funded 
through . 1 oca l sources . . 

. The National~ Mas's Tra~sportatio~ .Assistance Act of 1974 created 
a new program o·f Federal financial assistance for urban mass t~ans­
portatioo system~. , Gra~t~ cii~trib.uted on a formula basis through 
this · progr4m ·may ·be ~-sed._by the· rec'ipie,nts· either for capital or 

operating assistance -' profocts. 
This .Federal . ~'perati,ng ·assis'tance ·program is 1 imited to urbanized· 

areas, having a population of 50,000 or more . Under this program, 
transit agencies may be ~1fg1b1e to rec.eive Federal operating assist­
ance ;rants 'covering ri~ m~re' th~ti 50 perce·nt of net project costs 

{operating deficits) ~s defined by the Urban Mass Transportation 
• t · , . • • • 

Administration of U. S. DOT. . .. 

2.2.3 Financing Mass Trans1t Cae1tal Improvement Projects. The 
capi tal grant program was established by Acts 7 and 8 of l 968, 
January 22, P. L. 27. ~2 {6_6 P. S. -Section 1901, 1951 et seq.) of the 

General Assembly of the Commonwealth of Pennsylvania. This legisla• . . . . .· ~ . 

tion was enacted to _promote . the ·heal t h,· safetyl . convenience and 
, • • . . I. . 

welfare of the State ,·s · inhabitants by means of State financial ass 1st-

ance for the development of efficient and coordinated urban common 
~arrier mass transpo·r·t~h~n systems. facnities Md s~rviceis, 

Co1m1onwealth financial suppo.rt must be matched w1th locally 

provided_ funds a_nd ~ _ _. if eligibl~::Fe~_eral funds. In no instance may 
the Commonwea;lth provide· 100% funding for Capital ·Grant project:>, 

• •• • · • I • • "-. • · , • · · • • • 

The Act states 11 C~p1taf _gra_nt·s may be made .for the acquisition. con-
. . . . : {. . 
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s.truction, reconstruction, and improvement of faci 1 i ti es and equip­
ment, including land (but not public highways), buses and other 
rolling stock, and other real or personal property needed for an 
effi cient and coordinated mass transportation system". 

The .State participation in a capital project is limited to one­
half (1/2) of the non-Federal share when fundi ng is available from 
the U.S. Department of Transportation. (Federal funding is up to 
80 percent of net project cost for approved projects) . The remain­
il'lg 10% is provided by local governments. 

2.2.4 Other Funding Programs. In addition to operating and 
capital assistance programs, the Pennsylvania Department of Trans­
portation provides grants for other transit related. functions and 
activities, including: 

. (a) Promotion and advertising programs 
(b) Research and demonstration projects 
(c) Techni cal studies 
(d) Free Transit Program for Senior Citi zens 

· ( e) Intercity and rura 1 pub 1 i c transportation projects. 
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Chapter 3 

TRANSIT PLANNING 

Thi s chapter highl ights the basic principles and methodology of 

transit planning. The infonnation presented here is partially a re­

view of material described in [l]* and in other references cited 

therein . In actual transit planning the agency should refer to these 

sources in order to obtain more complete guidance in specific planning 
tasks, clarification of concepts, detailed technical analyses and 

derinition of some technical planning terms . 

3.1 Definition of a Transit Plan 
The purpose of transit planning is to develop a sequenced program 

of activities or tasks which are coordinated to achieve specific ob­
jectives over a defined period of time . The objectives may be quite 

diversified: they may be rather 1 imi ted, such as improvement of 

existing service or introduction of an information system, or they may 

be more comprehensive in scope, such as i n the case of the purchase of 
new rolling stock or the development of a master plan for an expanded 

rapid transit system. 
The basic classification of planning is made on the basis of the 

time span for which they _are developed. Usually, short-range planning 

covers a period 1-5 years into the future, while long-range planning 

refers to planning for actions which are to be undertaken or completed 

5-20 years from the present . While some planning activities are easily 
classified under either short- or long-range planning, many types of · 
improvements can be classified under either or both time-r_ange groups. 

3.2 Long-Range Transit Planning 
The purposesof long-range transit planning are to foresee or in­

fluence future changes in the city and its population's travei needs, 
and to prepare the actions necessary to adequately meet the projected 
demand for transit service . Planning is therefore also done to obtain 

a· basis for the estimation of capital needs, particularly for projec ts 

* Numbers ;n brackets [ J refer to references l isted at the end of chapter. 
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which us ually require considerable lead time for planning, design, 

fina ncing and implementa ti on. Projects includedi n long-range plans 

of ten requ ire l arge im0unts of l and acquisition and long construction 

periods. Long -range planning is therefore appropriate for large 

cities where the scale of i mprovements or new facilities is large and 

the potential consequences of poor planning most severe . Small and 
medium-sized ci t i es, however , may also f ind it either necessary or de­

sirable to give some a·ttention to long-range planning in view of 

changi ng community characteri s.tics and goal s. 

3. 2. l ExarneJ es of Long-~ange Planning Projects. The following are 

examples of projects t yp i cally classified under long-range planning: 

l . Introduction of new transit rights-of-way requ iring large 
l and acquisition or major constructi on, as for light rail, rapi~ 
trans i t and specially constructed busway facilities . 

2. Separation of transit nodes from street and highway traffic 
priority treatment of t ransit, whi ch may not requi re extensive land 

aquisition or construction,but which may necessitate l ong lead time 

and 

for community and regulat ory agency approval , ordering and ins t a 11 ati on 

of traffi c control devices, education of the population with regard 
to new traffic policies , etc. Such improvements u,ay i n_cl ude the 

desi gnation of existing expressway lanes for trans it, contra-fl ow bus 

lanes , bus priori ty treatment in the CBD, transit actuated street 
s igna l systems and the l ike. 

3. Improved coord ination between transit modes and servi ces, in­

cl ud ing t he cons t r uct ion of mul t i -mode terminal s, agreement on common 

stations and transfer poi nts , schedule coordi nati on, integration of 

fare s truct ure, fare collecti on methods , etc . 

·4. Introducti on of new or experimental services which require 

market ing analyses and ma npower and equ ipment planni r.g . Examples i nclude 

charter services , feeder bus , dial - a-bus, et c . 

5. Ant i cipa t ed cha nges and r ep l acement of roll i ng stock and other 

operat i ng equ ipment such as fare coll ection hardware , stat i on security 
equi pment (moni t ori ng devices, vanda l proofi ng), etc . 

6. Major trans i t way refu rbish ing , suc h as new roadbed, track re­
placement or al i gnment, and s ta tion pl atfo rm reconstruct ion from low- to 
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high level. 

Of course, there are numerous other types of improvements which 

must be planned well in advance of the date they are needed. In 

classifying them under either short- or long-range plans, t he agency 

should always anticipate ti me for project approval and clearance by 

local, state and federal authorities, and the communities affected as 

well as for actual construction and implementation time. The former 

is often underestimated. 
3.2 .2 Steps in the Planning Process. Figure 3.1 shows the steps 

followed in the traditional long-range trans portation planning -process. 
Briefly, they are described as follows: 

1. Establish: 

- Goal s 
- Objectives 

- Standards 

- Constraints. 
Relevant to the planned project these f actors guide the agency in 

coordinating transit improvement projects with the need of the community. 

The items considered can relate to orientation of urban growth, l and 

use plans, transit service standards and guidelines, and topographicftl, 

financial and social constraints. 

2. Collect data on: 
- Population 

- Land use 
Social and economic characteristics 

- Travel patterns 
- Other modes of transportation and their facilities. 

These data allow the agency to determine the characteristics of the 

community, the existing transportation system and deficiencies in that 

system. Traditional methods and techniques used in the highway planning 
process are employed. 

3. Collect infonnation and data related to the transit serv i ce , 

transit usage and managerial data. A description of specific data items 

is given in Chapter 9. 
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4. Based on the collected data, project future travel demand for 

transit. 
5. Develop plans for one or several alternative transit network 

services which can satisfy the projected transit travel demand. 
6. Evaluate alternative plans with respect to Step 1 and select 

the best plan. 
The following more detailed description of the specific technical 

steps in the planning procedure has been adopted, with minor modifica­
tions, from [ l] • 

1. Code the study-year transit network, assign the on-board 
ridership survey transit trip table (for transit survey techniques 

description see Chapter 5) and calibrate the network such that peak 
loads on selected key routes are acceptably reproduced. 

2; Develop a study-year transit trip distribution model and demon­
strate by assignment to the calibrated network that it will also 
acceptably reproduce peak loads on selected key routes. 

3. Review future modal split prepared for the comprehensive highway 
study and revise as necessary. Modal split models must be sensitive 
to the different variables that affect the usage of rapid transit, 
co11111uter rail, and local bus services in different ways. In addition 
to time and cost,such service characteristics as reliability and quali­
tative aspects such as comfort, convenience and safety, should be con­
sidered. 

4. Develop transit plans to be tested . In some instances, only 
one plan should be tested initially, and then revisions to the plan to 
improve it should be tested incrementa11y to reach a reco11111ended plan. 
More often, however, initially it may be desirable to test alternatives 
based on differing policies with regard to (1) growth and settlement 
patterns as between center city and the suburbs, (2) relative emphasis 
to be placed on the transportation modes to serve such patterns, and 

(3) relative emphasis to be placed on capital-intensive or labor­

intensive systems. 
In all networks considered, particular emphasis should be given 

• to the prediction of central city tripmaking. This will involve pro­
jecting those public policies which may most shape the demand for transit 
ridership, such as central business district parking fees, renewal and 
redevelopment policies regarding planned densities of development, the 
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number of parking spaces provided for housing and corrrnercial 

development, general land use plans and zoning ordinances, street 
closures, relative travel times and so forth. 

5. Assign the trip matrix based upon revised modal split to each 
of the plans developed . 

6. Determine desired transit routes and major improvements. 
7. Consider modifying area goals, objectives or policies, 

as appropriate to avoid or reduce unwarranted or infeasible trans -
. portation effects such as excessive travel, right-of-way needs, or 

costs. Modification of land use plans in corridors served by an 

existing rail right-of-way might, for example, be sufficient to make 

a proposed commuter rail facility warranted where it otherwise would 
not be . 

8. Revise t he test pl~n in accordance with ccnstr&ints, priorities 
and warrants; recalculate the future modal split, and reassign trips 
to the revised network. 

9. Repeat steps 6, 7, and 8 as necessary to reach a final reco111Tien­
dation. 

h the testing process certain long-range proposals may be found 
unnecessary due to the diversion of travelers from automobile to transit. 
Sho uld that occur, long-ran~highway plans should be modif~ed accordingly, 

and the appropriate modal split recalculated as necessary for transit 
planning and highway network evaluation purposes. 

·The recorrmendations resulti ng from the long-range planning procedure 

should be documented thoroug hly. These recorrmendations should include 
a summary of long-range transit system requirements in terms of individual 

li ne capacities and schedules, manpower and equipment needs, other major 
capital cost i tems , projected system revenues and expenses, etc. With 

respect to these requirements, a program should be developed listing 

priorities, sources of funds and anticipated support activities such 

as marketi ng analyses and technical studies (planning, desi gn and en­

gineerina) which are nec1:ssary before impl ementation. Particularly 

important is a well -defined set ·of recommended pol-icy changes necessary 

at all levels of government, including l egal and administrati ve ramifi­
cations. 
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3.3 Short~Range Transit Planning 
Short-range planning is usually undertaken to produce either 

Irrrnediate Action Programs or Transit Development Programs; both of 
these can be planned and implemented within a 5-year period. Whereas 
long-range plans usually treat improvement programs of a large scale, 
short-range plans ordinarily treat isolated problems which can be 
alleviated or remedied with minor improvements and only moderate 

investment. Cities of all sizes undertake programs which can be classi­
fied as short-range planning. 

3.3.l Examples of Short-Range Planning Projects. Some examples 
of short-range planning for improvements are listed below. Of course, 

on a very large scale (i.e. in a large city) many of these programs 
must be classified under long-range planning because of the overall 
high capital cost and increased complexity of implementation. Likewise, 
some previously 1 i sted long-range improveme·nts may, when they apply to 
a very small system, be incorporated under short-range plans. Typical 

short-range improvement programs may include: 
1. Transit priority treatment measures which may not be cost­

intensive include: 
- transit-actuated signal equipmen~ _at selected street and 

arterial intersections 
- modifications to existing _street network and traffic con­

trols to · f~vor tran·s;.1:\pa~ 'trer·ea's·e operating· speed (e.g. 

changes in one-way street patterns, closing of streets, 
auto-free zones or malls, turn restrictior.s) 

- limitation of on-street parking in the CBD. 
2. Service adjustments , including: 

- rerouting to eliminate indirectness or duplication of service 
- condensation of close, parallel routes to increase frequ21cy 

of service and simplify network 
- provision of night and weekend service. 

3. Implementation of new scheduling and run cutting techniques. 
~-

Such effort can achieve reductions in equi pment, manpower and operating 
costs, _as well as improvements in operating speed and service frequency., 

4. Adjustments to transit stop locations, including elimination of 
selected stops on lines with close stop spacings and high demand, and 
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t he introduction of alternating near- and far-side stops, both of which 

can increase operating speed and reduce operating costs (see Chapter 5). 
5. Improved coordination of ·all modes, through : 

- improved pedestrian access to stops and tenninals 
- provision of park-and-ride and kiss-and-ride facilities 

at outlying stations and major stops 

- coordination of co1TITion stop locations, schedules and 

fare structure between separate operating agencies or 

different modes. 

6. Improvements to the transit information system· such as through 
printed media, redesign of stops and associated markings, signs, etc . 

( see Chapter 7) . 

7. Adjustments to fare system, including fare level, fare collec­
tion methods, and fare structure (see Chapter 6). 

8. Redesign of intersections and stop sites to permit priority 

treatment of transit at cri tical locations (see Chapters 4 and 7) . 
9. Development of routing maintenance programs for vehicles, 

stations and way . 

10. Program improvements for passenger safety and security. 
11. Condu~t of routing studies regarding analysis of demand and 

ridership characteristics (see Chapter 5). 
3.3.2 Coordination of the Pl an. Similar to the long range plan, 

several types of improvements in the short-range plan should be given 

ind ividual priorities . Ultimately the components of the long-range 

pl an staged for different time periods become part of the short-range 

pl an. The two sets of planned improvements must therefore be closely 

coordinated and devel oped together. 
In each case, also, there must be continuous coordi nation and evalu­

ation of plans by authorities outside the transit agency: the local 
pl anning and zoning commission, traffic engineering office, Chamber of 

Col!Tilerce, and ot her i nfluential organi zations should be kept apprised 
of developments and changes in both the long- and short-range plans . 

Thi s coordinati on is extremely important not only because it avoids 

unnecessary last-minute deiays brought about by unanticipated co1TITiunity 

oppositi on, but it also ensures that the transit service will be effi­
ciently designed to meet the need and constraints withi n the city. It 
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is therefore often desirable to designate a liaison officer as a 
person who disseminates infonnation to such groups and receives their 

comments and opinions. 

3.4 Legislative and Regulatory Aspects of Transit Planning 
. To qualify for operating and/or capital assistance grants from 

the Pennsylvania and U. S. Departments of Transportation, a mass 
transit authority or agency must meet certain transportation planning 

requirements . 
. The Pennsylvania Department of Transportation (PennOOT) is 

responsible for planning (or for coordinating the planning) for all 
modes of moving people and goods within the Commonwealth. Within 
PennDOT, transit planning for urbanized areas is the primary respon­
sibility _of the Bureau of Advance Planning in cooperation with the 
Bureau of Mass Transit Systems and the Bureau of Economic Research 
and Programming. In non-urbanized areas the Bureau of Mass Transit 
Systems assumes primary responsibility for transit planning. In 
addition, PennOOT is authorized to participate in all techni cal study 
and planning programs of the Urban Mass Transportation Administration 
(UMTA), U. S. Department of Transportation. For further information 
concerning these programs, refer to Chapter II, Section E, of UMTA's 
External Operating Manual [9]* and PennDOT's Mass Transit Procedural 

Guide for Applicants [7] . 
The U.S. Department of Transportation requires that a trans­

portation plan exist for each urbanized area and that the plan be 
developed from an approved transportation planning process. The 
transportation· plan includes two elements: the transportation system 
management (TSM) element, and the long-range element. The TSM element 
is a plan for operating the existing system and making improvements 
required for improved efficiency and effectiveness. It is multi- • 
modal and oriented toward short-range planning. 

* · . Numbers in brackets [ J refer to corresponding items in 
References and Bibliography for respective chapters. 
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The m·etropolitan planning organizations (MPOs) designated by 

the Governor are required to prepare a Transportation Improvement 
Program (TIP} and to update the program annually. Projects are 

·selected from the TSM and long-range elements of the transportation 
p1an and encompass a period of not less than three years and up to 
five years. 

Project5 are initiated by submitting the Annual Element of the 
TIP to the Governor and the Urban Mass Transportation Administrator 

for transit projects, and through the State to the Federal Highway 
Administrator for highway projects. Projects selected for funding 

by the Federal Government are based on both the proposal made by the 
MPO in the Annual Element of the TIP and from State- initiated 

projects. Rules and regulations regarding the Transportation Improve­

ment Project are available in the Federal Register, Vol. 40, No . 181, 

September, 1975 . 

Transit planning studies are eligible for Federal and State 
funding provided there is local partici pation . The cost-sharing 

fonnula is 80 percent Federal and 20 percent State/local. PennDOT 
assistance is generally one-half the non-Federal share. The local , 
share may be in cash or spec i f ied staff services and may be provided 

by municipalities, counties. or other local sources in any combination. 

3. 5 REFERENCES AND B.IBLIOGRAPHY 

1. Bureau of Public Roads, Estimating Transit Usage - - Modal Split, 1967. 
2. FHWA, Urban Mass Transportation Travel Surveys, U.S . DOT, August 

1972. 

3. Hillegass, T., Transit Travel Analysis for Smaller Urbanized Area, 
Federal Hi ghway Administration, U. S. DOT , March 1973. 

4. Hamburger, W. (ed.), Urban Mass Transit Planning , University of 
Californi a, Berkeley, 1967. 

5. Manual of Traffic Eng ineering Studies (Fourth Edition), Institute 
of Transportation Engineers , Washington , 1976. 

6.*· Pennsylvania Department of Transportation. Operating Guidelines 
a~d Standards, prepared for PennDOT by the University of Penn­
sylvania , 1973 . 

* This document is also included in [7] as Section III. 

·~~~---~ ------- ...... ~ ---- --



3-11 

7. · Pennsylvania Oepartment of Transportation, Procedural Guide for 
Applicants; Bureau of Mass Transit Systems Pub. #132, November 1975. 
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Chapter 4 

DESIGN OF TRANSIT NETWORKS, ROUTES ANO FIXED FACILITIES 

Efficient design of the transit network, individual routes 

and facilities is an important prerequisite of good transit service 
and economical operation. This Chapter contains a review of the 
basic design features of a transit network and related facilities. 

4.1 Transit Network and Routes 
In addition to planning individual transit lines, the operator 

must also analyze the total network and ensure that . it provides 
satisfactory service for the entire city. 

4.1.l General Network Requirements . Design of a transit 
network, or layout of routes in a city must be based on consideration 
of the following basic requirements . 

Area coverage expresses the extent or spread of a network in 
the area it serves; it is defined as the area served by the transit 
system. The area within a five-minute walking distance (about¼ 
mile) from all transit stations is considered as the primary served 

area. Points between 5- and 10-min. walking distance represent the 
secondary served area. But for outlying stations where many passengers 

use automobiles for access to transit, the ·served area is much great er; 
its approximate boundaries can be found only through surveys of 

passenger origins. 
Most of the potential passengers within a five-minute walk 

of a transit stop can be expected to use the available service provided 
it is of satisfactory quality. Beyond the five-minute radius, the per­

centage choosing transit rlrops off rather rapidly, as illustrated in 
Fig. 4. 1 due to unwillingness of people to walk so far. The curve 
plotted in Fig. ·4.l is hypothetical ; its actual shape depends on the 
type and quality of transit service offered as well as on various 

other local factors. 
In determining how far out the transit service should extend, 

ideally the entire urbanized area should be ·served . A publicly owned 

.. 

·· .7 



. Ill 
s.... 
C1.) 

en 
C: 

I!> Cl) 

100 

~ . 75 
"' C. 

~ 

"' .... ..., 
C: 

E 50 
0 
a. 
4-
0 

~ 

25 

0 
0 

4-2 

--- Simplified for planning 

' ." ' 
' .... 

........... .... --5 10 15 

Access time by walking [min] 

Figure 4.1 -- Per cent of potential transit passengers using 
transit as a function of walking access time . 

= ..-.~-- ·- __ ..z..:. ________ ___ _ 



4-3 

transit agency should attempt to extend its netowrk to cover as extensive 
an area as is economically reasonabl~ and social1y desirable, so that 
it provides a public service to the entire corrmunity. Private companies, 
on the other hand, often find it unprofitable to service the lower 
density outlying regions and can only be expected to provide transit 

service in areas for which external financial assistance is available. 
Number· of trips served should be maximized by proper network 

design. Travel desire lines may be. detennined from various origin­
destination studies; transit lines should be made to follow these 
desire lines to the greatest possible extent. 

Directness of travel should also be provided as much as 
possible. This concept is discussed in section 4.1.4. 

Transfers of passengers among lines should be minimized by 
designing long routes along the heaviest concentrations of desire lines. 

Cost of various system configurations must be weighed against 
the other characteristics of each, particularly the service quality . 

Topography and existing street network always represent con­
straints on the type of transit networks that are feasible. 

Optimum density of the network should be detennined through a 
trade-off analysis between density of lines and frequency of service. 
This point is discussed further later in this section. 

4.1.2 Types of Route~. By their fonn and direction transit 
routes can be classified"in.to several categories or types. 

Radial routes lead from a central area (usually the central 
business district) in radial directions to different suburbs or other 
major trip generators . These routes usually coincide with the location 
of the corridors of heaviest transit travel, but they often do not 
provide adequate distribution in the central area. 

Through routes are obtained by connecting two radial routes 
so that suburbs on opposite sides of the central area are directly 
corme,ted. This type of route provides better distribution within the 
central area; also , terminal facilities in the CBD,where land is parti~ 
cularly valuable, are not needed. Attention must be given that both 
sections {radial segments) of a through route have similar passenger 
volumes to avoid uneven- utilization of provided capacity. 
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Circumferential routes follow a circumferential direction with 
respect to city center. They connect radial routes and serve for 
better distribution of their trips . They also serve medium and high 
dens.ity points in the area irrvnediately surrounding the CBD. These 
lines are often well-utilized since they serve a relatively even 
density of travel throughout their entire lengths and thus, are 
not subject to the problems associated with a high demand on one 
part of the line. A problem with circumferential lines is that 
if they are located at a distance away from the CBD they often do not 
have sufficient demand to make frequent service feasible. 

Crosstown routes have perpendicular direction on radial routes 
and usually have the same functions as circumferential routes. 

Irregular routes include all routes whi ch do not belong into 
any of the above categories . 

4.1.3 Types of Networks. Although most transit networks are 
irregul'ar, some have forms which can be classified into the following _ 
categories. 

Radial -circumferential networks consist predominantly of radial, 
through, and circumferential routes. Radial routes often have branches 
toward their outlying sections. In planning branches of radial lines 
problems of regularity of service on the sections after convergence 
of branches must be carefully analyzed to prevent "pairing" of vehicles, 
wherein an overloaded vehicle is followed at a short headway by a 

lightly loaded vehicle . Thi s proble:n may be particularly acute during 
the peak hours. 

Rectangul ar networks are typical fer cities with rectangular 
street patterns. They do not have the problem of overconcentration of 
routes on a few arterials sometimes characteristic for radial networks; 
on the other side, rectangular (or griq) networks do not follow travel 

desire lines as closely as radial networks do, so that they may require 
more transfers. Rectangular networks are usually poorly suited for 
non-axial trips. 

Combination networks consist of both radial and crosstown routes, 
often minimizi ng disadvantab~s of both radial -circumferential and 
rectangular networks. 

--..-----__. .. .., .... .,.,. _ _,..~:-~ ... -•." ~•• ,-..---•-,,.-". --------rt'Tfl . 
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Irregular networks ·are created due to irregular street 
networks, topographic limitations or other factors. In designing 
such networks all requirements for transit networks discussed above 
should be carefully considered. 

Shown in Figs . 4.2 and 4.3 are schematic networks and route 
configurations demonstrating selected types of each. 

4.1 .4 Transfers between Routes. Passengers always prefer a 

direct ride in one vehicle to travel which requires a transfer. 
However, objections to transfering depend greatly on the conditions 
under which the . transfer takes place. ru~ to serious neglect of 
transfer facilities during the last 2-3 decades, there is an exaggerated 
belief that a transfer is one of the greatest obstacles to use of 

transit. Experience of cities which have developed excellent transfer 
facilities between routes and among different modes (Toronto, 
Lindenwold Line in Philadelphia, Cleve1and, Edmonton, Munich) clearly 
shows that: · 

l. A network of routes can operate much more economically and _ 
offer higher frequency of service with transfers than if attempts are made 
to avoid them at all costs. 

2. Transfer stations can be very efficiently integrated with 
such facilities as long-distance terminals, shopping centers, ad­
ministrative complexes, etc. 

3. When transfers are well-designed and operated, passenger 
objections to transfering are diminished. 

The basic elements which must be provided for transfering are: 

- Convenience: short walking, escalators, full weather pro­
tection, etc. 
Cleanliness, comfort and safety 
Excellent information about directions, routes and schedules 

- Short waiting time 
- Availability of amenities such as telephones, minor food 

shops, drug store, etc. 
Transfers between lines with short headways never present 

problems with waiting time; transfers from lines with short headways to 
lines with long ones do involve waiting. Transfers among suburban 
routes with long headways can be organized through the "time transfer focal 
point" system. This system utilizes selected points at key locations 
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such as suburban towns, shopping centers, etc. for transfers . 

Vehicles from all routes are scheduled to arrive simultaneously 

and spend at least a 5-minute terminal time there before returning to 
their routes. This time insures some overl ap in standing times 

among routes, thus allowing two-way passenger exchange among all 
routes . 

Transfer among different modes, particu_larly park-and-ride 
and kiss-and-ride, are becomin.g increasingly important. The basic 

principles of design of outlyi ng rapid transit st~tions, including 
treatment of pedestrians, buses and private automobiles, are 
presented in [14] . 

4.1.5 Directness of Routes is defined as the ratio of the 

actual physical travel distance between two points via the transit 

system to the straight line distance between these two points . It 
is desirable to minimize this ratio; however, -route layouts are 
often constrained by street patterns and topography. Directness of 
routes for the entire system can best be minimi zed by connecting 

large traffic generators and placing routes along the most concen­

trated travel desire lines, while serving ·populated areas between 
them as ·much as possible. 

While directness of route is a desirable _goal~ -it often con­
flic ts with area coverage which should be maximized. - Area coverage 

can often be increased by the use of mbre ci rcuitous\.)'.'outes. Where 
demand for transit is high, it is ·feasible to have direct routes 
that provide good area coverage; however, in areas of low demand , 

service would be too infrequent if only direct routes were used. 
When circuitous routes are necessary, it is desi rable that their 

greatest circuity occur on outlying sections of the route so that the 
least number of riders are del ayed. This i s i llustrated in Fig. 4. 4 

by examples of a good circuitous route -- offering a good area coverage 

in the suburb -- and an example of a poor circuitous route that would 

be justifiab1e only under special circumstances. 

4.1 .6 Spacing between Routes. The distance between parallel 

routes should be determined from the density of travel demand along 

the parallel corridors, keeping in mi nd t hat a person is considered 

to be"well-_served by transit if he resides within a ¼.-mile (five minute 

• 
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a. Circuitous routing at end of route: acceptable. 

b. Circuitous routing at mid-route: undesirable. 

Figure 4.4--Examples of circuitous routing in bus operations . 
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walk) of a transit line. For a given demand for transit in one 

jirection, there is a choice between offering a few routes with 

frequent service and many routes with infrequent service. A simple 
theoretical exercise illustrates this ·trade-off very clearly. 

Suppose that in a corridor shown in Fig. 4.5 with.a width W 
there is a total demand for F transit vehitles/houf. · Servi~e· can be 

~rovided in several diffe ren t ways. In the first case (a) 3 parallel 

~ "in, s are provided; the naximum wal king distance to a line from any 

~oint within the corridor is W/6, while the average walking distance 
i s W/12, assuming a uniform population density across the corridor. 

Frequency of service is F/3 on each line. In the second case {b), 
frequency has been increased to F/2 by eliminating one line.· Here, 

the maximum walking distance is W/4, and the average is W/8. Fin~lly, 

if all lines are consolidated into one central line (case c), a 
frequency of F vehicles per hour can be offered, while the maximum 

walking distance is increased to W/2, and the average to ¥t/4. 

In general, it is preferable to have fewer lines with very 

frequent service than many lines with infr2guent service. Operation 
J f simi1ar types of lines parallel to each other at short distances 

( less than ½-mile) represents a duplication of service and results 
in a lower overall quality of service than could otherwise be: provided. 

If there is sufficient demand, line specing every ½-mile · 

(requiring a maximum walking distance of only J... mile) is desirable. 
In areas where demand is -not sufficient to support frequent service on 
lines spaced so closely, it may be desirable to increase spacing some­

what (up to a maximum of about l mile) in order to maintain reasonably 
frequent service. At line separations of one mile, half of the 

served area is within ~-mile of the l i ne and nobody has to walk farther 
\ 

than ½-mile (about a ten minute walk) to reach a transit route. In 
areas· of very low demand, · it is preferabl e to r educe the frequency of 

servi ce rather than increase· separation of lines farther than one 

mile because serv ice will be infrequent enough to require users to 

rely on the schedule while a further separation of routes will result 

in very poor area coverage. 
The characteristics of · the potential users can also be a factor 

in deciding on line separation. The above discussion assumed that 
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TRAVEL CORRIDOR 
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Figure 4.5 -- Relationship between line spacing and frequency of 
service for a given fleet s ize. 
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fhe ·primary access mode to the transit line is walking. Where there 
is a poss i b i1 i ty for kiss-and-ride or park-and-ride access to tr~ns. it, 

such as for rapid transit or expres s bus service to the CBD from the 

suburbs. line spacings may be greater than -~ mile. On the other hand, in 

cases for which many riders are captive riders and there is a large 
number of young children and elderly persons who are riders, i t is 

desirable to keep transit lines separated by not much ~ore than 1/2-
mil e so that walking di s tance to the transit stops remains short . 

·4. 2 Street and Highway Design 
Speed, reliability and safety of trans i t operations depend con­

siderably on physical facilities and the operational measures which are 

provided for transit along its routes. By far the best results are 

achieved through full separation of trans i t from other traf fic, i.e. 

through provision of privat~. rights-of-way . However, even on existing 
streets it is possible to introduce a number of measures which can 

significantly improve transit operation. These measures are described 

in this section. 
All traffic engi neering measures should_ comply with the practices 

and standards recolTlllended in the Manual on Unifonn Traffic Control Devices 
* (MUTCD) . :- The only exceptions may be special transit regulat ory devices 

·- which are not covered in the MUTCD. Another helpful technical document 
i s the Regulations, listed as reference Q2] in this chapter. For the 
introduction of exclus ive transit lanes, one-way streets or parking 

prohibitions a city ordinance i s usually required. 
4. 2.l Transit Priority at Inter sections. Treatment of transit at 

intersections i s of particul ar importance since most delays and accidents 

occur at those locations . 
Uns ignal i zed intersections are the most corrmon t ype of at-grade 

i ntersections. For the purposes of t hi s Manual , unsignal ized inter­

secti ons are classified as either (l ) those in which one cross-s treet 

carries a t ransi t rou te , and (2) t hose in which two or more of the 

i nt er secting streets carry t ransit routes. 
In t he f irst case the street carryi ng transit should be given 

*This document, [13] , can be obta ined from the U. S. Government 
Pr i nti ng Office. ·washington, D. C. 20402; pri ce $3 .50. 

• 
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priority, This may be accomplished by installing stop signs for 

vehicles on the other intersecting streets. Four-way stop signs are 

not recommended at intersections of arterials with transit routes; 

They cause delay, decrease riding comfort and increase exhaust emissions 

by buses . 

The rationale for installing stop signs on cross streets, as illus­

trated in•Fig. 4.6, is the much greater occupancy of transit vehicles 
compared with other vehicles and the general principle of favoring 

transit to increase its competitiveness with the private automobile. 

Fiqure 4.6 

® STOP 

Transit Route 

Priority for streets carrying transit: unsignalized 
intersection. 
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In the second case, when two or more intersecting streets carry trar.sit 

vehicles, priority should be given to the street which carries the grea_test 

volume of persons including both transit and auto traffic, as Fig. 4.7 shows. 

Again, four-way stop signs are not appropriate for such intersections. 

Signalized intersections offer some excel lent opportunities t o increase 

both the speed and reliability of transit service. 
The same general principles used at unsi gnalized intersections can be 

used for signalized ones. Using the number of persons moved through the 

intersection as the basic design criterion results in aliocation of longer 

green phase for the street with a transit line. Although this measure may 
result in increased delay to vehicles on streets without transit, the total 

person delay in all -vehicles is minimized; in addition, attractiveness of 
transit service is increased . 

Where it is possible to examine and revise the signal netYKlrk for an 
entire area or section of the c.ity, signals on streets with transit service 

should be coordinated for progression (a through-band should be provided for 

vehicles travelling at a constant speed) . Afterward, timing for the remainder 

of the network is done . 

11ith other types of signal control, such as area-wide volume responsive 
or computerized programs, the same principle of favoring movement of transit 

vehicles can be introduced. 
While the transit agency has no jurisdiction over changes in these areas, 

it must actively seek the support and cooperation of the city's traffic engineer­

ing department, the State Bureau of Traffic Engineering and Bureau of Mass Transit 
Systems by demonstrating the benefits that would result from the types of 

improvements discussed here. As shown in Section 5.7, the great significance 

of time saving to be realized from small investments should not be overlooked. 

Signa l actuation by transit vehicles is an even better solution 

than signal adjustment (although one which requires higher investment). 

This is accomplished by actuat ion of signals by transit vehicles, either 

electrically through a continuous wire or electronically via a radio trans­
mitter. Using thi s type of system, the driver of a transit vehicle can 
send a signal ahead to a receiver attached to t he traffic 

---·· ----·--· 
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signal controller at the intersection which he is approaching. A 

phase selector then interrupts the norrnal signal pattern to give 

the transit vehicle a green signal, either by holding the green 

light in the direction of the transit vehi cle or by acc~lerating the 

normal cycle (shortening the red phase) to provide a green interval 
by the time the vehicle reaches the intersection . 

Extension of -~1e green time can occur at the beginning or at 
the end of the nonnal green time, but not at both. This insures 

· that a minimum cross street green interval is always provided . 
As an example, suppose that a major street has a "through band" of 

34 seconds, leaving a normal -green phase for the cross of 26 seconds 

on a 60 second cycle. Suppose also that the minimum required grl:!en for 

the c~oss street is only 16 seconds, allowing a possible extension of 
green on the major street to 44 seconds. These extra 10 seconds could 
be taken either before or after the "through band", giving a total 

of 54 seconds out of the 60-second cycle in which the transit vehicle 
could pass. The main limitation of signal actuation by transit 

vehicles is that it can be effectively applied only where transit 

vehicles are separated from other traffic, i . e. on transit streets or 

on streets with exclusive transit lanes. 
The advantages of int roducing such a signal actuation system 

over a large network can ·be particu)arly significant for increasing 

trans it speed. 

Transit vehicle turning movements are an important consideration, 

both in the geometric design of intersections and in traffic signal 
operation. 

In the case of a right turn , a special lane can sometimes be 
provided allowing free turn of transit vehicles separated by a channeli­

zation island. 
Left. turns are somewhat more difficult to acco:rmodate due to the 

conflict between traffic f lows they cause. The best means of giving 

pri ority to transit is to p~ovide a special left turn signal -phase, 
preferably before the t hrough traffi c phase (advanced green); in some 

cases a phase following that for through traffic (lagging green) can 

also be successfully applied. 

- ~,------- ►-
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4.2 .2 Transit Stop Locations. In planning transit stops two 

decisions must be made. First, the approximate spacings between 

stops should be decided (this problem is discussed in section 5.7); 

and second, the locations of stops along streets should be selected; 

this problem is discussed here. 
There are three types of locations for transit stops along 

streets: near-si de (NS) , or at the intersection, prior to crossi ng 

the cross street; far-side (FS), or at t he intersection, passed the 

cross-street; and midblock (MB), or away from intersections. There 
is a practice in many cities to adopt one type of s top location and 
to use it throughout the city. Most commonly, a NS stop policy is 

used, sometime FS, while MB stops are found in specia l cases onl y. 

However, uniformity of stop l ocation is seldom justified . The only 
significant advantage of it is that passengers become accustomed 

to a standard locati on and there is less opportunity for confusion; 
but if stops are properly marked, this problem is largely resolved, 

regardless of whether there is a uni form stop l ocation policy or a 

combination poli cy. On the .other hand , various factors influence 

choice of location and there are considerable advan t ages to us ing 

different types, particularly NS and FS, at different l ocations along 

the same route. 
Major factors influencing t he choice of stop locations are: 

- Timing of traffic signals ; 
- Geometry of turning and stopping; 

- Vehicular and pedestrian traffic conditions; and 
- Passenger access . 

Each of these factors are reviewed here. 
Signal timing can be an important factor in choosi ng stop loca­

tions. The main reason that transi t vehicles do not travel as qui ck ly 
as automobiles on city streets, is that they must stop not only for 

. traffic signals, bu t also to pick up and discharge passengers. Thus, 

their operating speed can be increased if the need to stop for a 
red light can be combined with a transit stop. Where the transit 

vehicle encounters a green light, the transit stop should be located 

beyond the signal, i.e. FS, so that the vehicle can take advantage· 

of the green phase. Si nce, at a given intersection, the transit stop 

" 
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remains at a fixed location, the proper placement of the stop depends 

upon whether a green or a red phase is expected ( i . e. is "probab 1 e_") 

as the transit vehicle reaches the intersection. In the case for 

which traffic signals are not sy~chronized (i.e .• they are not timed 

so that a vehicle moving at a constant speed will reach each traffic 

signal during the green phase) and where the traffic is moderate to 

heavy, there is not 'ikely to be a significant time saving by using 

either NS or FS stops. In this case the proper placement of the 

transit stops should be determined by examining other factors which 
are discussed later in this section. Where traffic is light, or where 

a separate bus lane exists, it may be possible to predict in each 

signal cycle when the transit vehicle wi 11 most probably reach the 
intersection; thus, transit stops can be planned so that delays 
caused by signals are miniit1ized. 

In the case where traffic signals are fully synchronized there 
is a "through band" at a given speed, the transit vehicle will 
periodically drop out of one band and wait for the next one . The time 

the vehicle loses should be utilized for stopping at one or two passen­
ger stops. This is best achieved by use of alternating NS and FS 
stops. This method can result in time savings as high as 10 to 15% 
over operating on streets wi t h all-NS or all-FS stops . 

Figure 4. 8 illustrates the concept of alternating NS and FS 
stops. The figure shows the path of one transit vehicle stopping at 

NS stops and another vehicle us ing FS stops . Time lost at stops for 

passenger boarding/ alighting is assumed to be the same for both runs . 

The diagram shows that both runs have equal travel times over the plotted 

section , although t he all-FS policy requires the vehicle to stop more 

times. If, however, the NS and FS locati ons are alternated , the transit 
vehicle delay will be consideably shortened, as t he t hi rd line on the 

diagram shows. 
In some situations, there may be a sequence of NS and FS stops 

which yields an even higher operating speed than simply alternating them, 

since vehicle delays depend on the frequency and duration of stopping 
for passengers and the signal synchronization pattern. However , two 

basic rules are always valid: 
l. When a NS stop is followed by two or more progressively coordina-
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ted signals, the following stop should be FS. 

2. For any length of s ignal phases and length of delays at 

stops, alternating NS and FS stops are at least equal to,· 

and usually considerably better than all-NS and all-FS 
stop policies. 

The method of alternating NS and FS stops on streets with 

synchronized signals usually cannot yield as significant speed increases 

as can signal actuation by transit vehicles; however, signal 

cctuation requires a considerably greater capital cost and a re-

served transit lane. By contrast, obstacles to introduction of 

2lternating NS and FS stops are minimal . 

Geometry of bus turning and stopping bays may influence stop . 
locations. Where a bus must turn right it cannot often do so from the 
curb lane because its turning radius is larger than the curb radius. 

In this case a FS stop is preferable to a NS stop. Where a left 

turn must be made and there is more than one lane of traffic in the 
same direction the turn is made from the left lane, so that FS stop 
is prefer.able. 

Where a bus must pull out of a traffic lane into a no-parki ng 

zone along the curb lane, or into a special bay for a stop, the length 

cf stop required for bus maneuvering must be considered. Since the 
approach to the curb requires a greater length than that needed for 
departure, a far-side locat ion i s preferable where it is desirable 

to minimize the curb space preempted for bus stops. Table 4.1 gives 

the curb lengths needed for typical bus stops. 
Traffic conditions must also be considered in stop loca tion. It 

is desirable to locate bus stops so as to minimize interference wi t h other 
vehicular and pedestri an traffic. Interference'with turning movements of 

other vehicles, ability of the bus to merge into traffic , and visibility 

at pedes trian crossi ngs are the most important items and they should 

be studied at each bus stop location . In general, the NS location 
causes the least amount of interference when the foll owing conditions 

are present: 
,.._. r~. , . 

- Approaching traffic i s l ighter than the exit traffic on 

on the transit street; 

- Cross street i s a one-way street with traffic flowing 

i 
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Table 4.1 - Minimum desirable bus curb/freeway loading zone lengths. 

Approx. bus Aporox. bus One-bus stop Two-bus stop: 
seating cap. 1 ength NS FS MB NS FS MB 

30 and less 25 90 65 125 120 90 150 
35 30 95 70 130 130 100 160 

40-45 35 . 100 75 135 140 110 170 
51-53 40 105 80 140 150 120 180 

Note: The length of stops i _s measured from the extension of a 
building line or established stop line, whichever is appropriate. It 

is based on the side of the bus being positioned one foot from the 

curb; for the bus to be as close as 6 inches, 20 feet should be added 

to NS stops, 15 feet to FS stops, and 35 feet to MB stops. NS stops 

should be increased 15 feet where buses are required to make a right 

turn. If there is a heavy right-turn movement of other vehicles, the 

increase should be 30 feet. The FS lengths are based on roadways 40 

feet wide, which enables buses to leave the loading zone without 

passing over the centerline . The length should be increased by 15 feet · 

for a 36 foot wide street and 30 feet for a 32 foot width . 
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from right to left; 
Number of vehicles that turn right from the transit . 

street is small . 

For the opposite conditions, a FS stop causes less disruption . 
Passenger access should al so be carefully considered. Stops should 

be located where waiting passengers are well-protected from traffic , 

have sufficient space for circulation and comfort and do not impede 

the pedestrian flow on the sidewalk. Where there is a major pedes­
trian generator, e .g. a major store or office building, ·it is prefera­

ble that the stop be located on the same side of the street, parti­

cularly at busy inters~ctions where there are no special pedestrian 

crossings or signal systems. 
At intersecting points of two or more bus lines, the stops 

should be located to minimi ze the walking distance required for trans­

fer between buses, as shown in Fig. 4.9. 
Mid-block stops (MB) are, in general: undesirable for the fol­

lowing reasons : 
- t hey require longer walking to cross streets and transfer 

points; 
- they occupy more curb space; 
- passenger jay wa lking is encouraged. 

However, in certain cases mid-block stops are desirable . Factors 

that can l ead to a choi ce of m·id-block location include the following: 

- location of a major traffic ~enerator at mid-block; 
heavy pedestrian traffic at an intersection which would re­
sul t in interference among waiti ng passengers and pedestrians; 

- unusual traffic or geometric conditions at an intersection 

which make stopping there undes irable; 

-~·~_: ·;, ... ,: - bu_s is . turning l eft and FS stop is not poss ible . 
~ ' in ~oncl us ion , no s imple rule can be given that states categori­

cally whether NS, FS or MB locations are best for transit stops . 

Each transit stop location should be selected on the basi s of the 

discussed factors. 
4.2.3 Parking on Transit Streets . The operation of bus service 

in mixed traffic can be improved by prohibi tion of curb parking on 
streets with transit routes. The benefits from such a policy i nclude 

·--~~···••....------ "":Ill""""'--~-~ ·· .......... 
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faster bus operation and reduced friction between automobile 

traffic and buses. The faster bus operation results i n increased 

ridership. and cost savings to the transit agency. 

Since, a transit agency typically does not have authority over 

parking regulations, cooperation is required from the appropriate 

city agencies to introduce effective parking regulations . While . ; . '. . 
elimination of parkirJ along transit streets is almost always de-

sirable from the standpoint of speeding up transit operatioi:11 there 
are other factors important in considering a ban on parking . The 

problem is essentially a trade-off between improved t ransit opera­
tion on one side and the convenience of on-street parking for auto 

drivers on the other side. The following factors should be examined : 
Number of existing lanes for moving traffic. Where there is 

only one lane of traffic ar.d one lane for parking in each direction 
on a street, traffic flow is often interrupted since any car that 

slows to park forces the fo11owing vehicles to s top . In addition, 
every time that a bus stops , it interferes with the traffic f low. 
In this situation, a significant increase in operating speed and 
re1iabiiity can be achieved by parking prohibition. In the case where 

two lanes of traffic flow are increased to three, the benefits are 
usually less dramatic, although not insignificant. 

Traffi c volume.On streets where traffic flow is very light, t he 
benefits derived from an added lane are obviously ·riot as si gnHfc:ant 

as t he case where traffic flow i s very heavy. Thus, on some streets, 

a ban on parking would be aporopriate only during the peak hours. 

Frequency of transit service. The more frequent transit service 
is, the more trans it riders ,-Ji 11 benefit from the i mprovement. Thus, 

the i nconven ience caused by a ban on parking may not be justified 

on a very low-frequency transit route, but justified on a similar 

street where transit frequency is higher. 
Type of neighborhood. In t he older residential areas of many 

cities on-street parking is a necessity because of the l ack of drive­

ways. Here, it i s clearly undesirable to try to prevent on-street 

parking even if the existing traffic flow is slow and congested. If 

it is desired to obta in an extra lane of traffic for faster and 

---· mor e rel iable transit operation, consideration should be given to · · 

making a pair of one-way streets. In newer residential areas, the 

- -r ·--· 
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the problem of needed parking spaces on the street usually does 

not exist; yet, res idents may object to giv ing up the convenience 

of on-street parking. This resistance should be overcome by 

showing the potential benefits from such a measure. 

In CBO comnercial areas a good case can usually be made fo r 

prohibition of on-street parking along transit routes. Generally, 

municipal and private parking lots are available, and the merchants 

do not have to depend solely upon the few parking spaces which 
front their establishments in order to attract business . In addition, 

increasing the operating speed and reliability of transit i nto the 

CBO i s likely to attract more customers who usually shop i n the 

suburbs to patronize stores in that area. Unfortunately, most 
store owners greatly overestimate the importance of curb parking 

spaces for the ir businesses and oppose parking elimination and plans 
I 

for transit 1anes, streets or pedestrian malls prior to their intro-

duction; later results in most cases change their attitudes. 

In neighborhoods without off-street parking facilities prohibition 0 f 

on-street parking may be difficult or ir.ipossible unless sufficient parking 

is available on cross streets. This is often the case in older areas 

around the CBO. Farther out, in newer suburban areas, off-street parking 
is usually provided and a no-parking policy on transit streets is often 

feasible. 
Loading zones. Where reserved loading zones exist in sections of the 

parking lanes, a substitute arrangement for deliveries must be made. 

Provision of load ing zones around the corner on cross street s i s often 
a satisfactory solution. Another possibility is allowing loading in the 

evenins and morning hours when buses can easily use other lanes. 
4.2.4 Criteria for Establishment of Reserved Transit Lanes. Where 

transit vehicles and private automobiles must share t he same traffic 

lanes, the result is a mutual interference of the two types of vehicles. 

Automobile drivers are annoyed by having to slow down as a transit 

vehicle stops for passengers during a green l ight . Simi larly, buses 
are impeded in pulling out from stops by a heavy traffic flow, which 

results not only in a slower operating speed, but also , as importantl y , 
in a less reliable . transit servi ce . · Thi s probl em occurs in the downtown area. 

and on major arterials leading into almost every city. The most 
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effective means of resolving the conflict is to introduce lanes 
reserved exclusively- for transit vehicles . . • 

A reserved transit lane has several benefits. By separating · 
transit vehicles from automobiles, both ~eed and -~eliabilitv of 

transit operations are greatly increased. The separation also 

facilitates preferential treatment Q-f. -tran.H vehicles at inter­

sections, further increasing their operating speed . In addition, 

while a reserved transit lane may hav·e been previously one of the 
. . 

automobile lanes, the automobile traffic flow 1s riot ·necessarily 

impaired. First, the increased homogeni ty· qf- tr~ff.i c he 1 ps to 

speed up the automobile traffic. Secondly, if the reserved transit 
lane is planned properly with

0
hi~h service quality, a substantial 
< ~· 1· 

number of automobile drivers should be diverted to the transit system. 
If diversion is very high both tra'nsit arid -automobile traffic speeds 

are increased. Thus, a reserved transit lane m6y result in faster, 
more reliable, and more frequent .t~aqe,i_t -service, as well as a 
faste~ flow of automobile ·traffi c: · -~ . 

Criteria for introduction of tra·nsit lanes vary among cities. 

In some cities a reserved transit lane is conside~· justified only 

if there are a large number of tran~~ t vehicles per hour, i.e. where 
there are sufficient transit vehicles to consume a large fraction 

of a lane Is capacity_. This criterion rie_gl ects -the fact that 
it is not the number of vehicles which is important, but the number 

of passengers carried by transit which"-sl1ould bif· the main consideration. 

Consequently, the number of passengers carried by buses versus the 

number carried by automobiles on the same street should be the criterion: 
1vhen buses carry as many persons per hour as private automobiles 
carry on the average per remaining lane, reserving the lane for buses is 

justified. Bus headways are thus not directly relevant. 

However, . even this criterion may be too conse,.ati v~ and biased 
against transit in some cases. If the introduction ~f -·a''~eserved 

lane is expected to improve transit so much that a substantial number 

of auto drivers are diverted to transit, a reserved bus lane should 

be introduced even if it carries somewhat fewer passengers than pri­

vate automobiles in other ,anes. 
Cities which are trying to reduce air pollution or automobile 
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congestion might embark on setting up reserved transit lanes where 
there exists a large number of potential transit users. Such a 

policy encourages transit use and discourages private automobile · 
use in a given area . 

In order to establish a reserved lane for a transit vehicle. 
there must be sufficient roadway width to provide both transit and 

automobile lanes; thus there should be a minimum of one lane of 
traffic and one transit lane in each direction. In cases of break­

downs in either of the two lanes vehicles can utilize the other 
one. In general, the wider a street, the more suitable it is for 
introduction of a reserved transit lane. 

One important point that should be remembered about reserved 
bus lanes is that enforcement is very important. Many reserve bus 
lanes are only separated from other traffic by pavement markings, 
and when the automobile traffic lanes are congested, they provide 
a tempting additional lane for motorists. Unless there is a strict 
enforcement policy, especially when the reserve lanes are new, 

frequent violations may occur, defeating their advantages. When 
frequency of transit vehicles is very high, transit lanes are 
practically seif-enforcing. 

If reserved transit lanes exist only during the peak hours 

and at other times are available for on-street parking. it is 
important that all parked cars be removed from that lane when the 
peak hours begin. This type of operation must have particularly good 
signing, strict penalties, and a tow-away program. 

4.2.5 Design of Reserved Transit Lanes. There are three types 
of transit lanes on city streets: 

- Curb lanes 
- Contraflow curb lanes 
- Central median lanes . 

Main characteristics of each type are described here. 
Curb lanes are the most corrmon type since they are the easiest 

to introduce. Their position allows buses easy passenger boarding/ 
alighting. The problem exists with right turning vehicles where 

this movement cannot be eliminated. If the turn is made from the 
lane adjacent ro (to the left of) the transit lane, the turning movement 

must be separated. from bus movement by signals; if turning autos 
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3re permitted into the transit lane, buses may be slowed considerably 

!t loca tions of heavy turns or heavy pedestrian crossings at which· 
Jutos must yield right-of-way. 

Enforcement may also be a problem. Construction of a raised 

curb can solve it; but on the other hand, it prevents movements 
of vehicl es between lanes i n case of breakdowns. The curb also may 

represent a hazard if it is not carefully designed; it also requires 
cons iderably higher investment cost. 

Cootraflow curb lanes are usually extreme left lanes on one-
~ way streets, again allowing the bus to stop along the curb for passengers. 

The number of existing contraflow lanes is rather smal l, but it is 

:ncreasing. 

Compared to a normal-fl ow curb lane, a contraflow lane has 

~he following advantages: 
+ It is "self-enforcing": automobile use of t he lane is minimized 

even when no physical barriers exist. 
+ The problem of right turning vehicles does not exist. At the 

same time, left-turni ng vehicles have less difficulty than 

they would on an ordinary two-way street. 

~he disadvantag~s ·of contraflow lanes are: 
- There are two safety hazards associated with them. One is 

the obvious potential for head-on collisions with an auto-
mobil e getting into the lane - a problem which can be satisfac­
t orily solved by a liberal application of pavement markings plus 
the use of overhead signs or lane signals . Ideally, the pavement 

for the lane should of different color and texture. 

The other safety problem relates to pedestri ans wal king 

across the reserved 1ane. Since at first glance all traffic 

appears to be moving one-way, pedestri ans may not look in 

the direction from wh ich the transit vehicles are traveling. 
A low barrier or fence at the edge of the sidewalk (except 

at stops) can reduce this danger. 
- On a one-way street, traffic lights are often synchronized. 

The movement of a transit vehicle operating in a contraflow 

lane may thus be slow since its direction of travel is 

opposed to the progression of the traffic signals. 

cs e e s -,------.--
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Central median lanes are placed in the center or median of wide streets. 

Two lanes are usually reserved for transit--one in each direction. Median 
transit lanes have the following important characteristics: 

+ The problem of automobi les penetration of reserved lanes does not 
exist since the center lanes are usually separated from the auto­

mobile lanes by curbs. 
+ The problems associated with turning vehicles or of oncoming vehicles 

illegally using the lanes do not exist as they do for nonnal flow 

and contraflow reserved lanes. 
+ If cross traffic and left turns can be limited to only a few inter­

sections, a very high operating speed can be achieved. 

Disadvantages of central-median reserved lanes include: 
- Wide streets are required in order to obtain a center median . 
- The cost of implementation can be significant since reconstruction 

of a c~nter median is often required . 
Since passengers must board and alight in the center of the street, 
adequate transit stop areas must be provided. 

- Left turns must be given special signal phases or eliminated. 
4.2.6 Transit at Intersections. Although transit agencies are 

not directly responsible for the design of street intersections, whenever 
existing intersections are modified or where new intersections are being 
designed whic.h may be used by transit vehicles, the transit agency should be 
consulted to check adequacy of design for its vehicles--to allow easy move­
ment of buses, trolleybuses or rail vehicles. 

The main problem of transit vehicles .at intersections are associated 
with turning movements. For buses, the inside rear wheel follows an arc 
close tQ the curb, while the outside of the front fender follows an .arc 
farthest from the curb. Figure 4.10 i l lustrates a bus turning movement with 

the important turning radius data for severa l different bus models. It can 
be seen that the more a curb is cut back at the corner, the less the bus 
must pull out of its lane to avoid running over the curb. However, in the 
downtown area of many cities, extensive curb flaring may cut down on side­
walk area needed for pedestrians at the intersections. Thus, curb flaring 
should be limited so as not to seriously interfere with pedestrian movement 
and safety. 
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CHARACTERISTICS OF BUS TURNING RADIUS DATA 

GMC No. of Body Length 
MODEL Seats . Wid.th Length Wheel Base A B C D 

. •tt~·-.\ ... 

TDH3301 A 35 8'0" 29 ' 3" l 5 I 7 U 1 '8" 29'2" 33 '0" 17 I 5n 

TDH4521 
SDH4501 45 8 ' 0" 35'0" · 19 I 7 II 0' 1 O" 31 ' 2" 36' l" 22'2" 
SDH4503 

.. · . . : :: 

TDH4520 45 8 1 611 35 ' 0" 19 I 7" 0' 1 O" 31 I 4 11 36'3 11 22'4" 

TDH5306 53 8'0" 39 ' 11" 23'9" 1 '9" 37 'l" 42 '1" 26 ' 3" S8M5303A 

TDH5305 53 8 1 6" 39' 11" 23'9" 1 '9" 37'3" 42'3" 26'5" 

P04107 41 8'0" 35 I 1" 21 I 7 II 4'0" 39'6" 43 '6" 22'3" PD4108. 

c>04903 49 8 '0" 40'0" 26'6" 4 '9" 45 '0" 48'6" 25'0" ?D4905 

SOURCE: General Motors Truck and Coach Division 

figure 4.10 - - Turning characteristics of transit buses 

.. .. ----· ,._ . · --,....---•-·--,,-·----- · ·-· 
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4.2.7 Design of Transit Stops . There are three basic types -of bus 

stops: 

- Stops along a straight curb; 
- Stops in "No Parking" zones of parking lanes; and 

- Bus bays . 
Choice among these types depends on several factors including: 

- Whether there is a reserved transit lane; 

- Intensity and speed of automobile traffic; 

- How strongly transit is favored over other traffic; 

- Duration of bus standing at stops. 

A corrmon practice in many cities, particularly where excessively frequent 

stops exist, is that the bus does not pull into the bus stop area but remains 

in its travel lane. Drivers often do this to avoid the problem of getting 

back into the travel lane when traffic is heavy, or just because it is 

easier for them not to make the maneuver. This practi ce has serious dis­
advantages: it is less safe and less convenient for passengers to board buses 

from roadway than from curb; in addition, a travel lane is paralyzed during 
the bus stoppings. Stops in a travel lane may be used when other traffic 

is light, or where stop durations are usual ly short. In such cases the side­
walk may be widened to reach the travel lane allowing boarding from a curb 

and making the parking lane a long bay with easy enforcement. 
The pulling of buses from stop areas into travel lane should be facili­

tated where traffic flow is heavy either by the introduction of an advanced 
bus signal at NS stops, or by their change into FS stops. 

Recessing bus stops into the curb parking lane or bus bays have the 
advantage of eliminated impedance to other traffic, but they involve a 
slightly long maneuver and some time loss in pulling back into the traveled 

lane. The most common stops are in parking lanes in which "No Parking -

Bus Stop"' zones are designated. These stops reguire very low cost to intro­
duce and they can be combined with use of the same lane for moving traffic 

(unrestricted or bus lane) during the peak hour. A serious drawback of this 
type of stop is that illegal parking or stopping in them is. frequent unless 

enforcement is extremely stringent. Any obstacle in the bus stop zones causes 
buses not to use them or to pull into them only partially blocking the 

second lane during the stop. It is therefore always desirable ·that bus stops 
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180' 

Figure . 4 . ll -- Design of doubl e mid- bl oc k bus s top . 
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be separated from the parking lane by curb design, such as shown in Fig . 7.3. 

This design cannot be applied in lanes which are used for moving traffic at 

any other time. 

Bus bays, shown with dimensions in Fig. 4.11, have excellent operational 

and safety features when their introduction is warranted, as for the follow­
ing cases: 

Where there is only one traffic lane in each direction and traffic 

is not heavy enough to seriously impede the reentry of the bus into 

the traffic lane; 

Where there are a large number of passengers boarding or alighting, 

necessitating a prolonged sto~; 
- Where the curb lane is reserved for transit, bays are needed only if 

there is an extremely heavy volume of buses and their mutual over­

taking is desired . This is a rather exceptional situation. 
Where bus frequency is high enough to require bus stops for two vehicles, 

the lengths of the stops should be increased by one bus length plus 5 feet . 

Pedestrian loading islands should be provided where transit vehicles, 
bus or rail, operate in a center lane and, in some cases, where a transit 

stop is located directly before a left turn so that straight-through traffic 
passes on the right of it. Pedestrian loading islands should have the 

followi ng characteristics: 
Protect ion: They must provide protection for the pedestrians who are 

waiti ng on the island. To accomplish . this, a strong physical barrier, such 
as pipe posts with vehicle attenuators, should be placed at the end of the 

island. Breakaway structures are not applicable here because pedestrian 
protection is more important than protection of vehicles which lose control. 
In addition, visibili ty dev ices· such as reflectors, reflectorized paint, 

and illumination, must be used to warn and divert oncoming automobiles. 
Some physical protection for the side should also be afforded by the use of 

pipe posts, 3 feet high, spaced 8 feet apart, and connected by chains, rails 
or wire-mesh fencing. · 

Size: Ideally, the length of the pedestrian area should be equal to 

that of the longest transit vehicle that uses the island stop, plus 5 fee t. 
As a minimum it should be equal to the length between the front of the 

vehicle and the back of the rear door. For multiple vehicle loadings. the 
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length should allow for at least 3 feet between stopped vehicles. The width 

should be at least 4 feet but preferably 6 feet. 

Bus shelters are an important element of passenger comfort, particularly 
in cities that have severe weather conditions. Since it is often prohi­

bitively expensive to provide a shelter at each stop, the following factors 

can be used in detennining where they should be. 

- the number of pass~rs that use the stops; 
- the average passenger waiting time ; 

- stops that are transfer points; 

- the availability of alternative shelter~; 
- exposure to the wind and weather elements. 

Bus stop mark ings are discussed in the following section. Proper design 

for bus stop signs is described in Chapter 7. 

4.2.8 Pavement markings. Most pavement markings that affect transit 
operations fall into one of three categories: · parking prohibitions, markings 

of bus stops, and designation of reserved transit lanes. 
Parking prohibitions are particularly needed for reliable operation of 

the transit service . Effectiveness of prohibition depends mostly on enforce­
ment, but also on the type of signing. 

Posted "No Parking" signs are sometimes overlooked especially if they 

become twisted and are spaced far apart. To increase the effectiveness of 
the signs, curb markings should be added. The most common type of marking 

is to paint a yellow stripe on the curb in the section. This type of marking 
is becoming more widely recognized as indicating a parking ban. In addition, 

painting "No Parking" about- every 100' on the pavement can further increase 

the effectiveness of the parking ban . 

Designation of bus stops can also be accomplished with pavement markings; 

J~. ~s often desirable to paint "Bus Stop" directly on the pavement, in 
addition to providing a bus stop sign . The benefits to be gained are (l} 

motorists who are less l ikely to park illegany at a bus stop that is well 

marked; (2) motorists who use the street frequently will be made aware of 

where transit vehicles stop and thus are more likely to drive in the correct 
la.ne when follm.,ing a transit vehic le ; (3) the size of the lettering makes 

the stop more visible to transit patrons who are unaware of the exact stop 

------ _.., __ ---
? 
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location; and (4) bus drivers ~re less likely to overlook a stop. 

Designation of transit lanes must often be accomplished with pavement 

markings. Since some lanes are reserved only during peak hours or allow 

right turning vehicles to share exclusive right-of-way, it is often not 

feasible to physically separate such lanes from the adjacent traffic lanes. 
When such is the case, pavement marking, rather than barriers, must be used 

to prevent automobiles from using the reserved lane. The standard sign for 

reserved transit lanes is a diamond, defined by change M 26 to the MUTCD. 

Where the lane is reserved at all times, pavement markings must also include 

a double solid line to separate the reserved lane from automobile lanes. 

Where the reserved lane is a center lane, two sets of double lines are 
required. When the transit lane is reserved only at certain hours, it should 

be designated by a single solid line. In addition to t~e lines, "Buses only 

4-6 P.M.", or a similar message may be painted on the pavement of the re­

served lane at evenly-spaced di stances. 
For further emphasis, in the case of the full-time reserved lane, 

widely spaced diagonal stripes are sometimes painted across the lane. When 
a street that has a reserved transit lane is being repaved the installation 

of a different type of pavement for the reserved lane is a good way to 

enhance the image of separation. 

mind: 

The following characteristics of pavement marking should b~ kept in 

1. Pavement markings enable a driver to receive information without . 

looking away from the roadway. 

2. They are easily obliterated by ice and snow. 
3. In areas of heavy traff.ic, they wear quickly. 
4. They are obscured to a driver's vision by vehicles directly ahead. 
In using pavement markings, the following practices should be followed: 

1. Markings should be uniform throughout the state. 
2. White paint, hot or cold thermoplastic should be used for lane 

.lines and word messages. On light colored pavement, the markings 
can be accented by the use of black paint as contrasting background. 

3. Yellow paint should be used for double lines separating lanes for 

opposing directions. Other applications should also be as recom- " 

mended by MUTCD. 
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4. High quality paint with glass beads should be used since labor 
costs are the major cost in pavement markings. 

5. Standard thickness of paint is 15 mills which should provide about 
100 square feet of markings per gallon. 

6. For messages, letters should be elongated in the direction of 
traffic movement. The message should read up with the first word 
nearest the driver. Letter sizes, spacing between lines and exact 

designs are soecified in the MUTCD . 
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Chapter 5 

OPERATIONS 

This chapter examines aspects of transit system operations. The 

basic elements and concepts of operation are defined and methods for 
data collection are explained. A scheduling method for individual 

transit routes is presented with an overall description, step-by-step 

procedure, and numericai examples. 

increase of transit speed in urban 

evaluation of their feasibility is 

5.1 Definition of Basic Elements 

Various practical measures for 

areas are described and a method for 

presented. 

Figures 5.1 and 5.2 show commonly used graphical representations 
of transit line operation. These figures are of assistance in under­
standing the basic elements defined here. 

Headway (h} is the time interval . in mi nu tes between two successive 
departures of transit vehicles on a line. Transit users are interested 

in having service with short headways to minimize waiti ng time. However, 

since for any given volume of passengers per hour it is cheaper to operate 

a smaller number of large vehicles than a greater number of small vehi cles, 
the operator is interested in operating with larger vehicles at longer 

headways. Consequently, headways are usually determined as a compromise 
between passenger convenience and operating cost. 

The point along a transit l ine at which minimum possible headways 

between successive vehicles are the longest determines the minimum 

headway for the whol e line. Consequently, to find the shortest pos­

sible headway on a line (h~in), the minimum headway should be determined 
for stops with heavy passenger boarding/alighting; the longest of these 
headways is then the minimum possible headway on the line. 

Frequency of Service (f) is the number of transit trips passing a 
point on the line during one hour (or any given period of time). Thus, 
sho·rt headways mean high frequency, 1 ong headways represent low frequency. 

The two are related by the formula: 
f = 60 

h 
( 1) • 
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where f is in vehicles per hour and his in minutes. 
The maximum frequency of vehicle arrivals (fmax) is determined by 

the minimum headway as: 

f max = ~o. ( 2) 
min 

Vehicle Capacity (Cvl is the total number of passenger spaces on 
the vehicle. It is calculated by adding the number of seats plus the 

standing capacity. This definition applies to intraurban rapid transit, 

local bus and trolley lines . For suburban railroads and for bus and 
trolley lines with medium or long average trip lengths. seating capacity 

alone is corrmonly used as C. 
V 

Passenger Volume (p) is the number of passengers traveling on a 
line past a fixed point during one hour, or during some other specified 

period of time. Passenger volume varies along the line with time of 
the day, day of the week and season of the year . 

Maximum Load Section (MLS) is the line section between two stations 

on which the maximum passenger load occurs. The MLS is shown in Fig. 5.1 . 

Design Hour Volume (P) is the highest passenger volume for all 
sections along the line, as shown in Fig. 5.1. This volume is the basic 

factor in detennining the line capacity which should be of fered. 
Line Capacity Offered (C) is the total number of passenger spaces 

offered at a fixed point of a transit line during one hour. Line capa­
city is basic to transit system planning and design. Each facility 

must provide the capacity equal to or greater than P. ·The line capa­

city is derived from the product of frequency and vehicle capacity : 

C =- f·C 
V 

Dimension of capacity is persons/hour. 

(3) 

The Maximum Line Capacity (Cmaxl is the maximum number of passengers 
per hour a line can carry with minimum operationally feasi ble headways·. 

c.. is given as the product of maximum frequency and vehicle capacity: 
max . 

C = 60 . C. 
V h ·. V 

mm 
(4) 

Operating . time (T
0
l is the scheduled time interval between departure 

• 

-~- ......----------- ··-~----' --r·- .----- ·-·-· . , . ····- -
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of a vehicle from one tenninal (end-of-line stop or sta.tion) and its 

arri va 1 at another termi na 1 on a route; T is usu a 11 y expressed i-n 
0 

minutes. 
Operating Speed (V l is the average speed of a transit vehicle. 

0 
including stopping time at stations or stops and expected delays for 

traffic reasons (as on surface lines, such as bus and trolley). It is 

computed as the one-way line length {t) ,fn m.i.l~s;,_qjvided by the operating . . ....... ~ ..... _ , 

time in minutes: 

(5) 

Speed computed by this equation is in mph. If Lis in kilometers, 

V
O 

is in km/h. 
Terminal Time (ttl is the time a vehicle spends at i!. ~ermjnal or 

end-of-line stop in excess of the interval required for the boarding 

and alighting of passengers. Its purpose is to allow time for vehicl e 

turning or change of driver's cabin, rest of the driver {or crew), and 
adjustment in schedule (e.g. to maintain uniform headway, or to recover 

delays incurred in travel). 
The crew rest and the delay recovery usually govern the terminal 

time for bus and trolley lines. The minimum rest time is often de­
termined by labor union contract. Since the rest and delay recovery 
times depend on durations of operating time, terminal time for surface 

systems is often expressed through a ratio {y) of terminal and operating 

times: y = tt/T
0

• The value of y may range between 0.12 and·0.18, 
depending on labor work rules, traffic conditions, variation in passen­

ger volume and other local factors. 
On lines and during time periods for which traffic congestion is 

serious, travel time varies considerably. For such cases, long terminal 
times should be allowed so that departure time for the return trip can 

be· kept and schedules maintained despite moderate delays. For rapid 

transit or other .systems with high schedule reliability the tenninal 
time is independent of .operating time and line length, and it can be .. . 
much shorter than for lines runni ng in mixed traffic. A co1m10n value 

for terminal time of rapid transit is 5 to 8 minutes. 
Cycle Time (T) is the total round trip time for a vehicle, i.e., the -
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time interval between two consecutive times the same vehicle passes a 

fixed point traveling in the same direction. This time can be expressed 

as: 

(6) 

if the line has equal T
0 

for each direction and equal tt for each ter­
minal. All these time intervals are ~sually expressed in minutes. 

Corrmercial Speed (V~l is the average speed of transit vehicle 

for a complete round trip: 

V :: 120 L 
c T 

(7) 

Ve being in mph.,' Tin minut~s and Lin miles. Commercial speed is the 

most important type of speed for the operator since it directly deter­

mines ·(along with headway) the required fleet size and cost of operation. 

Fleet Size (Nf) is the total number of vehicles which a transit 

agency owns. The fleet size consists of the vehicles required for 

regular peak hour service on all lines (N), vehicles in reserve (Nr}' 

plus vehicles which are in maintenance and repair (Nm): 

Nf:: N + N + N . r m 
(8) 

Load Factor (a} is the ratio of the number of passengers in a 

vehicle to the vehicle capacity. A higher value of a means that a 

vehicle i s crowded and that it is more likely t hat some vehicles will 

not have sufficient capacity to collect all waiting passengers. 

5.2. Data Required for Scheduling and Analysis of Operations 

A transit agency should maintain a current inventory of data on 
operating conditions and demand. Such an inventory is necessary for · 

preparation of schedules for different periods of each day and for 

analysis of existing and planned operations~ 
5.2.1 Vehicle Operati~q Conditions Analysis . The operator should 

know precisely the condition of the way on which t ransit vehicl es operate, 
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This is basic information for the .determination of operating time, ter­

minal time and evaluation of service quality. The information includes : 
Physical conditions along the route: 

Number of lanes on streets 

- Gradients of streets 

- Number of turns along the route 

- Number of traffic lights 
- ·Number of stops 

- Design of stops (special bays, stops in driving lanes) 
- Spacing between stops 

Traffic conditions along t he route: 

Traffic volume (automobiles and transit vehicles) 
- level of congestion 

- On-street parking conditions 

Other factors (loading zones, pedestrian crossing areas, etc.) 
Vehicle running times: 

- For peak period (range and average value) 

- For off-peak period (range and average value). 

Methods of collecting these data and the areas of application of the 
results for analytical purposes are discussed in section 5.3 . 

5.2 .2 Passenger Demand Analysis. For analysis of the existing ope­
rations and the planning of future operations, detailed data on passenger 

demand characteristics are needed. They include the following items: 

Passenger den~nd distribution along the route: 

- Boarding distribution along the route (number of persons 
boarding at each station) 

- Alighting distribution along the route 
- Locations of maximum load section (MLS) 
~ Maximum load (P) 

Trip length distribution: 

- Classification of passengers by length of ride (Fig. 5.3) 
Other information related to demand: 

- Per cent of users classified as elderly citizens 
- Dates of local or special events 

- Opening and closing times of stores, offices and factories 
located along each route 
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- Volume of transferring passengers. 
5.2 .3 Scheduling Data. For transit scheduling the operator .should 

have the fol lowi.ng basic infonnation: 
Information on route: 

- Route length (L) 
- Vehicle operating time (T) 

0 
Infonnation on vehicles: 

- Vehicle capacity (Cv) 
Infonnation on demand: 

- ~aximum load (P) 
- Fluctuations of demand for each day for which a different schedule 

is made: quarter-hourly for peaks , hourly for other times 
Information on personnel: 

- Labor rules and requirements with respect to hours of work, 

shifts, terminal times, etc. 
The operator should collect these data at regular intervals. 

5.3 Passenger and Traffic Surveys 
For scheduling of veh icles, analyses of operations and planning, the 

transit operator must hav~ data about the existmg system. Some of these 
data are obtained through field surveys and can be divided into two groups. 
The first group relates to demand : counts of passenger boarding and 
alighting and vehicle .load. The second group relates to supply: travel 
conditions along the routes, vehicle running, reliability, etc. 

5.3.1 Orqanization of Surveys. Good planning and continuity in data 
collection are necessary to obtain and ma_intain a current data file which 
is the basis for efficient scheduling, effective marketing and intelligent 
planning decisions . Frequency and comprehensiveness of field surveys 
must be detennined as a compromise between accuracy of information and 
cost of surveys. The best compromi se is achieved by organizing major, 
detailed surveys at longer intervals, and supplementing them by mi nor .ones, 
often on a sampling basis, within these intervals. 

For example, every five years, the operator may organize passenger eounts 

on all routes on one weekday, and on several routes for a whole week. Sel~cted 
routes are counted every month of that year to determine seasonal variations 
of travel , This count provides data on passenger demand by route, its distri-
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bution aiong the route and its hourly variations. Then, every year several 

routes selected as typical of the whole system are counted along thei'r 

whole lengths or on their maximum load sections. This may be done during 
al1 hours, or during peaks only--depending on the variations which may have 
occurred and desired accuracy of data. 

Surveys of transit operations focus on vehicle running conditions: 

operating speeds must be measured regularly since they must be known for the 

pur pose of scheduling. ~nalysis of traffic conditions, reasons for delays , 
. ~--

etc., are usually done on an ad hoc basis, with notation of external condi-
tions which affect transit operations . 

5.3 .2 Passenger Load Count. The purpose of this count is to find the 
number of passengers riding transit vehicles at selected points along a 

route . This infonnation is needed for finding the maximum passenger -

volume on y~hicles over any one section of line, the location of that 
section, ·analysis of service quality , and scheduling of operations. A pas­
senger loa9 c ount survey must be undertaken for all these purposes. 

A detailed survey should include passenger load counts at several 

points along each route, including those where passenger volumes are the · 

highest . Minor annual surveys may be limited to the maximum load section 
(MLS) and one or more additional locations for verification of changes 
which may be ·recorded on the MLS . 

Personnel for the load count consist of observers at each counting 
location. For single surface vehicles one observer can do the job at each 

l ocation. If the route i s heavily ioaded or has simultaneous loading of 

several vehicles, two observers may be needed. Larger teams are needed only 
at rapid transit stations when long trains are operated. 

The observer must be given at least brief training on the techniques 
of counting. Very often, exact counts cannot be ~ade because of short 

standing time of the vehicle, so the observer must know how to make a fast 
estimate of number of peopl e in each group, or seating section. The ob­

server should be trained in this through fast estimates at locations where 

exact counts can be made to check the estiw~tes , making efforts to correct 

any tendency to over- or undercount. In addition, the observer must know 

the exact seating and to tal capacity of vehicles, so that he can accurately 

estimate the number of passengers in a ful1 vehicle; or, when t here are some 

• 

. 
I 
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standees, he can add these to the seating capacity of the vehicle. 

It is often possible that the observer counts the load on the arriving 
vehicle as well as alighting and boarding passengers. These data then pro­

vide counts for the sections before and after that station. 
Each observer must have a specially designed field sheet, clip board, 

pen and a watch. The sheet should have the general information needed for 

all field surveys: 
- Route and location 
- Vehicle. capacity 
- Date and day 
- Survey time period (from-to) 
- Weather 
- Name of observer 
- Remarks. 

The columns should provide for the following items: 

- Run number 
- Time: scheduled, actual 
- Number of passengers: 

- on arriving vehicle 
alighting, boarding 

- on departing vehicle . 
Columns for passenger numbers should have totals at the bottom. If both 
directions are counted, the same set of columns should be provided for 

the other direction. Figure 5.4 shows a suggested passenger load count 

field sheet. 
Counts are su1T1Ttarized after the field survey on a single sheet for 

15- or 20-minute peak, 30- or 60-minute off-peak periods, and average 
vehicle loads for each period are computed. These numbers are then ready 
for use for route scheduling and various analyses. Figure 5.5 is an example 

of a surrrnary sheet of a transit load count. 
5. 3. 3 Passenger Boarding and Alighting Count. The most detailed infor­

mation on passenger volumes on a transit route is obtained through the 
counts of boarding and alighting passengers at each stop along its entire 
length. Thi.5 count not only ·provides the data on the number of passengers 

using each station, but also vehicle loads at all points along the route. 



1 
I 

t 

I 
I 
i 
I 

I 
I 

j 
1" 
l 

l 
1 
1 

~ 
i 
I 

~ ., 

Date ' 
PASSENGER LOAD COUNT Time : From {Fi eld Sheet) 

Day Route Location 

Weat her Vehi cle capacity Prepared by 

{North~ Bound (South} Bound 

Run Time No. of Passengers Run Time 

No. On On * No. On 

Scheduled Actual arri v. Al i ght Board . depart. Schedulec Actual arriv. 
veh. veh . veh : 

?' 

. 

Total Total 

Remarks Remarks 

"':'-

*Maybe computed after the survey. 

Figure 5.4--Suggested passenger load count field sheet . 

to 

No. of Passenger s 
. I 

~light. Board. 

~· 

On 7C 

depar t 
veh . 

<J1 
l ..... 

N 

• 



itlfET c;.it_aus__L_ T. t _ _ 
sc~ouuo SEATING CAPACITY ..:t:f:__ 

,01l£CTION,_ ... f!:'~6 .. 5'-';._ ______ _ 

I TIME 
0IS!OE0 

ti w . .2,;- Lt1,(AIN (79.,7 - ;">,0/?i,. / 
inLIES on W~P,4/~..S.O~Y OAT! on J=~Jl)A, 01T£ 11 

, &T :-·"' ~~~ 11':' l TKU :;,.,;y IUT"(l ., , .. -1.,.~ 

5-13 

on 
• EITkU 
0ISERY!0 0SSElYE0 ~!S( RVE 0 

ar l'fVA,.l<l'f - ~# I-I!.(. H v ,e_ r'#M~1•(1£-8AL,t% .:,O l'f 

U!A f •n11 
HSS PASS 

PEII00 ~,,rs ~!AT! ~•IT PEN 
UNIT 

••IT: SOT$ lmr,,u 
~r!l UNIT 

IJ• IT! IUTS 
l !IIN. "" SC• PASS PlR SCH .l(H PASS !f.11 

5,00 
5:15 
5t ,o 
5:45 
&,CO --'- ,, ,.r .2, 13 .z.. ff .t..1 .... ,, 
6115 J ,,.2, ., ' ., /2, 3 /j.Z, .7,; J I/ 

6rJO J IJ-l, t I ' 3 /J.2. // .2, ' 6rJ.1 3 /3.2. '" ,/. ,, 
3 1JZ ,.,, 

" 
,, 

71 "' 3 /j.2 JL J /.2, J IJ2, 31 ..z. ::., 

7:15 .J 111 ~ 9 J " .3 d.L 1'7 + .u 
7130 5 .2JO J.J ... 1.J J' o< J O ' 1 ... ,;u, 

1,15 ,,. I 7 4 ,,,._,_ 

- / / ... ,,, le,-

" 
,, , 

B1C-O 3 , .. , ..2. ' .. 3 .2,/ J IJ.2. s , .1 i r 
·e,15 .2. rr JS' J 1:,, .l. r-r .,_, 3 r 
~• JO .L s-r ,, I ,, .l. r-r ,7 I ;1"' 

e,1.5 .z. ;f"$ .31 .2. IG ..t.. l'?' l h .2, .... 
~: CO .2. rr ,;,o .% 10 ..t.. rr ~:,,. .z. .2 I 

0,15 .,1. rr ,.,_ .::. ' .z. r r .,,. ..t.. /0 

ov Al J'1 171, ,-r, J7 13 J'f ✓7/, ',,,. Jr II. 

9:JO RE I.I r 'N: /G: ~ 
WI L'\, J IJ.2, J7 " 

, J /j.2, Jf .:z, I r" 
101JO " 

,.,, ,,_l J If ,. /n ,.,, ,,. 3.2, 

u:CO J I ,2, ,, ... 3 ,,,- ' 1:1.21 /0 7 .J I ~, 

ll: lO J 1.).2, ,,, J .,:,. 3 l,J. /,.;/ 1 4 .'I 
u:CO " I 7L ,,., ,I 1 9 ;I I '7( ,I-;< J ..,, 
ll:l0 ,I /7,:. /'D " ,;o " 1'7l ,.,,. .J ,,. 

:CO ,J ,,.,, ,., 4 , 7 " "' 1 , 0 ~ - .J.2. 
I ,~o " ,74 ,..,,., ., J-<,, " ,'-,L l fJ 4- ,.P' 

• 2 1t\J f -2,;10 13/ J- .:1, ... .2~ ',. "' 7= 
21:JQ ., .2:z• ,.ro 5 JO ~- ;.;,.c ,~, ,:. ;J.,I' 

rout 10 , ,,.,,, ,!'J/ 3 '1 .:ti .7'9 /'fl~ ::.IJ Jr' J.2. 

- J 1CO '1 /32. L1 .2 J:l, .1 ✓J..1 ,1 .z.. J .2.. 

JI! .2. rr 1,17 J #.1 "' 
.,.,,__ 

N7 . Jl 
J I} • , .. 9 .z. -,,7 J I.J .:2- .f7 . Jo 

I J:4 3 /J..%. . ,. .,_ .'9 1 OJ., 17 I ,,, ' "'.J 
41C • ·• . 1.2. '1 ,,, , 3 / 7 ')_ ; J ' '" 
411 .,. I 7/. ,.,.,., ,,; ,,,,., + 1--1 ,,,., 'I I •• 

41 .., 1 'fL l uO ..J .Fd "" ,,,,., ,rr " 1,. 

41, , ,.,, . ._, •9f N ... .;< '""' nl J I u..-
'"T,ll'u • J · . O• ,J "'. 1 '.2. .<I.fl ,J , ! , 

5115 "' .,.~ .:z" ,, .f,' ,;< ,,.,., !Of "' .,,.o 
I l 'I ,,,,.,,. l.:J1f 

,., ff' ,.; 1/,yl ' ~1,:..__J, .Ji I.I ,,~ J Ii, ➔ .. ,. J "'~ 7 1J.2. ~,., " <1 
,co ~ :>,r ~, J.. I..,, . - II~ J . HJ. 

,1~ 3 1/J..Z, ,, ,g .:J.2. .7 1.,,.3~ 01 .1., ,.., 
TOT&l ,-5 1 .... .,., ,J.11.1 df #'7' .,_.,. 1,0- 1.,,,. ¥L ~· 

...J..... ~ ....J,.... I 

.... 
111.11. 

UL TAI, TAI. 

IT J../1~ UT[ 't/.1 IT ,f. W~ll#.lt. O&T( f, IT 

sc• 

I 

I 

LINF b°'t<ff'l{Lll AOtm NO. 2'.1' 
SCHfOUI.E NO.~ SAT., SUN. 
MONTH A,.,._,,._ YEAR rt"'t 

0ATE 
l<ONT"LT 

&YE RAGES 

l &HR 
PHS ,.455 

CONt!l iS UNIT, PU ~• m SEAT: ,tr, PEA 
PlSS 0P!P. U"I r SC" SCH PASS n• u•JT 

.2 n -13 :z, /.2., , 13.2. JS J I 1 

3 v.Ji 9 /,$ ' 7 11,J.z, LJ " 
,, 

J l1J.l, 3,r J,S l f 

3 L,,3..z. ,,., J...f' /9 
J' ., :,o ~o .. ,,,.. 
" , i, J'f ,i. 1,f 

~ /JJ, .o J ,,,..,, 
.z. /'I'' ,.tO J ,. 
.% />I'" ;12. I ,,.,, 
.,;t PP- 31, .2 ,r 
.2 ,r JI .2 ,, 
-2. rr ,, .2. r 
J~ /7/4 ff'YJ .1u· ,, 

t< I u, r , n:,, 
,, 

' I ' 
;/, nl _.,,. r, . ..r .JS 
J I ,12, ..;, , .;.f 

3 I !.Z, <>< JJ ., ,, 
""' ;;,, ,,_, .,_r .:l.J 
d ·,,., , .. 3., ,:,• ,., ·,,.L ,, .- -,t;.r .2, .., ,_, .a, ,, ,,_,. 
,.. JC . ,,, .,., ... .- -.;10 J..5"°? -,i.,- .-~-,,, __ , 

/U.:l 11';.; .,., . 

. ,. - I > , 7.2.. 
.z. ,F,F //7 . ,. .. •,L _, 2 ·-
• / 3.2, . ,, ,I _-, 
, ;;_,, ·- -,- .. 
« ,.,,, ,_.✓_ ,J; ,,,. . 
,t r •tl. r • ._.,- dJ 
it , NL 111·.:. '.f ,., ,,. . ,,. ':J" d .-, 
"' ,,,., -- , d .,-.,_ 
,.,_ ; ., .:z.1"1. d ,J'Ji. 
1 3, ' ,,F 7 

,,., 
f -'-. I,,__,_ : . J.J' H 

7 /7.2. 00 ,.2, ..... ,.,.0 
I,.,.. 1,,,,.,, ·-·· lu,:< iZ 

~ ---s. -

DU! 
TAI, 
IT ,<.l{wA,tT:,. OA TE °',bf 

Figure 5.5 -- An example of surrmary sheet of t r ansit load count. 
Source: Ref . [6] 

., 



5-14 

Thus, one can compute the total work of the route in passenger -miles per 

hour and, with some modifications, the distribution of trip lengths . . This 

represents virtually all the information needed for scheduling, analyses of 

operations, extending or shortening of the route, abandonment of some s tops, 

etc .. 
The decis ion when t o make this survey is again dependent on the cost and 

the need for accurate data. Whenever the operator can afford its higher 

cost, a boarding/alighting survey should be undertaken inst~ad of a pas~ 
se_nger load count, since it provides much m_ore detailed information. · 

Personnel are best utilized on surface transit if one observer travels 
on each vehicle. With the exceptions of very heavy stops where anot her 
observe r may be placed to assist, the person r id ing the vehicle can count 

all boarding and alighting movemen ts . For high freq uency service, parti­
cularly on rapid transit lines , it is more efficient to place one or more 

observers at each sta tion. 
Personnel mus t be given similar training to that for load counts. 

Boarding/alighting is usually simpler to count than vehicle occupancy, 

provided the observer can be positioned inside or outside the vehicle 

so t hat all doors can be easily observed . 
The equipment requi red again consists of a special field sheet, clip 

board, pen and watch. A typical sheet design for this survey is shown in 

Fig. 5.6 . It is convenient to use one sheet f or each one-way or round­

trip run. After the survey, sheets from all vehicles (or stations) are 

summarized by ti me periods, usually 15-min . for peak and 60-min. for off­

peak hours. An example of a summary sheet is given in Table 5.1 . These 
data are used for development of vari ous passenger volume diagrams, such 

as shown in Fig . 5.7 . 
Average trip length on the route can be obtai ned from these counts 

by dividing total passenger-ki lometers by the number of passengers who 
used the line (total of boarding or of ali ghting). These and other average 
data for the route are shown in Tabl e 5.1. Distribution of trip lengths 

(such as Fig. 5.3 shows) , precise ori gins/destinations of passengers , 
their trip purposes and simil ar data can be obtai n~d only by questioning 

passengers--ei t her directly by observers, or by a post- card survey question­

na ire . 

.. _....., . ._...,.___ __ .,.._.._..,.__~-~··*--,,-.- -··--~--- - ~-

.. 
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TRANS IT BOARD ING ANO ALIGHTING COUNT 
(Field Sheet) 

Line ______________ _ Direction ___________ _ 
/ 

Vehicle number _________ _ Weather ------------

Time Passengers 
Loca tion of stop Remarks 

Arrive Depart Boarding Alighting On board 

~ .. -~ " 
_ _ ,,.,.::j 

- p · ~ 

• 

Date _______ _ Recorder ___________ _ 

Figure 5.6--Passenger boarding and alighti ng count sheet. 
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Table 5.l--Su11111ary of passenger counts and computation of person-kilometers. 

Route no . 84 Direction NB Time period 

Number of passengers Km. betw. 
Transit stop Boarded Alight. On veh. stops 

1 (S . tennin.) 48 48 2.2 
2 35 l 2 71 2.8 
3 54 30 95 3 . 2 
4 29 l 3 111 3 . 4 
5 16 46 81 2.0 
6 (N. termin.) 81 

Totals 182 182 13. 6 

Average t rip length: 1147.9 + 182 = 6.3 km. 
Average boardings/km: 182 + 13.6 = 13.4 

16 :30-17:30 

Person-
kilometers 

105.6 

198.8 

304. 1 

377. 4 

162 . 0 

1147.9 

Average passenger volume/km: 1147.9 + 13.6 = 8.4. 

5.3.4 Transit Speed and Delay Survey. The purpose of this survey 
is to record the locati.ons, durations and causes of delays experienced 

by transit vehicles operat ing on a route. From t he route length, measured 

travel times and delays at different periods of t he day, the operating 

speed and reli~bility of service are computed wh ich are needed for 

scheduling. In addition, the obtained information is used for finding 

the major causes and locations of delays and planning for their elimi­

nation. 
Unlike passenger demand surveys, speed and delay surveys are usually 

not made at regular, seasonal or annual intervals. They are undertaken 

on routes where new service is planned, or on existing routes when an 
increase in irregularities is noticed or improvements of transit 

operations are contemplated . 
These surveys are made mostly for congested traffic conditions, such 

as peak hours on radial routes and midday period .in downtown a-reas. To 
obtain representative· results, several runs should be made on one day and 

repeated on other workdays. 
A speed and delay survey is usually performed by one observer riding 
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the transit vehicle, usually in a front seat so as to observe reasons for 

s lowdowns . Careful instructions should be given to the observers on how to 

define stopped times, how to c.lassify causes of delays and what codes to use. 
Observer's equipment consists of the field sheet, clip board, pen, watch, . 

and a stop watch for measuring delays (in seconds}. The field sheet, shown in 

Fig. 5.8 has columns for locations, duration and causes of delays and slowdowns . 
Causes are marked by codes, such as: P-passenger boarding/alighting; SS-

stop sign; PK-parked cars; PD-pedestrians; LR-lef~ turning tehicl es; T-traffic 
congestion; etc. 

Several different summary shhets may be used for speed and delay studies , 

depending on the intended use of results . An examp1e is shown in Fig. 5.9. 
Average speed is always computed; sometimes variations in travel times are com­
puted to find rel iability, which influences length of terminal times. For 

analyses of possible improvements delays are cl assified by' individual causes 
and their percentages are computed. For plotting of time-distance diagrams -
of vehicle travel (Fig. 5.2}, travel times are summarized by route sections . 

Speed and delay studies are not made on rap·id transit systems since they 

do not have such delays; however, similar surveys may be undertaken to measure 

station standing times and travel regimes between rapid transit stations with 

much greater precision than for surface transit. 

In addition to schedule adjustments aRd p'l'anning of operational improve­

ments which are descri bed in the following text, results of delay surveys can 

be used to monitor the performance of individual drivers, as well as for 

measuring effects of changes , such as new routing, one-way street regulation, 

elimination of parking, etc : For thi s purpose "before and after studies" are 

performed . 

5.4 Criteria for Determining the Basic Operatino Elements 

Prior to scheduling operations for individual lines, the operator must 

make certain decisions on some basic el ements of service. Specifically, the 

dee is ions must be made. on the headways which will be used during different 
hours, spacing of stops along lines, load factors, fleet size and vehicle 

capacity. 

5.4.l Headway (h). Two bas ic requirements detennine headways: 

( 1) Adequate capacity must be provided to meet passenger demand; 
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TRANSIT SPEED ANO DELAY 
(Field Sheet) 

Vehicle No. ____ Line _____ _ Direction ___ _ 

One way trip no. __ ."rrip started: Time am at ____ _ 
--pm (Location) 

Weather ____ _ 
(Locat_i_o_n.._l ___________ _ 

Ended: Time am~ At 
---pm ~-------

Location 

TOTALS 

Seconds 
stopped 

Symbols of delay cause 

Cause Cause of Cause of Cause of 
Slow start slow stop slowdown 

Corrrnents: (Name of driver, etc.) 

Date: Recorder: ____________ _ 

Fiqure 5.8 -- Transits.peed and delay survey field sheet. 

" 
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TRANSIT SPEED AND DELAY 
(Summary Sheet) 

Line 

Length (one-way) Time 

Direction vJeather 

Dep. Veh. One- Name Tr ip Average T9tal 
time no. of time trip t1me war tr p no. operator min. speed"' :,topped 

--

Average 

Average t r ip speed = Line l enqth (mi ) x 60 _ 
Overall t r i p time (mi n) -

Date 

t o 

1,umoer or 

stopfsl ~w s low s low-
~t art st~sk:lowns 

mph 

Date Compil ed by _ _________ _ - - --- ------

Fi gure 5. 9 --Transit speed and del ay survey surrmary sheet . 

-
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(2) Service must have a certain minimum frequency. 

The first requirement is the basis for scheduling on heavily traveled 
1 i nes or during the peak hours. In such cases, the operator must pro vi de 
adequate capacity which results in shorter headways than the second 
requirement would give. 

The frequency of service which will provide needed capacity to meet 
the demand is obtained by dividing passenger volume on the maximum load 
section (P) by the average number of passengers assigned to each vehicle 
through selection of the value for load factor (a). Thus the required 
frequency is: 

f = _P_ 
a.C . 

V 

From Eqs. (1) and (9) the headway is computed as: 

h -= _§Q_ = 60·a·Cv 
f p 

(9) 

( 10) 

Since all schedules with headways greater than 6 minutes (min) should 

be such that passengers can easily memorize them, the departure times should 
repeat themselves every hour. Therefore,. the headways must be numbers 
divisible as whole numbers into 60, i ·.e. they should have the following 
values: 

7.5, 10-, 12,· 15, 20 and 30. 

When headways longer than 30 min. are appropriate, values of 40, 45, and 
60 min. should be used. Consequently, the value of headway obtained by 
Eq. (10) should be rounded down to the nearest of these values. Headways 
sh9rter than 6 min may have any value since passengers do not use schedules 

_for lines with high freguencY. 
An example of headways determined by passenger volume, based on 

vehicle capacity Cv = 50 and load factor a= 0.9, is plotted graphically in 
Fig. 5.10. 

For off-peak hours, weekends, or lightly traveled lines, the minimum 
frequency requirement usually governs. That is, headway should not be greater 
than the one which is determined by the service policy and revenue, i.e. 
the oper~tor's policy with respect to the minimum service frequency. This 

is the so-called policy headway (hp), which should also be one of the abov_e 
numbers. This headway should never be longer than one hour and desirably 
not longer than 30 minutes. 
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Operators should refer to standards S-3, S-4, and S-5 of 

Penn DOT' s Operating Gui de 1 i nes [ 7 ] in schedu 1 i ng the transit lines • . 
5. 4. 2. Load Factor ( a). The value of this factor influences the 

following characteristics of transit operations: 
- Level of passenger comfort: high values of a result in a considera­

ble number of standees and in occurences of vehicle overcrowding. 
- Cost of operation: if a higher value of a is adopted, a smaller 

number ·of vehicles is required to transport a given number of passengers 
than for a low value of a. On the other hand, a smaller number of 
vehicles provides lower frequency of service. Also a higher value of a 

results in longer boardin9/alighting times, thus · lowering travel speed. 
. . ~- '\'.;°'--:; . 

The choice of value for q should therefore be made such th'iit. a 
compromise among these factors is achieved. In determining the value of 

a for this compromise the operator should also consider the following 
factors which influence -passenger comfort and cost of operation: 

Conditions requiring lower 

value of a : 

Greater variations in passenger 
volume 

- Higher seated/standing passenger 
ratio desired 

- High average trip length (e.g . 
express bus, corrmuter train) 

- High percentage of senior citizens 

Conditions requiring higher 

value of a : 

Fairly constant passenger volume 

- Lower seated/standing passenger 
ratio desired 

- Low average trip length (e.g. 
CBD shuttle bus) 

- High percentage of school children. 

Specifically, the operator:_ can detennine the value of a for a 
given ·scheduling period (higher for peaks, lower for off-peak periods) 
by first computing the ratio of seats and total vehicle capacity: Cs/Cv . 
Then he may use the following guidelines: 

~The minimum value of a should be slightly lower than the ratio Cs/Cv. 
This value guarantees seats to all passengers except for some short periods. 

-The maximum value of a can be as high as 0.9 but its value should 
only be used for peak hours if the maximum load section is short and the 

passe~ger volume does not vary signi f icantly from day to day . • 
5.4.3 Fleet Size and Vehicle Capacity. For a given passenger volume 

on a line, service can be provided by a small number of large capacity 
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vehicles or_a greater number of smaller capacity vehicles. The second 

c::iibin_ation results in a higher frequency of service. but requires higher 

i nvestment and operating cost than the first combination. 

Before ordering buses. every agency should make an analysis of 
al l costs. operating conditions and service quality (headways, speed, etc.) 

t:iat would result from using each type of equipment . Selection of 

vehicle type should be based on the results of that analysis. 
In planning the purchase of new vehicles transit agency should 

examine the trade-offs between large and small vehicles. Compared with 
large vehicles, smaller ones have the following advantages (+) and dis­

" advantages (-): 
+ Their cost of operation per bus-mile is lower; thus fo~ the same 

t::;tal operating cost a transit agency can operate shorter headways with 

s~aller buses and thereby attract more passengers; 
+ Their travel through congested streets is faster and easier; 
- Total purchase and operating cost of a fleet of smaller buses is 

greater since more of them must be purchased and operated to handle a 

given peak hour passenger volume. 

5,5 Transit Line Schedules 
5.5.l Types of Scheduling. The computed headways, speeds, terminal 

times and other elements are used to develop schedules which may be pre­
sented in two different forms: graphical schedule, which is actually a time­

distance diagram of vehicle travel, and the numerical schedule (corrrnonly 

known as a timetable). 
The graphical schedule is usually developed first, since timetables 

can easily be derived from it. The time-distance schedul e (Fig. 5. 11) shows 

t ~e actual travel of each vehicle along the route. The diagram allows 
derivation of exact times for the position of each vehicle at different 

check points along the route. Bus and streetcar lines have control points 
every l - 3 miles while for fully controlled systems, such -as rapid transit, 

each .station has scheduled times. 
The graphical schedule is made for all hours of daily operation. 

usually on a single long sheet of paper. Each vehicle in operation, 

des ignated by a sequence number, is represented by a "zig-zag" line- on the 

diagram going between the two terminals, having the operating speed as its 

slope on each section. If operating speeds vary from one section to another, 

t he slope changes on the vehicle's path from one terminal to the other. 

Station stop times are not included, but terminal times are plotted exactly. 

-
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After the first vehicle's path is plotted. the next one's is plotted at 

a horizontal distance of one headway following the first vehicle. This 

procedure is repeated for all vehicles in service. Since the cycle time is 
an integer multiple of the headway, there must be exactly one headway 
be:ween the departure time of the last vehicle used and the time the first 

vehicle departs for a second round trip. 

The introduction of additional vehicles running between regular vehicles 
during the peak hours. changes in headways, cut-back runs, and other 

variations can all be presented on the graphical schedule (see Fig . 5.11). 

A separate numerical schedule is made for each individual vehicle 
a based on the computations or on the graphical schedule. Since each driver 

is responsible only for the time perfomance of his own vehicle, schedules 

for individual vehicles consist of departure and arrival times at each 
terminus as ~,ell as at all control points along the route for all trips 
during the d.ay . 

Numerical schedules for the public, usually refered to as timetables, 

contain all departure times from all stations or check-point stops throughout 

t he day. The exceptions to this are the rou~es which have short headways 
fer which no public timetables need to be published. The complexity of the 

t i~etables is greatly reduced when headways divisible into an hour are 

used since long per,iods of time can be presented by a single set of figures 

and . the designation of the constant headway during that period . An example 
of such a t imetable is given in Chapter 7. 

Careful and detailed .scheduling computations and precise presentation 

of the schedules are extremely important aspects of transit system operation. 

s i nce they affect the effici ency and economy of operation, the regularity and 

reli ability of servi ce , and the facility with which the public can use the 
sy~tem. 

5.5.2 Scheduling of Branch Routes . Mergi ng of two or more branch 
routes into a common trunk sect i on creates the problem of maintaining uni­

form headways and equal vehicle loadings. If!!. branches have approximately 

t he same passenger volumes, they are scheduled with the same headway (h). · 

Vehicles from different lines alternate on the trunk line, running at 

_ headways h/n. If ind ividual branches have different passenger volumes. it 

i s not possible to achieve operation with uni form headways and unifom 

vehicle loads on the trunk l ine. In such cases either non-uniform headways 
or different vehicle loads are operated on the trunk line. 

-

.. 
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Average headway ·on the trunk line (ht) is computed using: 

[ . ] 60 60 
ht min = f f + f + f + .. . fn 

t l 2 3 
(11) 

ft being the frequency on the trunk and f1 , f 2 ... fn the frequencies on thQ 

n individual lines . Trunk line frequency is very important to examine 

since it is critical for capaci ty of all converging lines. 

5.5.3 Run Cutting. Assigning drivers or crews to transit vehicles 

is commonly known in the transit industry as run-cutting. The task in run 

cutting is to assign personnel to a given scl..:?dule of vehicle operations 

which will require minimum total wages and meet various constraints which 

often exist in the agreements between the operator and employees or their 

labor union. 
Transit is a service which usually must be offered every day of the 

year for 76, 20 or even 24 hours per day. Since the quantity of service 
offered varies greatly for different days and hours of the day, transit 

operating personnel must work during irregular hours for periods of 
varying length, sometimes during the ni ghts, on weekends and on holidays. 

The very sharp peaking of demand which usually occurs on transit in the 

morning and afternoon hours of each working day creates particular problems. 

Since many more drivers are needed during peak than during off-peak periods, 

many drivers must be scheduled to work during the two peaks with several 
unpaid hours between. Such a work schedule is called a "split run" as dis­

tinguished from a "straight run" which consists of a continuous working 

period, usually of 8 hours. The time interval between beginning work in the 

morning and its termination in the afternoon is referred to as "spread time". 
Labor rules, usually established by the management/labor union agree­

ment, specify wage rates for work under different schedules. Typ~cally, 

regular pay is given for eight hours of work which are either continuous or 
within a certain length of spread time interval. Higher wage rates are 

usually paid for some or all of the following conditions: 
Longer spread time than prescribed 

- Night shift 
- Work on holidays 

- Overtime. 
Additionally,. the contract may stipulate the frequency with which 

shifts involving night, holiday or overtime work can be given to any one 
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employee, after which a hi gher-than-regular wage rate must be paid . For 

example, the maximum percent of split runs, or ratio of split to straight 

r uns, is often stipulated. 

These r equirements, together with many local conditions in each 

agency, make the task of achieving the minimum-cost driver assignments a 

very complicated one. No general mathematical formulae or exact pro­

cedures for finding the optimal soluti on exist. One basic method suggests 
the following sequence in run-cutting; 

a. Develop as many strai ght runs as possible; 
b. Fonnulate split runs within spread time; 

c. Divide some s traight r uns i nto two or three segments and 
combine these segments with the pieces left over f rom 

step ~ to form additional split runs. 
5.5.4. Scheduling a Transit Line : Example Computat ion. The procedure 

to be fol lowed in scheduli ng a transit line is present~d in the foll owi ng 

sequence of steps. Sample dat a are given to demonstrate the computations. 

Step i: Collecti on of required data . The basic da ta whi ch are 

necessary to schedule a line must be obtained. Defined earl ier in section 
5.2. 1, t hose data are: 

One-way line length: L = 1 O miles 
Operating time : T = 45 minutes for peak period 

0 • 

To = 40 minutes for off-peak period 
Maximum load : Pmax = 375 persons per hour for peak 

period 

Vehicl e capacity: CV = 45 seats + 25 standees = 70 

Step 2: Determination of Some Operating Factors. Sased on the de­

fi nitions and description of terms i n sections5 .1 and 5.4, determine or 

compute: 

Operating speed : V
0 

= 60L 
To 

= 13 .3 mph for peak per iod 
; 15. 0 mph for off- peak period 

Po 1 i cy headway: hp = 15 minutes 

Load factor a = 0.7 

Mi nimum terminal time: tt = 6 minutes 

(The initially assumed values for t he load factor a and the terminal time 

t t are often adjusted l ater in the calculation procedure). 

--- ------"-. - _,....,... . --------· ... ___ ,,.._ _____ _ 

• 
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· Step .3: Determination of headway. First, calculate headway h by 

Eq . ( 10) : 
h = 60 ° · Cv = 60 o.7 · 70 = 7.84 minutes.· 

p 375 

The value of h computed in this way must be rounded down to the nearest 

practical value for headway. If the obtained value is longer than 6 

min., only thefollowingnumbers should be used: 7.5, 10, 12, 15, 20, 30, 
40, 45 and 60; thus vehicle departure times repeat themselves every hour 

except for headways of 40 and 45 minutes. 
Second , the headway computed above must be compared with hp' the 

policy headway for the particular period of the day being scheduled. The 

smaller of the two is adopted. Since in this case the computed value 

for headway is h = 7. 84 and that is shorter than hp = 15, the va 1 ue of 7. 5 

minutes is adopted as the headway during the peak period 15 minutes during 

the off-peak period. 
Step 4: Computation of Cycle Time. Cycle time is computed by Eq. (6): 

T = 2(T
0 

+ tt) 

• = 2(45 + 6) = 102 minutes for peak period 

= 2(40 + 6) = 92 minutes for off-peak period . 

Step 5: Determination of Fleet Size and Adjustments of Previously 

Determined Factors . 
The required fleet size (N) ·is obtained f rom the following equation: 

N = + (12) 

Since N must be an integer , the computed value is rounded!:!£_ to the 

next whole number . For the case at hand, Eq . (12) is applied: 

N = }Jg_ = 13. 6 = 14 vehicles for peak period 
7.5 · 

= i~ = 6.3 = 7 vehic1 ~s .t.':!:_off-peak period. 

A new cycle time T' is then computed for each period using the cal­

cul ated f leet size values: 

T'= N · h 

= (14)(7 .5) = 105 minutes for peak period 

= (7)(15) = 105 mjnutes for off-peak peri od. 
Cycle times for tht:: two cases are usua·hy not equal, as happened in this case . 

A new tenninal time tt is then computed based on Eq. (6) using : 



t , = T'-2 T0 
t 2 

= l 05 - 2 ( 45) = 
2 
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7.5 minutes for peak period 

l 05 - 2( 40) = 
2 

12. 5 minutes for off-peak period • 

If the difference between peak and off-peak values is small, adopt the 

computed fleet size N, T' as cycle time and tt as terminal time. 

Finally, we can compute the commercial speed V c by Eq . ( 7).: 

vc = l20L 
-T-

= 120 (10) 
l 05 

= 120 ( l O) 
105 

A sunmary of the scheduli ng 

Item 

Headway (h) 
Cycl e time (T) 

Terminal time (tt) 
Fleet size (N) 

Corrrnercial speed (Vc) 

= 11 .4 mph for peak period 

= 11.4 mph for off-peak 

results is as follows : 

Peak Period 

7.5 minutes 

105 minutes 
7.5 minutes 

14 vehicles 

11.4 mph 

period . 

Off-peak period 

15 minutes 

.105 minutes 
12.5 minutes 

7 vehicles 

11 .4 mph 

5.5 . 5 Use of Computers i n Scheduling and Run-Cutting. While the basic 
procedure of vehicle scheduling is rather simple, preparation and analysis of 

data for it obtained throu gh passenger counts is a time-consuming process . 
Scheduling by computers can under certain conditions result in considerable 
savings to the operator . When vol umi nous data are col l ected frequently 
and the system has a great number of route~ use of computers becomes very 
ef f icient . While an analysis of passenger counts and scheduling for one 

route takes many man-hours, it can be done by computer in several minutes . 
This permits a rapid evaluation of service, fast reaction to demand change, 

et~. The l imitation is, however, that computers can be effici ently appl ied 

only to rather standard cases, i.e. for the routes which do not have many 

irregularities such as different vehicles, special crew assignment re­
quirements, etc., since these often can be taken into account only by 

manual scheduling . 

~-- -. .. .--~----~- .. .,.... ~ ·---------~---~·-•-~---.........-
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Whenever computers are used for scheduling, ho\'1ever. a valuable side­

product is also obtained: statistical data on transit operations . . Such 

data as passengers transported, seat-miles offered, as well as var,ous 

coefficients, are easily programmed and their precise values are ob­

tained .with minimum additional computer time. 
Attempts to optimize schedules and run-cutting by application of 

operations research and computers have had only a limited success so 

far. A rather complete review of recent progress in these areas and 

their evaluation are given in [ 3 ]. 

5.6 Increase of Transit Speed 
An increase in average transit operating speed is desirable for 

both .the passengers and the operator. Higher speed results in shorter 
passenger travel time and sometimes in reduction of the required fl eet 

size, lowering the capital and operating cost for the agency. Even more 

significant in some cases is that since the speed is a strong factor in 

passenger attraction, its increase results in the generation of new 

transit passengers. Therefore t he importance of speed of transit service 

should not be underestimated. The operator should make every effort to 

achieve as high a speed as operational and economic conditions allow. 

There has been a considerable difference of opinion among transit 

operators in U.S. cities with respect to transit speed. Many agencies 

which operate surface routes have made little effort to improve the speed 

of their vehicles; for example, the obsolete policy of stopping for 

passengers at every corner still practiced in many cities results in 
such low speed that few persons who have other modes of travel available 
can be attracted to transit. Another group, the operators who pl an and 

operate rapid transit and regional rail systems , has often opted for 
very high speed by planning rail lines with extremely long interstation ._,_...,.._ . ·. 
spacings and very high maximum speeds (up -to 80 m/h} at the expense of 

area coverage and energy consumption. While high speed is always an 
asset, t he sharply increasing cost of energy wi ll force transit planners 
and operators to modify their design approach. Instead of the presently 
conmen operation of vehicles without any---regard to energy consumption, 

they should make~ careful analysis of the trade-off between speed and 
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energy consumption, and adopt designs which result in the best pos- · 

sible compromise . 

5.7 Possible Measures for Speed Increase 
Passengers are interested in the high operating speed, while the 

operator's co·sts are directly related to the corrmercial speed, since 

this influences the fleet size as shown in Fig. 5.12. Us.ually, an in­

crease in the operating speed leads to an increase in the corrmercial 

speed, so that the focus of efforts to increase speed should be on 
measures affecting vehicle running; however, terminal times should not 

be neglected either. 
A great number of physical and operational changes may result in 

increased transit speed. The operator should consider which ones.may 

be applicable to his system. Such potential changes on surface transit 

are presented here, classified into several major categories . The 
sequence of items is not necessarily related to their significance 

since applicability of individual measures and their effects depend 

heavily on local conditions. 
5. 7. l Vehicle Design and Perfor:mance Characteristics. Severa 1 

changes in vehicle design may lead to increased travel speed. Most of 
them shoulc be planned for new vehicl es since only limited modifications 

can be made on the existing ones. 
- Interior circulati on may cause delays at stops if the aisle is 

narrow and passenger interchange is heavy. In such cases elimination 
of one row of seats between the front and center door should be 

considered . 
- Double-channel doors and low floors substantial ly decrease board­

ing- alighting times: they should be considered for al l urban services . 

On longer suburban routes with low passenger interchanges their advan­
tages are outweighed by the requirement for maximum seating capacity . 

- Dynamic characteristics of vehicles must be carefully determined 

in connection with route layout and type of operation. Steep streets 

require special gearing to provide reasonably high speed. Freeway 
operation requires high maximum speed, while street operation bene­

f its more from high acceleration/deceleration than from high maximum 

-- ~--~ - . 
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speed. 
5.7.2 Intersection and Street Design and Operation . In most. cities 

street design and traffic regulations have been developed without 

much attention ·given to transit vehicles . For example, in determining 

design capacities or signal timing, buses are included with other 
vehicles without any special considerations. Since the basic ~bjects 
of passenger transportation are not vehicles but persons, t~e attention __ 

given to different.v~hicle classes should be proportional to tt,e.·1lillllber ,~ 

of persons they carry. Thus a bus or light rail vehicle should be 

given many times greater preference than a single private car. If in 
addition, the vital role transit plays in the city is also taken into 

account, one can easily see that numerous changes in intersection and 
street design and operation for increasing transit speed are justified 

in most cities. The most important such improvements are given here . 

- Extent ion of green 2ha ses for streets with transit routes . 
-. Pol ice officer's intervention to favor transit vehicles. 
- Introduction of transit-actuated signals which can be of several 

types. Via a contact or. an overhead wire, radio impulse or magnetic 

loop in the pavement a transit vehicle activates the signal to extend the 

gr~en phase, to provide a special phase (e.g. a left turn with designa­

t ion "Buses only'1 or makes a complete override' of regular timing and 
provides green phase following only a clearance interval. 
The last type represents the highest order of preferential treatment. 
Signal actuation can be fully utilized, however, only where an exclu­
sive transit lane is provided. 

- Improvement of intersection design and control through modern 
channelization, provision of bus bays, special transit turning lanes, 
pedestrian control and protection, etc. 

_- Elimination of curb parking on transit streets, with proper en­
forcement can greatly enhance transit operation by providing for more 

efficient use of the full width of street for moving vehicles and at 

the same time, allow faster travel speed for transit vehicles due to 

decreases in street congestion and vehicular friction. This action 

also simplifies or eliminates the bus maneuver to approach the curb and 
then return into the traffi c l ane, and increases passenger safety by 

allowing boarding at the curb. 

-.__, .... __ ""' _. _ __ .,.n ·- - •r-·- ---.. -- - ~ -· 
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Elimination of curb parking and loading zones often creates objections 

from merchant associations and residents. Several actions can alleviate this 

problem . The eliminated parking may often be compensated for by providing 

these facilities on close-by off-street areas, vacant lots, etc ., or additional 

parking on adjacent·streets (see section 4.2.3). Also, various transit improve­

ments may be helpful to attract some of the affected auto users to transit. 

For examp·le, increased frequency of service is often possible, since vehicle 

travel time is decreased by the elimination of parking. If this is coupled 
with other traffic improvements, a substantially more frequent and faster 

transit service may become feasible wit~6~t :~n~ fle~t size increase. Another 
possible improvement is 1titroducti on of ·s°i16p~~-sp~1~:l:'. ~erv ice with disco unt . . . ~ 

fares, or a trans it validation system (reimbursement of fares in cooperation 

with merchants). 
- Introduction of transit lanes or exclusive transit rights-of-way repre­

sents the most significant measure in increasing transit speed and reliabi li ty. 

An exclusive transit lane may be obtained by: 

- Converting an existing traffic lan~ _by P,rQhJbiting all other vehicles 

from it; 
- Elimination of curb parking and use of that lane for transit; or use of 

that lane for other traffic and construction of physically separated lanes in 

the center of the street; 

- Placin~ transit lanes or track in wide un~sed medians; 

- Building transit rights-of-way independent of street alignments. 
For this, one can use many different horizontal and vertical positions. 

Various design options for exclus ive ·bus and light rail righ~s-of-way, as well 
as methods of their implementat{on, are described in Chapter 4. 

5.7.3 Transit Stops. Improvements in the design and location of stops 
may have a major impact on transit speed. Most common are two potential 

improvements: 
1. Increased spacings between stops CilJl be introduced in ma ny citie_s.,. -: ··· .. 

Generally, transit vehicles should not s~p more often than. every 750 feet 

(7 times per mile), as standard S-2 of PennDOT's Operating Guidelines 
[ 7 J specifies. In low density suburban areas or on other 1 ightly 
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traveled routes particular during off-peak hours, spacings shorter than 

750 ft. may be used; due to the small number of passengers transit 

vehicles bypass most stops, stopping on the average at distances greater 

than the 750 ft minimum. On well patronized routes, ho~ever, close 

stops are highly unproductive. 

Some cities still have the obsolete practice of stopping at every 

corner. Although th~3 type of operation minimizes wal_king to stops, it 

decreases operating speed of transit vehicles so drastically that many 

potential passengers are lost to the much faster automobile . 

Superi·ori ty of opera ti on with longer spacings between stops over 

operation with frequent stoppi~g can be clearly shown by an example . 

Transit line with stops at every other intersection, e.g., at spacings 

of 1000 ft. compared with the same line operating with stops at every 

intersection (500 ft.) has the following advantages and disadvantages: . 

Party Affected 

Passengers 

Operator 

Streets and Police 
Departments, other 
Public 

Advantage Disadvantage 

• Higher travel speed 
• Saved time 
• Higher comfort 

(reduced frequency of 
accel .-decel.). 

• Walking to and from stops 
increased by an average 
of~ block each or a 
total of 2 x 0.25 x 500 = 
250 ft. This walk takes 
approx. 1 minute. 

• Fewer vehicles re­
quired for a given 
schedule 

• Less energy consump­
tion 

• Less vehicle wear and tear 
• Number of stops requiring 

signs , marki ngs, benches 
r educed to half 
Improved stopping bays or 
parking prohibition pos­
sible. 

• Less curb space taken by 
stops 

• Eas ier enforcement of no 
parking at stops 

• Reduced impedance of traf­
fic by bus stopping in 
travel l ane 

• Less air pollution and noise . 

The amounts and significance of all these items can be estimated 
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in detail for each specific case; but even without that, it is quite 
clear that the advantages heavily outweigh the di sadvantages. 

2. Alternating near-side and far-side locations along a street with 
synchronized signal i za ti on. The deta i1 s of this procedure are exp 1 ai ned 
in Sec . 4.2. 

5.7.4 Transit Operation$. Several operational elements which are 
largely under the operator's control can often be modified to increase 
transit operating speed. 

- Fas te .. , fare con ecti on through introduction of tokens, multiple-

ri de tickets, weekly or monthly passes. honor system or pre~sale of tickets 

prior to boarding are all useful in reducing processing time per passen­
ger. For more details on fares see Chapter 6. 

- Changes in route layout for elimination of excessive t urns or 

indirect routings. It is a convnon practice, particularly in smaller 

cities, to operate very complicated transit routes to cover as much 

area as possible by a few routes . Many turning movements on a route net 

only increase vehicle travel time, but also decrease reliability of 

service and passenger comfort. Also, complicated route layouts decrease 

the simplicity and image of the system and create passenger confusion, 
resulting in low patronage. A partial solution to this problem may be 
to divide routes which have many t urns into fewer more direct routes . 

Since the vehicle speed on each route is then i ncreased, it may be pos­
sible to operate more direct routes without changing the fleet size. 

- Different vehicle stopping policies should be considered, particu­
larly when the demand for a route is high or the demand is heavily CB0-
oriented . The three types of vehicle stopping policies are explained. 
They are: 

l . Express operation; 

2. Zonal operation; 
3. Skip-stop operation. 

l. Express operation . . Under this .,operation, the vehicle stops at 
a few specially' designated s·'i:ops, usually at maj or traffic generators; 

such as schools, factories , department stores, etc . The spacing of 
stops is several times greater than spacing for local service. This 

operation becomes efficient when used with local operation, especially 

0 
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along the city corridor route at peak periods. Greater spacing between 

stops increases the speed of vehic1es, enabling them to circulate more 
frequently. Schematic diagram of this operation is shown in Fig. 5.13. 

2. Zonal operation. Heavily traveled long radial lines can be 
divided into zones. A vehicle or train stops at all stations in one 

zone and then travels non-stop into the cen~r city,. The next vehicle 

serves the next zone; etc. Fig . 5. 13 shows the zonal operation graphically. 
This type of operation may, under certain conditions,·result in a high 

occupancy level and shorter cycle times than regular local stop operation . 

. 3. Skip-stop operation. Under this operation, all stops are d_esig­
nated either A, B, or AB. Vehicles designated as "A" stop at A and AB 

stops. Vehicles designated "B" stop at Band AB stops. Thus at AB stops 

all vehicles stop and at A and B stops, "A" vehicles and "B" vehicles stop 
respectively. Passengers i·1ishing to travel from an A stop to a B stop 

transfer at an AB stop. This type of operation can increase vehicle 

operating speed considerably and yet can maintain the same area coverage. 
For bu$ operation where stop spacings are rather short, the skip-stop 

operation can be designed such that the two groups of vehi cles make 
stops alternately. In other words, all stops are designated either A 
or B (no AB stops). The skip-stop operation is suited for routes where 

travel demand is rather evenly distributed . This operation is also 
shown in Fig. 5.13. 

5.8 Evaluation of Measures for Speed Increases 

To decide whether intl"oduction of a measure for speed increase is 

just ified, the operator must make an analysis of all its benefits and 

costs in the broad sense, i.e . , not only through monetary aspects. In 

some cases, particularly with respect to changes which the operator cen 
introduce alone (e.g., a new fare collection method, faster vehicles, etc.), 

this analysis is rather simple; in others, particularly those involving 

in.troduction of transit lanes, signal actuation or reconstruction of 

streets, which are under juri sd iction of other bodies · and affect not 

only transit users , but also auto drivers and other parties, it is neces­

sary t_o make a very cornprehr:,1sive analysis. A systemati cally organized 

analysis i s very helpful in justifyi ng the effort and determining who 
should participate in it and to what extent. 

-~---------

I • 
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a. Express/Local Operation 

"A" Vehicles · 

(i \/4)('/4 A v---------~ 1/)() 
"B" Vehicles 

b. Skip-Stop Operation 

SUBURBS 

c. Zonal Operation 

Figure 5.13-- Illustration of different types of stopping schedules . 
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Due to the great number of direct and indirect consequences of any 

significant speed change, it is useful to have a graphical presentation of 

the whole process. Two examples of such diagrams and computations based 
on them are presented here. One analyzes the consequences of a measure 

which increases speed of fari collection, such as introduction of the · 
honor fare collection with prepaid (multiple ride or monthl.0 tickets. 

The second example, defines the steps in evaluating the benefits and costs 
of introducing an exc'~sive lane for transit operation._ 

5.8.1 Example l: Fare Collection Improvement. Suppose that a tran­
sit agency is considering an improvement in fare collection which will 

result in a significant reduction of vehicle delays for passenger boarding. 

The framework for examination of the feasibility of this improvement is 
presented here . All major items for analysis are shown in Fig. 5.14 and 

explained here in detail both qualitatively and quantitatively, using the 
following assumed numerical values prior to the improvement: 

L = 6 miles 

tt = 6 min 

T =· 36 min 
0 

h = 6 min . 

-- 1 = 3 mil es · a 

Actions required for introduction of the new fare collection method, 
given in the Figure, are self-explanatory. Individual benefits and costs 
are given here by reference numbers f,om Fig. 5.14. 

1. Increased vehicle operatinq speed. By introducing the honor fare 
collection method with substantial percentage of prepaid tickets, vehicle 

standing times at stops are reduced. This reduction in time lost at stops 

will result in reduced vehitle operating time. If a 3-minute vehicl~ ·· 
operating time saving per one-way trip is expected by this improvement, 

the vehicle operating speeds before and after the improvement respec­
tively, are computed by Eq. (5): 

V = 60L = 60 x 6 = lO.O mph 
o T

0 
36 

and 

60L 60 X 6 
V

0 
= T = 36°=3 = 10.9 mph. 

0 ' 

Therefore, a 0.9 mph vehicle operating .speed increase is achieved. 

2. Reduced user travel time. An immediate effect of vehicle operating 

---·-~-------------
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speed increase is the saving 

trip length (la) of 3 miles, 
in user travel time. For an average user 
average user travel time changes from: 

to: 

601 a 60 X 3 
to= -v;; = 10.0 

601 a 60 X 3 
to = V-:: = 1Q.9 = 

18.0 min 

16.6 min 

Thus an average saving of l .4 minutes per passenger is achieved. 

3. Reduced fleet size. With the increase in vehicle operating speed, 
the operator will have two options: 

- to decrease fleet s ize while maintaining the existing headway; 
- to decrease headway while maintaining existing fleet s•ize. 

The first option reduces the operating costs (depreciation, driver, 
fuel, and maintenance costs). This option, however, can only be taken 

when the difference between the cycle times before and after the improve­
ment (T - T') is greater than or equal to the headway, so that the same 

. service frequency can be mainta i ned if one vehicle is withdrawn. In 

this case, the cycle time, conmercial speed and fleet si ze requirements 
before and after the improvements are : 

Eguation Eg. no. Before After Change 
T [min] = 2(T O + tt) (6) 2(36 + 6) = 84 2(36 - 3 + 6) = 78 -6 

Ve (mph] = l 20L (7) 120 X 6 = 8.6 120 X 6 = 9. 2 +0.6 T 84 78 

N [vehicles] : t ( 12) 84: 14 
6 

78 = 13 
6 -1 

Therefore, one vehi cle is saved under the assumed numerical values. 
4. Higher service freguency . If the same fl eet size is maintained, 

the operator can try to reduce headway as a result of co11111ercial speed 
increase. The headway of 6 min. could become after the improvement: 

h' = ~• = ;! : 5.Smin., rounded value: 6 min. 

Thus, in this case, 
practical . 

5. Interest on 

a shortening of headway would not be operationally 
• 

revenue. Another advantage for the operator from 

• 
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introduction of prepaid tickets or passes is ·the receipt of revenue in 

advance. This enables the operator to make advanced planning or investment 

on other projects and to earn additional interest by depositing the revenue 
at the beginning of each month. 

6. User convenience. The introduction of the honor .system with pre­

paid tickets greatly increases user convenience since users do not have 
to prepare cash for each ride. Also, these types of tickets are often 

sold with some disco~~t per ride . 
Due to this increase in user convenience coupled with reduced travel 

time, some demand shift from automobile to transit use can be expected. 
The increase in patronage may require some fleet size increase to pro­

vide necessary capacity. Although this requires investment, this trend 

is desirable since it increases the size of the operation and generates 
more revenue, while it decreases dependence on automobile travel with 
its attendant congestion, parking problems and air pollution in urban · 

areas. . 

7. Simplified monitoring of payment and accounting. The simpler 
fare collection procedure resulting from the improvement eases the 

dri ver's supervision of fare payment. It largely simplifi es daily 
accounting procedures at the office since less cash is collected. 

The c·ost items defined in Fig. 5.14 which are self-explanatory 
should be computed and presented in a convenient summary form, such as 
Table 5.2. 

5.8.2 Example 2: Transit Lane Introduction. This measure for speed 
increase is much more complex than fare collection changes since it con- . 
cerns not only the transit operator and passengers, but also other 

traf fic, residents along the streets, etc. Preparation for its intro­
duction must therefore include cooperation with the Traffic Engineering 

Department, citizens' groups and other concerned parties. However, all 
these organizational and often political actions should be based on_a 

comprehensive analysis of the technical/economic factors involved in 

such a change, which are outlined here . The better the analysis is, 

the weaker will be t he influence of unjustified i ndividual interests, 
pressures, and emotional arguments. 

The analysis of benefits and costs of introducing a reserved transit 

· ~-- · • - 1' - ---....... ~ - --r-· 



Example 

Actions required Consequences Benefits Costs 

Organize sale of passesj I - IOpe~i~g_ofsal e 
fac1l1t1es . 

Ticket printi ng 1------------------------------, 

Explanation of new 
1sys tem for public I - , 

Increased vehicle 1 Reduced user t ravel 2 
operating speed t ime .__ ___ _ ____ ..J 

Early receipt of 
revenue 

Simpler fare collection 
procedure 

Reduced f l eet size 3 

1 ... ,, .. ~ .. ' ~-,~~ .. ~., j4 

j -j Int erest on revenue 15 

1 User convenience 16 

Simplified accounti ng l7 ., 
-------- CJ!·----·--·-- -:..,, 

·,v, 
't, 

Operation/ 
personnel fo r sales 

Printing Cost 

Pre par-at i ona:rici~ 
distribution of 
informat i on materi al 

Figure 5.14 -- Evaluation of introducing multiple-ride or other fare collection improvements. -
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Table &.2 ~- Benefits and costs from fare collection improvements . . 

Benefits 

- Fleet reduction: l bus ; 
Annual amount $ 

- Increase in interest on 
revenue: $ __ ~/mon th 
Annual amount $ __ _ 

- Total annual savings $ __ _ 

- User time saved 
__ /min/pass 

Annual pass. hrs. 

- Increased passenger 
convenience 

- Newly attracted passengers 
Si mpli fied driver's duty 

- Other benefits 

Costs 

- Opening sale fac i l ities: 
Annua l depreciation .$ ----

- Annua l sala r ies for 
personnel 

sales 

- Annual pr i1ting cost 

- Distri bution of i nfor­
mation mat erials: no 
expense 

Other costs 

- Total annual costs 

$ __ _ 

$ __ _ 

$ __ 

$ --

Ul 
I 

.::, 
~ 
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1 ane on an arteri a 1 ·street fo 11 ows a procedure similar to the one in the 

preceding example. as Fig. 5.15 shows. Its description is presented in 
sequence of the numbered boxes in the figure. 

l. Actions required. The extent of investment cost, time of imple­
mentation and disruption incurred by the introduction of an exclusive 

transit lane must be specified. They depend on the location and design 
of the faci lity to be provided. The lowest-cos t alternative would be 
conversion of an existing parking or driving lane into a transit lane. 

With this option, some sort of visual control or physical restraint de­

vices (such as stanC'hions along lane lines) which either prohibit or dis­
courage entry of non-transit vehicles into the lane, must also be provided. 

In addition, visual controls (such as signs and signals) and special minor 

construction may be required at certain intersections and stop areas 

to ensure safety of operation and to eliminate potential conflicts with 
other vehicular traffic . Other, more expensive measures fo r transit 

lane introduction are possible, including the construction of lanes or 

rail tracks in freeway medians (when t hese have sufficient width) or on 

available railroad rights-of-way. The magnitude of benefits and costs 

for each alternative investment vary with the investment cost, but each 
has the same kind of effects which must be analyzed. 

2. Increased speed and reliability. Provision of a reserved lane or 

a fully separated right-of-way for transit significantly improves the 
average speed of vehicles since interference from other traffic is sub­
stantially reduced or eliminated. Likewise, there is an improved 

reliability of service. These improvements provide added benefits 1-,hich 
are described below. 

3. Reduced user travel time. Calculated as in Example l, the travel 
time savings for present transit users can be significant. Auto drivers 

who switch to transit will also experience ·reduced travel times or in­
creased convenience (otherwise they would not have switched). Finally, 

auto drivers who continue to dri ve their cars. may also save time in some 
cases, as explained under item 8 below. 

4. Increased schedu le adherence. Because of their greater independence 

from street traffic, transit vehicles traveling on their exclusive lane 

have higher reliability and can therefo re meet schedules more easily and 
• 

.~ 
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Actions required 

Construction 

Lane separation 

Signing and t raffic 
operations changes 

Example 2 

Consequences Benefits Costs 

Investment cost 

Enforcement cost 

Maintenance cost 

' •I Reduced user travel time]~ 

I ..,! Increased schedule 
adherence 

~4 

~-----, 2 
Increased speed~--~-~ Reduced fleet s ize , man-
and reliabi lity power L....:...----------.......1 

5 

I ~l Lower operating cost 16 

7 
Auto---trans it I .. ~ Increased t ransit patrqnage 

diversion 
----------, 8 

'd. 

' 

Impact .on street 
congestion 

Fi gure 5. 15 -- Evaluation of transit l ane introduction. 
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consistently. The improved schedule adherence can be measured by ob­

serving the per cent of late arrivals before and after the lane instal­
lation. 

5. Reduced fleet size and manpower. The savings in fleet size and 

manpower resulting from the speed increase should be calculated in the 
same way as in Example l. 

6. Lower operating costs. With the fewer delays in traffic and 

fewer ~tops and starts, the operation and maintenance costs per vehicle are 
reduced . Such savings are reflected in lower fuel consumption, maintenance 

and replacement of vehicle parts, as well as in driver time requirements. 

7. Auto-to-transit diversion and increased transi t patronage. The 
combined improvements of transit service resulting from the introduction 

of exclusive transit lane usually result in some diversion of travel from 

auto to transit. The amount of diversion depends heavily on whether criti­

cal conditions on the streets exist prior to operation of the transit lane 

and whether auto drivers are adversely affected by the lane introduction. 

·For example, diversion from auto to transit would be higher where a lane 
on a heavily congested expressway is removed from use by auto traffic 

and assigned for exclusive use by transit vehicles than it would be if the 

· transit lane were built in the median. This is because highway travel 
may be substantially hurt by removal of one lane in the first alternative, 
whereas it would be improved by the second. This leads to the next point. 

8. Impact on street congestion. The nature of the impact of a 
transit lane on street congestion varies with the right-of-way used 

(~xisting and presently used, or new construction) and the amount of 
diversion to transit. Obviously, if an entirely new facility is pro-
vided, present highway users will benefit by having transit vehicles removed 

from traffic. On the other hand, if a presently used street lane is 
taken for transit, auto drivers may be adversely affected to ~he point 

where so many of them switch to transit that original traffic conditions 

are again achieved or even improved . There have been cases in which con­

version of an existing traffic lane to exclusive transit lane has re-

sulted in increased speed of both due to lower "friction" between the 

two different types of vehicles. 
Since the impact of a transit lane on congestion may be pos i tive 
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or negative depending on conditions, its box in Fig. 5.15 is placed 

between benefits and costs . 

9. Costs . Investment costs and disruption from construction vary 
with the type of facility used or constructed . There is always a trade­

off between the level of investment cost and required , enforcement cost. 
For example, on a physically separated exclusive transit rights-of-way, 

particularly rail tracks, there i s littl e or no opportunity for viola-
tors (non-transit vehicles} to enter the right-of-way; enforcement costs of 

patrolling or monitori ng , therefore, are virtually nfl. An expressway or 

urban .street lane which is easily accessible from other lanes by autos, on 

the other hand, mus t be monitored closely for potential abusers. The 

maintenance costs incurred by the t ransit lane introduction , such as the 

up-keep of s igns, marki ngs, and other traffic control devices , exist 

at any level of inves tment, although t hey are also somewhat lower for 

high- investment, high-quality options . 
Fully controlled rights-of-way generally require the highest in­

vestment, but offer t he highest service quality and lowest operating 

costs 'as compared with ot her a 1terna ti ves. 
Results of this analysis, whi ch should be presented in a surrmarized 

fonn for each review, thus contain all significant monet ary, other quan­
titative (e.g. travel t imes) , as well as a number of qualitative aspects 

of the analyzed proposal for transit l ane int roduction. 
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Chapter 6 

FARES 

6.i Introduction 

Fares represent the ma in source of revenue for transit agencies. 

They also affect the present and po tential ridership of every t ransit 

system and often strongly influence attitudes t oward trans i t services. 

In the long run, fares have a significant '~pact on the form and 

development of cities . It is therefore necessary to plan fares fo r 
every transit system with great care and consideration of a number of 

related factors. 

• To provi de a basis for the analysis of transit fare l evel and 

structure, it is helpfu l to examine objec-tives in setting up a fare 

system. The most impo rtant objectives and requirements which a fare 
system should achieve are: 

1. To attract the maximum number of passengers; 

2. To gene rate the maximum re venue to the transit agency; 

3. To achieve spec ific social goals, such as to f aci 1itate 

travel of children and students, to increase mobility of 
labor force, etc. ; 

4. To be convenient for passengers as well as for. the operator 

of the agency in terms of the fare structure, facility and 

supervision of payment, collection of revenue , obta i ning 
statistical data, etc. 

It is apparent that all of these objectives cannot be sati sfied 
in their extremes, since some of them are mutually confl ict ing. This 
is most obvious for objectives number 1 and 2: attraction of the maxi­

mum number of passengers wil l in most cases require a moderate level 
of fares and therefore usually result in generation of lower level of 

revenue than higher fares would achieve. Therefore, a compromise must 
be found between the two objectives; simil ar compromises must be found 

among other objectives also. 
In order to determine the appropriate fare structure and level, the . 

transit agency which designs the fare system and the public body which 

approves it must decide on the relat ive importance of each objective. 

6- 1 
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It , is in this respect that mistakes are corrrnonly made. For example, 

·::aximi zati on of revenue has sometimes been given absolute preference 

Jver other objectives. This policy was critical for private transit 

compan ies when their actual surviva l depended on obtaining adequate 
revenue from fa res. When the revenue is adequate for both covering 

the expenses as well as creating profits, well-managed companies · tend 

to give due consideration to oth~r objectives also. However when the 

company experiences financial stra in, revenue must cover expenses; it 

& becomes a question of survival, and the operator is forced to focus on 
that objective alone. This requirement for maximization of revenue then 

leads to the introduction of very high fares, causing serious losses of 
patronage . This in turn leads to reduction of service, ma king it even 

less attractive to passengers and inducing them to switch to private 
automobil e. lt is this "vicious circle", shown in Fig . 6.1 , that neces ­

si tat es assistance by public bodies to maintain transit service at 
certain levels rather t han al low it to continue to deteriorate and 

event ually be discontinued. 

Another example of excessive emphasis placed on one objective is 
reflected in the widespread use of flat fare, which is superior to 

others only because it i s convenient to the riders and the operator 
{objective 3). Although flat fare does have this advantage, it i s in 

some cases highly detrimental to the more important objectives 1 and 2, 

as will be shown l ater. 
/\s will be discussed below , i t is pres-ently considered that in 

most cases the ob jective of attracti ng riders (and thereby increasing 

the mobility of population, decreasing automobile congestion, pa rki ng 

space requirements, air pollution, etc . ) is far more important than 
maxi mization of revenue. Therefore, maximizi ng patronage (object ive 1) 

should be gi ven considerably greater weight than the achievement of 
certain level s of revenue (objective 2). 

6. 2 Fare Structures 

Fare structures are cl assified on the basis of how the fare relates 
to di stance traveled. Us ing t his criterion, there are three mai n fare 

structure categori es: flat f are, zone fares, and graduated fares. For 

the first one, fare is constant and i ndependent of the t rip l ength, 

. ., 
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Increase in fare 

Transit passengers 
switch to auto 

Reduction in 
transit service 
frequency 

Increased 
traffic congestion 

Higher operati ng 
cost 

Lower 
revenue 

Lower 
transit speed 

1o4;.._-----1 

Lower transit 
service quality 

Decrease in 
patronage 

Figure 6.1 -- "Vicious Circle" caused by fare increases . 
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whi1e for the other two categories fares increase with distance 
traveled on a transit system. 

6.2. 1 Flat Fare . This fare is constant regardless of . the distance 
passengers travel on a transit . line or network . The flat fare is the 

simplest possible fare since it is easy for passengers to memorize ; 

it is used for all trips throughout the system, and it is usually col­
lected at the entrance of the station or vehicle . Thus, supervision 

of payment is also very easy, simplifying the work of fare collectors 
or drivers and allowing a fast boarding process . 

The basic disadvantage of the flat fare is that it does not in 
any 1~ay reflect the quantity of service the rider receives ; a pas­

senger traveling three blocks pays the same amount as one traveling 
eight or ten miles. In ci t ies with limited geographic size , travel 

distances are relatively unifonn so that the conveniences of the flat 
fare f ar outwei gh 
with trip length . 

flat fare (simple 

t he in~quiti es related to its lack .of correlation 

In large cities, however , while the convenience of 
collection) is at l east as important as in smaller 

ci ties , its disadvant ages often become very serious. For example , i,f 
t he level of the f lat fare i s such that it reasonably corresponds to 
t ri p l engths of 2 to 5 miles, such a fare wi ll be excessive for persons 
t raveling severa l bl ocks i n center ci ty, while it will be so low for 

ri ders t raveling 6-10 mi l es , t hat undercharging wi11 result in loss 

of consi derable potenti al r evenue . 

6.2.2 Zonal Fare. The s impl est method for charging different 

fares fo r different t r ip lengths i s achieved by dividi ng the city int o 
zones, somet imes two (central and outlyi ng), somet imes more , and 

chargi ng one f are fo r tri ps 11ithin a zone , a higher f are fo r trips 
crossing f r om one zone i nto another, an even hi gher fare for cross ing 
two boundar ies, etc. 

The ma in advantage of t his f are struct ure i s t hat i t i s possible 
to provide l ow cos t t ransportati on for cer ta in types of t ri ps (such as 

within the CBD) wh i le coll ecti ng correspondi ngly hi gher revenue for 
longer t r i ps. 

A zona l fare system must be ca refully pl anned. As much as prac­

tically poss ible , i ndividual zones should be bas ica l ly se l f -cont ained 
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areas delineated by natural boundaries such as rivers, major parks, 

avenues. etc. It is especially i mportant not to have a great number 

of short trips crossing the zone boundaries since these trips are 

charged a much higher amount per mi le than long trips . Fare incre­

ments between zones should be in convenient amounts, such as 5, 10 

or 25 cents. 
In comparison with flat fare, zonal fare has the advantage that 

different amounts are charged for diffe rent trip lengths; zonal 

fare is therefore more equitable and results in the attraction of 
higher patronage and collection of higher revenue. On the side of 

disadvantages, this fare structure has greater complexity of computing 

and collecting fares and control of payment. Also, certain riders 

traveling short distances across the zone boundaries may be charged 

unjustifiably high amounts. 
6.2 .3 · Sectionai Fare. This fare structure is obtained by div id ing 

transit lines into sections and determining fares on the basis of the 
number of sections the passenger travels. Since sections are usua lly 

shorter than size of zones fo r zonal fares, fare level with sectiona·1 

fares is even more closely related to distance than is the case with 

zonal . On the other hand, sectional fare is correspondingly more 
complicated to compute. collect and cont rol than zonal. Consequently, 

sectional fare often requires more personnel, allows increased op­

portunity for avoidance of full fare payment , and results in longer 

fare collection time. This fare can therefore be readily used on 

routes with 1 ight-to-moderate passenger volumes; on heavily tra-veled 

routes it is necessary to have an efficient fare collection system 

to avoid undue delays. 
6.2.4 Comparison of the Three Basic Fare Structures. In the im­

mediately preceeding sections, the three basic fare structures (flat , 

zonal and sectional) were defined. Each structure has distinctive 

features, advantages and disadvantages. A summary of these features 

is presented in Fig. 6.2. 
The fare for a trip between any two points on a transit line for 

all three cases can be expressed by: 

F=C+i·n 

.. 
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T Y P E 0 F . F A R E 
CHARACTER ISTICS Flat Zonal Graduated 

Equity Poor Good Excellent 

Passenger attraction Poor 
. 

Good Excellent 

Revenue collected Variable Good Excellent 

Simplicity of col l ection Excellent Fair- Good Poor 

Simplicity of control Excellent Fair Poor 

Simplicity for passengers Exce llent . Fair-Good Poor 

Route length Short ( < 3 mi) Medium Long 

Travel distance Short Variable Variable 

.~ 
Figure 6:.2 -- Summary of the characteristics of t he three types of far e structures. 
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where 
F = fare to be paid 

C = base fare 
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= increment in price to be paid for crossing a zone or section; and 

n =the .number of zone or section boundaries crossed. 
Obviously, for a flat fare i=O, so that F=C for all trips. 

Figures 6.3 and 6.4 show diagrams of fare as a function of dis-
. . 

tance for the three fare structures. The first diagram gives the t otal 

amount of fare and shows the amount of farP per mile traveled. The 

relationship of fare paid to distance traveled is thus clearly shown 

in the second part of Fig . 6.3. Superiority of the zonal and sectional 

fares in this respect is obvious . 

. Figure 6. 4 also shows how the three types of fare structure are 

superimposed on an urban area and the variations in equity between them. 

6.3 Reduced and Special Fares 
A number of variations on the basic types of fare structure is 

possible and it is frequently used in conjunction with the conventional 

fare systems. Such fares are used for one or more of the following 

reasons: 
- To stimulate the use of transportati.on facilities and increase 

,.,.-.:c:..'I\.: •~ . . 

revenue during hours of low transit system utilization 

- To favor a segment of the population 
- To ach ieve specified social goals (e.g. p·r6vi•de a minimum level 

of mobility for the public). 
In the following sect ions some special fares are described. 

6.3.1 Co1T1Tiuter Fares . Commuter .fares generally provide reduced 

travel cost to those who use the transit service on a regular daily 
basis, usually workers traveling to their jobs. In addition to 
rewarding the regular customer, the lower cor1111uter fares encourage 

steady utilization and stability of demand. By attracting commuters 
with reduced fares, a large segment of the popul ation is fami liari zed 

with the use of the transit system, thus increasing the likelihood of 
use of the system for other trip purposes (recreation, medical, social, 

etc.) at other t1mes of the day and days of the week. 
6.3. 2 Peak Hour Fares. Many transit systems use higher fares for 
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Trip length [mi] 
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Figure 6.3 -- Fare variation with trip length fo r the t hree fare structures. 
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Figure 6.4 -- Schematic presentation of the three types of fare structure. 
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peak hour users in an effort to evenly distribute demand over a longer 

segment of the day. Since peak hour users dictate the capacity to be 

offered and thus the required fleet size and manpower costs, the higher 
cost per ride for those riders is justified. Although this policy ap­

pears contradictory to the preceding one ( reduced fares for coITT11uters), 

both of them may be partially reconciled and applied simulataneously. 

A fare structure can incorporate a fare reduction to regular users and 

off-peak users and still charge higher rates for infreouent and peak 

users. Thi·s can be done by making different fare levels in the 

following descending order : 
Infrequent peak-hour user 

Regular peak-hour user 
Infrequent off-peak user 
Regular off-peak user. 

6.3.3 Children and Student Fares. It is a corrmon practice to 
charge considerably reduced fares for children and students for social 

and equity reasons: both classes of citi1.ens have low or no income, 

and often no other means of travel. The transit agency also benefits 
in the long r un from such a policy, since it encourages the habit of · 

using public transit early in life, a habit that often continues be­

yond the "low fare" _iears. Most transit systems allow free rides for 
children up t o the age of 6 (or a specified height), and a low fare 
(not more than half of the regular fare) for ages 6-12 and for school 

children and students with special I.D. cards. 
6 .3.4 Fares for the Underprivileged, Seni or Citizens and Handicapped. 

These three groups also warrant reduced or free fares for social reasons. 

Whil e the underprivileged should usually pay a reduced fare (perhaps 

through a program comparable to food stamps), senior citi zens and 

11andi capped pe rsons a re often given free r ides, although in most cases 

during off- peak hours ~nly. During peak-hours either a nominal or 

regular fare may be applied. Since the reduct1on of fa res in t his 
and the preceding category is made _for social reasons, the transit 

agency should be compensated for this difference in revenue from general 

t axation or some other revenue sources (school budget, lottery, etc.). 

6. 3. 5 Shopper Fares . Shopper fares are reduced fares usually of­

f ered on routes or in directions of sho pper t ravel after the morning 

p~ak until mid-afternoon (e.g. 10:00 AM till 3:00 PM) and possibly 
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after the evening peak (e.g. after 6:30 PM) to discourage unneces­

sary peak-hour travel and to distribute demand more evenly through­

out the day. Sometimes weekdays with consistently lower ridership 

than other days are selected for days with reducea shopper fares. 

6.3.6 Owl Fares. Owl fares are fares charged for travel 

during the night hours, such as 11 :00 PM - 6:00 AM. They should be 

considerably higher than (often double) conventional daytime fares. 

The higher fare reflects the high cost per passenger .of providing this 

service (overtime pay, extra safety, etc.), primarily due to the very 

low demand during those hours. 

6.3.7 Other Special Fares. A wide variety of special fares are 

available which can attract riders during peri ods of otherwise 10~1 

riding, such as on weekends and duri~g off-peak hours . Family fares, 
which can be reduced rates to whole families traveling together, 

weekend fares, and special event fares are just a few of the pos­

sibilities that can improve revenues for the agency, give transit 
good exposure, and increase public interest in using transit . 

6.4 Fare Level 

The fare level refers to the amount of money charged for riding 

transit. There are a number of considerations which should be reviewed 

in establishing the fare levels. This section discusses the most 

important ones . 
6. 4.1 Major Factors. Every transit agency has several objec­

tives which heavily influence selection of the most desirable fare 
level. Among those are the four objectives cited in the introduction 
to this chapter. All these objectives are affected by the fare level so 

tnat selection of tne fare level must be done with regard to the 
relati ve importance attached to each of the objectives . The transit 

agency must therefore be aware of the trade-off among individual ob­
jecti_ves. Figure 6.5 schematically shows a typical trade-off between 

revenues and patronage with increasing fares. 
6.4.2 The Des irable Fare Level. It is seen in Fig. 6.5 that 

when fares are low, revenue increases with the fare . However, as 

fares become higher, there is a decreasing gain in revenue due to an 
accelerated loss·of ridership . At a certain poin~ (Bin the Figure) 
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100% potential ridership 

B Fare level 

Figure 6. 5 -- Rel ationships between fare, ridership (P) and revenue (R). 

.__. ----

Note : This is a conceptual diagram. Scales of revenue and r i der ship are 
independent . 
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the maximum revenue is achieved. Beyond this point an increase in 

fare would result in a decrease of both gross revenue and ridership. 

Thus, B represents the .absolute maximum fare that should ever be ·used. 

A lower bound for fares (A) is established by either the minimum 

fare considered desirable, or a minimum amount of revenue requ ired t o 

be collected, e.g . for coverage of direct operating expenses or the like. 

As can be seen in the figure, in shifting from an A to B f are 

level, ~P passengers are lost while 6R dollars in revenue are gained. 

Numerous data about elasticity of demand, or passenger loss due to 

fare increase, exist; see for example Curtin [2]. However, many of 

these data are from a time period with conditions quite different from 

those prevailing today and cannot be directly used in predicting pas­

senger response to fare increases. 
It is desirable that fare level correspond to (1) the quality 

and quantity of service provided, and (2) the cost of providing the 

service. Therefore it is justifiable to place higher fare charges 

on express service and other high quality cost-intensive services. 
Correspondingly, low quaHty service should not be overcharged. A 

particularly undesirable policy is to raise fares and cut back service 

simultaneously. This should always be avoided since the inevitable con­
sequence is a loss of patronage, leading to another service cut-back 

and higher fares: the ·"vicious circle" of deteriorating transit service 

and decreaSing ridership is created. 
6.4.3 Free Transit. There have recently been a number of pro­

posals to eliminate fares entirely and to finance transit service through 

general funds . While this proposition appears initi ally attractive from 
the viewpoint of maximization of ridership, there are some compelling 

reasons why free fare represents an unsound policy under most conditions: 

- It is equitable that a transit user p~y at least a portion of 
the cost of service he is using; the general public accepts that 

view. 
- Most users are attracted to transit more by higher service qual ity 

than by lower fares. Therefore additional funds should be used 
· for improved service rather than elimination of fares. 

- Free fare would lead to some abuses: unnecessary rides, possible · 

increas: in vandalism. 
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Free fare could result in lower control of costs which, when 

funds are tight, would lead to reduced quality of service. 

For the above reasons a fare of some moderate amount is more 

desirable from both a social and an economic ·viewpoint than no fare 
whatsoever. If the funds needed for free fare were readily available, 

it would still be more desirable to charge moderate fares and use the 
coll ected additional funds for improvements of service, facilities , etc . 

6.4.4 Low and Moderate Fares. Transit statistics show that the 

highest number of annual rides per capita exist in New Yor-k City, San 
Francisco and New Orleans- -cities which have tra::titionally had low 

or moderate fares . Although the extensive networks and high frequency 
of service in these cities are partly to be credited for this fact , 

low fares have certainly been an important contributing factor .. 
1n recent years several cities (e .g. Atlanta, Cincinatti, Los 

Angeles, Salt Lake City) have introduced temporary or permanent fare 

reductions. some quite drastic ones (Atlanta from 40 to 15¢}. Increase 
in ridership has been quite significant (20 to 30 per cent or more), 

considerably higher than some tneoretical studies had previously pre­

dicted. These fare reductions did not "break even", i.e. , the in­

creased ridership was not sufficient to compensate for lower fares, 
so that the total revenue was reduced. Additional funds were al l ocated 

from other sources (often additional sales or property tax). Yet, the experi­
ments have been overwhe l mi ngl y evaluated as very successfu 1 : add itiona 1 

ridership, i.e., improved mobility and decreased traffic congestion , 

have been consid~~well worth the extra funds. 
An important fact is that a moderate fare which is easily afforded 

by everyone and which is charged for a service of high quality at­

tracts only s l ightly fewer passengers than a free transit would at­
tract. Yet it provides a l arge amount of continuous revenue that 

would not be available from a no-fare policy. 
It is emphasized that, while experiences and experiments from dif­

ferent cities give extremely useful insight into many aspects of fare 
policy , each agency must careful ly study the conditions i n its city in 

deciding on the best fare for its transit services. In experimentation 

with fares the agency should obtain cooperation of the city and regu­

latory agencies . 

~--· ..--- · .... ,, - ~ ---- -~ ·----~ 
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6.5 Fate Collection Methods 

Fare collection method is a very important el.ement of transit 

operations . This is because station standing time at a stop is often 

a prime factor in determining quality of service for the user and 

operating cost for the operator. Moreover, different fare collection 
methods may facilitate or prevent use of some fare structures. To 

sullTllarize, the collection method affects: 
- Average speed on a line; 

- Capacity offered by a l ine; 

- Required fleet size and manpower; and 
- Fare structure applied . 

These influences are especially true for surface trans it operations, 
for which it is particularly important that the process of fare col­
lection be speeded up as much as possible. 

6.5.1 Definition of a Fare Collection System. · There are two 

basic components which define a fare collection system. They are: 
1. Time and location of payment; and 
2. Form of payment. 

Time and location of payment classifies fares into two types: 
l. Prior to board i ng the vehicle, .i.e., off-vehi cle. This 

includes payment at the station ticket booth or barrier, 
purchase of monthly ticket, etc.; 

L. After boarding, i.e ., on-vehicle. This may be: 
- upon boarding ("pay enter") 

- prior to alighting ("pay leave"}. 

Payment of fare prior-to the time of boarding is desirable since 
this policy reduces interference with vehicle operation. Time savings 
in such cases can reduce fleet size and manpower requirements, and 
thus require lower operating cost. 

When a fare is paid on the vehi cle, a "pay-enter" method is best 
applied on a line for which there is a rather even distribution of 

boarding passengers. In general, a "pay- leave" method is most effec­
tively used on a line for which there i s a heavy concentration of 

~ boarding passengers, while alighting passengers are evenly distributed 

along the line. A "pay-leave" method is cormnonly used <luring evening 
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pe1k hours, i.e., for outbound heavy passenger loads. This method 

minimizes departure headways from major center-city terminals. 

Form of payment refers to the way the fare is paid. There are 

four forms of payment which are possible (individually or in combina­
t ~~n) on a transit system: 

1. Cash fares 

2. Pre-paid fares 
3. Automated collection 

4. Honor fares. 

• Tnese are discussed individually below. 

6.5.2 Evaluation of a Fare Collect ion System. There are a number 
of factors which should be considered in establishing a fare collection 

sys tem. The major ones are: 

User convenience 
Mini mum vehicle delay 

- Ease of monitoring payment 
- Security of fare deposits (possibility of crime) 

- Attraction of passengers 
Cost of operation. 

Each form of collection has certain positive and negative charac­
t erist ics with respect to these factors. 

6.5.3 Cash Fares. Cash is the most corrmon form of fa re payment 
si nce it requires the least amount of planning and it is simple to im­
pl ement. However, unless an exact fare r equirement is imposed, certain 

delays at stops can be expected . On the ·otlier hand, i t is mos t con­

veni ent f rom the users ' viewpoint and most encouraging to potential 

users t hat change be available at the time of payment. 

As a compromise between these t1vo conflicting requirements , it is 
desirable to charge higher fares i f change is given at t he time of pay­

ment . An extra 5 or 10 cents i s enough to encourage use of exact fare 
to a considerable degree but wi ll not discourage (or prohibit) riders 

who des i re to ride but do not have exact change. Larger fares should 
have proporti onally higher penalties than smal l er ones. 

The primary benefi t of an exact fare requirement i s the secur i t y ·,t affords, particul arly in l arge ci ties with a high incidence of 

crime . The l ocked fare box which is used in exact fa re coll ection 

- , .. r ---·- ___ ....,..,_ 
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systems makes it impossible for even drivers of vehicles to open the 

box and thus discourages robbery attempts. 

6.5.4 Prepaid Fares. Many of the probl ems associated with cash 

fare collection can be reduced through presale of tickets. A number 

of alternative types of fares can be used for such presale, including; 

l . Tokens 

2. Multiple-ride tickets 
3. Weekl y, monthly or annual passes 

4 Pennits. 
These tickets and passes may be sold at ma jor stops and public 

places or at stores located near such stops . - Presale of fares increases 

passenger convenjence over· a strict exact fare requirement and en­
courages long-term use of the system on a regular basis. It also allows 

earlier investment of revenue by the agency than is possible with pay­
ment of fares at the time of riding . Tokens, multiple-ride tickets and 

passes are usually sold with some discount to induce passengers to 

purchase them. This discount is economically justified because of the 

savings the operator has through red~½ed accounting and faster vehicle 

travel resulting from such presale. 
Tokens are coined with the transit agency's symbol prominently 

shown on them. 
Multiple-ride tickets can take the form of a sheet of several 

detachable stubs which can be removed one at a time for each ride; 

or they can take the form of a single card which is punched for each 

. ride taken, up to the total number of rides for which the card is 
valid. Generally, this type of ticket has a time limit . The problem 
that arises in using such a ticket is that it increases station stop 

time because of the punching operation by the driver. 
Passes are cards sold by the agency at a flat rate but permitting 

an unlimited number of rides by the buyer during a limited time period, 

usually one week or month. Since passes only have to be shown to the 

driver on ·boarding or alighting the vehicle, station stop time is not 
increased; identification of the bearer of the pass is desirable since 

passes should not be transferrable. Several types of passes are pos­

sible : 

Unconditional pass : good for unlimited system use during a given 
time (usually one ~onth, but sometimes as long as one year) ; this 
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is the highest priced pass. 

Point-to- point pass: good only for use on one rout e or between 

a fixed pair of stations on the system, but at any time of ·day or 
• week for the life of the.pass; it has a lower _price than the un­

conditional pass; particularly useful for zonal or graduated fare 

structure since they require otherwise complicated fare collection. 

Off-peak passes : usually offered at considerably reduced cost 
from standard fare __ for use during off-peak periods and on week­

ends; with respect to routing. these passes may be either uncon­
ditional or point-to-point . 

A variety of other types of passes is also possible that may be 

tailored to specific corranunity needs: weekend family passes, sporting 
event passes, and shopping passes for days that otherwise experience 

below-average system use. Expenses incurred for the printing of passes 
can be minimized by offering adverti sing privileges (on reverse side of 
pass, on vehicles) for sharing financial support by various companies 

and businesses . 
Permits are similar to passes in that' they entitle their owner 

to an unlimited number of rides for a given time period, but differ 
in_.that they require a small payment (such as 10¢) for each r ide. The 

concept behind the_ permit ( as opposed to the pass) is that although they 
can be priced at a rate which a 11 ows 10-ri de-per-week .users ( corranuters) 

to save money, they continue to generate money for the transit agency 

if they are used more frequently. Also the nominal charge per ride tends 

to discourage abuse, i.e., excessive useless travel. Pittsburg, uses 
such a permit system. 

Another type of ticket is the transfer.Ideally, there should be no 

charge for transfers between different routes of the same mode since 

the passenger is not to "blame" for transit routes wh ich do not serve 
his t rip directly. In addition, passengers f orced to transfer undergo 

an inconvenience. However, free transfers often l ead to abuses such 
as their sal e to other riders. Therefore, it i s often necessary to charge 

a nominal fare ( such as 5 or 10¢) for transfers. 

It is al so hi ghly desirable to provide for l ow-cost transfers 

between different modes (e.g. bus to light rail or rapid transit). 

_,,_ _______ .._ _____ ._ ---·- ~--- -------- - -•-·,.. ~ - - -
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While such a pol icy can be difficult to arrange and implement when 

there is a separate ownership and jurisdiction of each individual mode, 

the benefits in improved passenger convenience, increased attractiveness 

of the total transit system and greater patronage are often overriding 

considerations. · Low-cost transfers between modes shou 1 d therefore be 

planned and implemented wherever feasible. 

6.5.5 Automated Collection. With present technology it is possible 

to provide for automated (unmanned) off-vehicle fare collection. How­
ever , because of the nigh cost of installing such a system, it should 

be considered only on the most heavi iy traveled lines and at the busiest 
stations. Surface transit lines usually cannot utilize such equipment. 

6.5.6 Honor Fare System. This system provides that passengers may 

enter a station area, board a transit vehicle and leave it freely on 

the presumption that a ticket has been purchased. It is lef t to each 

person to be honest and to buy such a ti cket, although spot checks are 
performed on vehicles to deter abuse. Passengers caught without a 

valid ticket pay a penalty of 10-20 times the value of the ticket they 

should have had. 

While the concept of honor fare is untested in U.S. cities, there 

has been wide success with this method in many European cities. Major 
advantages of the method are that station standing time is minimized, 

speed of transit is increased and the need for station personnel is 

reduced or eliminated. The honor fare system continues to spread in 

Europe and it is receiving increased attention in this country. 

A summary of fare system characteristics and options is shown in 
Fig. 6.6. 

• 
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•Prior to boarding 
•On•vehicle 

Pay enter 
Pay leave 

Cash 

•Exact fare 
-Change given 

Same amount 
Extra charge 
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Location of Payment 

•Ticket sales office, 
stations 

•At stops, prior to 
boarding 

•On-vehicle farebox 

Form of Payment 

Prepaid 

•Passes 
• Penni ts 
,Multipl e-ride 
-Tokens 

(,Transfers) 

Payment Control 

•Turnstile 
-Driver 
,Honor fare 

Automated 

· Cash 
-Credit Card 

Figure 6.6 -- Review of various fare system characteristics . 

►-. ---- ·---



6-21 

6.6 REFERENCES ANO BIBLIOGRAPHY 

1. Charles River Associates , Free Transit, 0. C. Heath and 
Company, Lexington, Mass., 1970. 

2. Highway Research Board, "Passenger Transportation--5 Reports", 
H. R. Record 213, 1968, esp. J. Curtin, "Effects of Fares on 
Transit Riding", pp. 9-20. 

3. Kemp, M. A., "Reduced Fare and Free-Fare Urban Trans it Serv ices-­
Some Case Studies", Urban Institute Paper 1212-3 , Washington, 
1974. 

4. Kemp, M. A., ''Transit Improvemen t s in Atlanta--the Effects of 
Fare and Service Changes", Urban Institute Paper 1212-2, 
Washington, 1973. 

5. Mossman, F., Principles of Urba n Transportation , The Press of 
. Western Reserve University, 1951. 

6. Robbins, R. M. and Pos tgate, R., "Passenger fares: a considera­
tion of the economic aspects of alternative fare structures", 
Report IV, 34th Annual Congress of the UITP in Copenhagen, UITP, 
Brussels, 1961. 

7. Smerk, G. M., et . al., Mass Transit Management: A Handbook for 
Small Cities, Ins titute for Urban Transportation, Indiana Univer­
sity, DOT Project No. INO-MT0-1, February 1971 . 



-- - . .. -:·~v ---·--•-,..-. 



Chapter 7 

TRANSIT INFORMATION FOR THE PUBLIC 

For a transit system to be used, the public must know when and 

where the service is provided. An information system is therefore an 

essential element of every transit service. The failure of many sys- · 

terns to recogn ize the importance of a transit information system as an 

integral part of the transit service has often been a major contributing 

factor in patronage loss and financial r•,in of transit agencies. 

Underestimating the importance of available information to the 

traveling public is caused by a lack of understanding of public attitudes 

and needs. A common error made by many transit agencies is to undertake 
a survey of passengers to examine the importance of information about 
services provi ced for the entire public. This type of survey serves 

only to assess the attitudes and needs of existing users of the system. 
It does not consider the needs of the infrequent or potential rider who 

may be discouraged from using the system because of lack of information 
about it; in other words, this method of evaluating the adequacy of the 

information system by definition eliminates the possibility of discovering 
its faults. Therefore such a survey can be considered only as a partial 

means of evaluating the adequacy. of the transit information system and it 

should not be interpreted as representative for all existing and potential 

passengers. 

Although the impact of an improved information system cannot usu­

ally be noticed immediately, many agencies have found that the maintenance 

of a high-qual ity infonna tion system has yielded long-term benefits in 
tenns of high ridership and good public image. 

The term "information system" impl i es that there are several compo­
nents which comp15~ent each other in supplyi ng the public with information 

about the transit system. These individual components must be coordinated 
i~ their content and places of distribution. Only if the system is 
planned and designed in this way can it provide the information which is 
necessary for each segment of the public. 

7-1 
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7.1 Planning of a Transit Service Infonnation System 

In the planning of a transit service information system, three ques­

tions must be addressed: 

l. What types of people are going to use the system? 
I 

2. What infonnation do they need when. they want to use the system? 

3. How can that information best be distributed to them? 
These three considerations in planning the distribution of infor­

~ , -.:tion are discussed below. 

7.1.1 Users of the System. There are four major classes of transit _ 

users, grouped according to their needs for information about transit 
service: 

1. Regular user on his regular- route. Typically these are the work 
corrnnuters, school children and some shoppers. 

2. Regular user making an irregular or unscheduled trip. Passengers 
traveling to an unfamiliar part of the city are in this group. 

3. Incidental users. This class comprises residents familiar with 

the city, but who use the transit system infrequently. 
4. Visitor to the city. Visitors to the city, i.e., those totally 

unfamiliar with the transit system infrequently. 

Generally, it can be said that the four classes f re listed in order · 

of increasing need for information. The regular user needs the least 
amount of information--only to be kept informed of any changes i n 

schedule, routing or stop locations. The regular user.making an irregular 

trip needs slightly more information·: while he i s familiar with how the 

system operates (amount of fare, fare collection method, etc.), he may 

need schedule, route and stop information for his trip to an unfamiliar 

pert of the city. Much the same type of information is needed for the 

th ird class of user (incidental user ). He may have to be reminded, 

however, of fare structure, exact f are requirement, and the like. Finally, 
t he city vis.itor requires the most complete informati on about the city 

and transit servi ce since he is totally unfamiliar with the local condi-

. . . ';~~~-~,-~ ·\~. .. 
Ea~h -~ne of these gfoups must be considered in determining the type 

of information needed , means through which it can best be di stributed, 

,,._:,1' ··-- - · ·-- ;,-r,-•---.. --
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and the locations for its distribution. 
7.1.2 Items of Information Methods and locations of Distribution. Infor­

mation generally needed by users can be classified as follows: 

Transit system network routes and stop locations 

- Schedule of service 

- Fare information 
- Methods of transfer between routes and between different modes. 

The means by which these items of information are conveyed to the 

user of the system include: 
- Signs, markings and special transit symbols 

- Pamphlets 

- Displays 

- Telephone 
- News media. 
Finally, the locations of information distri bution include: 

- Transit stops 
- Transit vehicles 

- Transit terminals 
Banks, stores, administrative buildings 

- Other public places. 

7.2 Coordination of the Information System 
It is necessary to carefully plan the transit information system 

by coordinating the type of information with the medium through which 
and the location at which it is distributed. Below, locations of infor­

mation distribution are discussed with the types of information and 

media appropriate for those locations. 
7.2.1 Transit Stops. In designing stops, several means should 

be used to convey information to the public. Clear stop designation is 

the first priority item of transit information since the people must 
know where the service is provided before they can use it. Therefore, 

all stops must be clearly and prominent ly designated, preferably with a 
uniform set of design elements for all stops for easy recognition through-4 

out the city. This objective is achieved through careful selection of 
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signs, pavement ma.rkings and other stop design features . 

~jgninq at each stop should clearly display the following information 
on a permanent support pole: 

- The system logo (ensignia or symbol) 

- Route designation (by street, route number or letter) 
Transit agency name 

- Transit information telephone number 

Direction of vehicles ("Northbound" ; "To City". etc.): optional 

- Stop designation (by street, number or name): optional . 

Special attention should be given to the size, shape, color combina­

tion, physical orientation and visibility of the sign and information items . 
Users should be able to find transit stops without effort; sketches, sym­

bo~, and text on the sign should be easy to read and comprehend. 
Sign colors should draw attention and contrast with the immediate 

vicinity; distinctive shapes (such as triangular, ov·al and round) facili­
t ate user recognition and ~ttract non-user attention more quickly than the 
more common rectangular signs . 

Th_e orientation and placement of signs should be such that they are 

highly visible to pedestrians in the vicinity, but also such that vi s ibi­
lity of other vehicular and pedestrian traffic is not impeded, especially 
at corner stop locations. 

An exampl e of a transit stop marker which would be adequate for most 

stops i s shown in Fig . 7.la. At important stops and at transfer points, 

it is desirable to di splay a map indicating the transit routes, route 

transfer points and a timetable. Fig. 7.lb shows the format that such 
a display could take . 

The sy.stem logo at each transit stop should be a distinctive design 

and color combination. Also , i t shoul d be easily distinguished from other 

traff ic regulation signs to avoid confusion of passengers in finding 

trans it stops. Figure 7.2 shows sel ected examples of system logos presently 

used in several world cities . It is interesting to note that the U-Bahn 
and 5- Bahn symbols shown, as well as another sign no t shown for light 

rai l and bus stops , are standardized throughout West Germany. 
Pavement markings on the street (or also on the sidewalk) can assist 

-i. ~ --- ----- -- - - --.--- ~ .... -,,_,_. - ~ --·- ·----- -- --r . ;.-.. . -
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- . :···~·; . . 

PINE STREET 
PENN TRANSIT 

-_, TEL INFO: T-R·A·N-S·l ·T . · Z> 

ROUTES . 4, 7 

Figure 7.la -- Transit stop marker with minimum information. 

... 
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SPRUCE STREET 
PENN TRANSIT 

TEL INFO: T·R·A·N·S-1-T 

~ 

ROUTES 4, 7, 22 
------------

N 

\ 
[ SCH EDU LE] 

7 

Figure 7. l b -- Transit stop marker 1~ith information desirable at major stops. 

f".'' - "°h""",_.._ - ·-· ,,,_ ... ---~- -· ..... ·-------------
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LONDON STOCKHOLM MONTREAL 

S-BAHN U-BAHN HARRISBURG 
1tlEST GERMANY 

SAO PAULO 
BOSTON PHILADELPHIA 

Figure 7.2--Examples of transit system logos for selected cities. 
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in accenting the stop location for passengers and for car drivers who 

might otherwise violate parking restrictions in the stop area. Appli­

cation of painted stripes and/or ~olid coloring of the on- street stop 

area and adjacent sidewalk waiting area are most commonly used. 

Figures 7.3 and 7.4 show selected pavement marking designs for 

near-side and mid-block stops. Similar des igns would apply to far-side 

stop locations . 

Construction of bus bays may assist in bus operations and maneuvers 

of buses and other vehicles as well as in passenger recogni tion of stops . 

~ Figure 7.3 shows common types of bus bay designs which shoul d be cons idered 

in constructing or reconstructing streets or street intersections. Since 
the provision of bays primarily benefits automobile traffic through 

the elimination of bus interruption of the drJving lane, their construc­
tion s hould be financed from regul ar street cons~ructi.on fupds. 

The curb contouring in Fi g. 7 .3b is an?.t-he-r-': <1.e,:;;i_g·n techni que which 
·"-- ,. · . ,. . . .. 

can assist bus operations. The design shown. effectively prohibits moving 
traffic f rom using one lane. In such a case , curb parking space can be 
provided in front of and behind the stop. locati on. If only pavement 

markings are used and there is no curb cont ouri ng in designating stops, 
i t is possibl e to allow peak hour us e of the curb lane by automobile traf­

f ic . · Two examples are shown in Fi g. 7 .4. 
After clearly defining and drawi n_g attention to stop l ocations, 

map and schedule information should be provided. At each major stop 

l ocati on a permanent display should be posted showi ng a map of the 
route(s) on which the stop is located and the schedul ed passing times 

of vehicl es for t hat stop. 
-Rout e maps should show at l east the follm"ing information: 

All routes servi ng the stop 

Major stops on all shown routes , l abeled by name 

- A "YOU ARE HERE" designation ·• 
- A north arro1-J. 

At major stops a map of the ent ire transit system should be posted 

which shows the following: 
All routes on the transit system 

- All stops and terminals 
·.•, 

-___ _... _,. .. ·---- ----.-
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colored, texturized surface 

curb 

., . ' ... ;; 
striping 

•• 

striping 

(a) use of texture and striping for bus bays at corners 

texturized 

(b) curb contouring at transit stops 

Fig . 7,3 -- Variations in curb design at bus stops . 
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(a ) Near-s ide stop location 

Par i.. ing 

(b) Mid-block stop location 

Figure 7.4 -- Bus stop pavement marki ngs for parking l ane and peak 
hour through lane l ocations . 

---· . ' 
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- The major streets in the served area 

- Transfer points to other modes 
Park-and-Ride and Kiss-and-Ride facilities 

- Miscellaneous points of interest and landmarks 

- A north arrow and scale of the map. 

Preparation and design of the route map should be coordinated with 

other agencies and groups who are also interest ed in its distribution; 
I 

these may include the Chamber of Commerce, Tourist Bureau, Park Corrmission, 
as well ~ J with any other transit agencies in the area. 

A timetable should accompany route displays at all major stops. The 

timetable should provide complete schedule information for the stop, 

and preferably for major stops on the route(s) on which it lies. The 
following information should be shown on the timetable: 

- Name and number of route 
- Direction of travel 
- Effective date of schedule 

- Schedule for selected route stops by day of week (weekdays, Satur-
days, Sundays) 

- Designation of important stops, (e.g . Civic Center) 

- Designation of points of transfer to other routes and transit modes 

- Key for symbols and abbreviations . 
Since many routes have too many stops to be conveniently listed in 

a timetable, only the major stops can be shown. The stops listed in 

the timetable should be selected so that they are relatively evenly dis­
tributed along the route; general ly, stops appearing in the schedule 

should not be more than 2 miles distance or 10 minutes travel time apart. 
Each stop should be identified by street name or nearby landmark. The 

layout of the timetable should be such that: 

- The direction of the route is clearly shown by designation of 
terminal points: CITY HALL~CIVIC CENTER 

- Effective days of the week are indicated 

- AM or PM is indicated by letter type of physica l separation. 
A well designed timetable is shown in Fig. 7.5. 

It is very important that the timetable be simple , easy to read 

and, if headways are long, easy to memorize. For this reason, timetables 
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for services with long headways have several departure times and then the 

phrase "Then every 'x' minutes unt i 1". ~!hen headways are 10 min, or 1 ess, 

they do not have to be listed; the phrase "Every 10 min. or less" can be 
used. 

Figure 7.6 shows another design for a timetable. The time 
of each vehicle departure is listed and, on a_ separate map, travel times 

to intermediate points are given. From this information, a passenger 

can determine the times of arrival of transit vehicles at his stop. The 

advant~ge of this design is that it makes pLjSibl e a more compact format 

for providing all the needed timetable information. Its main drawback 

is its complexity which makes i t difficult to decipher the needed infor­
mation. 

A small route map should appear on each pocket timetable. The map 

should show the route with all street names, all its transfer points, and 
direction of travel on each one-way route section . It should also show 

the location of the route with respect to the rest of the city. Figure 

7.7 shows an example of such a route map on a SEPTA (Philadelphia) time­
table. 

7.2.2 Transit Terminals. Major transfer points for different 

transit routes or transit station on railroad lines; long distance bus 
stations or major shopping centers represent the focal points of the 

transit system. For this reason, such locations must be supplied 
with a complete set of transit infonnation: complete schedules, stop 

locations, fare information, etc. for all lines of each mode. An 

information booth may also be necessary at selected, heavily used ter­
minals such as airports and railroad terminals, in order to provide 

specific detailed information. System maps showing major points _of 

interest and schedules for all modes should be posted. In addition to 

such a display, infonnation pamphlets and schedules should be available. 
It is desirable that two types of transit system maps be made 

available to the public. They are (1) a standard street map of the city 
showing all transit routes and (2) a schematic map. 

The standard map shows all major streets and important landmarks. 

Superimposed on the street network in darker type should be lines repre-
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Figure 7.6 -- Example timetable (modeled on Rhode Is l and Public Trans i t Authority,Providence) . 
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•p,e._k Hours 
••3, 5, 66, 73, 88, N, R, Fox 

••• Fare 35~ 
Transfer 5< 
Each Rel...,Mler 5< 
S.nlor Chiz.,, 

(w;rh prc,per ID) 1 oe 
&-9 AM / 3:3CH!:30 PM 
Other times aod all day Sat.. 
Sun ., and Hot FREI: 

CIIBcln,n (under 42') FRl:E 
When accompanied w ith tare 

paying passenger -limit 
3 to each adult rider 

On Sundays and Holidays 2 
children u nder 12 yeant of 
age may r ide free with each 
fare paying pauenoer 

County Line Rd 

... 
t 

➔ 

OverhHI Rd 

&
Renn• rdSt 

w 
C 

f',\ i 
~ 

0:, 

Wll'IChester Av 

Rhawn St 
"T 1-------"' 

@Cottman Av 

> 
< 
C 
0 

~ 
:, 
Ill 

Robbins Av 

➔ :::' ··-0 Bridge St ~ 
Bridge-Pratt O f 

Matll•t-F,.nkford Une ! : 
C 

Figure 7.7 -- Example bus route map to accompany timetable (SEPTA-­
Philadelphia): 
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senting transit routes. In designing these maps, it is important that: 

- Transit route lines do not obscure street names 

- Transit route numbers are marked next to each line at frequent 

intervals to prevent confusion 

- Turning of routes and separation of routes is marked clearly by the 

use of arrows. (Fig. 7.8 shows how the use of directional arrows 

on lines can reduce ambiguity.) 

For large cities, where ·many routes converge in the CBD, an en­
larged CBD map is also included. 

Figure 7.9 is an example of a good design of this type of system map, 
taken from the MBTA (Boston). 

The other type of map is schematic, i.e., only transit routes are 

shown , usual ly not drawn to scale. They can take the form of small, 
pocket-sized cards so that t bey are handy for regular users of t~e sys-
tem who only need to check routes, transfers and stations. Figures 7.10, 

7.11, 7.12, and 7.13 show schematic pocket maps for the London, Hamburg, 
Boston, and Philadelphia transit systems. These schematic maps are usually 
made for networks of high quality transit services such as rapid transit· 

and light rail. For some cities 1-1ith relatively simple bus networks, the 

same type of map can also be used. 

Both types of maps should indicate all Park-and-Ride lots. Knowing 

the locat ions of these lots .facil itates use of the transit system by 

visitors who are unfamiliar wi th the system. 
Since most passengers usually do not have any timetables other than 

fo r routes they frequently use , i t is desirable to provide a capsule summary 

of timetable informat ion on all routes on the back of the system map. 

In that way, a passenger can have some idea of how long he must wait to 

use any -route and whether he needs a more s pecific timetable. 
Figure 7.14 shows a sugges ted fo rm for summarizing t his information. 

Pamphlets with the same information coul d also be made ava il abl e separately 
for the system maps . The fact that such a l arge system as the MBTA is able 

to provide a capsule summary of ·its rou tes demons tra tes that thi s can 
be done even f or extens i ve network and compl i cated routes. 

In addition to genera l transportati on i nformation, passenger_, in a 

transportation termina l must be ass i sted in t heir ori entation and movement 

,r ........ 
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B,C 

A,B A 

A 

A,B 

(a ) confusing 

B,C 

A,B A 

B 

A,B A 

C 

(b) unambiguous _ 

Figure 7.8 -- Importance of directional arrows on route ma ps. 
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Fi g. 7 .1 2 -- Sci1ematic transit system map (Boston) . 

._,_ 

e Richard Sa~J W~rman 
Subwi v .and co,nmu1a, r•t m.-o. 
Or••"~ •" coto,i . 

Figure 7.13 
Source: (2➔ 

Schematic transit system map (Philadelphi a). 
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Effective from ___ to __ _ 

ROUTE 
MAXIMUM TIME BErnEEN VEHI CLE 

NO. 
ROUTING DESCRIPTION DEPARTURE<; IN MTNIITE<; 

D/\Y A- M I D _M 

12-6 6-9 9-4 4-6 6- 9 q_p 

M- F 

Sa 
Su 

M- F 
Sa 

. 
Su 

M-F 
Sa 

Su 

M-F 

Sa 

<;u 

M- F 

Sa 

Su 

M-F 

Sa 

Su 

M- e 
,a 

'" 
M- F 

Sa 

Su 

Fiqure 7 .14 - - Condensed route and service frequency informat ion for trar1sit 
net1-1orks . 
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through and 1-1ithi n the termi na 1 faci 1 i ty. This is important s i nee many 

passengers at those locations are not familiar with the system and ho\ot 

to use it. For this purpose the direction to loading platforms must be 

clearly d.esignated. A grouping of signs should be placed at key points 

in the terminal area giving information on the direction to platforms for 

the various modes (taxi, bus, subway, etc.) to the information booth, 

to comfort facili ties, and the like. Signing should be continuous along 

the path of passenger circulation .. Such groupings of signs should appear 
. on all platforms and at all entrances to the terminal, since both arriving 

'"':-,:':~. and departing passengers should be considered in p 1 anni ng the signing 
layout at the terminal. Exits from the terminal should be marked by the 
street to which they lead, facilitating orientation of first-time users 

and visitors. 

Figure 7.15 shows a transit terminal and t he appropriate locations 
for different items of information. Figure 7 .16 shows a fev1 examples 

of information signs that are used by the MBTA in Boston. 
7.2.3 Transit Vehicles. In addition to providing travel, the 

transit vehicle should also be used to inform riding passengers, ~,aiting 

passengers and potential users about the service. 

The exterior of the transit vehicle should prominently show the 

following information : 

- The route number and destination of the vehicle in large, bold 

numbers and letters on the front and right hand side, and 

desirably rear side of the vehicle. 

- The trans it agency 1 ogo and name on a i 1 sides of the veh i c 1 e. · 

- The transit information telephone number on each side .of the 
vehicle . 

It is important that the route and destination appear prominently on 
· all sides of the vehicle since such information displayed only in the front 

and rear is blocked when vehicles are in queues or if passengers approach 
from the side of the vehicle. A practical way of having accurate signing, 
even when vehicles change routes, i s to use interchangeable metal plates 

that extend from the side of the vehicles. Fi gure 7.17 shows such devices. 

These signs are particularly helpful where there is a long queue of buses, 
since they allow a passenger to locate his bus morP. easily. 
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IDlNTI FY STATION NAME 

OIRlC T TO T ICKET PURCH>SE , 
SYSTE~/CITY INFO~~~TICN ~~E A, 
~ASS AGl~AY TO OPPOS ITE SIDE 
OF TR.CKS 

DIRE CT 10 TRAINS 
IOENT IFY CALl •FO~-AI U GATl 

TIMt , COUNTDOWN TO 
DEPART U;a?[ TI ME 

IDENT I FY TRANSFER MA CH INES 

UIREC, TO TRAINS, SYSTEM/CI TY 
INFO~HAT ION ALCOVE 

IDE NTIFY INBOUND ANO 
OU TBOUND TRAtKS 

TI M( , COUNTDO~N TO 
Ol PARTURE TI Ml 
IDE NT IFY TRACKS FOR NEXT TRAIN 

IDE NTIFY EXIT 
DIREC T TO PARKING, BUSES, TAXIS 

DI RECT TO SYSTEM/ CI TY INF ORMAT ION, 
•AI TI NG AREA, PHONES 

DI RECT TO EXIT, PARKING , SUS ES, 
TAXIS , PASSAGEWA Y TO OPPOS ITE 
S IU[ OF TRACKS 

IDENTI FY TRA~ SF ER MACHINES 
0 I R!: CT TO E. X 11 

OIRE Ci TO EXIT 

DIRECT TO l XI T 
IO( N T I F Y I H SOU ~O ANO 
OUT BOUND BAC KS 

TIME, COUNTOOW~ TO 
C[ P -'RTUR~ T 1 ~ E 
IDENT I FY TRACKS FOR N(XJ TRAI N 

Source: Reference 3 

Fi gure 7.15 - - Information and signing priori t ies at t ransit st ati ons . 
Sourc e : ( 2) 
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~ RAPID 

\.!)~ 

-I ® ESCALATOR ~ 

f WATER ST. EXIT ® I 
WATER ST. EXIT (t) 

·.= . • · 
1 @ ARLINGTON ST. 

ESCALATOR@ 

INBOUND@ 
CHARLES 

PARK STREIT -
WASHINGTON -

SQUTH STATION 
BROADWAY 

ANDREW 
COLUMBIA 
SAVIN HtLL 

AELDS CORNER 
SHAWMUT 
ASHIIIONT 

IIATT'APAN 

ESCALATOR @ 
~ WATalST. 

BWi!1NtLdfl1sl 

Figure 7.16--Examples of informational signing employed in Boston by MBTA . 
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Figure 7.17 -- Exterior informational signing on bus vehicles. 
(WMATA--Washington, O.C.) 

Reprinted from: Transit Information Aids--Mass Transportation Demonstra­
ti on Project INT-MTD-10 . p.23 . 
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The vehicle interior should provide the following: 

- A displayed route map with labeled stops. 

Pocket-maps and schedules of the route and of these routes 

intersecting it. 

Signs for on-vehicle regulation (e.g. NO SMOKING) shoulq also be dis­

played clearly to all passengers stipulating respective penalties under 

the law. 
7.2.4 Public Places. Tourist centers, hotels, recreational and 

cultural centers, major agencies and newstands are examples of places 
that could conveniently distribute transit :nformation via pamphlets 

for routes and schedules. Since the wide availability of such informa­
tion both assists and encourages travel, the cost of this action to 

those who distribute the information is usual 1y easily recovered and 

exceded by the revenues resulting from increased ridership. 

7.2.5 Media. The printed media--especially newspapers--should be 

used for conveying information, and for promotion in two different 
ways. One is to announce through regular advertisements, significant 

·changes or innovations in transit service, such as: 
Changes in schedule 

- Changes of routes 

- Changes in stop locations 

- New routes added,with schedules. 
This information particularly assists the occasional transit user who may 

otherwise rely on an obsolete schedule kept at home and incur unnecessary 

inconvenience in not knowing the correct service. For new routes such 

information is, naturally, a basic part of implementation. 
The other way of utilizing the media is to keep the press informed 

about transit service and operations and to ask for assistance in such 
steps as introduction of new service, fare changes or any other changes 

which bring benefits to most passengers, but may affect negatively -a few. 
7.2.6 Telephone Information. All transit agencies should provide 

a telephone information service operating during the times of day during 
which transit service is provided. Many would-be transit passengers do 

not have readily available the information needed for planning a trip. 

Unless they can easily obtain the route number and timetable information 
by phone, these potential riders will be Jost. Since almost all transit 
agencies now provide some such service, the following suggestions are 

designed -to lead to improvements. 



Ill" • 

7-28 

1. Telephone infonnat ion personnel should be thoroughly knowledgeable 

about the city, transit service, fares and other relevant items . 

2. Telephone information personnel should be provided with infor­

mation aids to assist in answering questions . They should have maps 

that show streets, house numbering system, as wel 1 as major objects such 

as hotels, theaters, terminals, etc. In addition, these maps should 

show the location of every transit stop in the system . 

3. It is very important t hat telephone personnel be courteous and 

pa tient in dealing with callers. A caller should not be made to feel that 

he is imposing on the trans it agency in order to find out some timetable 
information . 

4. The telephone personnel on duty should be sufficient to make it 

easy for ca 11 er to "get through". 

5. It is preferable when all operators are busy , to play a ·recorded 
message for callers, than to merely allow the telephone to continuously 
ring -- a policy which leaves the caller uncertain as to whether the 
service is in their operation; however, the number of callers which are 

accepted by the answering machine shoul d not be so large as to result 

in callers having to wait for a long period of time for an operator. If 
a waiting time of more than about 5 minutes is likely, the caller should 

receive a busy s i gnal. 

6. The telephone information number should be displayed promi nently 
on timetables , route maps, at stops and on vehicles . 

7. The hours of tel ephone information service should be at least 

from one hour before t he beginning t o the end of regular transit 

operations (standa rd S-12 in the Operati ng Guidelines [4] ) . At all 

other times, the service should provide a recorded message which informs 
callers as to the hours of service. 

Telephone information, while extremely important, should 

never be considered as the bas ic information system. The reason is the 
high cost relative to other means of providing information. (ln . 

Pi ttsburg h the cost of providing telephone informat ion have been es ti­

mated at 25¢ per call.). Full use of these additional methods, as dis­
cussed previous ly , wi ll reduce the number of potential passengers who 

must ·use the phone serv ice . As a resul t, the number of operators required 

for a large system can be reduced. In smaller cities, where there is 



7-29 

only one operator on duty at a time, better written information will 

improve telephone information since the chance of the phone being 

busy is decreased. The above colllllents should not be taken as en~ . 

couragement to reduce telephone information availability; o.n the 

contrary, the service should be strongly promoted. At the .same time, 

it should not have to give out information conti nually which could be 

provided by other means at a lower cost. 

7.3 Implementation of the Information System 

In implementing the information system, all items listed above 
cannot be introduced into service immediately. Because limited funds 
are a very real constraint, a list of priorities should be established 

which reflect s the most effective use of the available funds. 
To do this, a qeneral rule may be applied: Allocate money on the 

basis of its ability 1D inform the maximum number of people about the 
system. A recorrrnended grouping of priorities is shown i_n Table 7 .1 

which summarizes the elements of the information system described so 
far: the locations of distribution, the types of users, the type of 

informa~ion, and the means of distribution. 

7.4 Maintenance of the System 
The importance of maintaining an attractive and accurate information 

system can hardly be over-emphasized, for a poorly designed or misleading 

system can be a greater deterrent to ridership than no information system 

at all. With this in mind, the agency has the responsibility t9: 

- Protect displayed inf~nnation at stops from weather and vandalism 
to the greatest possible extent. 
Promptly replace damaged or missing signs and displays 

- Update schedules and route maps as changes are implemented 
- Inform the public through the printed media of stop , route or 

schedule changes 
- Maintain pavement markings . 

• 
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Table 7. 1 SullVllary of transi t infol111ation distribution system . 

LOCATION PRIMARY GROUP SERVED 
Regular Regular 
User, User, 

Regular Irreaular 
Route Route 

Transit Stops 
/Terminals 

All Stops X X 

-Major Stops X X 

All Mode X X 
Terminal 

Mode Transfer X X Points ( K+R, 
P+R) 

Transi t Vehicles 

Exterior X X 

Interior X 

Public Pl aces 
Hotels 

Entertainment X 
Centers 

Arenas, stadium X 

Schools , univers . X X 

Employment X X 
Places 

'lewstands X 

Tourist 
Bureau 

l . System name and symbol 
2 . . Transi t information telephone number 
3. Route map and schedul e 
4 Transit network map 
5. Fare infol111ation 
6. Information on all transport 

Incidental 
and 

Potential 
User 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

services (other lines , l ong di s tance , taxi) 

~---- -- - ..--- · 

. ~ I 
TYPE OF INFORMATION 

Visitors PRIORITY 
to A a C City, 

New User 

X 1 , 2 3 5 

X 1-3 4,5 

X 1-6 

X 1-5 6 

X l ,2 5 

X l-3 ,5 4 6 

X 2-5 6 

X 2-5 6 

X 2 ,4 · 1 ,3 ,5 6 

X 3-5 l ,2 

2-5 

X 4 6 

X 2,4, 3 
5,6 
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Chapter 8 

PUBLIC TRANSIT MARKETING 

8.1 Marketing: Definition and Purpose 

Marketing of . transit is an organized program undertaken by the transit 

agency in order to achi eve the following basic goal s: 

1. To promote transit services and inform the public of them. 

2. To assure that the maximum number -of potential riders is 

attracted to the transit mode. 
3. To assure that transit service is provided where it has maximum 

overall benefit, not only from the operator's viewpoint (efficient 
operation), but from the collllluni ty and passenger vi e1-1poi nts as 

wel 1. 

Because many transit operators have had fi nanci a 1 difficulties over 

the past few decades, concern for short-term financial solvency has been 
often considered t he dominant criterion in successful transit operation. 

Although financial assistance from external sources is likely to grow in 
the future, there is still a 9reat need to attract to the transit system 
the gfeatest ridership possible in order to maintain a high servi ce 
quality. 

Good marketing is essential to high passenger attraction and system 

utilization which increases revenue and reduces deficit. Inefficient 
marketing (or no marketing program whatsoever) has the long-term effect 

of discouraging auto drivers and other potential users from using the transit 

system and increasing the operating ratio. These facts are often overlooked 

by operators. 

8.2 Format of a Marketing Program 

A marketing program has two basi'c components: 
1. A marketing strategy 

2. A set of marketing activities. 
8.2.1 Marketing Strategy. A marketing strategy coordinates the various 

marketing activities into a plan that has defined objectives with regard toe 
passenger attraction and provision of service. The plan should be designed 
with programs for achieving the objectives. Three types of marketing 

8-1 
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strategies can be used, singularly or in combination. 
Undifferentiated marketing is a strategy in which a single product 

(transportation) is provided and promoted in a way designed to appeal. 

to the public-at-large, i.e. the entire population of a defined service 
area (town , city or metropolitan area). In this strategy. the "typical" 

or "averaqe" consumer is appealed to and served; an attempt is made to 
attract the most passengers with a single service/promotion package. 

For most cases, undifferentiated marketing is the simple~t and 

cheapest of the marketing strategies to implement. However. its effec­

tiveness as a sole strategy for marketing generally depends on a population 

with fairly uniform characteristics and on an assumed limited role for 

transit . In most cases, therefore. undifferentiated marketing is the base 
on which to buil d a more sophisticated and effective marketing program. 

Differentiated marketing, in contrast to undifferentiated marketing, 
appeals to each segment of the ·population ~o ride transit based on their 
differing needs . For example, a campaign to attract more off-peak riders 

may highlight the benefits of riding transit during those hours for 
shoppers, housewives, the elderly and others who would be potential can­
didates for such a program. 

Differentiated marketing is typically more expensive than undifferen­

tiated marketing because of the need for diversity and speciali zation in 
the planning and presentation of the program. The hi gher investment level in 

differentiated marketing, however, i s often offset by increased patronage 
level and l arger revenues than the first type of program could achieve 

Concentrated marketing is a program which has as its goal the promotion 

of a single component of transit servi ce or the attraction of sel ected seg­

ments of the ridership market. This type of marketing is most effective for 

agencies which offer special ized servi ces. 
The choice or combi nation of the t hree transit marketing strateg ies depend 

on four basic factors: 
l. Ro le of transit : If transit is to play a dominant role in the community 

or if there is a corrmunity decision to attract as many passengers as possible 
to transit, it is des irable to invest heavily in a marketing program. Differen­

tiated and concentrated marketing are usually more effective in t hese cases. 

Conversely, when transit is used pr imarily to suppl ement auto travel in 
a city , it is not necessary to have a hi ghly specialized market ing program. 

An undifferentiated marketing strategy is then acceptable. 

------ - ~ ----- - -..... ~ -·-·~·- ·-· -,...---- -

1!. 
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2. Available Resources: The financial resources avai l able often 

l imit the i nitial ma:keting effort to undifferentiated or concentrated 

marketi ng, depending on cormiunity character istics. 
3. Convnunity Characteristics: Each economic and social group in 

a city has different transit needs . In determining the type of marketi ng 

program best suited for a city, the analyst must determine how .diverse 

t ransit needs of the population are. A "one-industry" city with fairly 

uniform population characteristics, for example, may find that an undif­
ferentiated transit marketing program is bc~h cheaper and more desirable 

than a more sophisticated program. Cities which have more variety in 
social and economic groups , often wi l l find a differentiated marketi ng 
program essentia l . 

4. Type ·of Transit Service: Transit services can be di fferentiated 

by a number of features including time of service (peak, off-peak), area 

coverage (CBO-oriented, dispersed) , function (co11111ut ing, shopping, recrea­

t iona l ), etc. The more diversified a t ransi t servi ce i s, t he greater the 

need is for a di f ferentiated mar keting program. 

Tabl e 8.1 presents a su1T111ary of i nfluences of these major factors 

on t he choice of a mar keting strategy. The Table should be viewed not 

as a set of inflex i bl e ru l es , but rather as an aid when considering al­

t ernative strategies. Af t er determi ning t he best marketing strategy for _ 
the defined objectives and condi t ions, t he s t rategy shoul d be reviewed perio­

dical ly for i t s effect iveness, possibl e expansion, and possi ble improvement. 

Tabl e 8.1 -- Influence of different factors uoon choice nf mar keting strategy . 
T_ype of Mar keti ng 

Strategy 
Bas ic Factor 

Undifferentiated Differentiated Concentrated Combination 

Rol e of Transit 
dominant • • • • 
suppl emented • • 

Resources (cost) 
l imited • • 
adequate • • • • 

Corrrnunity Type 
diverse • • • 
uniform • . 

Transit Services 
several types • • • s ingle ty.pe • 
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8.2.2 Marketing Activities. There are several marketing activ1tie~ 
which comprise the marketing program. Transit marketing activities can 
be classified into: 

1. Market research 

2. Market segmentation 

3. Service adjustments 

4. Information distribution 
5. Advertising 

6. Public relations . 

Market Research: Market research collects the type of information 

necessary for an effective marketing program. In general. j t defines present 
and projected (or planned) characteristics of the corrmunity, its population 

and transportation . patterns and demand f eatu~s::• I ric 1 uded in this type of 
information are: 

- demographic characteristics {population densities, etc.) 
- physical features of ·the city {topography, etc.) · 

- sociological factors (average income, etc.) 
- origin-destination data 
- auto ownership data 

- peaking characteristics, and so on . 

Other types of information may be included to suit analysis of specific 

needs in a given situation; the amount and kind of data gathered and the 
frequency with which it is updated will depend to a large extent on the 

availability of funds , the stability of the corrmunity and other factors. 

It is also important to remember that for a balanced marketing program 

data must be coll ected on the attitudes and preferences ·of transit riders 
already using the system, as well as the potential ridership which may 

exist in the communi ty . With this information the analyst can determine 

the service which may be deficient in the view of the riding public . 

There are many ways to gather i nformation for market research. An 
easy way to start is 1•/ith info rmation that has already been gathered by 

others. Government agencies such as the Department of Motor Vehicles, 
Regiona l Planning Offices and t he Census Bureau are good sources. The 

Motor Vehicle Department can prov ide information on automobi le ownership 

by area and population group. In addition, i t can provide drivers' addresses 
corresponding to ii cense plate numbers for any survey of automobile driver 

ori gins. The Census Bureau has the information for each census tract of 

. - - - .. --r ... - . ... ----..--- ~-...,....,.. 
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a city on such factors as population, age, income, job distribution, 

and automobile ownership. For large cities the Bureau also provides trip 

origin-to-destination information. The local county or regional planning 
office has data on zoning and land use . Distri ct office of the Department 

of Transportation has data on highway network and traffi c volumes. 

It is often useful to contact the transit agency 's own complaint de­

partment, as well as its telephone information service for useful informa­

tion on public needs , attitudes and values. More specifically, it i s 

possible to find out passengers ' most common complaints about deficiences 

in service ..:nd their suggestions for improvements. However, for much of 
the information that the transit agency needs, it is necessary to conduct 

a market survey. The main techniques for conducting a market survey con­

sist of questionnaires and interviews . 
Questionnaires which are lengthy or complex should be avoided if in-. 

dividuals are expected to complete them alone. Questionnaires should 
generally be kept brief and simple . If more detailed information is re­

quired, an interviewer should assist in filling out the form. 
Questions to be answered should be unambiguous and brief. It is also 

generally preferable to provide answer choices which can be ch~cked off 
by each respondent. This also avoids possible misinterpretation of questions. 

Questions for which the respondent must compose an answer may reveal more 
precise or unexpected information, but they require more time and are·•, .. , 

more costly to read and to analyze. 

Finally, care must be taken in phrasing questions so as not to influence 
answers. Easier questions should be placed first in the questionnaire; 

more complex questions should appear last. 
The major problem with mailed questionnaires is that the percentage of 

returns is usually very low, often resulting in a biased survey. It is 

possible to ensure a higher response rate by a "follow-up" campaign of 

letters stressing the importance of the questionnaire. Another technique 
which can be used to increase the response rate is to offer inducements 

(chances for prizes on drawings, free passes on transit, etc.). Surveys 
taken on board transit vehicles can elicit a high response rate, but do 

not provide in-depth infonnation about potential riders. 
Interviews are another mechanism through which marketing data may be 

collected. They may take the form of telephone interviews, which are 

relatively inexpensive, or house interviews, which are very costly and re-
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quire a large staff. 

The l ow cost and convenience advantages of the telephone intervi ew 

are off-set somewhat by inherent biases which are often not known. Many 

poor people, for example, do not have telephones . Other complications 

with phone in t erv iews arise in reaching commuters at home at a convenient 

ti me of day, mu ltiple phone listings for a single family, unlisted phone 
numbers, etc . 

When there is sufficient need for detai led and hiyhly accurate informa­
tion, personal interviews are the best method to use. Such interviews are 

conducted at l ess frequent intervals than phone surveys since they are 
more expens ive. 

Market Segmentation : The market segmentation activity divides the 
users and potential users of transit into cl asses or groups , based on 
socia l, economic, geographic dr other characteristics which differentiate 
between the transit needi of i ndividuals . It i s after market segmentati on 

that the di fferentiated marketing strategy or t he concentrated marketing 
strategy is applied. 

The degree of market segmentation attainable depends on the kind and 
amount of data gathered during t he market research phase . 

Table 8.2 shows selected characteristics convenient for market 

segmentation. A market group may be formed on the basis of one, or a 

combi nation of any number of t he factors li sted. However, in dec iding 
how to segment the market, the following criteria should be adhered to : 

l. Each segment should have a suffi cient number of peopl e to justify 

the cost of advertising to that group indi vidually . 

2. Each segment should be di sti nct in its needs for and attitudes 
to1-.1ard transit . 

. Tabl e 8.2 -- Characteristics commonly used in market segmentat ion 
Type of Characteri stic 

Social /Economic Trip Time of Tr ip Geographic 
Age Work Peak Trip length 
Education Shopping Off- peak Trip ends 
Sex Recrea ti ona 1 Weekday C80-i nternal 
Fami ly size Medica l Weekend CBO-suburb 
Occupation Educational Subu-. li-CBD 
Income 
Auto 01~nershi p 

I Driver/non-driver 
-

I 
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An excellent example of applied market segmentation followed by concen­

rated marketing has been applied in Pittsburgh. To counter a detected low 

patronage level on Tuesdays, the transit agency offered reduced shoppers' 

fares on that day, promoting through advertising the use of the "Tuesday 

Special". A follow-up study showed that Tuesday patronage had increased sub­

stantially, with no loss of patronage from other days of the week: an indica­
tion that the increase was due to newly generated trips . 

Service Adjustments: On the basi s of data collected during market research 

and market segmentation, it may· become apparent that certain modifications to 
serv ice are required. Such modifications incluue: 

Route modifications 
- Rerouting 

- Elimination or addition of route segments 

Elimination of dupli cating routes 
- Additional routes 

Improved transfer locations and facilities 
Fare adjustments 

- Change in fare structure (zonal, sectional, etc) 

- Special fares (weekend fares, passes, etc) 

Schedule changes 
- Adjustments to peak hour service 

- .--Adjustments to off-peak service 

Operati onal oodifications 
- Express, Skip-Stop, etc. 

- Type of right-of-way (exclusive, semi-exclusive, mixed) 
- Special services (shoppers special, special events, etc. ) . 

Principles to be used in route planning, fare structure, scheduling 

and operations are given in Chapters 4, 5 and 6. 
Special services can be a particularly effective means of service innovation. 

A special service is initiated usually in response to an expressed or observed 

need and the potential market is often easily determined (e.g. airport -
center city shuttles, special event service, etc.); thi s service is often an 

excellent means of achieving exposure of potentia·1 users to transit services. 

Information Distribution: Another essential marketing activity is a program 

for dissemination of the information necessary for the utilization of the 
transit service by the public. Such a program is discussed in Chapter 7. 

Adjustments and improvements to the information system based on marketing 
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studies may-affect any component of the i nfo rmation system: available on­
vehi cle information, station signing, schedule designs and so on. An 

efficient and comprehensive information di stribution program i s essential 

to the success of a marketing program; therefore particular care should 
be given t o this act ivity. 

Advertising: The activity mos t commonly associated wi th marketing 
i s advertTsing, wh i'cfr'has three re i a reef purposes : 

l . To draw public attention t o the transit service; 
2. To inform the publi c of the qualities or advantages of the 

transi t servi ce ; and 

3. To create a pos itive image for transit in the eyes of the publ i c . 

Publ ic attention can be drawn to the transit service in a number of 

ways, some of which were already discussed in Chapter 7 . Among t hese ways 
are distribution of printed media (brochures, pamphlets , newspaper ad­

vertisements, posters, billboards, yellow page advertising, direct maili ng, 
etc, ), radio and television corrrnerci al s, the design of .stations and stop 

designations and the selection of system color theme (for signing, vehicles, 

schedules, etc .) . 
In informi ng the public of the qual ities and advantages of the transit 

service, practical appea l s should be emphasi zed: 
- Money savings (e.g. the annua l savings of an actual transit rider 

over what othen-Jise would be spent on an au tomobile ). 
- Time savinos (where applicable). 

- Comfort and conveni ence (e.g. ability to read on trans it, avoidance 
of aggrevation in . traffi c jams) . 

- Increased safety and reliability (e .g. compari ng accident rates, 

per cent of on-time arrivals by transit ) . 
At times, practical appeal s are not suffic i ent to overcome the negative 

image transit has acquired in many cities. Therefore, it is desirable to 
convince the publ ic t ha t it is not only "socially acceptable" but even 

"fashionabl e" to ride trans it. This can be accomplished if a certain 

status image can be developed for the transit service. Such an image is · 

developed in adv~rti s ing: 

l. By appealing to the public spi rit: using transit saves fuel, 
helps reduce air pollution , etc . 

2. By implyi ng that transit users are "smarter" than uuto drivers. 

3. By using cel ebr iti es and prominent community l eaders to endor se 

trans it , where in fact they do use it. 
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Figure 8.1 is an example of an advertisement of this nature for the Nashville 
MTA. 

Coordinati on of the advertising message with the various media .is 

necessary for a successful advertising program. Each medium is best-suited 

to a different advertising objective or message. Visual media are often 

best utilized to change or project a desirable image of transit or the 
transit agency; this advantage is particularly true for television. Radio 

and posters can be used effectively for "spot" promotional advertisements 

which make the public continually aware of the presence of the t ransit 

system. Radio, however, is general ly not easily used to convey details 

of service which normally appea r in promotional brochures, pamphlets and 
schedules. 

The type of medium must also be coordinated with the market segment 

at which the marketing effort is directed. Each medium is experienced by 
each segment to varying degrees. Therefore, how and at what time a given 

market segmen't wil 1 be appealed to wi 11 depend on that -segment' s character­

isti cs. For example, potential riders from a high-income category would 

best be reached via newspapers, radio stations with a news or classical 
music orientation, or during evening hours by either radio or television. 

Direct contact by mail is one of the few ways to reach all of the potential 

riders in a market segment, but it is expensive. 
The expenditure devoted to advertising depends on the objectives to 

be achieved and on costs of advertising or other marketing activities. 

Experience has shown that in most cases an expenditure of approximately 1.5 
per cent of gross revenues, a 1 though s ti 11 very 1 ow compared with 4 to 5 
per cent spent for this purpose by the beverage, tobacco, chemical and 
movie industries, is usually adequate for successful marketing by transit 

agencies . 
There are various ways by which some ad~ertising expenses can be 

reduced. One way is for the transit agency to share expenses with another 
organization: e.g. the promotion of a sporting event (or series of games} 

with the transit service that may be used for access. With this approach 

to advertising, both parties benefit since advertising costs are reduced 

for each party. The transit agency also benefits from an explicit, well­

publicized example of how its service may be utilized . 

Another way to keep advertising expenses 1 ow is to se 11 a product 
which promotes transit usage as a secondary function. Examples include 
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*(but were too busy fighting traffic to, ask) 

. ..\ . H t'·~ ~11:n·,·. i111L'lllgen!. ,\ritt _\·, di-!,0;1air. ;111rl u~ualiy h:i . ..; n 
lit t It- ,•xtr;, c:i,h. t MTA f;,r, · i, just 35c. l 

0. \Hmt n ill I do 
nilhm~t~II"! 

· A . Car, :,r, · , 1 ill 1:rc-:11 to h~ni.: 
unlo for: \':1c-:,1inn 1r irt:-.. 01w 
1mac.111alJ\'t• ~oul in H !lh,;buro i~ 
;11 pn·~t•nt . n ·111mJ,! h 1.:,; lei :--i '.'I: 
n ,11,•.j.;.t' ,.1uri1 ·11t:,. +l l-- :1 ~l1 ·l'pin;.: ' 
ro1 1rn. 

·A. l\l an.,· J)l'oplt· St •f 1t·wir v: atl"h 
b,· 1lw ~!TA . \l.'C' .i<itni1 th i, 
:-.l:lt cmt·nt i:- hold. hu1 lht·n 
a~;1m. 1ak inr 1h~· ;\lTA i~ ;, 
h11lrl :,: l('p 111•,1! w riJ,:h1 di n ·,·t inn . 

~ Are the MTA coaches comfortable? 
:\ . So t·u 1H f11r1;,hl<· m;11l\· p t•up l, · h :1,·1· 1P h,· ni:ix, ·,! 11fT ;.;t nw 
t·n<i uf 1h1· 111w. I\ }11( 11f p,·npl<• p n •fpr 1h 1· t·rnnfcir h (Ir llh· lie\\" 

.. ~ .1'.tT.i\ <·o :1d1"~ lo tht·11· o\\·n l i , ·inj! ni•m\. Tht· only tlu:,;.:, m issini,:: 
.c_-i 1:-: .i TV. l ttH m:1\'l,l· \n-'11 \\"ul l\ on th:11 1w;\'.I. tm . 

Q. How mu('h can I saw by riding­
I he ~IT\ to and from work? 

A. An_\'\\'h,·n· /rorn six h1111dn·d .dollars · lo 
th·irt.\· thous.ind dollar,. de pending upon 
how ,-~p,·nsin· , ·our present form of t rans ­
portation is. · The thirty 1housand dollar 
fi.{\ ll'l' 1s ha:--l'd on r~11ling a c-haufll'ur­
drin·n ltmou~1 m· every day. Tht· 3\'tTag,• 
p.-r,on will ,a,·c e ight or nin,• hundrt·d dol• 
l:,rs a .1·,·ar rici111g the MTA. c Ac-1u,dl~-­
\\lTA l'id,-rs c-1,jo,· pn:tt;- mur h toe s:1m,· 
tn ·atml·nt n~ tl,c !,!uy \\·ho rents ~ limousine 

. tlw,· h;i,·,, a ,·h;iu lf<-ur who op,·ns the 
ciow· f.,,. t ht·m. 1~kt<s th,-m righ1 lo tlwi 1· 
~top . . . . rind it's nol so lon1.·ly. ) 

RIDETHE 
N',c,,,.,c""·"' l'r. Ht .... , '1.,i"-.,,,,.,, 

Ifs a better way.to go. 
For information: 242-4433 

Figure 8. 1 -- Example newspaper advertisement (Nashvil le MTA). 
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_gistribution of beer coasters or jig-saw puzzles with transit maps, 

printing of transit system name and/or logo on all city maps, tourist 

literature, memorabilia such as T-shirts, etc. In addition, free 
advertising is sometimes avail able in neighborhood and college news­

papers, professional circulars and publications, and the like. 
Public Relations: The marketing activities whose purpose is to 

project a positive, progressive image of the transit agency are broad ly 

classified as "public relations" . The basis for good public relations is 

quality oJ sei-·vice provided by the transit agency: a positive public 

image c"an'hot be established v1ithout reasonably good service. Assuming that 

this basic requirement is satisfied, there are other techniques which 
can improve the image of the agency and the transit service. 

Public relations is based on the transit agency's contact and ex-

posure to three parties: 

1. The general public 

2. The press 

3. Governmental agencies and representatives. 
The general public's perception of the transit service can be enhanced 

by the following measures: 
1. Frequent cleaning of veh icles; repair of damage due to van­

dalism as soon as it occurs . This method of maintenance is 
often less expensive than it first appears: a vehicle already 

damaged by vandalism attracts more vandalism. Thus, in the 
long run, it may cost no more to keep vehicles well-maintained 
than it would to make infrequent repair of much greater damage. 

2. Design transit-stops, shelters, and stations so that their 

maintenance is easy. 

3. Encourage an attitude of helpfulness and courtesy on the part 
of all employees (bus drivers, station employees, and telephone 

infonnation personnel) who come in contact with the public. 
This condition is most easily atta ined in agencies in which the 
top management reflects a concern for the public welfare, and 

where good employer-employee relations exist . 
• 4. Ensure that the telephone information service has sufficient 

operators so that transit users are not frustrated in obtaining 

assistance. A continuous busy signal on the telephone informa­

tion service leaves the impression that the agency is not very 
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interested i n providing that service. 

5. Provide a complaint department that actually seeks to 
eliminate the causes of compla ints. 

6. Provide a lost~and-found service . 

7. When breakdowns in servi ce occur, provide a prompt explana­

t ion as to what the problem is and how soon it will be 
corrected . Apologies are also in order, especially to 

passengers a~0 ard a vehicle that breaks down. 
explanations should be ava ilabl e the next day . 

Printed 

These ex-:-
planations can then be used by commuters who may have 

arri ved late to work because of the breakdown. Poor public 
rel ations occur when of f icial s of a t ransit agency appear 
indifferent to servi ce breakdowns and the delays suffered 
by the public . 

While the previous suggestions are primarily directed toward improving 
publ ic relati~ns with the users of the transit system, the transit agency 
should also maintain a good image in the community-at-large by becomi ng 

involved in civic affairs. Some of the activities in which a transit 
agency could partic ipa te would incl ude: 

J" l. Help wi t h chari ty drives by free on-vehicle adverti si ng space 
and other assistance. 

2. Support progress ive transportation improvement programs , suc h 
as staggered work hours. 

3. Ass i st in local job t raini ng programs . 

4. Assist local agencies in community planning . 

5. Actively partici pate in special ever. ts: holiday parades, civ ic 
and sports events, corrmerci al activiti es , etc . 

The press is another important par ty in public rel ations . Favorable 

news stories about a t ransit agency not only bol ster its i mage , but also 

reduce the amount of money required for adverti sing. For these reasons , 
maintaining good relati ons 1vith the press is very important. The following 
gu idel ines are suggestions for successful relations wi t h the press. 

l. Make sure that top management representatives are available 
to the press. 

2. Provide access to all information-· requested by the, press to 

t he maximum possible extent . A pol icy of openness prevents 

unfounded specu lation and provides for communi ty feedbac k on 

an~icipated or pl anned projects. 
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3. Be honest with the press and avoid misleading or ambiguous 

statements. 

4. Notify the news media well-in-advance about i mportant stories 
5. Provide "press kits" with relevant information, brochures, etc., 

when the agency is issuing an important news release. 

6. Keep in mind considerations of press deadlines when scheduling 

news conferences and news releases. 
7. Do not favor one publication over another in the dissemination 

of information. 
8. Do not threaten favoritism due to erroneous or poorly presented 

publicity unfavorable to the agency. Attempt to have the 

mistake corrected instead. 
9. Advise the press of extenuating circumstances when servi~~ 

breakdowns occur. 
Governmen t agencies are important to good public relations, since public 

transit is a regulated industry, and since most transit agencies at various 

times need assistance from different gover.nmental agencies. The followi ng 

guidelines suggest some ways of developing and maintaining these good rela­

tionships . 
1. Maintain an up-to-date list of the key personnel of all rele-

vant agencies, legislative representatives, etc. 
2. Forward all press releases, new brochures, etc. to these people. 

3. Forward an annual report of the agency to these same persons. 
4. On important occasions, such as the introduction of new vehicles, 

some or all of the people on the list should be invited. 
5. Keep key officials infonned about developing problems before 

they become public issues. 
6. Be aware of the constraints under which these agencies operate 

and consider these in your dealings with them. 

8.3 Conclusions 
This chapter has described the basic components of an effective mar­

keting program and the various marketing strategies and activities. It is 
important to remember that the primary prerequisite for good marketing is a 

good product, i.e. good transit service. Without good service, the diffi­
culty in attracting passengers through segmentation analysis, advertising 

and other techniques is very difficult and investmer.-~ in these activities 

is not as effective as it otherwise would be. 
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Finally, marketing must be organized as a continuing process which 

must be given constant attention since attitudes and values of the pub­
lic are constantly changing. The matketing program must be continually 

reviewed and adjusted to adapt to the changing needs and values of the 

community and its residents. 
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Chapter 9 

MANAGEMENT OATA 

9.1 Introduction 

This Chapter outlines the basic economic and managerial aspects 
of transit o~eration and administration. Data required for managerial 

functi ons are listed and defined; basic service and efficiency measures 

for system evaluation are given and their use is explained. Transit 
agencies must collect these data and derive the various operating and 

economi c i ndi ca tors and measures for the fo 11 m~i ng reasons: 

l. To be able to compare their indicators with those of other transit 
agencies. These comparisons allow detection of ineffective or 

inefficient operations or components of transit service. 

2. To provide basis for analysis of trends in certain measures of 
performance and efficiency over a perfod of time (several years). 

3. To ensure the most cost-effective allocati~n of funds and the 

establishment of a rational ordering of priorities in scheduled 
improvements. 

9.2 The Data File 

Essential to good transit management is the maintenance of a well­

organized and maintained set of data. Such data are necessary for the 

detennination of evaluative measures of service, perfonnance and efficiency. 
The data which should be collected by the transit agency can be 

classified into four categories: 
l. Urban area data 

2. Transit service data 
3. Transit usage data 
4. Transit agency data. 
The items of data under each of these class ifications are given below. 

9~2.1 Urban Area Data. The transit agency should collect and maintain 
up-to-date infonnation on the characteristics of the colllTlunity it serves. 

Data on the urban area shoul d include social, population, economic and 
topographical characteristics which provide a basi s for planning of trans i ~ 

service and for evaluation of services in meeting community transportation 

9-1 
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needs. Data on the urban area assist the agency in determining the 

proper role of transit, the types of population and neighborhoods to 
be served, the existing and potential transit ridership. 

The following data should be obtained and updated ann~ally: 

The City 
l. Population 

a. city proper 

b. urbanized area 

2. Area (square miles or square kilometers) 
a. city proper 
b. urbanized area 

3. Population density ·(persons per square mile or per sq . km.) . 
a. city proper 
b. urbanized area 

4. Employment (number by group: industry, service, administrative, etc.). 
a. city proper 
b. urbanized area 

5. Aut~ ownershi p (per sons per passenger car) 
a. city proper 

b. urbanized area 
6. Work trips(trips per day) 

7. Maj or types of economi c act ivi ti es 

8. City t opography (hi lly, f1at, r i vers, et c. ) and f orm (linear, 
cent ral i zed, nucl eat ed , dispersed) 

9. Soci al/economi c charact eri s tics 
a . median income , average income 
b. income per capita 

c. socia l and ethnic f acts (e.g. speci al or rel i gious holidays). 

CBD Characteri stics 

10. Area (square miles or sq . km.) . 
11 . Popula t ion 

a. day t ime (max . accu~~l ati on) 

b. night ti me (resident ial) 

12 . Empl oyment (number by gr oup) 
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CBD Characteristics - Continued 

13. Floor Area (square feet or sq. meters) 

a. offices 

b. retail 
14 . Traffic conditions description (bottl~neck locations, overloaded 

sections, etc.) 
15. Per cent of peak hour CBO trips by transit 

Peak hour tri ps t o CBO by t ransit 
Total peak hour trips to CBO_b_y_a-;l..,,..l_m_o_,d,--e-s 

Comment: Indi cates the role of transit in the city and parti­
cularly for the activities and vitality of the CBD. 

16. Parking spaces 
a. off-street 

b. on-street 
17. Parking rates 

a. off-street 
b. on-street 

18. Control of parking rates (are they determined by individuals or 

regulated by an authority) 

19. Availability of off-street parking 

Transit Agencies 
20. Names of agencies providing transit in the city and modes operated 

by each 
21. Agency characteristics 

a. ownership and control (public, private, combination) 

b. service area (square miles or sq. km.). 

c. annual passengers 

d. number of routes 
e . length of routes (miles or km.) 
f. number of vehicles operating during peak 

22. Coordination of services among agencies (schedule coordination, 
corrmon stops and terminals, infonnation distribution, etc.) 

23. Agencies responsible f or planning transit 



9-4 

9.2.2 Transit Service Data . The physical and operational 

characteristics of the transit system have several descriptors whi ch 
indicate the quality and amount of service offered by the agency . 

While many descriptors can be used, the fol,lowing ones are the most 
basic for transit service. 

1. Number of routes 

a. for each mode 

b. for system 

2. Length of routes {mi or km) : Route length represents round 

trip l ength, regardless of the number of times a given section 

i s shared by two or more rou tes. 

a. for each mode 

b. for sys tern 

3. Length of lines {mi or km}: Line length represents the length 
of street,track, or other types of right-of-way on which 

regul ar service is operated wi thout double-counting overlapping 

route sections . A section of line served by mo re than one 
route i s counted only once; a length of line served in both 

directions is also counted only once . 

a . for each mode 
b. for system 

4. Number of stops /stations: The total number of passenger stops 

along each route but only in one direction is counted, regardl ess 
of whether both directions are served. Both t erminals fo r each 

route are also counted: 

a . for each mode 

b. for sys tern 

c . for CBD 

CoITlllent: Data pertai ning to the number of stops are necessary 

for the derivation of other servi ce measures and for 
the operator in assessing some fixed stat ion facility 

needs {personnel, shelters, change machines , etc.) 

5. Average stop spaci_~ _ (ft or m}: Stop spacing represents the 

average density of stops along t he line and is derived by the 

I 
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following ratio: 

One-way route length 
No. of one-way stops incl. tenninals - l 

Spacings are computed for each route sometimes also for the 

whole network': 

Comment: Average stop spacing is important fortwo reasons 

l. It influences transit operating speed: longer stop 

spacing increases speed. 

2. It is a rough measure of spatial accessibility of 

the transit service to the public: longer stop spacing 

increases walking distance to the stop and thus in­

creases access time. 

6. Average stop density (stop/mi2 or /km2): Stop density is the 
number of transit access points per unit area and is derived 

by the following ratio: 

Number of stops 
Total area considered 

It may -be computed for: 

a. each mode 

b. total system network 

c. CBO 

d. urbanized area. 

Ccmnent: Average stop density is an i ndi ca tor of the area coverage 

and overall spatial accessibility of the transit service. 

7. Total number of park-and-ride spaces: The number of formally 

designated park-and-ride parking spaces at urban and suburbin 
transit stations should be inventoried: 

a. by location (urban, suburban) 
·b. for each mode 
c. for system 

Parking spaces should be classified into two categories: free 
and paid. 

Comment: The number of park-and-ride spaces is an indicator of 
of the potential attraction of auto drivers who do not 
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have wal king access to transi t . A large number of 

park-and-ride spaces encourages diversion of drivers 

to transit and increases transit utilization by 

persons from suburban and l ow-density areas . 

Coverage(%): Area coverage i s the percentage of the uroah 
served by transit. It is computed by the ratio of the 
within 5 -min wal k f rom stations and the total urbanized 

Area with 1250 ft around all transit s t ops _ 
Area cons idered 

Thi s ind i cator may be computed for: 

a. CBD 

b. Central city 
c . Total service area of the transit agency 

If stops are very close on all lines, such as on some surface 

t ransit l i nes , the followi ng formul a may be used for approx i ­
mation of the area coverage: 

AC [ % ) == 
0.475 x (line length} 

A1·ea cons idered X 100% 

Comment: The percent area coverage is another measure of 
spatial accessibi l ity . A 100% area coverage indicates 

t hat all combinations of origins and destinations in 

the urban area are served by trans i t . 

9. Percent of popul ation served(%}: This indicator represen~s the 

proporti on of residents having access t o a transit stop, and is 
derived from the followi ng ra tio: 

Population within served area 
Area considered 

Percent of _popul ation served mav be computed for the same areas 

in the urban coverage (above). 

Coim:ent: The percent of population served is generally a good in­
dicator of transi t availabi l ity. However, caution must 

be exercised in using it as a single measure , si nce it­

oniy accounts for availability at the home end of a trip. 
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Whether the destination is reasonably accessible by 

transit is not indicated by this measure. The pre­

ceding measure (area coverage) i s a better indicator 

of the latter. 

10 . Daily vehicle-miles (or veh-km}: The total number of miles 
traveled by all vehicles during one day of operation. This 

should be computed for: 

a. each mode 

b. weekday 

c. Saturday 
d. Sunday 

Corrment: The number of daily vehicle-miles of travel is obtained 
as the product of route length and the number of round 

trips performed per day for each route. Vehicle miles 
for different modes are usually not summed into a total 

because of significant differences among modes in capa­

cities, speeds, costs, etc. 
11 . Daily seat-miles (or seat-km): The total number of seat-miles 

offered (or space-miles if standees are included in vehicl e 

capacity) during one day. It is computed by the following 
product: . 

(Tot al daily vehicle-miles) x (Average vehicle capacity) 

It may be derived for: 

a. each mode 

b. whole system 

Comment : Daily seat-miles represent a basic productivity measure 
of the transit service, i.e. the quantity of service 

offered during one day. 
12. Annual seat-miles (or seat-km): The quantity of servi ce provided 

during one year is calcul ated by: 
(Total annual vehicle-miles) x (Average vehicle capacity) 

and it may be examined for: 
a. each mode 
b. the whole system 

ColTITlent: Annua l seat-miles is the most corrmonly used indic"ator 

of the total volume of offered trans1t servi ce . 
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13. Headways (min): Defi ned in Chapter 5, headway should be comput ed 

for : 

a. each mode 
~ 

b. peak hour 

c. mid- day 

d. evening 

e. weekend 
Co1T511ent: Headway is a basic measure of service quality and 

tempora l availabi l ity of transit . 

14. Travel operating speed (mph or km/h) : Also defined in Chapter 

5, average operating speed shoul d be computed for : 

a. each route 

b. each mode 
15 . Hours of service: Total hours of regul ar operation during which 

service is offered shoul d be examined for : 

a. weekday 
b. weekend 

c. ~,eek 

d. ea~h mode 
Comment: Total hours of service is an ind icator of system use 

from t he operator' s viewpoint and a measure of tempora l 
availability of service f rom the passenger ' s viewpo int . 

16. Vehicle utiliza tion: There are t1~0 measures of vehicle util ization : 

The number of vehicles in service for: 

a. each mode 

b. system 

C. peak 

d . mid-day 

e. evening 

Vehicle ernployment peak-to-base ratio, this i s calcul ated as: 

Number of vehicles op_E~_tat~g dur ing peak 
Number of veh icles operating during mid-day 

Thi s ratio is comp~~ed for: 

a . each mode 

b. enti re system 
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Comment: High va lue peak-to-base ratios are an indication 
of unba l a need sys tern use and uneconomic opera ti on. 

17. Schedule rel i ability (%):The per cent of on-time arrival s, 

known as schedule reliability, is computed for a given time 
period as: 

Number of arrivals 0-5 min late 
Total number of arrivals duri ng period 

It i s computed separately for: 
a. each mode 

b. system 

c. speci f i c route (for sel ected comparison) 

Comment: Schedule rel i abi lity is a measure of system punctuality 

and i s an important service quality component . Ex­

ami ni ng each route individually for schedule adherence 

hel ps in fi nding troublesome sections and in re-rou t ing 
for more effici ent operation. 

18. Fare level and fare structure: As defined in Chapter 6, fare 

l evel and structure should be outlined for each mode . 
19. Ameniti es : C9mponents of the transit system which assist the 

passenger in using the service are defined i n Chapter 7. Among 
t he most import ant are: 
a. availabi l ity of transit network and route information to 

passengers 

b, avai labi l ity of schedules 

c . transi t stop design~tions 

d. location of service information on vehicle exteriors 

e. percentage or number of stops havi ng shelters. 

20. Fl eet characteristics: For each mode and type of vehicle , the 
foll owi ng data shoul d be maintained: 

-a. number of vehicles 

b. gross floor ar ~~ per vehicle 
c. number of seats 

d. total capacity : seats pl us standing spaces 
e .. number or percent of air-conditioned vehicles 
f . age(s) of vehi cl es 

g. motor power (HP) 

• 
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9.2.3 Transit Usage Data. The preceding section defined data 

which describe the transit service offered to the public, i.e . the 

"supply" side of the transit service. If the "demand" side is ex-· 
amined simultaneously, it can be determined how effective the service 

was in attracting passengers and in matching supply to demand, or 
the degree of utilization of the service. 

The following are the data used to ~valuate system usage and 

efficiency. 
1. Annual revenue passengers: The numbe~ of fare-paying passengers 

per year should be calculated for 

a. each mode 
b. sy~'tem 

Co11TI1ent: Each ride of an individual passenger counts separately. 

Transfer rides are not, however, counted as separate 

trips. The number of revenue passengers indicates the 

revenue producing capability of the system. 
2. Annual t otal passengers: The total number of passengers per 

year shou ld be derived for: 
a. each mode 
b. system 

Comment: Each ride of an i nd i vidual passenger is counted separately; 

transfer rides are not counted as separate trips . The 
total number of passengers represents the actual use 

of t he mode or sys tem. 
3 . Riding habit: The average number of t ransit tri ps per capi ta per 

year is obta ined by the foll owing ratio : 

Total annual passengers 
Urban area popu l ati on 

The ridi ng habit is computed for: 

a. each mode 

b. sys t ern 

Comment : Ri ding habit is t he mai n i nd icator of ci t izens behavi or 

wi th respect to transit. As an indi ca t or t hat i s i n­

dependen t of urban area popul at ion size, Fi ding habi t 
is a more meaningful ind i cat or of community dependence 

.. 
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· on transit than are the absolute figures of revenue passen­
gers and total annual passengers. 

4. Average daily revenue passen~ers: This data are kept for: 

a. each mode 
b. system 
and each one of these for weekday, Saturday and Sunday. 

Comment: Relati ve numbers of transit passengers on the various 

days of the week are a pa r tial indication of system 

utilization. Low weekend travel results in poor 
fleet utilization and possible l ow labor efficiency 

(pe'rs~nn~l utilization). 

5. Annual passenger-miles : The total number of miles travelled by 

all passengers during one year should be computed for: 

a . each mode 

b. system 

Comment: The annual passenger-mi les is the actual amount of 

transportation work (vehicle capacity mil es) utilized 

by the public. 
6. Average trip length: Average distance traveled by passengers 

along a route per one-way trip is computed for: 

a. each mode 
b. system· 

.;;., .- . ·--:•.<'. ·• -. 

Corrrnent: Average trip length gives insight into the nature of 
transit demand: longer trips dictate longer sta t ion 

spacing and vice versa. Modes with short average trip 
length therefore have a greater f requency of stops -

and consequently lower speeds - than modes wit~ longer 

average trip length. 

7. Density of usage: Average number of passengers per mile of 
line per year is defined as density of usage. It is calculated 

by the following ratio: 

Total annual passengers 
Total length of lines 

This is computed for: 
a. indivi.dual routes 
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b. each mode 

c. system 

Comment: Density of usage is an indicator of density of travel 
demand. Higher density of usage justifies higher 

service quality and more capital-intensive modes and 

services than does lower density usage . The average 

value for bus lines is in the vicinity of 20,000 
pas~engers per mile per year, but this value depends 

heavily on local conditions and can vary greatly. 
Larger operations in concentrated areas may have den­

sities of usage as high as 40,000 passengers per mile 

per year, while small suburban operatior,s may have 

densities of usage as low as 5,000 passengers per 

mil e per year. 
8. Utilization ratio: Per cent utilization of .transporting capacity 

· offered per year is calculated from the following ratio: 

Tota l annual passenger-miles 
Total annual vehicle capacity miles offered 

Thi s i s computed for: 
a. each mode 
b. system 
c. each route 
Comment: A high utilization ratio for the system, or any com-. : 

ponent of t he system, is desirable s ince the unit 
cost of offering the services is reduced. While it 

is desirable to have~ hi gh uti lization ratio on all 

routes fo r al l modes, i t is unreal istic to expect all 

components to achieve equally good utilization rates. 

Even though some routes may have lower utilization 

ra t ios , t hey may be crucial to other system operations 

and shoul d not be eliminated sol ely on the basis of 

a l ow ratio. Servi ce to the cormmmity and indirect 
' , · .. -s: . 

benefits from the transitiJe.nvfce as a ,~hole must be 

examined ouring such an ev;l ~a tion . 

9.2 .4 Transit Agency Data . The f inal category of data focuses on 

t he i nformation required to evaluat e the overall efficiency of the 

•. ~ r · ,;,... -- - • -,-.. -.-------.,-..--
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transiJ.c,9p_eration an,Q, . .Jt? admil].istration. The data which are basic 
to such an evaluatiori are as follows: 

l . Type of age~cy (public, private, combination, other) 

2. Agency executives (including names, t i tles) 
3. Number of employees by categories. 

a. Management and administration 

b. Clerical 

C. Planning and marketing 

d. Engineering 

e. Dispatchi ng, station personnel 

f . Operators 

g. Maintenance 

h. Other 

Coment: This classificati on of employees shou ld not be 
considered as necessari l y uniform for all agencies. 

The employees may be grouped or sub-divided depending 

on the needs and organization of the agency. 

4. Number of garages and shops: 

Comment: . The number and location of ma intenance and storage 

areas should be inventoried toget her with the capacity 
of each faci l ity (number of maint enance berths, per­

sonnel assignments, etc.) 
5. Number of veh i cl es : The total number of vehicles (all types) 

owned by t he compa ny , regardless of their operati ng condition 

or f requency of use . 

6. Per cent of vehicles operati ng at peak 
a . for each mode . . . •·.::t--

b. for system 
Co11111ent: A high per cent of vehicles·operati ng during peaks 

i ndicates efficient uti l ization of trans i t facilities 

and equipment and good technical condition of t he 

rolling stock . 
7. Average hours of operation per vehicle per day: This is obtained 

by the f9 l Jowing ratio: 
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Total vehicle-hours operated per weekday 
Total number of vehicles 

This is computed for: 
a. eacl'i mode 

b. system 
Comment: The average vehicle hours of operation per day is an 

indicator of vehicle utilization. The values of 

this measure depend largely on the peak-to-base ratio . 

8. Average hours of operation per vehicle per year: This measure 
is derived by the following ratio: 

Total vehicle-hours operated per year 
Total number of vehicles 

This is computed for : 
a. each mode 

b. system 
Comment: This indi cator reflects the total vehicle utilization 

throughout the year. Generally, values for t hi s mea­
sure fall between 2000 and 3000 for buses, typical 

being about 2500. The measu re is also used in scheduling 
maintenance and capital investment in rolling stock. 

9. Average miles per veh icle per day: This measure is obtained from 

the ratio: 

Total vehicle-mi l es operated per weekday 
Total number of vehicl es 

This is computed for: 
a. each mode 

c . syst em 
Comment: Daily mi l eage per vehicl e indicates the total amount 

of transpor tation work produced, i.e. system pro­
ductivity. This measure is also strongly correlated 

with operating costs. 
10. Average miles per vehicle per year: Obtained f rom the ratio: 

Tota l annual vehicle-miles 
Tot al n~nber of vehi cles 
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Thi s i s computed for: 
a. each mode 
b. system 

Cotm1ent: Average annual vehicle mileage is an indiec1tor of 

the intensity of vehicle util i zation and i '.; related 

to operati ng cost s . The measure is important in es­

timating vehicle life. The average value for bus 

systems i s about 28,00 mi les per vehicle per year with 

values typically ranging from 21,000 to 35 ,000 mi l es. 

11. ~verage commercial speed: Average vehi cle speed based on total 
time in service (including terminal time} is obtained by the 

ratio : Average miles per vehicle per day 
Average hours 

Thi s is computed for: 

of operation per vehicle pE!r day · 

a. each route 
b. each mode 

c. system 
Corrment: Commercial speed is the bas i c indicator of efficiency 

of operations. This speed directly det erm"ines the 

number of vehicles required for service at a given 
service frequency, and is therefore important to the 

transit agency. Values for commercial speed for bus 

operations average about 11 mph, although congested 

streets and long l ayover time may reduce t his val ue 

to 6 to 9 mph; on the other hand, in open areas with 

short layovers, speeds may be as high as 13 mph for 

surface transit . Rapid transit generally averages 

15 to 25 mph. 
12 . Average passengers carried per vehicle-mi le : This measure is 

obtained from the ratio: 
Total annual passengers 
Total annual vehicl e miles 

This is computed for: 
a. each mode 
b. system 
Convnent : Average -number of passengers per vehicle-mile represents 

the average passenger volume related to the quantity 

of offered service. Higher values mean better vehicle 
utilization and economy of operation, but may also 



9-16 

~ignify inadequate service frequency 

and vehicle overloading. Values average 2.25, qut 

range from 1.25 to 3.25, depending on t he nature of 

the service . 

13. Average weekday passengers per operating employee: This is 
obtained from the ratio : 

Average weekday revenue passengers 
Total number of operating employees 

and it is computed for : 

a . each mode 
b. system 
Comment: Average weekday passengers per operating employee 

is a basic labor efficiency measure which correlates 
with the revenue/cost ratio. 

14. Total number of employees per million annual vehicle-miles: This 
is obtained from the ratio : 

I 

(Total number of employees) x 106 

Annual vehicle mile~ ·/ 

Thi s is computed for : 
a. each mode r, . 

b. system 
Comment: ~hlurnber of emp loyees per mi 11 ion veh~ cl e-mil es indicates 

--~ the degree of automation and overall production efficiency 
of an agency ' s operation. However, t his indicator must 
be observed together with service quality offered. Values 

of 65 are typical, the normal range being between 53 
and 77. 

15 . Total number of operating employees per million vehicle-mi les: 

Defined as t he ratio: 

Total number of operating employees x106 
Annual vehicle-miles 

This is computed for : 
a. each mode 

b. system 

Comment: Similar to the immediately preceding measure, this 
indicator reflects purely operating effici ency {not ad­

ministrative efficiency) of the agency. Ser•1ices v1ith 

-· --......------ --
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slow operation, such as surface buses, have high values, 
while high spe,ed rail systems with one-man train opera­

tion have the lowest values. 

16. Annual revenue: usual ly computed sepaPately: 

a. for each mode 

b. for sys t ern 
~evenues are cl assified in t he following categories: 

i. passenger fares 
ii. advertisi ng and other_ privil eges 

iii . charter service 
iv. school bus contract 
v. other - tariffs , interest, rents, leases , etc. 

17 . Annual expenses: 
a. for each mode 

b. for system 

are classified as: 
i. operating expenses: 

- wages and salaries 
- fringe benefits 

- taxes 
- supervision and scheduling of operation~ 

- ticketing and fare collection expenses 

- vehicle licensing and registration 

ii. Fuel and power expenses 

iii . Maintenance and repair: 
- rolling stock 
- fixed facilities 

- miscellaneous equipmen~ 
iv. Information - advertising- - promotion 

v. Depreciation 
vi. Injuries and damages: 

- i nsurance premiums 
- supervision and clerical support for injury and 

damage claims 
- settlement of liability cases 
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18. 

vii. 

viii . 

oeerating 
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Administratior,: 

- system executives 

l egal fees 
- accounting cos ts 
- data process i ng 

office management and 
Mi see 11 aneous: 

- equ i pment l eases 

- space rental 

- taxes 

- etc. 
ratio: This ratio is: 

Total annual exeenses 
Total annua l revenue 

services 

Corrrnent: The operating ratio is the basic indicator 07 the 

agency ' s financial profitability . The indicator may 

also be computed for indi vidual modes or routes but 
some expenses are often difficult to determine pre­

cisely enough for this purpose . 
19. Revenue eer vehicle-mile: This meas ure is obtained from : 

Total annua l revenue 
Total annual vehic1e~miles offered 

This is computed for: 
a. each mode 
b. system 

Comment: Revenue per vehicle-mile is an i ndi ca tor of the earning 

ability of the transit system . It refl ects demand 
density, volume and quality of service as well as fare 

level and struct~re utilized. Average values are about 

51 cents per vehicle-mile on bus systems , but val ues 
typically range from 35 to 60 cents per vehicle-mi l e. 

This indi cator is very sensitive to the commercial 

speed of t he system. 
20. Fare and char ter revenues per vehicle-mile: This measure i s 

obtained from: 
Annual r evenues from fares and chart er serv ice 
Total annual vehicl e-mi l es offered 



9-19 

This is computed for: 
a. each mode 

b. system 

Comment: Fares and charter revenue per vehicle mile indicate 
earning ability of the different modes and the system. 

It is similar in purpose and meaning to the preceding 

measure. 
21. Revenue per vehicle-hour: This measure is obtained from: 

Total annual revenue 
Total number of vehicle-hours operated per year 

This is computed for: 
a. each mode 

b. system 

Comment: Revenue per vehicle-hour is a time efficiency indicator 

of earning ability. ..,..,;.;. . 

22. Fares and charter revenue per vehicle-hour: The ratio: 

Annual revenues from fares and charter service 
Total annual vehicle-hours operated 

This is computed for: 

a. each mode 
b. system 
Comment: This indicator is also a time-efficiency measure of 

earning ability. 
23. Total annual revenues per vehicle: The ratio: 

Total annual revenue 
Total number of vehicles 

This is computed for: 

a. each mode 
b. system 
Comment: This is an indicator of the equipment efficiency in 

generation of revenue. 

24. Fares and charter revenues per vehicle: The ratio 

Annual revenues from fares and charter service 
Total number of veh·icles 

This is computed for: 

a. each mode 

b. system 



9-20 

25. Tot al annual revenue per pa~senger: The ratio: 

·Total annua l revenue 
Tota1 annual passengers 

This i s computed for : 

a . each mode 

b. system 
Co111nent: Indi cates average earning per unit of "product" 

(passenger trip). 

26 . Fares and charter revenue per passenger . The ratio : 

Annual revenues f r om fares and charter service 
Total annual passengers 

This is computed for: 

a. each mode 

b. system 
27. Tota l cost per v~h i cle-miles: The rat io: 

Total annual expenses 
Total annual vehicl e-miles 

This i s compu t ed for: 

.a . each mode 
b. sys tem 
Comment: Average values for buses are about 70 cents per 

vehicl e mi l e , with typical val ues rangi ng from 55 to 

80 cents per vehi cle-mile. 

28 . Opera ting cost per v2hi cl e-mile : The ratio : 

Annual expenses for operat ion , maint enance and fuel 
Total annual vehicl e-mi les 

This is computed for : 

a. each mode 

b. system 
Comment: .O.verage va lue i s 48 cent s with normal range between 

40 and 55 cents per vehi cle-mile . 

29. Total cost per vehi cle- hour: The ratio: 

Total annual expenses 
Total annual veh icle-hours of operati on 

This is computed for : 
a.' each mode 

b. sys t em 

. " 
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30. Operating cost per vehicle-hour: The ratio: 

Annual expenses for operation, maintenance and fuel 
Total annual vehicle hours of operation 

This is computed for: 

a. each mode 
b. system 

31. Total annual cost per vehic le : The ratio: 

Total annual cost 
Tota l number of'- ve~h~i-cl es 

This is computed for: 
a . each-mocje 
b. syst~m -

32. Annual operating cost per vehicle: The ratio: 

Annual expenses for operation, maintenance and fuel 
Total number of vehicles 

This .is computed for: 

a . each mode 

b. system 

Corrment: Annual operating cost per vehicle gives an indication 

of operating eff iciency of the .system and the marginal 

cost of operating additional vehicles . 
33 . Total annual cost per passenger: The ratio: 

Total annual cost 
Total annual passengers 

This is computed for: 
a. each mode' 
b. system 

Corrment: Annual operating cost per passenger is an indicator 

of the unit cost of providing service. It can be 
compared with revenue per passenger per year for a 
measure of profitability. 

34. Operating cost per passenger: The ratio: 

Annual ex enses for o eration, maintenance and fuel 
Tota annual passengers 

This is computed .for: 
a . each mode 
b. system 

• 
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As mentioned, not all agencies need (nor are they able to) collect 

all of the above data and compute all the indicators: for some data 

may. not be available, or some may be considered redundant. However, 

agency managements will find most of these data and indicators use-
ful for analyses of their operations, planning of improvements and 
checking of effects of changes .. in ·op·era.ting practices . Pennsylvania 

DOT and UMTA require most of these data to be reported annually for 
the purpose of efficiency analyses of each agency -as well as their 

mutual compari sons. 
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