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Public Transportation 1n the 1980s: Responding to 

Pressures of Fiscal Austerity 

BRENDON HEMILY AND MICHAEL D. MEYER 

Fiscal austerity is a growing reality for an increasing number of public transpor
tation agencies and may become the dominant factor shaping the evolution of 
the transit industry in the 1980s. The purpose of this paper is to look at how 
transit agencies are responding to these financial pressures and to examine the 
likely implications of these trends. An extensive telephone survey was con
ducted of general managers in 30 transit properties in order to assess the cur
rent financial state of the industry, to identify the financial pressures and op
tions as viewed by top management, and to determine future directions that 
will be followed by local officials. The survey results showed a substantial 
number of agencies already financially constrained. These agencies have used 
five basic types of actions to respond to these financial pressures: (a) raising 
fares, (b) reducing levels of service, (c) reducing costs through labor negotia
tions or staff reductions, (d) seeking increased public funding, and (e) improving 
the efficiency of providing service. The survey raised questions as to the ex· 
tent that fare increases can be used to respond to financial pressures, the role 
of states in the process, and the criteria used to reduce service. The study 
concludes that fiscal austerity is most likely a long-term trend for many 
agencies and would require a reevaluation of agency goals; a reassessment of 
various tasks, in particular marketing and service planning; and considerable 
thought to the issues of strategic planning and the improvement of efficiency. 

Recent trends in the cost and finance character
istics of public transportation present some ominous 
signals of the difficulties that transit agencies 
might face in the 1980s, Capital and operating 
costs continue to rise at rates greater than infla
tion. Many local governments, constrained by the 
poor state of the economy, are having difficulty 
finding the resources needed to continue transit 
subsidies. In addition, the Reagan Administration 
has proposed serious cutbacks in federal assis
tance. How serious are these trends for transit? 
How would they affect various tasks involved in pro
viding transit service? How can agencies respond to 
these fiscal pressures? And how do general managers 
view the constraints and options that affect pos
sible agency response to these pressures? The pur
pose of this paper is to focus on these questions, 
gain insight into the current state of the industry 
as seen from the perspective of the general manager, 
and discuss some of the management implications of 
these trends and the way they are being handled. 

RESEARCH METHODOLOGY 

Answering the questions posed above required that 
personal contact be made with high-level management 
in a cross section of U.S. transit agencies. The 
most effective means of doing this was to undertake 
an extensive telephone survey of transit general 
managers. Such a survey was structured to allow a 
broad look at the transit industry and to determine 
its status prior to the possible implementation of 
cutbacks in Section 5 operating assistance. 
Clearly, the general manager's perspective on the 
constraints and options being faced was important, 
since in most cases the general manager was the key 
actor in responding to financial pressures. Also, 
from the view of this research, the manager was 
probably the best individual from whom to obtain 
information, given his or her knowledge of both the 
transit organization and the agency's institutional 
environment. 

Telephone interviews were conducted with the gen
eral manager in 30 transit agencies, a sample that 
represented a broad spectrum of medium-sized agen
cies (100 to 1000 vehicles). The following transit 
agencies were surveyed: 

1. California: San Francisco Municipal Rail
way, San Diego Transit Corporation, Santa Clara 
County Transportation Agency; 

2. Colorado: Denver Regional Transportation 
District; 

3. Connecticut: Connecticut Transit, Hartford 
Division; 

4. Florida: Jacksonville Transportation Au
thority, Metropolitan Dade County Transportation 
Administration; 

5. Georgia: 
6. Indiana: 

Corporation; 

Metropolitan Atlanta Rapid Transit; 
Indianapolis Public Transportation 

7. Maryland: Mass Transit Administration of 
Maryland; 

8. Michigan: Southeastern Michigan Transporta
tion Authority; 

9. Minnesota: Metropolitan Transit Commission; 
10. Missouri-Illinois: Bi-State Development 

Agency; 
11. Missouri-Kansas: Kansas City Area Transpor

tation Authority; 
12. New York: Niagara Frontier Transportation 

Authority, Rochester Regional Transportation Au
thority; 

13. Ohio: Cleveland Regional Transportation 
Authority, Queen City Metro, Central Ohio Transit 
Authority; 

14. Oregon: Tri-County Metro; 
15. Pennsylvania: Port Authority of Allegheny 

County; 
16. Tennessee: Memphis Area Transit Authority; 
17. Texas: Dallas Transit, Metropolitan Transit 

Authority (Houston), VIA Metropolitan Transit Au
thority; 

18. Utah: Utah Transit Authority; 
19. Virginia: Tidewater Transportation District 

Commission, Greater Richmond Transit Company; 
20. Washington: Metro Seattle Transit; and 
21. Wisconsin: Milwaukee County Transit System. 

Each general manager was asked questions in three 
topic areas: 

1. Background information: Questions were asked 
concerning specific tasks, such as planning (size of 
planning staff, types of service standards used, 
organization of route evaluation); marketing (mar
keting tools, public participation process, exis
tence of system map); and operations (last strike, 
use of part-time labor, management-labor communica
tions). Other questions sought to give a picture of 
ridership and agency structure (institutional ar
rangements and organizational structure). All this 
information was to help supplement information col
lected from printed sources (!-ii. 

2. Financial issues: Questions concerning the 
existing financial condition and its likely evolu
tion were asked. Questions were asked concerning 
current fares, recent fare increases, formal fare 
policy, breakdown of revenue sources, existence of 
dedicated taxes, prospects for new sources of fund
ing, and future constraints. 

3. Issues relating to operating under fiscal 
constraints: Areas examined were recent or future 
service changes, efforts to improve productivity, 
and actions taken to otherwise reduce costs. 
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In the rest of this paper, the survey concerning 
the sources of financial pressure and the types of 
responses being pursued by transit agencies will be 
presented and the issues they raise discussed. 

SOURCES OF FINANCIAL PRESSURE 

One of the underlying assumptions of this study was 
that transit agencies were facing significant finan
cial pressures and that specific steps were being 
taken, or were at least being contemplated, by tran
sit managers in response. In order to put a partic
ular agency's response in perspective, a brief as
sessment had to be made of the specific financial 
pressures facing that agency. For this purpose, the 
assumption was made that costs were fixed in the 
short run and that the financial condition of an 
agency could be assessed by determining whether 
revenues were sufficient to meet the given level of 
expenditures and then by identifying the pressures 
on the various revenue sources. 

The results of the survey show that the financial 
situation varies tremendously from agency to agency 
in terms of whether the system's financial situation 
is healthy, currently stable, dependent on outside 
events, or severely constrained. One-third (10) of 
the managers felt that their situation was currently 
stable and that they would not have financial prob
lems in the short run. One of the following three 
reasons was usually given for the belief of sta
bility: (a) large contributions from sales tax 
revenues (usually in areas experiencing high rates 
of growth), (b) exceptionally high operating ratios 
(i.e., that proportion of costs covered out of fare
box revenues), and (c) extremely diversified funding 
sources. However, only 4 of these 10 systems ap
peared capable of facing Section 5 cutbacks without 
some response to this funding loss. 

Of those systems whose general manager expressed 
concern about their financial status, the most fre
quent cause was the shrinking revenues from a major 
dedicated tax (sales, property, earnings, gaso
line). This was affecting 10 properties and ranged 
from situations in which sales tax revenues grew 
last year at a pace slower than anticipated, creat
ing minor shortfalls, to one in which the growth 
rate of the dedicated tax has been consistently 
under the inflation rate for several years, causing 
any previously accumulated surplus trust funds to be 
at the point of exhaustion. Several managers felt 
that dedicated taxes were no longer a guarantee of 
financial stability. Sales and earning tax revenues 
were being affected by the recession, and revenues 
from gasoline taxes were reduced because of gains in 
fuel conservation and automobile efficiency. 

Other problems cited involved the poor financial 
condition of major financial contributors to a tran
sit agency, e.g., states (two systems), counties 
(one system), and municipalities (four systems). 
Finally, in three cases, the financial condition of 
the system depended on outside events that would be 
resolved in the near future, e.g., suburban com
munities refusing to renew service contracts, cur
rent contract negotiations, or the expiration of a 
dedicated taxing authority. 

The information gathered from the survey concern
ing major sources of revenues is outlined below: 

1. Fares: average contribution, 41 percent 
(range 15-66 percent) ; less than 25 percent, 3 sys
tems; more than 55 percent, 3 systems; 

~. section 5 funds: average contribution, 18 
percent (range 4-30 percent); less than 12 percent, 
4 systems; 

3. state operating assistance (~10 percent of 
agency revenues), 13 systems; 
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4. Dedicated local taxes: sales tax, 11 sys
tems; property tax, 2 systems; earnings, payroll, 
license fee, 3 systems; 

5. state aid and dedicated taxes, 5 systems; and 
6. Only federal and local general revenues, 6 

systems. 

Fares are still the predominant source of revenue 
(on average covering 41 percent of costs), although 
there is a fairly wide variance concerning its exact 
contribution. Section 5 operating assistance is 
also an important source of funds, although its con
tribution is much smaller (18 percent) than that of 
fare collections. These findings are consistent 
with numbers available from the Section 15 reporting 
system for fiscal year 1979, which found an average 
fare contribution for the classes of systems sur
veyed of 38 percent and an average federal contribu
tion of 18 percent (~). 

As for the other sources of revenue, there is a 
distinct pattern of income corning more frequently 
from dedicated taxes or state aid than from local 
governments. Only four systems received income from 
county general revenues, and nine received municipal 
operating assistance. Perhaps this ensures some 
stability since the six systems that received 
neither dedicated sources of income nor state aid 
appeared as a group with the most consistently dif
ficult fiscal pressures on them. 

RESPONSE TO FINANCIAL PRESSURES 

There are five major types of actions that transit 
officials have used individually or in combination 
to respond to financial pressures: increased fares, 
reduced levels of service, reduced costs, increased 
public funding, and improved efficiency. Each of 
these five types of action will be analyzed by using 
the results of the general managers' survey. 

Increased Fares 

Increasing transit fares was suggested most often by 
the general managers as the first step in responding 
to financial pressures. This reflects a general 
change in perception about the role of fares that 
seems to be the result of several phenomena. First, 
there has been much discussion about fares and their 
direct influence on the industry's decreasing oper
ating ratios. Several managers expressed interest 
in the concept of user charges and felt that fares 
should at least keep pace with inflation, and a few 
felt that transit patrons should be covering a 
larger percentage of the costs of using that service. 

second, several managers felt that during the 
last few years great strides had been made in im
proving the quality (comfort, reliability, and at
tractiveness) of the service offered, especially 
when compared with the condition of many private 
systems that were taken over publicly in the 1970s. 
These managers argued that in places where the 
public transit service compared favorably, not only 
to the previous state of the system but to competing 
modes, such as private suburban bus or even to the 
automobile, patrons must become convinced that a 
quality ride is worth a higher price. 

Third, most managers stated that ridership is 
more sensitive to service cuts than it is to fare 
increases. Thus, in times of severe financial pres
sure it is preferable to increase fares rather than 
cut significant service. 

Fourth, it was felt that the general economic 
picture has made fare increases easier to implement 
than previously. The recession has reduced the 
resistance to fare increases. The representatives 
of those constituencies who use transit heavily have 



Transportation Research Record 857 

other issues to defend such as the maintenance of 
public services, i.e., police, fire, and education 
or employment. Furthermore, many managers argued 
that the mood of fiscal conservatism in the country 
has given more influence to opponents of public ser
vice and has created greater pressures for user 
charges to be increased. 

In the first seven months of 1981, 17 of the 30 
systems had already increased their fares. Of these 
17, 11 had also raised fares in 1980. Eight more 
systems without fare increases in 1981 had their 
last fare increase in 1980. Thus, only 5 systems 
(out of 30) had not raised fares in the last 18 
months. The distribution of fares (base fare + 
transfer) is shown below. The mean fare of the 30 
systems was $0.63. 

Fare 

J!L 
0.40 
0.50 
0.55 
0.60 
0.65 

No. of 
sistems 
4 

5 
2 
6 
3 

Fare No. of 

J!L sistems 
0.70 4 
0.75 0 
0.80 2 
0.85 2 
1.00 2 

Some managers suggested that a catching-up pro
cess was taking place. This was illustrated by the 
fact that the mean fare increase over the period 
January 1980 to July 1981 was 62 percent, implying a 
39 percent increase per annum ( three times the in
flation rate). The average amount that fares in
creased over that 19-month period was $0.21. More 
than half the systems have explicit fare policies 
where a specific amount of costs must be covered 
through fares. These dictate, in many cases, fare 
increases every year. Many managers felt that these 
fare policies would be shifted upward, increasing 
the operating ratio to be achieved in the years to 
come and thus shifting the burden increasingly onto 
transit riders. The distribution of fare increases 
over the 19-month period is as follows: 

Percentage No. of Percentage No . of 
Increase sistems Increase sistems 
20 2 60 3 
25 2 65 1 
30 2 70 3 
35 1 100 2 
40 2 140 1 
50 5 200 1 

Finally, there appears to be a certain movement 
away from a flat-fare system. Two agencies (Colum
bus, Ohio, and Salt Lake City, Utah) adopted a peak/ 
off-peak pricing scheme in 1981. Two other agencies 
(Denver and Cincinnati) already had such a system. 
In some cases such a pricing system was justified 
not only through the potential savings in costs by 
spreading the peak but through increases in rider
ship that would occur by tapping a latent market, 
thus producing a net gain in revenue. 

Reduced Levels of Service 

Although most transit managers felt that cutting 
service was much more harmful than increasing fares, 
it becomes the next option because other potential 
responses require a longer time to be implemented. 
It is not surprising, then, that a smaller number of 
systems cut service than increased fares. Nonethe
less, 10 systems had to make significant cutbacks in 
service miles over the last year, and another 5 were 
involved in minor cutbacks. Only six systems 
claimed to be expanding their service, and some of 
these were in the last stages of a planned growth 
process. Eleven of the 30 sys terns did not foresee 
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cutbacks next year, but many of the others said that 
it depended on a series of factors whose outcome was 
uncertain (e.g., the phasing out of Section 5 funds, 
labor negotiations, and pending state legislation). 

In comparison with fare increases, which were 
being pursued by the vast majority of agencies, 
changes in service levels illustrate the major dif
ferences between agencies. At one extreme, one 
agency cut vehicle miles by 25 percent in 1981. At 
the other extreme, one system was proposing to 
double service miles at the end of its five-year 
plan. However, more systems were cutting service 
than adding it, and most managers saw this trend 
continuing in the future. 

One of the most interesting results of the survey 
in regard to service cutbacks was the process used 
to choose which services would be curtailed. Few 
systems had criteria or procedures for cutting ser
vice that would enable them to fully evaluate trade
offs. This was primarily explained by the fact that 
route planning had been geared either to expanding 
service to new areas or generators or to fine-tuning 
the service provided on a route to match the demand 
as it varied by month, by day, or by hour. Cutting 
service is a recent phenomenon and is a dramatic 
change from the growth that took place in the 
1970s. Most systems seem not to have evolved any 
policy that makes choices clear, and al though many 
agencies had formal service standards, most used 
them only as guidelines. A few systems were trying 
to develop indicators to identify costs of providing 
service by route but were hindered by the complexity 
of the data-management process involved. In most 
cases when cutting service, ridership as expressed 
by X passengers per hour seemed to be the main, and 
often exclusive, er i ter ion for analysis. This was 
used to weed out unproductive routes on weekends or 
evenings and also served, as one manager pointed 
out, to eliminate "political" routes. Only a few 
managers explicitly mentioned trying to take into 
consideration the existence of alternative service 
so a minimum of passengers were left completely 
without service. 

When more drastic cuts were needed, transit offi
cials took the ridership-criterion approach a step 
further and evaluated overall ridership by weekly 
time periods. A similar pattern of service cuts 
emerged from systems going through massive cuts: 
first, owl service was eliminated, then Sunday ser
vice, and then night service; then major cuts were 
made in evenings, and then large reductions were 
made in Saturday service. When massive cuts had to 
be achieved and preserving ridership was the primary 
criterion, this cycle of cutting successive time 
blocks seemed to be the most convenient method, 
especially when planning-staff resources were 
limited. 

Reduced Costs 

A third option often pursued as a response to finan
cial pressures was direct attempts by managers to 
reduce their operating costs. These actions, how
ever, usually require a larger time to implement and 
are of two types: cost reductions through labor 
negotiations and reductions in staff. 

The two principal cost-cutting measures sought 
during contract negotiations included the right to 
use part-time labor and the limitation of cost-of
living-adjustment (COLA) escalators. There is a 
significant move toward part-time labor; 15 systems 
had already negotiated this agreement with five of 
these in the last year alone (Muni, Santa Clara, 
Indianapolis, Southeastern Michigan Transit Author
ity, and Cincinnati). The usual limitation to the 
use of part-time labor was that it should not exceed 
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10 percent of the work force, Opinions varied con
siderably on how useful it was to the system, rang
ing from enthusiasm and strong results in systems 
where the ratio of peak to base ridership was very 
high to systems that rarely used part-time labor 
because of training and labor issues. However, all 
agreed that it did increase the manager's flexibil
ity. Many managers also expressed concern about the 
cost increases and uncertainty caused by COLA pay
ments. Seven systems had actively sought, in the 
last year, to cap the COLA escalator during negotia
tions. 

Reductions in the level of service usually trans
lated into reductions in the number of drivers, 
However, several managers also stated that their 
staff had been severely reduced, with one agency 
eliminating 170 staff positions. These staff reduc
tions usually fell hardest on the departments of 
planning, marketing, and general administration in 
order to, as one manager put it, preserve "the pro
ductive service" of the agency, namely, operations 
and maintenance, 

Increased Public Funding 

A fourth option in responding to fiscal pressures is 
to modify the public sources of income to the sys
tem, either by increasing income from current 
sources or by seeking new sources of funding. Dur
ing the 1970s this appears to have been the pre
ferred method of dealing with fiscal pressures. 
This practice was based on the public's perception 
that after public takeover of private systems 
(usually financed by new sources of income them
selves), there was an expectation that not only 
should service be improved but fares should also 
become stable. 

However, this situation has changed dramatically, 
and the very pressures that affect transit also 
affect its ability to seek increased public funding 
and even the ability to exchange an inadequate tax
ing authority (such as property tax) for one that is 
more sensitive to inflation (sales tax), One-third 
of the agencies surveyed saw no prospects for chang
ing their current mix or levels of revenue from pub
lic sources, Even though one system (Columbus) 
managed to obtain a new sales-taxing authority 
through a referendum, nine others lost referenda or 
legislative battles to change their sources of in
come. Managers suggested various reasons why their 
attempts at modifying or increasing sources of pub
lic funding failed--the recession, Proposition 13-
type mood, the strength of rural or suburban con
stituencies, conflicts between highway and transit 
lobbies, etc. 

Nonetheless, different types of options were be
ing pursued with some prospects of success. Six 
agencies were hoping for increased state aid; three 
others were hopeful about changes in state gasoline 
taxes that would move from a volume base to a price 
base, Three others were counting on either new 
state operating assistance or a local option tax. 
Other prospects included increasing the local sales 
tax, creating a downtown transit district, or uti
lizing new federal legislation on charter operations 
and leasing vehicles. 

In terms of the pressures on existing dedicated 
taxes and their relation to inflation, it would 
appear that no single tax is truly adequate. By 
most accounts, the most reliable tax is the sales 
tax. However, in many cases, managers stated that 
revenues produced by it have diminished as sales are 
affected by recession. Its revenue-producing capa
bilities were greatest in areas of sustained growth 
(although in one case this was inexplicably not 
true) , As for revenues produced by gasoline taxes, 
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the managers noted that they consistently continue 
to fall as conservation and fuel economy increased, 
Basing gasoline taxes on a sales rather than volume 
base would help and has been sought by two agencies, 
but the revenues are usually shared by different 
modes and are thus subject to competition for their 
use (especially as the needs for highway maintenance 
soar), 

Improved Efficiency in Providing Service 

Much recent discussion in the transit field has 
focused on trying to improve the efficiency of ser
vice provision (6-8). Most of this discussion has 
focused on trying to pay more attention to the real 
costs of operations and the use of performance cri
teria, but it is sometimes difficult to see how the 
concern for efficiency is actually incorporated by 
operators into the agency's activities. Though not 
a quick strategy to an immediate problem, some man
agers did identify actions to increase efficiency as 
part of their response to financial problems, There 
seemed to be four levels at which action might be 
taken to improve efficiency: 

l. Organizational efficiency, or the process of 
improving the efficiency of the overall organization 
by clarifying responsibilities, improving informa
tion, and strengthening control; 

2. Network efficiency, or the process of improv
ing the performance of the route structures and net
work in order to reduce system costs; 

3, Operational efficiency, or the process of 
improving operational performance and ensuring a 
more efficient use of the various resources (labor, 
capital, information) needed to provide service; and 

4. Individual efficiency, or the process of en
couraging better individual performance from each 
employee. 

Organizational Efficiency 

One development in recent years that is significant 
for transit organizational efficiency is the rapidly 
increasing number of agencies with management-by
objective (MBO) processes. The survey showed that 
20 of the 30 properties had formal MBO processes and 
13 of these were less than three years old. The 
process was aimed at specifying goals for the system 
and objectives for each department, division, or 
unit, against which related performance could be 
compared; sometimes it was linked with employee 
evaluation. 

several managers felt that there was a definite 
trade-off between the level of detail of the process 
and the time and effort spent on it. Each agency 
appeared to be evaluating that trade-off through an 
adjustment period in the first years of the process' 
implementation. In two cases, the process had been 
rejected because the results did not warrant the 
effort and perceived complexity of the process. 
Though not directly related to dealing with finan
cial pressures, the MBO process is relevant in that 
it provides a framework to identify priorities that 
can help in trading off alternative actions, 

Network Efficiency 

Actions aimed at network efficiency seek to improve 
the productivity of operations, thus resulting in 
reduced costs. Two types of actions that serve this 
purpose were mentioned by managers as part of the 
agency's response to financial pressures. The first 
concerned transportation system management (TSM) 
actions, Although responses from some managers 
indicated that TSM as a concept loses some of its 
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priority when immediate financial problems exist, 
two specific examples were provided where a TSM ac
tion was being pursued as a component of the agen
cy's response to financial problems. One involved 
four bus priority lanes (Pittsburgh) and the other a 
bus-activated signal priority system (Jackson
ville). In both cases, the reduction in travel time 
meant that fewer buses would be used to maintain the 
same headways. The priority system cost $80 000 and 
was estimated to recover its cost in three years. 

The second type of network efficiency action 
changes the overall structure of routes. In one 
transit agency, corridor planning was adopted to 
permit a planning process that would be more capable 
of identifying and eliminating duplicative service. 
In three other transit systems, the total route 
structure had been or was being modified from a 
radial orientation to a grid system. The intent of 
this change was again to eliminate duplicative ser
vice and provide a better market base for crosstown 
or circumferential routes. 

Operational Efficiency 

In seeking more efficient use of the various re
sources needed to provide service, a small number of 
properties were reevaluating their performance cri
teria to improve the cost-effectiveness of individ
ual routes. However, most efforts in this area in
volved actions to improve utilization of labor and 
capital resources or actions to mechanize certain 
tasks. 

A variety of actions were taken to improve re
source utilization: use of transit line coordi
nator; driver utilization program; reduced number of 
job bids to avoid job-hopping; use of articulated 
buses; modernization of maintenance facilities; bus 
quality control program; and driver suggestion pro
gram. Actions to mechanize certain tasks were as 
follows: improvement of management information sys
tem (MIS) (major activity in six systems, ongoing in 
eight, starting in three); mechanized public infor
mation system; mechanical vehicle identification and 
information systems; computerized recording of in
spections, attendance, job descriptions; audiovisual 
driver and management training classes. Mechaniza
tion and computerization to increase the performance 
of some tedious manual tasks was an on-going process 
in many agencies, and in a longer-term perspective 
of improving management performance, MIS were con
tinuously being expended to increase their role for 
accounting, reporting, inventorying parts, and 
cutting runs. 

Individual Efficiency 

Finally, a few proper ties recently implemented pro
cedures to increase the efficiency of individual 
employees. This involved three different types of 
actions: actions to increase employee involvement 
in the agency's activities in order to improve labor 
relations, actions to improve employee morale or to 
create positive incentives for better individual 
performance, and actions to avoid costly undesirable 
behavior such as absenteeism or misconduct. Ex
amples of actions used in different agencies are 
given below: 

1. Actions to increase employee involvement: 
a. Driver suggestion program (four systems) 
b. Development production groups ( three sys

tems) 
c. Passenger service committee 

2 . Actions to improve employee morale or to cre
ate positive incentives: 
a. Driver-of-the-month program 
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b. Employee of the year 
c. Employee newsletter, produced by employees 
d. Comprehensive employee assistance program 
e. Monetary rewards for performance (four 

systems) 
3. Actions to avoid undesirable behavior: 

a. Strengthened performance code or program 
(seven systems) 

b. Citations for safety violations 
c. Attendance recording 
d. Probationary contracts with code offender 

Many agencies expressed particular concern about 
absenteeism, and eight systems had recently 
strengthened performance codes and were increasing 
enforcement through disciplinary actions. Interest
ingly, there was also an emphasis on increased mon
etary rewards (four systems), sometimes in the same 
agencies that had taken tough stands on discipline. 

The pursuit of efficiency, whether organiza
tional, network, operational, or individual, as a 
response strategy to fiscal pressures may not pro
duce significant short-term cost savings. Rather, 
its importance lies in providing the manager with 
sufficient flexibility to address longer-term finan
cial issues. Successful management in an era of 
service cutbacks means maintaining employee morale 
and discipline as much as possible and especially 
not losing sight of the agency's goals as the need 
for cuts becomes more pressing. 

CONCLUSIONS 

The survey results provide a good picture of the 
current status of the transit industry as it begins 
responding to several political and financial chal
lenges. The survey showed the diversity of the var
ious agencies' positions but also indicated some 
trends that have important policy implications. 
There are several issues that these results raise, 
some related to the actions taken and others related 
to the sustained nature of these financial pressures. 

Issues Related to Actions Taken 

Diversified Funding Sources 

Fare increases have been the fir st action taken in 
response to financial problems. All the systems 
that were financially constrained had increased 
their fares recently, often by large amounts. This 
raises the question of how high fares should be and 
how fast they should increase, Should we antici
pate, as one manager did, that fares in three years 
will be 150 percent of what they are now? There is 
a limit to the extent such a response can be pur
sued. It is clear that fares cannot at the same 
time cover the increases due to inflation, replace 
public funding sources that are not growing fast 
enough (property tax, gasoline tax, and even sales 
taxes in many cases), and substitute for phased-out 
Section 5 operating assistance. 

With respect to public funding, it appears that 
the existence of dedicated taxes and/or state aid, 
even if they are not always keeping pace with infla
tion, still offers the agency some flexibility in 
dealing with fiscal pressures. This flexibility 
also seems to increase if the agency is able to 
diversify its funding sources. In comparison, the 
single group of agencies with the most consistent 
pattern of financial problems received neither state 
aid nor revenues from a dedicated tax. These sys
tems relied on only three revenue sources (fares, 
Section 5, and municipal or county general reve
nues). They were particularly threatened by eco
nomic forces affecting local finances or by the 
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elimination of Section 5 funding. 
However, the existence of a sales tax is not in 

itself a guarantee of a healthy financial situation, 
since these sources can be affected by economic 
recession. An agency should thus resist relying too 
much on current revenues from the tax and resist 
using large tax revenues to maintain extremely low 
fares. Any excess revenues could rather be used to 
create a trust fund that can permit reliable five
year planning. In the absence of large revenue
creating taxes, diversity of funding sources could 
be sought. Though it may complicate political in
teractions, it allows for more flexible responses. 

Role of State 

The role and attitude of the state will also be an 
increasingly important factor to consider in analyz
ing financial options. Eleven of the 22 states 
covered in the survey provided operating assistance; 
several others had passed legislation enabling 
local-option taxes. However, the managers surveyed 
were generally pessimistic about the prospects of 
increased aid in states that did not already have 
aid programs, given the mood of fiscal conserva
tism. Given the new federal policies of returning 
funds and program authority to the states, this per
ceived reluctance for increased state aid could be a 
serious indication of even more financial difficulty 
in the future. 

Criteria for Service Reduction 

The survey showed that the predominant criterion 
used by managers in reducing service was to minimize 
total ridership affected, sometimes taking into 
consideration the existence of alternative service. 
This often led to a cycle of cutting service from 
whole successive time periods. The use of this cri
terion has a hidden implication that should be 
recognized; it implies that the fundamental purpose 
of transit is to serve commuters (these are the 
single group of users who are protected the longest 
during such a cycle of cuts). This may be in fact 
what is desirable, but then it should be recognized 
that alternative social goals may not be served. 

Reevaluation of Service Planning 

Service planning is usually one of the first staff 
functions to be severely reduced in times of staff 
cutbacks. This occurs because increased emphasis is 
placed on preserving the productive service and be
cause service planning is viewed essentially as a 
tool for serving growth (i.e., planning for expanded 
service). Several managers felt that once the sys
tem is operating at the necessary level and no ser
vice expansions are projected, service planning 
becomes less essential since minor changes are as
sumed to be handled by the scheduling and operations 
staff. 

However, it is important to realize that periods 
of severe cutbacks entail major (if negative) ser
vice changes to the system, and if such a trend is 
to continue, it becomes critical to preserve the 
agency's means of analysis in order to minimize as 
much as possible the disruptive nature of these 
changes on both users and personnel. 

Another aspect of this issue is that service 
planning may have to be reevaluated in light of this 
new trend. Goals, er i ter ia, and procedures should 
be rethought in order to take into consideration 
increased emphasis on costs, explicit analysis of 
existing alternative services, and the need to trade 
off different potential options for responding to 
financial pressures. 
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Issues Related to Sustained Problems 

Curtailment Cycle 

Although many managers felt that fiscal pressures 
were more than just current imbalances in budgets, 
only in a few cases did an analysis of the implica
tions, or of the actions to be taken, extend beyond 
the current year. Such a short-term perspective 
usually leads to a er isis-management attitude when 
problems occur. To the extent that an agency's 
financial problems are not simple imbalances in the 
budget but a signal of a longer-term change in the 
agency's financial and institutional environment, 
the response should perhaps be thought of as part of 
a curtailment cycle with goals and processes dif
ferent than when service is being expanded during a 
growth cycle and that might have implications for 
goals to serve, the organization of various tasks, 
and network structure. 

Importance of Strategic Planning 

Given the long-term nature of the financial situa
tion of many transit agencies and its implication on 
the goals, objectives, and planning procedures the 
agency uses, strategic planning may become an im
portant tool for agencies trying to deal with this 
financial uncertainty. Strategic planning provides 
an analysis framework that helps to define goals and 
objectives, analyze trends, evaluate options, and 
merge various actions into a strategy whose outcome 
a few years hence is understood and desirable. 

The identification of goals is a particularly 
difficult problem during a curtailment cycle. It is 
easy to serve a variety of goals during growth peri
ods just by expanding service; to serve new geo
graphic areas or new user groups, one can expand the 
network; and to attract nonusers, one can increase 
frequency or purchase better vehicles. During a 
curtailment cycle, one must constantly trade off one 
goal for another, and there is always the danger of 
collapsing all goals into one. 

Goals have to be specified and the linkages be
tween the transit service provided and the well
being of the community must be made explicit. The 
manager must know what components of the service are 
important and why, so that it can be determined how 
best to protect the achievement of these goals. 
This is important for top management in its efforts 
to organize the production of transit service during 
a curtailment cycle, but it is also important for 
them in their dealings with outside actors. Defin
ing goals explicitly in a way that links the long
term well-being of the community with that of the 
agency and that can be translated into clear objec
tives might help improve transit's image and ease 
discussions in times of financial problems. The 
problem is, of course, how to make goals explicit 
and how to make them operational. In this respect, 
the trend observed in the survey toward the develop
ment of MBO processes in many agencies might provide 
a good preliminary base since it establishes a 
coherent procedure for determining priorities. 

Improving Efficiency 

A longer-term perspective of the financial trend 
facing transit justified considering improvements to 
efficiency as another option in responding to finan
cial pressures. However, efficiency improvements 
are not only difficult to achieve but also difficult 
to understand and trade off with other managerial 
options. More analysis should be made of their role 
within a coherent strategy involving other actions. 
It was clear for the survey that managers are more 
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prepared to take strikes to achieve gains in effi
ciency. But it should not be forgotten that unions 
also have a stake in preserving service for purpcses 
of employment. To the extent that this can be com
municated and fair exchanges negotiated, labor rela
tions need not deteriorate. 

1980s as Period of Change 

The 1980s will bring considerable change and thus 
strain those transit agencies subject to a curtail
ment cycle. However, the change, by its very 
nature, will provide certain opportunities for 
reorganization. To the extent that this entails 
reassessment of goals and practices, this might be 
an occasion for renewal. The challenge to transit 
management lies not only in preserving a vital ser
vice to the public but in seizing the opportunities 
provided by these changes to rethink and reorganize 
the provision of a service that will better serve 
the interests of the public. Thought must be given 
to how the er isis might be used and not only sur
vived. 
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Design of Bus Transit Monitoring Programs 

JOHN ATTANUCCI, NIGEL WILSON, BRIAN McCOLLOM, AND IMOGENE BURNS 

A method is described for the design of a comprehensive, statistically based 
data-collection program that can support bus route planning and operations. A 
two-stage approach used in the design of the collection program is advocated. 
In the baseline phase, a detailed profile of each bus route is developed. This is 
followed by a monitoring phase in which limited data are collected to verify 
that the route profile developed in the baseline phase is still accurate. Both the 
desired accuracy and the inherent variability of the data items are considered 
in the design of the data-collection program. To reduce the overall cost of the 
data-collection program, consideration is given to the use of simple linear rela
tionships between data items. The methodology discussed in this paper was de
veloped under contract to the Urban Mass Transportation Administration and 
has been approved as meeting the Section 15 reporting requirements for pas
senger-related data. 

In recent years, there has been a growing awareness 
of the need to use public transportation resources 
more efficiently (~.). It has become more important 
to evaluate carefully all services, both current and 
planned. In response, many transit agencies, large 
and small, have developed on-going programs that use 
performance measures and standards to evaluate their 
transit services (l,J). Often, however, these eval
uation programs have not been supported by adequate 
data-collection programs. Cost-effective programs 
are needed to provide the passenger-related perfor
mance data that are required for good service evalu
ation. 

This paper describes a methodology for the design 
of a comprehensive, statistically based data-collec
tion program that can support the service-evaluation 
process. Th is methodology was developed under con
tract to the urban Mass Transportation Administra
tion (UMTA). By using this methodology, most tran
sit agencies will be able to develop and maintain 
comprehensive profiles on all their bus routes at a 
reasonable cost. Although the focus of the approach 
is route-level data collection, the approach also 
provides systemwide performance data (such as UMTA
required Section 15 data) through the aggregation of 
individual route data. 

In this paper the overall approach to performance 
monitoring is described first, followed by a de
scription of the data needed by transit agencies for 
short-range operations planning. The next two sec
tions describe the available data-collection tech
niques and how they can be combined into a sampling 
plan. In the final section the costs of implement
ing such a program are discussed. 

PROPOSED APPROACH TO DATA COLLECTION 

The proposed approach consists of two distinct data
collection phases. In the first phase, or the base
line data-collection phase, the base conditions are 
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defined by time of day for each bus route in the 
system. The base conditions include all the data 
needed for effective operations planning, including 
total boardings, loads at key points on the route, 
running times, revenues, origin-destination (0-D) 
data, and passenger character is tics. The baseline 
phase presents a snapshot of route performance at 
one point in time. Complete route profiles are de
veloped from these data, which facilitate compar i
sons among routes in specific subareas, function 
types, or the system as a whole. Since the baseline 
phase includes the collection of all data items 
needed for service planning and evaluation, it also 
provides an excellent opportunity to analyze the 
potential for route improvements and reallocation of 
equipment. 

In the monitoring phase of data collection, each 
route is checked periodically to verify that the 
base conditions (i.e., route profile) for the route 
are still valid. Only three data i terns are col
lected in this phase--bus arrival time, peak-point 
load, and passenger utilization. It is assumed that 
if neither peak-point load nor passenger utilization 
have changed significantly, the other data collected 
during the baseline phase (e.g., passenger origins 
and destinations and fare categories) have also not 
changed significantly. 

Although the baseline and monitoring data-collec
tion phases differ in the number of data items col
lected, the two data-collection phases are designed 
in the same way. Four important inputs are required: 

1. A list of data required by the agency, 

Figure 1. Data-collection program design and 
implementation. 

Determine 
daca n•ed• 
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2. An estimate of the required accuracy for each 
data item of interest, 

3. Key agency and route characteristics, and 
4. Existing data or data obtained in a special 

pretest from which sample sizes can be determined. 

The following sections discuss how each of these 
inputs is used in the data-collection design process. 

DATA NEEDS 

The first step in the design of the data-collection 
program (Figure 1) is to specify the data required 
for planning and management activities and for ex
ternal reporting. These data vary among transit 
agencies depending on the size and type of system 
operated, the specific management objectives, and 
the requirements for the external reporting. 

To ascertain typical data needs of North American 
transit agencies, information from more than 100 bus 
transit agencies was examined. This included an 
analysis of the material collected from 71 transit 
agencies by the Massachusetts Bay Transportation 
Authority (MBTA) in Boston and the Tidewater Trans
portation District Commission (TTDC) in Norfolk, 
Virginia (_~) • These materials were supplemented by 
discussions with 41 other agencies that focused 
directly on the data desired by these agencies and 
the data-collection techniques currently employed 
(j). 

Based on these efforts, a 
developed that were used by 
number of transit agencies. 
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was reported as being useful in one or more aspects 
of service management, including route planning, 
scheduling, marketing, cost reimbursement or deficit 
allocation, and external reporting. 

l. 

2. 

Route- or stop-specific data: 
a. Load (peak or other) at specified points 

(not averaged throughout trip) 
b. Bus arrival time 
c. Total boardings (i.e., passenger trips) 
a. 
e. 
f. 
g. 
h. 

Revenue 
Boardings (or revenue) by fare category 
Passengers boarding and alighting by stop 
Transfer rates between routes 
Passenger characteristics and attitudes 
(age, handicap, sex, job status, atti
tudes toward level of service, income, 
automobile ownership, automobile avail
ability, home location) 

i. Passenger travel patterns [origins and 
destinations, work and/or school trip 
location, time of day of work or (school) 
trip, work (school) trip mode, nonwork 
(school) travel patterns, trip frequency] 

Systemwide data: 
a. Unlinked passenger trips 
b. Passenger miles 
c. Average unlinked passenger travel time 
d. Linked passenger trips 

Although this list is comprehensive, not all the 
data items must be collected at the same frequency. 
The proposed methodology ensures that each data item 
is collected systematically but not necessarily at 
the same frequency, The following sections discuss 
data items requiring frequent monitoring and other 
data that are only collected during the initial 
baseline phase, 

Data Needs in Baseline Phase 

To develop comprehensive information on route per
formance in the baseline phase, all the items listed 
above are collected. The collection of these data 
permits direct comparisons among routes and the 
analysis of alternative service plans, including 
schedule modifications, route restructuring, and 
reallocation of vehicles. 

With the data collected in the baseline phase, a 
comprehensive profile such as that shown below can 
be developed for each route: 

1. General-effectiveness data: 
a. Boardings per trip per day 
b. Revenue per trip per day 
c. Maximum load per trip 
d. Running time by route segment 
e. Difference between scheduled and actual 

arrival times 
2. Data for specialized analyses: 

f. Distribution of boardings and revenue by 
fare category 

g. Transfer rates per day 
h. Passengers boarding and alighting by stop 

per trip 
i. Average unlinked trip length per passenger 
j. Average unlinked trip travel time per 

passenger 
k. Passenger miles per day 
1. Passenger characteristics and attitudes 
m. Passenger travel patterns 

3 . Data-collection design items: 
n. Relationship between boardings and reve

nue per trip 
o. Relationship between boardings and maxi

mum load per trip 
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For i terns a to e, an operator is generally inter
ested in the mean value and in the variation within 
each time period and from day to day. These five 
items are generally used for operations planning and 
scheduling, which includes the development of per
formance measures for each route. Items f tom pro
vide more-specialized information, which is used for 
detailed route, subarea, or system planning (e.g., 
evaluation of through routing, branching, short 
turning, and limited or express services) as well as 
for studies of the agency's fare structure and re
lated policies. 

Finally, items n and o provide information on the 
relationships between specific data items that may 
be closely linked. These relationships can be 
thought of as "conversion factors" that may allow an 
operator to estimate one data item by directly mea
suring another, thus reducing the cost of monitoring 
a route. The data collected in the baseline phase 
allow an agency to test these relationships for each 
route. If the statistical relationship is shown to 
be strong enough, the conversion factor can be used 
during the monitoring phase, For example, a strong 
relationship may be found between total boardings 
and peak-load counts. If this is true, then total 
boardings could be estimated from peak-load counts 
during the monitoring phase and would not have to be 
directly collected. 

Data Needs in Monitoring Phase 

Once a route profile is established during the base
line phase, an operator regularly monitors each 
route for significant changes. To do this at rea
sonable cost, a subset of the data listed above has 
been selected for periodic monitoring. The follow
ing three basic data items are used to track indi
vidual route performance: bus arrival time, 
peak-point load, and one of the following--total 
boardings, boardings by fare category, or revenue. 

Bus arrival time must be collected periodically 
by all agencies to ensure efficient scheduling and 
reliable service. Usually this information is col
lected in conjunction with load or boarding counts. 
Load data are needed to determine appropriate ser
vice frequencies. Total boardings, boardings by 
fare category, and revenue are alternative measures 
of the utilization of the route. The choice of 
which utilization data i terns to monitor depends on 
the cost and feasibility of different data-collec
tion techniques. Certain data-collection techniques 
yield two or more of these items at the same time, 
so that the agency may be able to monitor directly a 
greater number of route utilization measures. 

This approach to monitoring is based on an as
sumption that if neither peak load nor total route 
utilization changes significantly from the baseline, 
neither do any of the other data items collected in 
the baseline phase. Passenger on/off counts, char
acter is tics, attitudes, 0-D patterns, transfers, and 
some of the systemwide data required for Section 15 
reports are all indirectly monitored through the 
collection of load and utilization data. If sig
nificant changes are observed in an individual route 
during the monitoring phase, another baseline phase 
must be conducted to revise the route profile. 

The accuracy with which the data items should be 
measured and the extent of change observed in the 
monitoring phase that triggers a new baseline phase 
are two important areas in the design of the base-
1 ine and monitoring phases. These topics are ad
dressed in a subsequent section of this paper on 
sampling. First, however, data-collection tech
niques must be discussed. 
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DATA-COLLECTION TECHNIQUES 

A large number of data-collection techniques are 
currently used by transit agencies. The seven prin
cipal techniques used by most agencies are shown 
below: 

Techn i que 
Ride check 

Point check 

Boarding count 

Farebox reading 

Revenue count 

Transfer count 

survey 

Description 
Check taken on board vehicle to 

record the number of passengers 
boarding and alighting at each 
stop and the bus arrival time 
at selected points; 

Check taken from street to esti
mate passengers on board vehi
cle and record vehicle arrival 
time; peak-load count taken at 
peak-load point; multiple point 
checks include several points 
along route; 

On-board count of total number of 
passengers boarding, most often 
broken down by fare category; 

Recording of farebox registered 
reading at selected points; re
quires registering fareboxes; 

Count of revenue in farebox vault 
by bus; 

Count of transfer tickets col
lected on each bus, which may 
involve specially issued trans
fer tickets; and 

Variety of techniques in which 
passengers are asked to provide 
information. 

Some of these techniques are known by different 
names. For example, ride checks are also known as 
on-off checks and characteristic counts; point 
checks are often called standing checks or load 
checks. For consistency, the terms used in the 
above list are used throughout this paper. 

The seven principal data-collection techniques 
provide a range of different data items depending on 
individual agency and route characteristics (Table 
l). Together the seven techniques collect all the 
data needed for the baseline phase. 

Ride checks provide the most complete data, es
pecially if boarding passengers can be recorded by 
fare category. All the data items except transfer 
rates, passenger characteristics, travel patterns, 
and attitudes can be collected through ride checks. 
Ride checks, like boarding counts and farebox read
ings, provide reliable and complete data when per
formed by traffic checkers. If drivers are used to 
collect the data, experience in the transit industry 
suggests that the results may be less reliable, 
since data collection is secondary to the pr irnary 
responsibility of operating the vehicle. 

Point checks provide more-limited data. Multiple 
point checks (on the same route) increase the use
fulness of this technique by providing information 
at more than just the peak-load point, especially on 
longer routes that serve more than one activity cen
ter. The utility of point checks may decrease some
what, however, as buses with tinted windows become 
more common, since estimation of passenger loads is 
more difficult. 

Passenger surveys also provide a wide range of 
data. Passenger surveys are the only method in 
which information on passenger character is tics, 
travel patterns, and attitudes can be collected. 
Passenger surveys should be used with great care 
since it is often difficult to ensure that the re
sults will be accurate and unbiased. Because of 
this potential problem, surveys generally should not 
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be used to obtain data i terns that can be observed 
directly by using alternative techniques. 

Revenue boarding counts, farebox readings, and 
transfer counts provide information on a limited 
number of data items. Their use is very dependent 
on the operating characteristics of the transit 
agency. 

To collect the required set of data items for the 
baseline phase, a combination of techniques must be 
used. The best combination of techniques depends on 
a number of factors including route structure, indi
vidual route characteristics, and operating policies. 

The route structure of an agency can influence 
the relative desirability of using point and ride 
checks to collect load data. A radial route struc
ture is likely to have routes with a single maximum
load point. Often the maximum-load points coincide 
(e.g., at points near the downtown area) with 
others. This enables a single checker to collect 
data on several routes. This is obviously more ef
ficient than doing ride checks on every bus where 
one checker per bus is required. Gr id systems, on 
the other hand, are less likely to have routes with 
single maximum-load points and may require rnul tiple 
point checks. In this case, it may require fewer 
checkers to do rechecks than to do point checks. 

The relative cost of the different techniques 
also depends on the number of buses on a route. To 
collect load data, the point check is usually the 
best technique when the number of buses on a route 
is large. The ride check is the best technique when 
the number of buses is small, since additional in
formation besides load data can be collected. 

The level of patronage is also an important fac
tor when selecting techniques. As patronage on a 
route increases, boarding and ride checks may also 
become more difficult to perform reliably. This is 
particularly true for ride checks if they are used 
to measure ridership by fare category, since board
ing passengers must be counted and recorded by fare 
category. Although this may be possible on a 
lightly patronized route, it is much more difficult 
and subject to greater error on a high-ridership 
route. Nonetheless, it is often better to perform 
ride checks to obtain detailed boarding and alight
ing data for heavily used routes, since scheduling 
and dispatching strategies such as turnbacks and 
branching can often improve the efficiency of such 
routes. 

The operating policies of an agency directly 
influence the feasibility of certain data-collection 
techniques. For example, agencies that do not issue 
transfer tickets (i.e., have no free or reduced-fare 
transfers) have no easy mechanism to count route-to
route transfers. These agencies either may have to 
rely on a passenger survey to determine transfer 
rates or may conduct a special transfer survey. 

There are two operating characteristics that 
effectively constrain the set of appropriate combi
nations of techniques to a small number. The first 
character is tic is the ability of vehicle operators 
to record reliable data. Where drivers can collect 
reliable data, the cost of a data-collection program 
can be dramatically reduced. Even though checker 
requirements are reduced, the reduced cost must be 
weighed against the possible reduced accuracy of the 
data obtained by drivers. Information obtained by 
drivers may be less accurate than that collected by 
checkers, since the drivers' primary responsibility 
is to operate the bus safely. 

The second operating characteristic is the avail
ability of registering fareboxes. Registering fare
boxes allow a driver, on-board checker, or even a 
street checker to monitor route revenue and, often 
indirectly, total ridership. Regular farebox read
ings can often provide accurate route revenue fig-
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Table 1. Data items obtained from principal techniques. 

Technique Used• 

Point Ride Boarding Farebox Revenue Transfer 
Data Item Check Check Count Reading Count Count Surveyb 

Load (peak or other) X X 
Bus arrival time X X x< x< 
Passenger trips xct X X x• xr 
Revenue xg xg xh X X 
Passenger trips (or revenue) by fare category xg xg x• X 
Passengers on-off by stop X X 
Transfer ra tes x; X 
Passenger characteristics, travel patterns, and attitudes X 
Unlinked trips X X x• xr 
Passenger miles X X 
Unlinked-trip travel time X X 
Linked trips xi xi X 

Note: X = applicable, blank= not applicable. 

~1:ccholquc.s o.s defined In ie,cc . 
C l·or aJI .su.rvciy•collt:ctad dntt1 other than (Olal inu.11:ntr,e rt, tlu: q u.11th y of the data depends on the representativeness or the response. 
di( Cime '-'On be r('c0rdcd . 
, for pure reel.ltr nnd t!'Xp1cu roo 1i:a <,1Hy. 
~If eleC!lr<.rnic mulel r,h: fare rcgitlcrins bO:Kt'.,; art, .o.voUoblc. 
, 1r .•urvc.,._.s In!: nurn~red COrt$tc uUvi.:ly and db lrlbuh:d lo oll p,:is:111:0,:ers. 
hlf bowrdmg pcssongerS :arc, ~cordud by fate cuhigor)', This crr,les.lly can only be dont! with ridin g chec ks if boardings are rnlatively low. 
11( n:ivi:nuo C:1111 lu= c:m.t utcd b)' ro ut t~ thb t lrn be ~ub,1ltuh:d f1>r f:in:b ox readings although timc-of-da; data are sacrificed. 

Ir trnn!'l rar tickeU urc dit ldbutac.l. coHa.ch:d on krntln:Uini ,outo, tan d identifiable by initial (and intermediate) routc(s). 

ures that can be used as a check on total ridership 
figures generated by driver trip sheets. 

Several options for combining data-collection 
techniques were developed for transit systems with 
specific characteristics. While these recommenda
tions generally provide the necessary baseline data 
at the lowest cost, specific local characteristics 
may make other combinations more desirable. Thus, 
the following recommendations and discussion were 
developed as guidance to be used by a property to 
select its own combination of techniques. 

For the initial baseline data-collection phase, 
the following set of techniques is recommended: 

1. Ride checks (possibly plus supplementary 
point checks), 

2. Farebox readings or boarding checks, and 
3. On-board surveys. 

The ride check is included in the baseline phase 
in order to obtain boardings and alightings by stop, 
which can be used to estimate average loads on each 
route segment. Supplementary point checks are 
needed only when the number of trips to be sampled 
to assess load accurately exceeds that required to 
collect total-boarding data. (The calculation of 
the number of trips to be sampled is discussed in 
the next section.) Supplementary point checks are 
recommended in this situation because it is less 
costly to gather additional peak-load data by using 
a single point checker than by using on-board 
checkers. 

Farebox readings or boarding checks provide com
plete route revenue information, although only the 
latter breaks down ridership and revenue by fare 
category. For this reason, boarding counts probably 
should be included by any agency that can reliably 
use operators to perform such counts. Finally, fhe 
on-board survey collects a variety of passenger in
formation that cannot be obtained in any other way, 

The recommended techniques for the on-going moni
toring phase depend more heavily on agency and route 
characteristics. If an agency can use drivers to 
collect total boardings, the following combination 
of techniques is recommended: 

1. Point checks, 
2. Boarding counts (by operator), and 
3, Farebox readings (if registering fareboxes 

are available), 

Agencies that cannot depend on drivers to collect 
reliable data have several options. The best combi
nation often includes direct monitoring of peak 
load, total boardings, and farebox revenue through 
ride checks (possibly plus supplementary point 
checks) and farebox readings (if registering fare
boxes are available), 

However, for routes that exhibit a strong base
line relationship between either peak load or reve
nue and total boardings, route performance can be 
monitored simply by using point checks. In this 
option, a street checker at the maximum-load point 
records passenger loadings and, if recording fare
boxes are available, boards each bus and records the 
farebox readings. Although using either a load or 
revenue conversion factor to estimate total board
ings requires a larger number of trips to be sampled 
than does measuring load or revenue alone, often the 
overall expense of this option is less since on
board checkers are not required in the monitoring 
phase. The key to using this option is the test of 
the relationship between the data i terns, which is 
described in the following section, 

SAMPLING 

Once the techniques have been selected, the sampling 
plan can be designed to incorporate the amount of 
data to be collected and the timing of the data col
lection. A sampling plan reflects two factors: the 
desired accuracy and the inherent variability of the 
data. As either one or both of these factors in
creases, so does the amount of data that must be 
collected, 

The data-collection design manual (.?_) that was 
the product of this research details the procedures 
required to determine the desired accuracy and mea
sures of inherent data variability. By using these, 
step-by-step procedures are presented to determine a 
sampling plan for any data item and for both obser
vational and survey collection methods, The manual 
provides procedures for transit operations to apply 
actual sample-size formulas or to use a set of easy
reference sample-size tables that are included as 
Volume 2 of the manual (6). Because these proce
dures and the associated formulas are quite detailed 
and require substantial explanation, they will not 
be discussed further here. For further information, 
readers are referred to the Bus Transit Monitoring 
Manual (.?.,.§.). 
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USE OF CONVERSION FACTORS 

Conversion factors can be used to reduce the total 
resources required for data collection in the on
going monitoring phase. Conversion factors are most 
useful for estimating data i terns that are important 
but expensive to measure directly. The primary 
examples are the estimation of total boardings per 
trip from either peak-load counts or farebox read
ings. 

To test whether conversion factors are feasible, 
regression is used to estimate the best linear rela
tionship between x, the independent variable ( typi
cally either peak load or revenue), and y, the de
pendent variable (typically total boardings), for 
the baseline data, separately for each route and 
time period. The variance associated with the re
sulting equation can then be used to define a confi
dence interval around the mean value of the de
pendent variable (e.g., total boardings). This 
confidence interval specifies the range of uncer
tainty associated with using the equation to esti
mate the value of y at a given value of x. If this 
confidence interval is larger than the accuracy 
desired for y (and thus less accurate), the equation 
cannot be used. It is then necessary to collect y 
directly rather than to estimate it. On the other 
hand, if the confidence interval is small compared 
with the accuracy desired for y (and thus more ac
curate), the equation is a satisfactory basis for 
estimating y. 

Detailed formulas for estimating sampling re
quirements associated with using conversion factors 
are outlined in the data-collection design manual 
(_~). The resulting sampling plan may or may not be 
less expensive than that developed for directly 
monitoring boardings per trip, However, results of 
field tests by using this approach in Chicago indi
cate that, for many routes, monitoring by using con
version factors is likely to be less costly than 
directly counting boardings (2). 

SEASONAL CONSIDERATIONS 

The timing of the baseline and monitoring data
collection phases raises the general question of how 
to deal with seasonal variation. Initially the 
baseline phase could be conducted during any sea
son. For at least one year after the baseline 
phase, however, the monitoring should be conducted 
in each period of the year for which scheduling 
changes are made. If schedule changes are not nor
mally made during the year (as in many small agen
cies), it is suggested that all routes be monitored 
during two seasons (one when schools are in session 
and one when they are not in session) during the 
first year. 

This procedure allows the transit agency to de
termine the extent of route-level seasonal variation 
as well as to identify routes that exhibit signifi
cant ridership growth or shrinkage. Some simple 
rules of thumb were developed to determine whether 
measured ridership changes over the first year of 
monitoring indicate significant seasonal variation 
or an overall change in ridership: 

1. If total boardings on a route changes by more 
than 25 percent over that first full year of moni
toring (i.e., when comparing the baseline phase fig
ure to a monitoring phase measurement during the 
same season one year later), an overall trend is 
assumed and a new baseline is taken on that route; 
and 

2. If total boardings on a route do not change 
by more than 25 percent over the first full year of 
monitoring but do change ( from the baseline phase) 
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by more than 25 percent during any intervening sea
son during the first year, seasonal variation is 
assumed. 

Significant seasonal variation is important from 
two perspectives. First, it identifies those sea
sons during which the monitoring phase should be 
conducted. Second, for those routes for which an 
agency wishes to use conversion factors to decrease 
the cost of ongoing monitoring, it identifies those 
seasons for which separate conversion factors should 
be developed. 

The selection of 25 percent as the value for a 
significant change is based on limited data analysis 
and professional judgment. As more knowledge is 
gained on the behavior of individual bus routes, a 
different value may be found more appropriate. 

After the first year, the frequency of monitoring 
depends on the identified variability of the data 
items. At a minimum, however, the monitoring phases 
should be conducted during the season of the most 
recent baseline phase and any season showing a sig
nificant variation. 

A new baseline phase should be conducted when it 
is probable that the baseline data are no longer 
valid. This could occur under two situations. 
First, when a significant change (e.g., ±25 per
cent) is observed in ridership or revenue through 
the monitoring process, a new baseline phase is re
quired. Second, if a significant change is made to 
the route alignment or to the fare level and struc
ture, there is reason to believe that conditions 
have changed and a baseline phase is needed. 

SECTION 15 DATA REQUIREMENTS 

The data-collection approach proposed here has been 
judged by UMTA to meet the reporting requirements 
for the Section 15 Transit Service Consumed Schedule 
(8). This schedule covers unlinked passenger trips, 
passenger miles, and average unlinked passenger trip 
time for specified periods of an average week. 

If the monitoring phase of the data-collection 
program is based on ride checks, all data items re
quired for Section 15 are measured directly. The 
accuracy of the systemwide statistics is based on 
the adequacy of the sample size and the acceptabil
ity of the sampling plan. It has been shown (i) 
that for systems with 10 or more routes, the sug
gested route-level 90 percent confidence interval of 
±15 percent is consistent generally with the re
quired Section 15 systemwide 95 percent confidence 
interval of ±10 percent. For smaller systems, it 
may be necessary to reduce the route-level tolerance 
to ±10 percent to achieve the desired systemwide 
accuracy. 

The effect of seasonal variation on Section 15 
data derived by using route-level data is assumed to 
be minimal as long as the following conditions are 
met: 

1. The agency follows the suggested procedure of 
monitoring every route during each schedule period 
(or at least twice) for one year following the base
line phase to determine whether significant seasonal 
variation exists; if seasonal variation is indi
cated, the agency continues to monitor during the 
baseline season as well as in all seasons that ex
hibited a 25 percent change in total boardings; and 

2. The route-level monitoring activity is spread 
throughout the year so that routes that are moni
tored only once a year (i.e., show no significant 
seasonal variation) are monitored randomly. 

As discussed earlier, care is taken to ensure 
that the set of days to be sampled is selected ran-
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domly from all weekdays in the season. Similarly, 
the trips to be checked on a selected day are se
lected randomly from all trips operated during the 
period of interest. 

One problem in complying with Section 15 is the 
estimation of weekend statistics for the annual sys
temwide reports. Passengers, passenger miles, and 
passenger trip times generally will be quite dif
ferent from the weekday figures. They also contrib
ute much less to annual systemwide figures. There 
is no evidence to suggest that significant seasonal 
variation occurs for weekend performance compared 
with normal between-day variation. Routes on week
ends are therefore treated as operating over a 
single year-long season, with Saturdays and Sundays 
of course treated separately. Either of the follow
ing two methods was found by UMTA to be acceptable 
for estimating Section 15 data for weekends: 

1. Sampling 75 percent of all trips on at least 
one randomly selected Saturday and one randomly 
selected Sunday for each route in the system; or 

2, Random selection of 260 total trips (or 3 
trips/day) from all Saturday and Sunday trips oper
ated systemwide during the year (the existing Sec
tion 15 sampling requirements for weekends), 

Ride checks are required in either method to pro
duce the desired Section 15 data for weekends. Also 
in both approaches, holidays are classified on the 
basis of the type of bus schedule operated as a 
weekday, Saturday, or Sunday and are included in the 
appropriate population for sampling. The differ
ences in the two methods are cost and information 
obtained. While the second method is less costly, 
the first method provides substantially more infor
mation to transit planners and managers. 

Another issue related to Section 15 reporting is 
the use of conversion factors, An analysis of nu
merous bus routes in Chicago and other cities sug
gests that average passenger trip length and average 
time per passenger trip on a specific route are 
quite stable over long periods of time (1), This is 
true as long as neither the service provided on the 
route nor the route ridership changes substantially 
(i.e., by more than 25 percent). This indicates 
that stable conversion factors can be developed 
relating total boardings, peak load, or trip revenue 
to passenger miles, as described earlier in this 
paper. UMTA has judged that the use of these con
version factors is acceptable for making Section 15 
reports (_§_) , 

COST OF MONITORING PROGRAM 

Cost is likely to be a manager's first concern when 
considering a data-collection program such as the 
one proposed in this paper. Although costs may vary 
widely depending on specific agency characteristics, 
a simple procedure is used to estimate costs for a 
given agency. 

By far the most costly component of the program 
is the manpower needed to collect data on board 
buses or from the street. The translation of route
by-route sampling plans into total checker require
ments begins with the sample size required for each 
data-collection technique selected. The following 
calculation is used to determine checker require
ments based on the sample sizes required for load 
and total boardings for each route and on the se
lected techniques for each data-collection phase: 

Checkers required for each time period= {[days 
sampled(load)] x (number of points)} + {[days 
sampled(boardings)] x [(sampled trips)/(total 
trips)] x (number of buses)), 
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The terms of the calculation vary depending on the 
data-collection techniques used and the sample sizes 
required. It is appropriate for (a) sampling plans 
that require load data only at a number of points on 
a route, (b) sampling plans based on boarding data 
obtained by using a ride check, and in many cases 
(c) a combination of (a) and (b) when both point and 
ride checks are required. 

By using an individual agency's policies and work 
rules, the individual time period checker require
ments estimated by this calculation are transformed 
into checker assignments, If a point check is in
cluded for a number of routes, the total checker 
assignments are adjusted to account for the possi
bility that several routes might be counted by one 
checker. 

Based on information from Chicago and other agen
cies, the range of checker resources required for 
typical bus system sizes was estimated by using 
average values for data variability, desired ac
curacy, and route characteristics. The full-time 
traffic checker staff requirements shown below are 
based on monitoring every route in the system four 
times a year. Gener ally, the low end of the range 
represents cases in which reliable operator data are 
available; the upper end of the range represents 
cases in which drivers do not collect data. The 
range also reflects differences in agency and route 
characteristics that directly affect required sample 
sizes and therefore total checker requirements. 

No. of 
No. of No. of Avg Daily Traffic 
Peak Off-Peak Service Checkers 
Buses Buses Hours Re5uir ed 

25 22 12 0.5-1 
50 40 12 1-2 

100 70 14 1.5-4 
300 215 15 3-7 
500 250 16 6-13 
750 470 17 8-15 

1000 600 18 10-19 
2000 1100 19 20-38 

Staff requirements for the baseline data-collec
tion phase for most agencies fall near the upper end 
of the indicated ranges. In addition for the base
line phase, the cost of an on-board passenger survey 
on all routes must be added to the staff require
ments given above. 

In addition to the traffic checker cost, there 
are other costs associated with the program includ
ing program planning, data reduction, and data pro
cessing. It is very difficult to estimate the 
ranges of these costs, because of major differences 
among agencies. To minimize program planning costs, 
a data-collection program design manual was prepared 
in the development of th is methodology, The manual 
includes detailed step-by-step procedures and 
sample-size tables (.2.,2,2.). In Chicago, a draft 
version of this manual was successfully tested and 
used to design a data-collection program (1), 

Data-processing costs depend on the amount of 
data collected and the availability of computer sup
port and staffing for the technical analysis. In 
view of the wide range of possibilities, no attempt 
was made to present costs for this aspect of the 
program. 

SUMMARY 

This paper has presented a systematic, statistically 
based approach to data collection in the bus transit 
industry. A two-phase strategy is suggested: a 
baseline phase to produce detailed profiles of each 
service operated and a monitoring phase to verify 
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that the baseline conditions are still valid. Basic 
statistical formulas are used in the design of the 
data-collection program. 

A manual incorporating a step-by-step procedure 
for program design has been produced. With the 
existence of this manual, the real test will begin-
in a climate of fiscal austerity will the transit 
industry see the justification for spending enough 
money to get the reliable information necessary to 
make better decisions? 
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Performance-Based Funding-Allocation Guidelines for 

Transit Operators in Los Angeles County 

GORDON J. FIELDING, SUBHASH R. MUNDLE, AND JOE MISNER 

During the last five years, transit performance indicators have been widely 
used in the transit industry. California and New York have used performance 
indicators to determine eligibility for funding. In Pennsylvania, transit per
formance measures have been used to provide incentive payments for superior 
performance, and in Michigan a detailed analysis of transit operations provides 
the basis for state managerial assistance. In Los Angeles County, nine transit 
operators, including Southern California Rapid Transit District, provide fixed
route transit service. Between 1977 and 1980, operating cost per vehicle hour 
increased from $28.52 to $38.76, a rate higher than the consumer price index 
for the Los Angeles area. In response to state legislation designed to maximize 
utilization of public subsidies for transit, the Los Angeles County Transporta
tion Commission undertook the development of performance-based guidelines 
for allocating transit subsidies. The performance guidelines developed in co
operation with the local transit operators are presented here. In this program, 
service is classified into local and express categories. Seven indicators were 
chosen to monitor transit performance on a periodic basis. Three indicators 
were selected to establish standards to be achieved by all fixed-route service 
operators in Los Angeles County. Compliance with these standards will deter
mine eligibility for discretionary funds (representing 5 percent of operating as
sistance) in the future. The methodology for quantifying loss of subsidy funds 
if an operator falls below the established standards is also described. The per
formance guidelines merit consideration for two reasons. First, they represent 
an attempt by a large metropolitan area to control transit costs, and second 
they initiate performance-based funding allocation rather than funding based 
on demographic characteristics or operating deficits. Both reasons are substan
tial advancements in the theory and application of performance-based guide
lines to transit-financing issues. 

A complex institutional structure supplies transit 
in Los Angeles (l). Thirteen operators provide 
transit service. Nine of these are fixed-route 
providers and the remaining are demand-responsive. 
Only the Southern California Rapid Transit District 

(SCRTD) is an independent agency. The others are 
municipal operators. Programming of state and fed
eral funds is controlled by the Los Angeles County 
Transportation Commission (LACTC), Short-range 
transportation planning is sponsored by the Commis
sion and long-range planning by the Southern Cali
fornia Association of Governments (SCAG). 

The nine public transit operators providing 
fixed-route transit service in Los Angeles County 
operate 2287 vehicles in the peak period and 370 700 
miles of service on an average weekday (Table 1). 
SCRTD, an independent agency created by the State of 
California, is by far the largest, operating 87 
percent of the average weekday miles of service and 
carrying 88 percent of the total public transit 
ridership. 

The other eight transit systems in Los Angeles 
County are governed by municipalities in the 
county. Together they provide the remaining 13 per
cent of service and carry 12 percent of ridership on 
an average weekday. None of the operators in the 
county, including SCRTD, have dedicated local 
sources of funding except for those state and fed
eral funds that pass through LACTC. However, SCRTD 
and municipal operators can obtain funding from 
local sources at the discretion of county and munic
ipal governments. 

The total operating cost of average weekday 
fixed-route transit service in Los Angeles County is 
$885 960. The passenger revenue recovers about 39 
percent of the operating cost on a countywide 
basis. The shortfall between operating cost and 
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Table 1. Summary of average weekday operating statistics. 

System 

Commerce 
Culver City 
Gardena 
Montebello 
Norwalk 
Torrance 
Long Beach 
Santa Monica 
SCRTD 
Total 

revenue is covered largely by state and federal 
subsidies allocated through the Commission. 

Allocation of subsidies is based on a formula 
that uses both vehicle miles supplied and ridership 
achieved. After deductions for future rapid tran
sit, paratransit, and the 5 percent discretionary 
funding, the Commission allocates operating sub
sidies based on the ratio of an operator's revenue 
vehicle miles and passengers to the combined total 
for all operators in the county. This is not a 
performance-based funding guideline and may result 
in operators offering more miles of service so as to 
increase their proportionate share of subsidies. 

The formula also made it difficult for the Com
mission to coordinate duplicating service provided 
by different operators. A dispute between two op
erators over boarding restrictions on a major local 
transit route simmered for nearly two years without 
resolution and helped to convince the State Legis
lature of the need to strengthen the Commission's 
authority over the operators. This coincided with 
the recurrence of an operating budget crisis for 
SCRTD, which led to new public and political inter
est in the problem of cost control. 

Assembly Bill 103 (ABlO 3) , passed by the Cali
fornia Legislature in 1979, required the Commission 
to guide the allocation of funds among operators and 
different types of service and to encourage improve
ment in performance [Chapter 579, California Stat
utes, 1979 (Assembly Bill 103)]. The Commission was 
required to set financial standards and productivity 
guidelines that would be integrally connected to the 
ongoing process of allocating operating subsidy 
funds. Standards and guidelines were to be con
tained in a policy document called a Transit Coordi
nation and Service Program (TCSP), which the Commis
sion was required to adopt by an extraordinary 
majority of at least eight affirmative votes (out of 
11 voting members). 

Thus, while the legislative action mandating the 
development of the TCSP had its origin in the per
ceived need to resolve service disputes and improve 
service coordination, the definition of its specific 
elements had a distinct emphasis in the areas of 
performance and operating cost. And although the 
Commission considered rev1s1ng its entire subsidy 
allocation formula, it decided to use the approxi
mately $12 million in the 5 percent discretionary 
allocation as an incentive for improved performance 
and to monitor performance more critically and 
publish the results. 

The framework for this program consisted of four 
components: 

1. Development of service classification method
ology to determine which services in the county were 
reasonably similar in operating characteristics so 
as to make a comparison of their performance charac
teristics, 

2 . Selection of performance indicators to pro
vide the Commission with a tool to monitor perfor
mance on a periodic basis, 
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Vehicle Vehicle Peak Passenger Operating Passenger 
Hours Miles Vehicles Boardings Cost($) Revenue($) 

56 650 5 2 400 1 890 NA 
147 l 880 14 5 940 4 340 l 635 
242 3 140 27 8 930 6 460 2 235 
269 3 520 19 11 860 7 010 2 510 
183 2 760 15 3 635 3 740 610 
255 3 760 19 8 280 6 920 2 000 

1 339 19 880 113 49 170 32 210 8 580 
928 12 090 94 68 190 21 460 11 970 

22 870 323 020 ill.l l 179 23Q /lll!..21!!. 313 200 
26 289 370 700 2287 I 338 335 885 960 342 740 

3. Development of performance achievement guide
lines to establish level of performance to be 
achieved by each fixed-route operator in the county, 
and 

4. Development of funding-allocation guidelines 
to encourage achievement of the desired performance 
level and to establish a framework for service 
reallocation in the future. 

The objective for the TCSP was to establish a 
reasonable set of guidelines for separate categories 
of transit service based on inherent characteristics 
of transit operations in Los Angeles County and then 
to use these guidelines, not only to monitor transit 
performance and recommend management actions to 
improve performance, but also to reward superior 
performance through allocation of discretionary 
funds. It was also a requirement that the TCSP be 
developed in cooperation with all transit operators 
in the County of Los Angeles. This both limited the 
extent of innovation and ensured cooperation. The 
unanimous adoption of the draft TCSP by the Commis
sion was a reflection of the success in blending new 
concepts with the practical concerns of operators. 

Service classification is an example of this 
cooperation. There was no established basis for 
service classification, so the Bus Operators' Sub
committee reviewed the Commission's proposal and 
collaborated in placing each operator's routes in 
one of five service categories. 

SERVICE CLASSIFICATION 

To minimize differences in operating environment, 
transit services were classified into relatively 
homogenous groups. It was decided that the four 
demand-responsive operators should be eliminated 
from consideration as well as the demand-responsive 
services operated by fixed-route operators because 
they represent a distinct mode. Charter services 
and special-event services were eliminated for the 
same reason. The remaining fixed-route services 
were classified into local and express services. 
These two primary categories were further subdivided 
into secondary categories so as to yield classes of 
similar service between operators: 

1. Local service: 
a. Demand: headway s and duration of service 

determined by demand; usually operates 
additional peak-period service; 

b. Policy: minimum service level set by 
policy rather than by demand; 

c. Community: circulation within community; 
operates shuttle or feeder service to 
other lines. 

2. Express service: 
a. Multistop: operates on freeways and/ or 

surface streets and collects passengers 
at neighborhood stops; 

b, Limited stop: operates predominantly on 
freeways and includes park-and-ride ser
vice. 
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Not all fixed-route transit companies operate all 
classes of service. The largest, SCRTD, provides 
service in each of the five secondary classifica
tions (Table 2). On a countywide basis, 86.8 per
cent of the average weekday service hours is local 
service operated at headways based on demand. The 
majority of the express service is also operated by 
SCRTD. 

In the TCSP the secondary service classifications 
were used in the development of a performance
monitoring system, and the primary classifications 
were used to establish performance guidelines. 

PERFORMANCE INDICATORS 

A wide range of statistics was evaluated as perfor
mance indicators. Special consideration was given 
to avoiding unnecessary data collection. Preference 
was given to statistics that operators were required 
to provide for the Urban Mass Transportation Admin
istration (UMTA) Section 15 reports and the per for
mance audits mandated by the California Transporta
tion Development Act. The selection methodology is 
best described by the relationship among three types 
of statistics (Figure 1). The three categories of 
statistics--service input, service output, and ser
vice consumption--result in three different and 
unique categories of indicators: 

1. Cost-efficiency indicators measure the re
sources expended (i.e., service input) to the amount 
of service produced: 

2. Cost-effectiveness indicators measure the 
level of service use (i.e., consumption) against the 
resources expended: and 

3. Service-effectiveness indicators measure the 
extent to which transit output is used or consumed. 

The selected performance indicators were struc
tured to allow monitoring of both the efficiency and 
effectiveness of related statistics (2). Though the 
final selection of indicators was performed cooper
atively by the study participants, three criteria 
weighed heavily in the selection process. These 
criteria included availability, reliability, and 
controllability of statistics to change performance 
in a desired direction (3). The seven indicators 
selected for inclusion in the Commission's per
formance-monitoring program are vehicle service 
hours per peak vehicle, operating cost per vehicle 
service hour, operating revenue plus local subsidies 
over operating cost, LACTC subsidy (operating def
icit) per unlinked passenger, unlinked passenger per 
vehicle service hour, passenger revenue over oper
ating cost, and revenue per unlinked passenger. 

Transit operators will be required to submit data 
to the Commission by secondary service classifica
tions as part of their annual reports. The Commis
sion staff will then calculate the indicators for 
each operator and for each secondary service classi
fication so as to monitor performance as required by 
legislative mandate. 

By using a three-variable cost model (4), the 
Commission staff will develop operating-cost esti
mates for each secondary service classification for 
each operator. All indicators listed above can then 
be easily computed from the statistics submitted. 
Comparison can then be made among operators during 
the reporting period and for the same operator over 
time on all seven indicators. 

Performance indicators for September 1979 showed 
considerable variation in both costs and revenues 
for different service classifications provided by 
the same operator. The magnitude of these differ
ences had not been realized by the Commission since, 
in the past, data had been reported on a systemwide 
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basis rather than by service classification. 

PERFORMANCE ACHIEVEMENT GUIDELINES 

Various attempts were made to compute performance 
guidelines to be achieved by the fixed-route opera
tors in the county. It was agreed that the guide
lines should allow some flexibility to transit man
agers. This was accomplished in two ways: by lim
iting to three the number of indicators in which 
operators would be expected to achieve a minimum 
performance level and by limiting the guidelines to 
two primary classifications of service, namely, 
local and express. 

Attempts to establish standards quantitatively 
were unsuccessful due to small sample size and 
diversity in the current level of performance be
cause of system size and heterogeneous character is
tics of the service areas. Therefore, standards 
were developed against anticipated future changes in 
transit performance. And in order to obtain agree
ment by the bus operators, concessions were made for 
a more rapid escalation in costs for operators who 
currently provide service more economically. The 
graduated implementation for operators who already 
exceed the standards was also a compromise. The 
three indicators and standards to be achieved are as 
follows: 

1. Operating cost per vehicle service hour: 
Growth from year to year in operating cost per vehi
cle service hour should not exceed the actual rate 
of price inflation, as measured after the fact by 
the consumer pr ice index (CPI) for the Los Angeles 
area. However, if an operator's cost per vehicle 
service hour in a particular year is less than 80 
percent of the highest cost per vehicle service 
hour, then that operator's growth may be as high as 
a 110 percent increase in the CPI. 

2. Operating revenue plus local subsidies over 
operating cost: The ratio of operating revenue 
(both fares and auxiliary transportation revenue) 
and municipal subsidies to total operating costs 
should not be less than one-third. For operators 
that did not meet this standard in FY 1980-1981, the 
standard in the first three years will rise in equal 
annual increments to 33.3 percent from the oper
ator's actual performance in FY 1980-1981. 

3. LACTC subsidy per unlinked passenger: Each 
operator's subsidy (operating deficit) per unlinked 
passenger in any fiscal year for local service 
should not exceed 133 percent of the unweighted mean 
for that type of service for all operators in the 
county in that year. For operators who did not meet 
this standard in FY 1980-1981, the standard in the 
first three years will fall in equal annual de
creases to 133 percent from the operator's actual 
performance in FY 1980-1981. For express service, a 
limitation will be placed on the differential be
tween the subsidy per passenger for express service 
as compared with that for local service. Under this 
standard, the allowable differential would be the 
real dollar difference between the unweighted mean 
subsidy per passenger for local service for all 
operators in the county and weighted countywide mean 
subsidy per passenger for express service for all 
operators in the county, as established in the first 
year of the program. In subsequent years, each 
individual operator would be limited to that real 
dollar differential between the individual oper
ator's subsidy per passenger for express service as 
compared with the unweighted countywide mean for 
local service. 

FUNDING-ALLOCATION GUIDELINES 

In 1979, also pursuant to AB103, the Commission had 
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Table 2. Summary of average weekday service hours by service classification. 

Local 

System Demand Policy Community Subtotal 

Commerce 47 47 
Culver City l 19 27 146 
Gardena l l 2 130 242 
Montebello 82 129 50 261 
Norwalk 82 95 177 
Torrance 127 127 

Subtotal 201 450 349 1 000 
Percent of total 0.9 l.9 1.5 4.3 

Long Beach l 034 178 15 l 227 
Santa Monica 794 25 10 829 
Subtotal 1 828 203 25 2 056 
Percent of total 7.7 0.9 O.l 8.7 

SCRTD 12 253 4763 373 l 7 389 
Percent of total 52.0 20.2 l.6 73.8 

Total 14 282 5416 747 20 445 
Percent of total 60.6 23.0 3.2 86.8 

Figure 1. Relationship of statistics and indicators. 

adopted a formula-based procedure for allocating the 
state and federal funds that were available for 
operating subsidy and for the local matching share 
of federal capital grants. The formula was based 
equally on vehicle miles and on ridership (both 
linked and unlinked passengers). The application of 
this formula was limited by a number of conditions. 
One of the most significant and controversial of 
these was the stipulation that 5 percent of the 
funds to be allocated in any year would be allocated 
on a discretionary basis. For 1980-1981, almost $12 
million was available in the discretionary fund, and 
the bus operators agreed that this fund should be 
allocated as an incentive for achieving the perfor
mance standards. 

In addition to the formula-based funding alloca
tion, two additional guidelines were established to 
be included in the overall program: 

1. Impact of noncompliance: If any standard is 
not met, a funding penalty not to exceed the oper
ator's share of the 5 percent discretionary fund 
will be applied two fiscal years after the noncom-
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Express 

Multistop Limited Stop Subtotal Total 

47 
146 
242 
261 
177 

85 85 212 
85 85 l 085 

0.3 0.3 4.6 

56 56 I 283 
53 53 882 

109 109 2 165 
0.5 0.5 9.2 

2675 250 2925 20 314 
11.4 l.O l 2.4 86.2 

2869 250 3119 23 564 
12.2 l.O 13.2 100.0 

pliance occurs. However, if the operator complies 
with and exceeds the standard in the intervening 
year (based on unaudited actual data), the excess in 
that year may wholly or partly offset the shortfall 
in the preceding year. The shortfall or excess 
shall be measured in total dollars of variance from 
the standard. If funds are not allocated as a 
result of noncompliance with standards, the Commis
sion may reallocate them to other operators who do 
meet the standards or may invite private operators 
to bid to operate service that is being curtailed as 
a result of the funding penalty (first priority) or 
any other needed service in the county (second 
priority). 

2. Measurement of impact: If an operator fails 
to comply with more than one of the six standards 
(three each for local and express service classifi
cations), the total funding penalty shall be the sum 
of the maximum shortfall (among the three standards) 
for local service plus the maximum shortfall for 
express service. 

CONCLUSION 

The recommended performance-based funding-allocation 
guidelines were unanimously adopted by LACTC and 
forwarded for public review and comments. The suc
cessful development of this program is further evi
dence of the recognition by both service providers 
and decisionmakers of the need to improve overall 
efficiency and effectiveness of transit services. 

However, the program should be regarded as satis
factory rather than optimal. The program was based 
on sound theoretical and technical concepts: Effi
ciency and effectiveness constructs from performance 
theory were used together with the techniques of 
cost modeling and survey analysis to assign costs 
and revenue to distinct types of bus service. More 
rigorous standards could have been based on the 
subsidy per passenger indicator but there was not 
sufficient agreement on this indicator to assure 
approval. 

Los Angeles is a complex urban society in which 
policies that cannot be supported by a broad cross 
section of participating groups are not helpful in 
decisionmaking despite their theoretical elegance. 
The performance-monitoring and allocation program 
adopted by the Commission provides a satisfactory 
achievement for an agency responsible for coordinat
ing and funding transportation. 

The experience gained from this particular pro
gram is generally applicable to a variety of metro-
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politan and statewide circumstances; the contents, 
however, may be altered to suit the specific objec
tives of an agency and the need to achieve coopera
tion with service providers. The theoretical con
structs and analytical techniques used will be more 
useful than the indicators selected and the intri
cate method for allocating the 5 percent discretion
ary fund. 
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Transit Performance in New York State 

LELAND C. BARBOUR AND ROBERT J. ZERRILLO 

Over the past two years, the New York State Department of Transportation 
has developed a program to monitor the performance of transit operations that 
receive state operating assistance. The initial performance evaluation method
ology has been revised to better meet a change in Department emphasis to 
monitor individual operator performance and encourage improvement. Past 
efforts are expanded by examining (a) the grouping of transit operators on the 
basis of mode, service type, and vehicle fleet size; (b) the relative performance 
of each group of operators over time; (c) the performance levels of public and 
private bus operators; and (d) the advantages and disadvantages of the proposed 
change in methodology. The results in this analysis show that grouping opera
tors into peer groups yields more meaningful internal group comparisons and, 
in most cases, should help identify operators that are performing poorly. The 
overall change in performance between 1978-1979 and 1979-1980 seems to in
dicate that operator efficiency is improving while effectiveness is declining. 
Many of the differences seen in performance measures are found to be attrib
utable to vehicle speed. As expected, private operators report higher levels of 
operating efficiency than public operators and also seem to be holding the line 
on rising costs better than the public operators. Future years' efforts will need 
to include expanded time-series analysis of the state's large operators coupled 
with a more in-depth review of the use of measures of transit service quality. 

The New York State Department of Transportation 
(NYSDOT) began monitoring and evaluating the perfor
mance of the state's transit operators in 1979. 
This effort was undertaken to comply with a State 
legislative mandate to certify the economy, effi
ciency, and effectiveness of transit operations 
participating in the State operating-assistance 
program (,!). Since 1979, the methodology used in 
the NYSDOT performance-evaluation program has been 
modified to reflect a shift in both objective and 
emphasis by the Department. Initial efforts to 
monitor and evaluate performance were research 
oriented in order to provide the Department with a 
better understanding of the problems faced by tran
sit operators. Current efforts, however, are fo
cused on identifying where specific operators are 
performing poorly and what steps can be taken to 
improve performance. The Department has also re
vised its performance-evaluation program to take 
advantage of new data sources and a greater under
standing by the staff of the performance-evaluation 
process. 

Th is report reviews the NYSDOT performance
evaluation process, beg inning with a brief summary 
of the program's background. This is followed by a 
discussion of current performance-evaluation ef
forts, including the changes in methodology and the 

reasons for these changes. Trends in transit op
erator performance are discussed and a brief review 
of the differences in performance between publicly 
and privately owned transit operations is pre
sented. The report concludes with a summary of 
findings and recommendations for future research. 

BACKGROUND 

NYSDOT began its transit performance-evaluation 
program in 1979. The operating and financial data 
necessary to implement the program are collected in 
an annual survey of transit operators. During the 
first year of its performance-evaluation program, 
NYSDOT developed 15 multimodal performance indi
cators that allowed for the comparison of various 
modes and service types found among transit opera
tions participating in NYSDOT's operating-assistance 
program. Because there was little or no theoretical 
base on which to determine the appropriate level of 
performance, acceptable and desirable levels were 
set empirically. Individual operators were then 
reviewed relative to the acceptable and desirable 
performance levels established. 

During the second year of the performance
evaluation program, NYSDOT's focus shifted from 
individual operators to major regional or county 
public transportation systems receiving state oper
ating assistance. A major system was defined as one 
that annually carried more than 1 000 000 passengers 
or operated more than 1 000 000 vehicle-miles of 
service, which could be a regional public transpor
tation authority or a county or municipal sponsor of 
one or more publicly or privately operated transit 
operators. Of the state's 62 systems, 17 qualified 
as major systems in State FY 1979-1980. These 17 
systems carried 99 percent of the passengers, oper
ated 98 percent of the vehicle miles, and received 
about 99 percent of state operating assistance. 
Evaluating systems rather than individual operators 
better met the Department's desire to monitor major 
transit operators serving the same geographic area, 
particularly where service and financing policies 
were controlled by a single local agency. However, 
the disadvantage of this approach was that the poor 
performance of an individual operator could be 
hidden within the average system performance. 

An additional development during the second year 
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Figure 1. NYSDOT performance-evaluation methodology. 

DATA COLLECTION 
AND ANALYSIS PROCESS CERTIFICATION 

PROCESS 

CONFERENCE WITH OPERATOR 

was the use of service evaluation plans in the 
performance-evaluation program. The initial year's 
service plan questionnaire asked for information on 
the following topics from each major system: tran
sit service objectives, transit system and route 
performance evaluation, transit service coordina
tion, and transit service problems and needs. By 
attempting to determine the above information, the 
service plans provide a basis to begin to relate 
transit-system performance to local service objec
tives and also improve the performance monitoring of 
New York State's major transit systems (_~). 

CURRENT APPROACH 

The results of the first two years' performance 
evaluations revealed that major transit systems 
appeared to be operating economically, both when 
compared with empirical guidelines and with transit 
systems in other states. However, it was apparent 
that there was indeed room for improvement in per
formance. To more precisely identify where improve
ment might be made, current performance-evaluation 
efforts concentrate on assessing the performance of 
individual transit operators instead of the evalua
tion of county or regional transportation systems. 
To make the evaluation potentially more equitable, 
operators have been grouped on the basis of mode, 
service type, and vehicle fleet size. The resulting 
groups allow the performance of individual operators 
within each group to be assessed relative to other, 
comparable group members. 

The Department is also developing a set of tran
sit service-quality measures to complement the tra
ditional economy, efficiency, and effectiveness 
measures. The use of service-quality, reliability, 
and safety indicators better measures service per
formance as viewed by the riding public. Including 
service-quality measures in performance evaluations 
will also help explain changes seen in other per
formance indicators and should result in a more 
comprehensive analysis of overall operating per
formance. 

Finally, NYSDOT recently completed its third 
annual survey of transit operators. This informa
tion will allow operator performance to be monitored 
over time, providing insight into trends that might 
affect the State's transit policy. 

The methodology for NYSDOT 's performance-evalua
t ion program is illustrated in Figure l. The per
formance review is carried out in two steps. The 
first, data collection and analysis, includes the 
peer comparison, service-quality, and time-series 
functions described above along with the review of 
service plans. The second phase, certification, 
involves the review and subsequent Department action 
based on the results from the data-collection and 
analysis phase. 

The remainder of this report will describe the 
peer-comparison function of the first phase. The 
service-plan and service-quality functions have been 
discussed in other NYSDOT reports (~,l). 
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PEER COMPARISON: GROUPING OF OPERATORS 

New York has a wide variety of transit services, 
ranging from the nation's largest subway, bus, and 
commuter rail system to small rural bus services. 
Evaluating the performance of any one operator re
quires a method of grouping like operations. The 
method chosen was to group the State's more than 110 
transit properties participating in the State 
operating-assistance program by mode, service type, 
and vehicle fleet size. 

By using these factors, 13 groups of operators 
were developed, as follows: 

Group 
Local bus 

Ll 
L2 
L3 
L4 

Commuter bus 
Cl 
C2 

Intercity Bus 
Il 
I2 

Demand Responsive 
Dl 

D2 
Rail 

Rl 
R2 

Ferry 
Fl 

Definition 

1-25 vehicles 
26-125 vehicles 
126-499 vehicles 
500+ vehicles 

1-20 vehicles 
21+ vehicles 

1-20 vehicles 
21+ vehicles 

Combined demand-responsive and 
fixed-route service 

Demand-responsive service only 

Rapid transit 
Commuter rail 

Commuter ferry 

The operator peer groups should ensure that only 
operators providing similar service will be grouped 
together. The above groups do not take into account 
operating conditions such as speed and urban versus 
rural service. This shortcoming will be studied in 
the future. Whether a transit system was publicly 
or privately owned was also not considered in set
ting up the above groups. It was felt that keeping 
public and private operators together would more 
accurately reflect the full range of potential per
formance. An analysis was performed to determine 
whether private operators actually performed dif
ferently from public operators, and the results of 
this analysis are discussed later in this report. 

The above fleet size groupings were determined by 
a review of all transit operations. Cutoffs were 
made where breaks occurred in the frequency distri
bution of fleet size and where previous knowledge 
indicated similar types of operation. 

To determine whether the groupings on mode, ser
vice type, and fleet size were an improvement in 
describing performance, the means and standard devi
ations of each group were calculated and compared 
with the means for all operators combined. The 
group means are shown graphically for several per
formance measures in Figure 2. On two of the mea
sures shown (capacity hour per employee hour and 
cost per capacity mile) , the mean values of each 
group are generally clustered around the overall 
mean and outlying groups can be easily explained. 
The groups with low capacity hours per employee hour 
are demand-responsive systems whose vehicle capaci
ties are much smaller than those of other transit 
systems, whereas those groups on the high side are 
the New York City bus and rapid transit systems 
whose vehicle capacities are much higher than aver
age and whose services operate 24 h/day. The NYC 
rapid transit system had the lowest operating cost 
per capacity mile whereas the demand-responsive 
group had the highest cost per service unit. The 
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Figure 2. Variation between group means and 
overall means. 
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group values on the measure of passengers per capac
ity hour are clustered at extreme values, though all 
are within 1 standard deviation of the overall 
mean. This variation is caused by the low levels of 
passenger use due to extremely long trip lengths by 
long-distance service (commuter and intercity) and 
the high levels by local, fixed-route service in 
densely developed areas. 

These results indicate that the performance 
levels generally differ between groups. Further 
analysis of the groups revealed that the standard 
deviations of each group were considerably lower 
than those of the service type aggregations. Al
though the group means vary considerably on some 
measures (see Figure 2), for the most part, like 
service types (i.e., local, commuter, intercity, and 
demand-responsive) appear together on each graph, 
supporting earlier Department findings regarding 
performance levels by service type Ci). 

Changes in Performance Measures 

In past years, NYSDOT' s performance-evaluation pro
gram used a set of 15 multimodal measures. Since 
the measures used vehicle capacities in a number of 
the calculations, the performance of different types 
of transit operations (intercity bus, ferry, com
muter rail, etc.) could be more fairly compared and 
aggregated into county or regional transportation 
systems (4). A review of the vehicle capacities of 
operators-within each group revealed that capacities 
were fairly uniform within operator groups and 
changed by group as expected. For example, the 
small local bus operator group generally had lower
capacity vehicles than the larger, fleet-size 
groups. Therefore, the use of vehicle capacities in 
a number of the ratios was eliminated in favor of 
calculations on the more traditionally understood 
vehicle basis (e.g., cost per capacity mile now 
becomes cost per vehicle mile). The changes in 
measures used are shown below. This modification 
results in a more understandable set of measures 
comparable with those used throughout the transit 
industry (~.) • The pairing of measures shown below 
is done to account for operational differences in 
transit service related to vehicle speed: 

Measures used in system evaluations: 
Capacity hours per employee hour 
Capacity miles per employee hour 
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Operating Cost per Capacity Mile Passengers per Capacity Hour 

Operating cost per capacity mile 
Operating cost per capacity hour 

Passengers per capacity hour 
Passenger miles per capacity hour 
Passenger miles per capacity mile 

Measures used in peer-group evaluations: 
Vehicle hour per employee hour 
Vehicle mile per employee hour 

Operating cost per vehicle mile 
Operating cost per vehicle hour 

Passengers per vehicle hour 
Passenger miles per vehicle hour 
Passenger miles per vehicle mile 

Measures common to both system and peer-group evalu
ations: 
Vehicle hours per vehicle 
Vehicle miles per vehicle 

Revenue-to-cost ratio 
Operating revenue plus excess local aid per passen
ger mile 

Cost per passenger mile 
Deficit per passenger mile 

Passengers per employee hour 
Passenger miles per employee hour 

In past years, measures were applied in sets to 
account for operational differences in transit ser
vice related to vehicle speed--a factor over which 
most transit systems have little control (these sets 
are also shown in Figure 3) . This feature was re
tained in this year's program. The revised measures 
have been calculated for the previous year's data 
(operator fiscal year 1978-1979) to allow an analy
sis of trends in performance over the last two 
years. These measures will be used in subsequent 
years to allow the monitoring of changes in perfor
mance over time. 

Individual Operator Performance-Evaluation Framework 

The framework adopted for reviewing the performance 
of operators within each group is similar to that 
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proposed for Michigan (_§_). This framework estab
lishes threshold performance levels that, if not 
met, serve as a triggering mechanism for additional 
analysis and potential state management assistance. 
Any individual operator whose performance is more 
than 1 standard deviation away from the group means 
is identified for further analysis. This method is 
being tested to determine whether it indeed achieves 

Figure 3. Vehicle hours per employee hour. 
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Figure 5. Operating cost per vehicle mile. 
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the intended result of identifying operations that 
should improve performance. 

use of this framework determines the acceptable 
level of performance on a statistical rather than a 
subjective basis. This approach has both advantages 
and disadvantages. The advantage is that the pro
cess is easy to document and does not rely on any 
one person's assessment of the data. The major 
disadvantage is that when a group has only a few 
members or when the distribution of group values is 
skewed, the resulting acceptable level of perfor
mance is distorted. In this case, an alternate 
approach such as monitoring performance over time or 
comparing performance to similar operations in other 
states will be applied. Since the setting of ap
propriate performance levels is the most difficult 
part of the evaluation, NYSDOT will continue to 
refine this process as needed to better measure 
relative performance. 

This report will not review the performance of 
the more than 110 transit operators participating in 
the State operating-assistance program, since this 
information will be included in a NYSDOT report on 
transit performance. Trends in group performance 
have been reviewed, paying special attention to (a) 
whether differences exist in average performance 
from group to group and (b) possible explanations 
for these variations and changes in performance over 
time. This review is presented to support the De-

Figure 6. Operating cost per vehicle hour. 
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Figure 7. Revenue-to-cost ratio. 
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partment' s approach of grouping operators into peer 
groups. It should not be construed as an attempt to 
compare the performance levels of the various groups 
of operators. 

Rev i ew o f Oper ator Group Performance 

Selected performance measures for a number of groups 
of operators studied are presented graphically in 
Figures 3-11. These graphs are useful in that they 
present the absolute levels of performance for each 
group and show the change in performance from 1978-
1979 to 1979-1980. The percentage of change on each 
measure by group is shown in Table 1 along with two 
factors that affect performance measures--speed and 
passenger trip length. It should be noted that the 
group levels are operator averages and do not re
flect weighting by operator size . 

The group levels for two efficiency measures are 
shown in Figures 3 and 4. Overall, the group levels 
for vehicle hours per employee hour are fairly uni
form except for the rapid rail and commuter rail 
groups (Rl and R2) • The group levels differ con
siderably for vehicle miles per employee hour: 
longer-distance commuter and intercity services (Cl, 
C2, Il, 12) perform better than local services. 
Clearly, accounting for service speed in the measure 
of vehicle hours per employee hour results in a nar
rower difference between group levels. Within ser
vice types, there are also interesting differences 

Figure 8. Cost per passenger mile. 
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between groups. The small urban bus operators (Ll 
and L2) have been more successful in improving effi
ciency than have larger bus operators (L3 and L4). 
The very opposite is seen among commuter bus opera
tors, where the larger operations (C2) have improved 
efficiency but smaller operations have experienced 
declining performance. However, in absolute terms, 
the smaller operators in the urban, commuter, and 
intercity groups show higher performance levels on 
these measures than the larger operators. Figures 3 
and 4 show that, overall, bus service efficiency 
declines as operating speed decreases. 

The levels . of several economy measures are shown 
in Figures 5-7. Cost per unit of service generally 
increases as fleet size increases within each ser
vice type, reflecting decreases in operating speed 
that typically occur as fleet size increases (and 
urban areas become larger and more dense), However, 
revenue-to-cost ratios increase as fleet size in
creases (a favorable change), which is a result of 
increases in passenger-carrying effectiveness as 
discussed below. As Table 1 shows, there is no 
clear trend in performance change. Only the small 
commuter bus operators (Cl) fail to improve their 
performance on at least one economy measure, 

Several effectiveness mea s ures are shown in Fig
ures 8 through 11. The effectiveness levels gener-

Figure 10. Passenger miles per vehicle mile. 
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Figure 11. Passengers per vehicle hour. 
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Table 1. Economy, efficiency, and effectiveness indicators : percentage of change, 1978-1979 to 1979-1980. 

Percentage of Change Total Group Performance 
Direction Change (no. of groups) 
of Local Bus Commuter Bus Intercity Bus Rail 
Favorable Im- No 

Performance Measure Change" LI L2 L3 L4 Cl C2 11 12 D2 RI R2 prove Decline Change 

Efficiency 
Vehicle hours per em- + 13.68 -] 8.49 1.19 5.83 -6.47 14.57 0.36 40.50 3.36 1.24 - 9.66 8 3 

ployee hour 
Vehicle miles per em- + 19.89 0.96 -3.47 -6.4 l -10.35 28.50 8.90 36.59 -11.96 -2.27 -22 .80 4 7 

ployee hour 
Vehicle hours per vehicle + 16.09 6.50 3.57 -1.88 -1.98 23 .27 3.34 -26 .99 11.54 7.86 14.10 9 3 0 
Vehicle miles per vehicle + 12.73 50.70 -4.10 -12.48 -4.36 3 J.47 4.10 -36.60 -12.20 7.37 5.37 _]_ -2. _Q 

28 18 2 

Economy 
Operating cost per vehicle -0.34 -6.18 4.58 12.37 6.30 -5.07 -5 .98 -6.44 24.80 -2.90 8.46 5 6 

mile 
Operating cost per vehicle -J.45 48.47 -1.22 -0.44 1.82 -5.48 5.80 -3.07 -1.28 -4.10 -3.41 8 3 

hour 
Revenue-to-cost ratio + -18.05 -12_97 -18.37 -10.80 -36.75 -0.49 - 9.25 -16.28 -19.70 5.20 0.67 2 8 2 
Operating revenue and + -42.77 103.60 8.09 2.12 -1 6.64 24.72 20.26 26.20 -17.44 1.24 67.27 9 3 0 

excess local aid per 
passenger mile 

24 20 4 

Effectiveness 
Passengers per vehicle hour + -2.47 -4.20 -0.44 -4.60 1.74 9.45 5.09 58.96 -24.45 -2.80 - 9.25 4 7 l 
Passenger miles per vehicle + -6.33 -26.37 -5.41 -4.57 - 6.47 -22.95 16.23 42.34 -25.08 -3.40 -6.22 3 9 0 

hour 
Passenger miles per vehicle + -15 .9 1 -36.69 -8.36 8.07 -1.39 -25.75 6.60 3 l.32 23.65 - 1.0 1 -J.19 5 7 0 

mile 
Cos t per passenger mile 25.43 51.05 9.10 5.10 -4.60 17.66 0.80 16.27 -8.30 -1.79 10.76 4 7 l 
Deficit per passenger mile 56.53 67.55 63.24 38 .10 28.99 34.38 19 .l 5 107.70 -8.30 -4.76 0 3 8 l 
Passengers per employee + 13.96 -21.30 -1.98 0.10 -0.75 18.76 6. 17 105.30 -18.42 -0.40 -20.44 4 5 3 

hour 
Passenger miles per em- + -0.18 -38.30 -10.80 0.10 -3.63 -4.20 23.20 52.69 -12.14 -3.11 -25.42 3 7 2 

ployee hour 
26 so 8 

Total performance change 
Improve 6 3 4 3 2 9 10 9 6 9 4 77 
Decline 7 II JO 9 12 5 3 6 9 s 9 89 
No change (< I percen t) 2 I I 3 I l 2 0 0 I 2 14 

Factors affecting 
performanceb 

Avg vehicle speed (mph) 15.10 15.92 l 1.42 7.47 21.53 I 5.95 30.89 30.36 13.28 27 .2 1 28_88 
Avg trip length (miles) 5.45 3.47 4.51 2.70 I 5.93 12.53 31.50 45.82 5.80 11.50 36.4 3 

°(+) = increase;{-) = decrease . bNumbers reported are ~ctual values for 1979-1980, not percentage ofchunge between 1978- 1979 and 1979-1980. 

ally increase (oc improve) within each service type 
as fleet size increases, It should be noted, how
ever, that effectiveness levels have declined for 
most groups over 1978-1979 levels. As Figures 8-11 
and Table 1 illustrate, all groups have declined in 
performance on at least two effectiveness measures. 
Only intercity bus operators (Il and 12) improved 
effectiveness on a majority of the measures, As 
would be expected, the rail systems carry many more 
passengers per vehicle mile and hour, yet on almost 
all passenger measures the rail systems declined in 
effectiveness in 1979-1980. 

In summary, this brief analysis has revealed that 
the efficiency of most transit operators has in
creased while effectiveness declined in 1979-1980, 
As has been shown in an earlier report, efficiency 
measures ace not highly correlated to economy or 
effectiveness measures (_!). The graphs have also 
shown that group comparisons (especially within ser
vice types) can yield insight into the factors that 
contribute to changes in performance, In general, 
measures calculated on the basis of vehicle hours 
result in more homogenous group levels than do 
vehicle-mile measures. A further finding is that 
differences in vehicle speed can explain much of the 
difference in group levels for efficiency measures. 

PUBLIC VERSUS PRIVATE OPERATOR PERFORMANCE 

A significant amount of fixed-route transit servil:e 
in New York State is provided by private operators, 

especially in the New York City metropolitan area 
where the privately owned bus systems serving the 
12-county New York Metropolitan Transportation Dis
trict annually carry more than 150 million passen
gers. The levels of performance of public and pri
vate bus systems often differ due more to inherent 
character is tics of each rather than the character
istics of the area they service, An understanding 
of these differing performance levels and their 
causes can aid in understanding the range of transit 
performance and the potential for improvement, 
Table 2 presents the average level of performance 
for two groups of public and private fixed-route 
local bus systems serving the metropolitan New York 
region. The table shows the 1979-1980 average level 
of performance on each of NYSDOT's 15 performance 
measures as well as the percentage of change in 
performance over the previous operating year. 
Several factors that have been shown to influence 
the levels of performance measures are also pre
sented. 

As Table 2 illustrates, the levels of labor effi
ciency in terms of vehicle miles and hours per em
ployee hour are slightly higher for small private 
bus operations (less than 25 buses) than small 
public operations. Performance levels for large 
public and private bus systems are identical on the 
measure of vehicle hours per employee hour, whereas 
private operators perform better in terms of vehicle 
miles pee employee hour. This result as well as the 
reason for differing levels of vehicle use between 
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Table 2. Performance levels at downstate local bus systems. 

Downstate Small Local Bus System 

Percentage of 
Change, 1978-1979 

1979-1980 Level to 1979-1980 

Performance Measure Public Private Public Private 

Efficiency 
Vehicle hours per employee hour 0.53 0.74 0 19 
Vehicle miles per employee hour 6.51 12.88 -22 37 
Vehicle hours per vehicle 2 592 2 159 5 18 
Vehicle miles per vehicle 34 364 37 022 -9 22 

Economy 
Cost per vehicle mile 1.33 1.33 13 3 
Cost per vehicle hour 16.72 19.63 -11 0 
Revenue-to-cost ratio 0.27 0.51 59 -19 
Revenue and excess local aid per 0.16 0.24 160 9 

passenger mile 
Effectiveness 

Passengers per vehicle hour 16.19 24.77 54 10 
Passenger miles per vehicle hour 100.60 98.70 -17 -30 
Passenger miles per vehicle mile 7.42 6.07 0 -31 
Cost per passenger mile 0.31 0.45 48 15 
Deficit per passenger mile 0.24 0.27 40 58 
Passengers per employee hour 9.25 18.24 53 32 
Passenger miles per employee hour 47.88 70.45 -32 -11 
Speed (mph) 12.80 16.80 -18 2 
Avg trip length (miles) 7.60 5.00 -30 -39 
Avg fare($) 0.28 0.39 -10 -32 

public and private systems can be attributed to the 
greater amount of express service provided by the 
private operators, which results in more vehicle 
miles of service per hour of operations. Labor 
efficiency generally declined for both public and 
private bus systems in the second year (an unfavor
able change). 

A review of economy measures shows that private 
operations in the medium-large bus group perform 
more favorably than public operations. Small pri
vate bus systems were repcrted to have higher oper
ating costs per vehicle mile and hour but nearly 
twice the revenue-to-cost ratio of small public 
systems. Both private operator groups reported more 
favorable changes in cost per mile and hour over the 
previous year than did the public operators. The 
decline in revenue-to-cost ratios for the private 
operators was due to the delay in fare increases for 
this group until after their operating year covered 
by these data. The large increase in operating 
revenue plus voluntary local assistance per pas
senger mile for both groups was due to im.:reased 
local government support for transit. It should be 
noted that the numerical values of the measures of 
cost per vehicle mile and hour are slightly higher 
for the downstate bus operators than for upstate New 
York bus systems (not shown) due to the higher 
general cost of living in the New York Metropolitan 
area. 

A review of effectiveness levels reveals that 
large public systems generally perform better than 
private systems in terms of passengers and passenger 
miles of use. A factor contributing to this is an 
unexplained decline in passenger trip length for a 
number of private operators affecting all measures 
containing the passenger-mile component. Private 
operations in the small bus group generally per
formed as well as or better than public systems for 
most effectiveness measures. Declines in second
year performance can be attributed to changes in 
average passenger trip length. Increases in mea
sures containing revenue passengers were due to the 
general increase in transit ridership in New York 
state in the late 1970s. 
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Downstate Medium and Large Local Bus 
Systems 

Percentage of 
Change, 1978-1979 

1979-1980 Level to 1979-1980 Direction of 
Favorable 

Public Private Public Private Change 

0.43 0.42 -12 -16 Increase 
4.18 5.20 -12 -5 Increase 
2 509 2 090 24 -1 Increase 
23 314 26 574 19 14 Increase 

4.03 2.78 38 -6 Decrease 
38.70 33.96 38 8 Decrease 
0.61 0.64 0 -21 Increase 
0.18 0.25 6 57 Increase 

45.86 35.82 16 -4 Increase 
200.10 136.60 46 -29 Increase 
18.76 13.63 40 -28 Increase 
0.22 0.35 -8 59 Decrease 
0.08 0.14 -20 180 Decrease 
19.81 15.46 5 -18 Increase 
78.63 60.07 39 -41 Increase 
10.30 13.80 3 14 
4.50 3.70 25 -32 
0.47 0.62 30 -5 

Overall, this analysis indicates that private 
operators generally provide transit service more 
efficiently and reported more favorable changes in 
the second year's performance data for private than 
for public operators. This reflects the greater 
ability of these for-profit oriented businesses to 
enact belt-tightening strategies. However, public 
bus systems usually achieve greater levels of 
passenger-carrying effectiveness than private oper
ators. Despite their low passenger-carrying levels, 
private transit operators in New York continue to 
report higher revenue-to-cost ratios than public 
systems. Though comparisons of public and private 
systems are not always proper, this presentation has 
shown the areas in which each group performs well 
and provides a target for possible performance 
improvement for operators performing at low levels. 

CONCLUSION 

Grouping transit operators on the basis of mode, 
service type, and number of vehicles provides in
sight into the effect of operating conditions on 
operator performance. In general, measures calcu
lated on the basis of vehicle hours result in more 
homogenous group levels than did vehicle-mile mea
sures, indicating the importance of vehicle speed on 
some performance measures. 

Analyzing transit operators by peer group has 
proved to be only a partial solution to the problem 
of determining which transit operators are perform
ing efficiently and effectively. For groups with a 
large number of operators (Ll, small urban bus, for 
example), this methodology yields meaningful re
sults. The performance of any one operator has only 
a minimal impact on the group mean, and the large 
number of group members assures that groups will 
include a cross section of operating conditions. 
For groups with only a few members (Rl, rapid tran
sit, for example), in-state peer-group comparisons 
are not practical. Comparing individual group mem
bers to overall group statistics does not make sense 
when there are few operators in the group. This 
shortcoming is particularly significant since it 
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occurs most frequently with the state's larger tran
sit operators, those in the New York City area. 
Improved performance of these operators could have 
the biggest payoff due to their size and offer the 
greatest potential for easing the need for public 
subsidy. 

Several alternative approaches are possible as a 
means of addressing this particular problem. One 
alternative calls for comparing the larger New York 
City operators to operators in other large urban 
areas in the United States and perhaps the world. 
Although the age of equipment and operating condi
tions vary drastically from city to city, this com
parison should still help describe New York's rela
tive performance on selected indicators. Now that 
data from Section 15 of the Urban Mass Transporta
tion Act of 1964 have become available, this ap
proach will be studied further, A· second alterna
tive is to focus on the time-series analysis of 
individual operators described earlier. Even if an 
operator cannot be compared with other similar 
operators, a review of the operator's performance 
from year to year should indicate whether per for
mance is improving or declining, 

The review of public and private bus operators 
revealed that there were differences in performance, 
as suspected. Admittedly, the private operators 
often operate with fewer bureaucratic constraints, 
but the usually more cost-effective performance of 
the private operators provides a target for perfor
mance improvement of public operators. 

A major drawback of a strictly quantitative 
performance-evaluation program like the peer compar
ison described above is that the measures in no way 
reflect the quality of service being provided as 
perceived by the rider. This problem is particu
larly true in the New York City area where tradi
tional efficiency and effectiveness measures do not 
capture the drastic deterioration in service reli
ability, quality, and safety seen in the last few 
years. To address this problem, NYSDOT is develop
ing a set of service-quality measures to monitor for 
each of the major transit operators in New York 
State. These service-quality measures, coupled with 
the traditional efficiency and effectiveness mea
sures, should provide a more comprehensive picture 
of the level of performance and quality of transit 
service throughout the state, 

FUTURE RESEARCH EFFORTS 

Future research in the field of transit-performance 
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evaluation should concentrate on integrating the 
quantitative performance evaluation presented in 
this paper with the evaluation of transit service 
quality. It is clear that only by combining several 
approaches--time series, group comparison, and ser
vice quality--can an accurate and comprehensive 
picture of transit service be presented. 

Additional work should focus on further analysis 
of performance measures to develop indicators that 
best identify services that would benefit from 
in-depth study, determination of the transferability 
of the performance measures developed in New York 
State to other areas, more in-depth study of the 
factors that can be used to group operators for 
analysis, and more in-depth study of methods to 
determine acceptable levels of performance. 
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Potential Role of Decision Support Systems in 

Transit Management 

HISHAM ELSHERIF, MICHAEL D. MEYER, AND NIGEL H.M. WILSON 

The potential of microcomputer-based decision support systems in transit man
agement is explored. Although computers are now used quite widely in the 
transit industry, their role tends to be predominantly in highly structured activ
ities such as financial management and record keeping. These functions are 
provided on main frame computers requiring expensive technical support. 
Microcomputers, however, have the potential to be used directly by the transit 
manager to assist in decisionmaking. It is suggested that microcomputer-based 

decision support systems should be the focus of future computer use in the 
transit industry. Significant potential exists for the development of transferable 
software to support a wide range of transit management functions. A case study 
of the Cairo Transport Authority is presented to show how a decision support 
system can be based on the ideas advanced in this paper. 
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For many years, computers have been widely used in 
the management of organizations in many different 
industries. To date, however, these computers have 
been used principally in the more structured manage
ment tasks where large amounts of data must be 
processed (e.g., personnel records and payroll). In 
the last few years, the introduction of microcom
puters has revolutionized data processing and is 
beginning to affect day-to-day management activi
ties. The current political and fiscal environment 
of the u.s. transit industry suggests that, in 
future years, transit managers will be under signif
icant pressure to improve the efficiency of their 
operations (1). 

The hypothesis that microcomputers can be valu
able in improving transit management is explored. To 
test this hypothesis, three underlying proposi
tions are investigated in this paper: 

Proposition 1: the U.S. industry does not cur-
rently make effective use of computers. (This 
proposition will be tested empirically.) 

Proposition 2: decision support systems (DSS) 
have significant potential for improving transit 
management. By DSS, we mean the use of computer
based technology to support managers' decisionmaking 
activities. The potentia+ of DSS in transit agen
cies will be based on the results of an in-depth 
case study that illustrates both the process and the 
approach of oss. 

Proposition 3: microcomputers and end-user 
languages provide substantial technological capabil
ities for oss. 

Before these propositions are explored, two major 
characteristics of DSS merit special attention: (a) 
such systems provide support for managers in their 
decisionmaking processes and (b) they should result 
in more effective and efficient decisionmaking. 
Thus, one must be concerned not only with the tech
nological capability of oss, but also with the type 
of decisionmaking structure that is best suited for 
DSS application and the needs of the ultimate users 
of the system, in our case, transit managers. Al
though management information systems (MIS), as one 
type of DSS, have been used to some extent in the 
transit industry, they have played only a special 
and limited role, as will be seen from the following 
discussion. 

CURRENT USE OF COMPUTERS IN TRANSIT INDUSTRY 

The role of computers in transit management is large 
and growing. A recent survey by the American Public 
Transit Association (APTA) indicated that a large 
percentage of transit organizations (79 percent of 
those responding) now make some use of computers. 
This survey provides a good basis for exploring 
current computer applications in the industry and so 
can be used to address the first proposition. 

Table 1 summarizes the current use of computers 
in the transit industry in the United States as 
determined by the survey. The table indicates the 
different applications within each functional area, 
ordered by decreasing use of computers. In inter
preting these survey results, care should be taken 
with the reported transferability figure. Although 
the transferability issue is very important, it is 
often difficult to assess transferability in light 
of technical compatibility of software and hardware, 
cost, transfer time, and adaptability to different 
specifications and needs. 

There are several conclusions that can be made 
about current practice based on the data from Table 
1. First, there is little use of computer-based 
systems in most activities in the transit industry. 
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For example, there are only four activities--pay
roll, general ledger, accounts payable, and fleet 
vehicle maintenance--for which computers are used by 
more than SO percent of transit agencies. Second, 
the level of computer use in other activities varies 
widely, although in several areas (such as planning) 
in which one might expect significant utilization of 
computers, there is currently very limited use. 
Finally, there is a heavier concentration of com
puter use for activities that do not require manage
rial judgment. These tend to be structured activi
ties in which the computer system serves strictly 
the MIS role. 

Based on the results of the APTA survey, Proposi
tion 1 seems well founded, i.e., that the current 
use of computers in the transit industry is limited 
to a small number of highly structured management 
functions. Before the next two propositions are 
addressed, it is necessary to consider transit 
management at a more general level. 

FRAMEWORK FOR TRANSIT MANAGEMENT 

One of the first tasks in determining the appropri
ate role of any computer-aided management tool is to 
identify the decisionmaking structure in an organi
zation. As noted by Keen and Morton, "a descriptive 
framework provides the basis for prescriptive de
sign; that is, to 'improve' a decision process, one 
must first define and analyze it" (2). The analysis 
of decisionmaking must consider and integrate sev
eral dimensions, including the organization's char
acter is tics, management's needs and capacities, 
specific activities and tasks, and the technology 
and techniques used to accomplish these activities. 
This multilevel approach has been lacking in most 
prior studies of transit management and decision
making that have focused on the formal structure 
found in organizational charts (l,i>• 

For purposes of this research, transit management 
activities will be viewed as consisting of a series 
of tasks that are undertaken in functional areas 
(see Table 2). The functional areas include service 
planning and operations, maintenance, finance, and 
marketing; the key tasks include the following (~): 

1. Strategic planning: the process of identify
ing future directions for the organization, deter
mining the resources needed to achieve specific 
goals, and establishing policies to assure goal 
achievement; 

2. Management control: the process by which 
managers assure that resources are used effectively 
and efficiently in the achievement of organizational 
objectives; and 

3. Operational control: the process of assuring 
that specific tasks are carried out. 

Central to this perspective of management activi
ties is another dimension describing the degree of 
structure of these problem-solving activities, i.e., 
whether the activities are structured, semistruc
tured, or unstructured. These characteristics are 
defined as follows: 

1. Structured activities: those that do not 
involve a manager, situations where the decisions 
are well enough understood to be given to clerks or 
to be automated, for example, standard operating 
procedures; 

2, Semistructured decisions: those in which 
managerial judgment alone will not be adequate, 
perhaps because of the size of the problem or the 
computational complexity and prec1s1on needed to 
solve it; on the other hand, the model and data 
alone are also inadequate because the solution 
involves some judgment or subjective analysis; and 

3. Unstructured decisions: those that either are 



Transportation Research Record 857 

Table 1. Current use of computers in U.S. transit industry. 

Percentage Percentage 
of Operators of Computer 

No. Using Using Systems 
Function Computers Computers Transferable 

Financial management 
Payroll, salaried 59 87 67 
General ledger 54 80 64 
Accounts payable 47 69 71 
Labor distribution/job project 31 46 82 

costing 
Budget and financial responsi· 31 46 57 
bility reporting 

Fixed assets and property 25 37 56 
management 

Accounts receivable 22 32 76 
Fare and revenue collection 16 23 56 
Payroll, operating and non- 16 23 78 
operating 

Financial forecasting and 8 12 67 
simulation 

Maintenance and materials 
management 

Fleet vehicle maintenance 42 62 67 
Materials management and 32 47 62 
inventory control 

Purchasing 17 25 67 
Facilities and/or plant 8 12 62 

management 
Operational management 
Schedules 33 48 73 
Operator selection/assignment 28 41 75 
Productivity/performance 18 26 28 
measurement 

Safety 10 15 50 
Claims 9 13 56 
Ridership complaints/incident 7 10 71 
reporting 

Marketing and telephone 7 10 71 
information 

Labor relations 100 
Planning 

Ridership statistics 27 40 74 
Route statistics and information 17 25 80 
Passenger counting and 16 23 78 
statistics 

Revenue planning and statistics 5 7 60 
Financial planning I I 100 

Administration 
Personnel management 8 12 100 
Equal Opportunity Office 2 3 50 
reporting 

Benefits and medical 100 
Engineering and construction 

management 
Capital project control and 7 10 57 

information 
Reliabilily reporting and quality 5 7 100 
control 

Construction management and s 7 60 
contract control 

Design and construction s 7 60 
estimate and control 

Engineering drawings and 2 3 100 
specifications control 

not able to be structured or that have not yet been 
examined in depth and so appear to the organization 
as unstructured. 

As shown in Table 2, specific activities can fit 
into both these functional areas and the level of 
management task. This should be viewed as one 
classification of these activities, with others also 
being possible. The relationships shown in the 
table will be used as the basis for the development 
of DSS within transit agencies. Later we will 
incorporate the dimension of the degree of structure 
of the activity. 

DSS PERSPECTIVE 

The analysis framework focused on specific manage-
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rial activities, whereas the DSS perspective asks 
how the manager can best be supported in carrying 
out these activities. The focus of the DSS is on 
improving management decisionmaking, so care must be 
taken to understand the existing management process, 
specifically, the key decisions and tasks, the data 
on which decisions ace based, and the technology and 
techniques appropriate for mapping the data base 
into these decisions. Thus, DSS combines two per
spectives, description (i.e., how decisions are 
made) and prescription (i.e., where computers can be 
introduced to improve decisionmaking). 

The important characteristics of the DSS include 
the following: 

1. The impact is on decisions in which there is 
sufficient structure for computer and analytic aids 
to be of value but where managers' judgment is 
essential; 

2. The payoff is in extending the range and 
capability of managers' decision processes to help 
them improve their effectiveness; and 

3. The relevance for managers is the creation of 
a supportive tool under their own control, which 
does not attempt to automate the decision process, 
predefine objectives, or impose solutions. 

This should be clearly distinguished from the 
field of MIS in which the important characteristics 
ace as follows: 

1 . The main impact is on structured tasks for 
which standard operating procedures, decision rules, 
and information flows can be predefined; 

2 . The main impact has been in improving effi
ciency by reducing costs and turnaround time and by 
replacing clerical personnel; 

3. The impact on managers' decisionmaking has 
mainly been indirect, for example, by providing 
reports and access to data. 

Thus, DSS represents a natural evolution in the 
field of computer- aided management tools from MIS, 
which concentrated mainly on the product (the pack
age or system provided), to where the emphasis is on 
both the product and the process used to incorporate 
the system into the organizational decisionmaking 
process. The importance of the change process to 
ensure the diffusion of the product and its adoption 
(institutionalization) by the user cannot be under
estimated (.§). 

Previous experience with DSS indicates that there 
are several significant character is tics of the 
systems (the product) , and of the process used in 
their implementation, that are important in under
standing the role they can play in decisionmaking. 
These include the following: 

1. Adaptive design: user learning and participa
tion is an essential component in successful DSS 
development. 

2, Support to improve effectiveness and effi
ciency of decisionmaking: information support is 
useful only when the information is directly rele
vant to the decisionmaker 's needs, aims, decision
making style, and education. 

3. Incremental development based on interaction 
between user of system, builder of system, and 
system itself: DSS should be compatible with the 
way managers approach problems and be flexible 
enough to evolve to meet changing needs. 

4. Most appropriate technology to support deci
sionmaking activities: the availability of low-cost 
microcomputers, which can be viewed as on-the-shelf 
depreciable products with low investment risk, 
enhances the potential of the DSS approach. In 
fact, the microcomputer is as much an economic 
advance as a technical advance; it has brought down 
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Table 2. Summary of basic transit management activities. 

Functional Area Strategic Planning Management Control Operations Control 

Service planning 
and operations 

Type of service (local express, paratransit, etc.) 
Demand analysis 

Network-planning improvements 
Productivity/performance, reporting 

Vehicle allocation 
Dispatching 
Scheduling Facility planning and network design 

Surveys 
R&D 

Productivity /performance, reporting 
Operation monitoring and inspection data collection 

Finance Financial planning and capital investment plans Budget and financial responsibility 
Reporting 

General ledger 
Accounts payable 

Financial and/or bond management 
Cash management 

Payroll, salaried 
Payroll, operating and nonoperating 
Labor distribution/job-projection costing 
Fare and revenue collection 

Revenue planning and statistics 

Marketing Market research/information 
Market segmentation 

Classes of people 
Geographical area 

Economic changes 

Customer services 
Schedules 

Contracting 

Type of services 
Special services: ride and handicapped 

Maintenance Facility planning 
Failure cost estimation 
Life-cycle cost estimation 
Long-term resource planning 
Training 

Status tracking/reporting 
Vehicle availability 
Vehicle fleet inventory 
Backlog status 

Preventive maintenance 
Consumable and mileage monitoring 
Vehicle-component-labor scheduling 

Work-order processing 

R&D 
Management reporting 

Summary reporting 
Repair history 
Cost reporting 
Labor reporting Special reporting 

Failure monitoring Failure monitoring 
Road call processing 

Inventory 
Reliability analysis 

Inventory management 
Spare-parts estimation policy 

Planning 
Inventory transactions 
Use reporting 

Short-term equipment planning 
Short-term labor planning 

Short-term policies 
Availability 
Repair and maintenance 

the entry cost of using the computer and the cost of 
~omputerizing itself. 

5. End-user languages that are used with interac
tive technology: in this way, small-scale models 
and techniques can be made operational and delivered 
to managers in days or weeks as opposed to the 
months or even years that many managers have exper
ienced using traditional computer systems. These 
end-user systems request from the user what outputs 
are required or what functions need to be per formed 
and then work out the sequence of instructions 
involved. Such systems were inefficient or infeasi
ble until the cost of computer power for data manip
ulation was dramatically reduced by the development 
of microcomputers. DSS stresses man-to-machine 
interaction as opposed to reliance on written re
ports. 

Given these characteristics of DSS, there are two 
potential development levels for such systems: 

1. Macro development (industrywide 
focuses on activities that are similar 
agencies and makes use of software 

development) 
among transit 
that can be 

readily used by managers in different agencies; we 
call these portable systems; 

2. Micro development (agency-specific) focuses on 
those activities that are distinctive to an organi
zation, so that local development of DSS is needed; 
this can be thought of as a complementary develop
ment process. 

In the next section a case study of the Cairo 
port Authority (CTA) will be presented to 
strate the application of DSS at the micro 
The following section will then highlight the 
of development at the industrywide level. 

CTA: A CASE STUDY 

Trans
demon
level. 
issues 

This section is intended to show the general ap-

preach to developing a DSS in a transit organiza
tion, the level of technology needed for the devel
opment of DSS, and the potential role of microcom
puter-based DSS. The DSS approach was applied in 
CTA, the major provider of public transportation for 
the approximately 9 million inhabitants of Cairo. 
The management of such a large organization is of 
course an extremely difficult problem. Routines and 
procedures have developed over time as part of a 
rigid hierarchical structure with overemphasis on 
information processing, which is often redundant and 
unproductive. Analysis of such an organization 
requires a clear differentiation between manage
ment's need for information and the means by which 
this information can be provided, given a limited 
data base. These means include the techniques, the 
technology, and the resources that are currently 
used and those that should be used in the future. 

One of the first tasks in this study was to 
identify which areas were the best candidates for 
initial DSS development. High-level management 
identified three principal functional sectors of the 
organization that should receive attention: the 
service-planning sector, the maintenance sector, and 
the financial sector. Applying the approach out
lined earlier in this paper, the study was struc
tured in the following stages: 

Stage 1: An analysis of the Cairo Transport 
Authority was conducted examining three different 
aspects: (a) organization structure, (b) activities 
and decisions, and (c) information needs, uses, and 
sources. The first step necessary in developing a 
DSS was the identification of the decisions made in 
specific sectors and the type of information col
lected to support decisionmaking. The results of 
this analysis are shown in Table 3. Based on this 
analysis, a more detailed examination of the ser
vice-planning sector and its data needs was under
taken to develop the necessary tools that could then 
be transferred to other sectors. In this regard, 
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Table 3. Classification of existing and 
prescribed functional activities at CTA. 

Level of Activity 

Existing Activities 

Structured 

Semi-structured 

Unstructured 

Prescribed Activities 

Structured 

Semi-structured 

Strategic Planning 

Facility planning 

Training 

Management Control 

Counting 

Bus all ocation 
Network planning 
System control 
Statistical analysis/routines 

Fare alteration 
Setting performance standards 

for vehicles and labor 
Capital allocation 

Bus allocation model 
Budget analysis 

Operational Control 

Scheduling 
Payroll 

Inventory control 

Preventive maintenance 

Scheduling 
Counting 
Preventive maintenance 
Fuel and oil consumption 
Inventory control 
Incentive routines 
Payroll 
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Revenue reporting cost recording 

Auditing 
Capital investment and 

life-cycle cost analysis 

Perrormance indicators 
Network planning 
Fare determination 
Labor/parts use 
Labor/ parts distribution 
Vehicle availability 

Cash management 

Repair and mai ntenance policy 

Unstructured R&D Hiring managers or personnel 
Sparing policy (due to 

uncontrollable factors) 

from a strategic point of view, it was important to 
show some improvement in CTA operations to maintain 
a good working relationship with CTA officials. 

Stage 2: The process of describing the existing 
decisionmaking structure in CTA was useful in immed
iately suggesting problem areas. Meetings were held 
with high-level CTA officials to reclassify existing 
functional activities to improve effectiveness and 
efficiency. The results of these discussions are 
also shown in Table 3, which suggests a reasonable 
set of service-planning activities for the future. 
This framework was very important in guiding the 
development of the DSS for CTA, especially in decid
ing where the initial effort should be made. 

Stage 3: A major task was a detailed analysis of 
the forms and procedures used in the service-plan
n ing sector. Thi s analysis resulted in (a) identi
fication of the basic items required to support the 
sector's activities and (b) work-simplification 
recommendations that reduced the number of forms 
used within the sector from 83 (before the study) to 
31 (after the study). 

Stage 4: A new data-collection program was 
proposed based on a s pecial characteristic of CTA: 
the use of two-man crews with c o nductors issuing 
tickets. By making minor changes to the ticketing 
procedure, a solid data base would be available at 
almost no additional cost. The resulting data base 
forms a current, reliable, and effective base on 
which to build most of the decisionmaking activities 
in this sector. Microcomputers were recommended as 
the technology for simple processing of the raw data. 

Stage 5: A similar approach is now being used to 
analyze both the maintenance and financial sectors. 
The initial analysis of CTA and top management needs 
showed that the priority activities in the mainte
nance sector were inventory management, preventive 
maintenance, and vehicle availability. In the finan
cial sector the focus will be on providing tools for 
financial planning and control. 

Stage 6: A prototype microcomputer-based DSS is 
currently being developed, which will be the basis 

for the evolution of the DSS for CTA. 

The development of the DSS for CTA, carried out 
incrementally and interactively, included two phases 
in the development process: the predesign cycle and 
the design cycle. The predesign cycle involved the 
definition of the organizational structure, au
thority, and power; the degree of commitment; and 
priorities for development. A clear statement of 
CTA goals and objectives, resources available, and 
existing constraints was developed. In addition, 
each decision process was analyzed to determine type 
of decision, decisionmaker, the controllable and 
uncontrollable variables, and the relationship with 
other decisions. The DSS development process is 
illustrated in Figure 1, which shows two types of 
changes occurring . Type A, shifting or reclassify
ing existing functions, includes Al, transferring 
existing functions from the management-control level 
to the operations-control level, thus improving the 
efficiency of top and middle management through time 
savings at higher management levels; and A2, making 
existing unstructured or semistructured functions 
str uctured to improve efficiency ( for example, 
preventive maintenance). Type-B changes involve 
introducing new management functions. Examination 
of Table 3 shows a lack of strategic-planning func
tions among the existing activities, as well as 
other essential management-control and operations
control functions, for example, sampling programs at 
the latter level. On the strategic-planning level, 
functional activities including capital investment 
analysis, life-cycle cost analysis, and facility 
planning should be introduced. In other words, new 
functions are introduced at both the semistructured 
and structured levels and existing functions are 
reclassified at the strategic-planning, management
control, and operations-contro l levels. 

This process leads to a set of potential changes 
in CTA management activities (they will be referred 
to as projects), which can then be evaluated and 
ranked according to a defined priority scheme. 
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Figure 1. DSS development map. 
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After specific projects have been selected, the next 
step is to make operational the design objectives by 
defining the data base, the data management soft
ware, and the hardware for each area. In the case 
of CTA, microcomputer technology was selected for 
implementation of the DSS for the following reasons: 

l. Low cost: large computers require a large 
investment for an organization. In Egypt, this 
problem is more severe due to the lack of foreign 
exchange. Microcomputers significantly reduce the 
cost of using computers. 

2. Quick delivery: the lead time to acquire 
hardware and implement software is usually weeks as 
opposed to months or even years in the case of the 
large-computer/MIS approach. 

3. Skills: less reliance on the highly technical 
skills required for large-computer installations, 
since the microcomputer is designed to be used by 
managers within each functional area. The ease of 
use, simplicity, and response to the user needs are 
the key benefits for use. 

4. Learning: Microcomputer-based DSS provide a 
learning medium in which professionals learn about 
new techniques and tools that can improve their 
activities. In addition, they can learn more about 
their own evolving needs. 

The development strategy adopted was based on an 
initial prototype system, to which the user can 
react and from which the user can learn to partici
pate effectively in the development of the func
tional systems. The idea here is to start quickly 
and to modify the system according to the user's 
requirements and needs rather than to try to give 
the user everything at once. With this development 
strategy, stress must be placed on the user-machine 
learning process and the facilities of dialogue ( in 
this case in Arabic) between the user and the ma
chine. Here, one should recognize the difference in 
training required for a DSS compared with that for 
an MIS; in DSS, the initial user training should be 
of the order of hours for a high school graduate 
compared with days or weeks for MIS training. 

ASSESSMENT OF DSS IN TRANSIT AGENCIES: INDUSTRY 
PERSPECTIVE 

In previous sections, we have shown (a) the current 
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lack of computer support for transit-management 
decisionmaking (Proposition l) and (b) the potential 
for DSS in transit agencies as illustrated by the 
CTA case study (Proposition 2). In order to assess 
the feasibility of DSS for industrywide applica
tions, it now may be useful to consider the techno
logical dimension. This complements the management 
view of Proposition land expands on the experience 
gained from the CTA case to the industrywide level. 

The current use of computers in transit, as 
reported in the APTA survey, is shown in Table 4 
(7). This summary shows the type of computer used 
by operators of different size: small, medium, 
large, and very large. Computers are classified 
according to whether they belong to a service bureau 
or are in house. In addition, in-house computers 
are classified as microcomputers, minicomputers, or 
large computers. 

Table 4 shows the following situations: 

l. Only 25 percent of small operators have an 
in-house computer; 

2. About 33 percent of small operators rely on 
outside services; 

3. The dependence on outside computer services is 
inversely proportional to the size of the operator; 

4. The availability of in-house computers is 
programmed to the size of operator, and large opera
tors often have more than one computer; and 

5. Microcomputers are used by only 3 percent of 
the operators in the industry, and large computers 
represent 67 percent of all computers used in the 
industry. 

These survey results suggest the following con
clusions on current use of computers in the industry: 

l. Computers are still used mainly by larger 
agencies--those that can afford their high cost and 
risk. 

2. Transit officials seem to feel that computer 
systems require large capital investments, rely on 
scarce and expensive technical specialists, require 
long development time for information systems that 
are mostly "number crunching" (recall that more than 
50 percent of the transit operator's use of com
puters centered around four activities--payroll, 

. . 



Transportation Research Record 857 

Table 4. Computer use by transit 
operators. 

Type of Use 

Service bureau 
In house 

Microcomputer 
Minicomputer 
Large computer 

Size of Operator 

Small(N=24) Medium(N=22) 

Percent No. Percent No. 

33 8 23 5 
25 6 86 19 

I 
4 13 
2 5 
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Large (N = 17) Very Large (N = J 9) Total (N = 82) 

Percent No. Percent No. Percent No. 

18 3 5 I 21 17 
76 13 JOO 29 82 67 

I 3 2 
1 2 30 20 

12 26 67 45 

Note: Some operators have more than one computer, whereas others make use of service bureaus as well as in-house computers. 

accounts payable, ledger, and fleet preventive 
maintenance). 

3. There seems to have been an overemphasis on 
technical issues, which results in systems that are 
hard to use, unrealistic, or inflexible. 

Examining the recent technological developments, 
however, we find that technology is changing fast 
and there is dramatic price-performance improvement 
in computer technology. 

Recent developments now make it possible to solve 
the problems identified by the APTA survey. Small
scale desk-top computers in the $300-$9000 range 
(U.S. prices, mid-1981) provide more than enough 
computer power, speed, and capacity to meet most of 
the needs of decisionmakers. End-user languages 
allow flexible systems to be developed very quickly 
and without relying on technical staff. DSS provide 
proved methods for developing simple, useful, re
sponsive, and flexible interactive computer aids 
that meet the needs of decisionmakers, leverage 
their skills, and mesh with the way they think. 

Together, these tools add up to a cost-effective, 
low-risk strategy at both the transit-agency and 
industry levels. Thus, the third proposition with 
which we began, that microcomputers and end-user 
languages have reached a level of technological 
development that provides for their economic use in 
DSS, is shown to hold. The microcomputer technology 
provided highly suitable application at the CTA and 
would seem to offer low-cost/low-risk application in 
DSS in U.S. transit agencies. 

SUMMARY AND CONCLUSIONS 

The potential development of microcomputer-based DSS 
in U.S. transit agencies has been examined. A 
framework for transit management was presented to 
identify the key activities in the main functional 
areas in a transit agency (service and operations 
planning, maintenance, finance, and marketing) and 
classify each activity as strategic planning, man
agement control, or operational control and also 
according to its degree of structure. 

Based on this framework for transit management, 
the DSS approach was introduced as distinct from 
other traditional computer applications. This 
approach has a high potential in the industry, 
especially combined with the use of the microbased 
technology. This statement is supported by the 
survey of computer use in the U.S. transit industry 
by APTA in 1980 and a case study of the Metropolitan 
Transport Authority in Cairo, Egypt. This develop
ment is possible at two levels, macrodevelopment 
(industrywide development) and microdevelopment 

(agency-specific), which are complementary to each 
other. 

The survey of current use of computers has shown 
that transit agencies still rely on traditional use 
of both computer technology, i.e. , large computers 
or minicomputers, and application areas, i.e., 
structured tasks, such as payroll and general led
ger. It shows that there is little use of computers 
in the semistructured activities where managerial 
interaction and judgment are key, such as service 
and operational planning, financial planning, etc. 
This indicates that there is strong potential in the 
combination of microcomputers and end-user software 
on the one hand and DSS on the other hand to provide 
portable low-cost applications. 

In short, we have shown an approach that can be 
applied to industrywide development or to transit
agency development or to both. The case study also 
shows that there is a potential use of this approach 
in developing countries. However, this paper pro
vides only the nucleus on which further research 
should be conducted to identify the DSS activities 
that can be easily transferable and to quantify the 
cost effectiveness of this approach. 
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Tri-Met's Self-Service Fare Collection Program 

GERALD D. FOX 

Self-service fare collection (SSFC) is a concept in which the passenger is respon
sible for payment of a transit fare and possession of a valid ticket or proof of 
payment. Checking of fares by transit vehicle operators at the time of boarding 
can thus be avoided, and transfers between buses or between buses and other 
modes can be made without delay, barriers, or complex equipment. Such a 
system is the key to the efficient operation of large surface transit vehicles such 
as articulated buses and light rail and offers a range of other benefits to both 
the transit agency and passengers. The Tri-County Metropolitan Transportation 
District of Oregon (Tri-Met) decided that SSFC would offer substantial financial 
and operating advantages compared with continuing the traditional farebox sys
tem. SSFC is expected to reduce Tri-Met's operating costs by about $2.1 mil
lion in the first full year of operations, increasing to about $6 million by 1990. 
Tri-Met's capital needs for the period 1981-1990 will be reduced by some $7 
million, mainly through the more effective use of existing equipment. The Tri
Met SSFC program is designed around policy guidelines intended to minimize 
operational, legal, and financial risk. Existing fareboxes and monthly passes 
will continue in use. The program initially involves some 600 buses, which will 
be equipped with validators and single-ride ticket printers. SSFC is now sched
uled to begin on September 5, 1982, at which time Tri-Met will introduce a 
new five-zone regional fare structure. A proof-of-payment ordinance will go 
into effect, and passengers will be free to enter or leave buses through all doors. 

The Tri-County Metropolitan Transportation District 
of Oregon (Tri-Met) is responsible for providing 
transit service to a population of about l million 
in the Portland metropolitan area. It operates a 
fleet of about 580 standard and 87 articulated 
buses. A 15-mile light-rail line is under construc
tion. Ridership, which has increased almost three
fold since 1969, is currently 140 000 passengers per 
weekday. Fares are collected by the traditional 
North American method with a farebox on each bus for 
cash fares. Some 46 percent of fare revenue comes 
from monthly passes. There are three circumferen
tial fare zones and two zone fares. No zone tickets 
are used. Fares are 65 cents and 90 cents. Trans
fers are free. 

Although this fare collection system is generally 
perceived to work adequately at the current time, it 
nevertheless suffers from continuing minor problems 
!'with zone fares, fare evasion, fare disputes, and 
dollar bills. Much more serious, the traditional 
system of fare collection will impose major con
straints on Tri-Met's plans to improve service and 
efficiency in the years ahead. 

SELF-SERVICE FARE COLLECTION 

Self-service fare collection (SSFC) is a concept in 
which the passenger is responsible for payment of a 
transit fare and possession of a valid ticket or 
proof of payment. Checking of fares by transit 
vehicle drivers at the time of boarding can thus be 
avoided, and transfers between buses or between 
buses and other modes can be made without delay, 
barriers, or complex equipment. To ensure that 
fares are paid, fare inspectors are assigned to 
check tickets, and a premium fare is charged to 
passengers without proof of payment. Such a system 
is the key to the efficient operation of large 
surface transit vehicles such as articulated buses 
and light rail and offers a range of other benefits 
to both the transit agency and passengers. 

First developed in Europe some 15 years ago, SSFC 
has since become almost universal in western Europe 
and is now being adopted or considered by several 
North American transit agencies. Of some signifi
cance is the fact that no transit agency anywhere 
that adopted SSFC has ever subsequently discontinued 
it. 

SSFC is the only type of fare collection univer
sally applicable to all modes of tr ans it, whether 
bus, commuter rail, or heavy or light rail. Since 
it is a concept of fare collection rather than a 
particular hardware configuration, the equipment 
requirements will vary according to the needs of the 
particular installation. Extensive experience has 
built up over the past 15 years concerning the 
equipment necessary to support SSFC operations. 

The following Nor th American agencies are intro
ducing, or plan to introduce, SSFC: 

1. Vancouver, British Columbia, has been operat
ing a ferry line (Seabus) on which SSFC is used 
since 1977. Experience has been highly satisfac
tory, and SSFC may be extended to other parts of the 
transit system in the future. 

2. Edmonton, Alberta, introduced SSFC on its 
first light-rail transit (LRT) line in 1980, experi
encing major savings in operating costs. Fare 
evasion is reported to be less than 1 percent, and 
plans are being developed to expand SSFC to the 
whole transit system. 

3. Calgary and San Diego introduced SSFC on 
their new LRT lines in the summer of 1981. Initial 
reports are highly favorable. 

4. Many other cities in North America are now 
considering SSFC as an option to increase transit 
operating efficiency, particularly cities that also 
plan to build LRT systems or operate large numbers 
of articulated buses. 

FARE POLICY STUDY 

In 1978, the Tri-Met Board of Directors decided to 
construct an LRT line. The characteristics of this 
line, including unfenced low-level platform sta
tions, often in the street right-of-way, made the 
installation of conventional barrier fare collection 
impossible. Onboard fare collection by using fare
boxes would have required fare collection personnel 
on every car, increased dwell times, and substan
tially eroded the economic advantage of LRT. The 
LRT plan carried with it the implication that Tri
Met would switch to SSFC. 

In 1979, in the course of developing the Five
Year Transit Development Plan, Tri-Met investigated 
various possible fare policies, including the con
tinuation of the traditional farebox system and all 
practical alternatives, including SSFC. These 
studies examined possible alternative forms of SSFC, 
how it might be introduced, and alternatively how 
the existing fare collection system could be modi
fied to meet Tri-Met's future needs. 

It was concluded that the choice lay between a 
succession of palliative measures that at best could 
minimize the constraints that the traditional system 
of fare collection places on transit operations, 
particularly with LRT, or alternatively a bold and 
probably controversial move to SSFC that would put 
in place a new system of fare collection able to 
accommodate any future modes or fare structure that 
Tri-Met may adopt. 

It was· also concluded that the early implementa
tion of SSFC would accomplish the following: 

1. Improve operation of the bus system, particu
larly in peak periods and with articulated buses: 
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2. Ameliorate a variety of fare problems, which 
would include disputes involving drivers, forged 
passes, and dollar bills clogging the farebox, and 
the need to augment the fare zones; 

3. Realize the financial benefits expected from 
SSFC at an earlier date; 

4. Provide an opportunity to prove this rela
tively untried system of fare collection before 
completing design of the LRT line; and 

5. Stand a good chance of attracting funding 
under the Service and Methods Demonstration Program 
of the Urban Mass Transportation Administration 
(UMTA). 

At about this time, UMTA had also concluded that 
SSFC might have considerable benefits in the United 
States and had made provision for an SSFC demonstra
tion project. But although several transit agencies 
had expressed interest, none was anxious to be first. 

REASONS FOR SSFC 

Project Development Studies 

The first step toward implementation was a series of 
project development studies leading to an implemen
tation plan. The purpose of this plan was to pro
vide a focus for all aspects of the project--what 
are the pieces, how do they fit together, and what 
areas require further study? The preliminary plan 
provided a basis for determining what equipment was 
required, what possible fare structures should be 
accommodated by the equipment, what legal questions 
remained to be resolved, the logistics of fare 
inspection, and public information and marketing. 
It was discovered that the procurement of equipment 
had the longest lead time and hence should assume 
the highest priority. 

During the development of this plan, a better 
understanding developed of the pervasive and gen
erally beneficial effect SSFC would have on the 
whole Tri-Met system. In general, two kinds of 
benefit were identified--nonquantifiable benefits, 
such as increased passenger convenience, reduced 
driver stress and work load, or improved system 
security, and quantifiable benefits, such as savings 
in bus hours or increases in revenue to which a 
dollar amount can be attached. Realization of many 
of these benefits requires additional action by 
Tri-Met beyond the implementation of self-service, 
such as the procurement in the future of buses with 
double doors, the rescheduling of lines to capture 
time savings, and the deployment of high-capacity 
equipment on lines on which this equipment is war
ranted. 

Advantages of SSFC 

Speed-Up of Existing Bus Operations 

Part of the SSFC program calls for retrofitting the 
rear doors of buses to permit passengers to enter 
through them. This will reduce bus loading time, 
particularly at busy stops such as transit centers 
and during the peak period. Retrofitting for rear
door boarding will provide two door streams on 
standard buses, enabling them to better match the 
loading speed of the five door streams on articu
lated buses. Eventually Tri-Met expects to specify 
buses with double doors on all new procurements. 

Effective Operation of Articulated Buses 

SSFC enables Tri-Met to derive the fullest benefit 
from articulated buses. For instance, on the Mall 
the traffic signals operate on a progression. If a 
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bus can load quickly, it can travel down the Mall 
and catch each of the traffic signals. However, if 
the loading time is more than about 15 s, the bus 
will miss each signal. Thus, a few seconds' in
crease in loading time is multiplied several times 
by the delay at each traffic signal. If the articu
lated buses are operated without self-service, they 
will not only accelerate more slowly, a character
istic of these vehicles, but will also load more 
slowly. In doing so, they will also delay all other 
buses using the Mall, leading to a substantial loss 
in total system capacity. With self-service, how
ever, the articulated buses will load faster than 
the standard buses, and Mall capacity will be pre
served and probably increased. 

In addition, self-service permits the effective 
deployment of articulated buses on the heaviest 
inner-city routes. Such routes, generally charac
terized by large numbers of passengers loading and 
unloading, are traditionally considered unsuited for 
articulated buses in the united States, mainly be
cause they are used without SSFC. However, these 
routes are also those on which the improved produc
tivity and greater schedule reliability that articu
lated buses offer can be deployed to the greatest 
economic benefit. 

Improved Schedule Adherence and System Productivity 

For example, a bus running late will pick up an 
additional passenger load. This in turn will make 
the bus later still, thereby destabilizing service. 
With SSFC and boarding through all doors, late buses 
will not incur the same proportionate delay, and so 
there will be less tendency for service to destabi
lize. In addition, the greatest effect of faster 
operation of both articulated and standard buses 
will occur during the peak periods when current 
loading delays are most noticeable. If buses can be 
operated faster during peak periods, the capacity of 
the system is increased. Since the total fleet is 
sized for the peak hour, an increase in fleet capac
ity during the peak would permit the same passenger 
load to be carried by fewer vehicles, a net capital 
and operating savings. 

Effective Operation of LRT 

The LRT plan is based on the use of trains of large 
(88-ft) vehicles, loading from the street. Each 
two-car train has 16 door streams. Erecting fare 
barriers at on-street stations would be expensive 
and in many locations unacceptable. Farebox fare 
collection would be so slow that each trip would 
take several minutes longer. More cars would be 
required to maintain system capacity, and operators 
would be required on trailing cars for the sole 
purpose of collecting fares. Not surprisingly, SSFC 
has been adopted on the new LRT systems in Edmonton, 
Calgary, and San Diego, as well as on all LRT sys
tems in Europe. 

Avoidance of Expense of Farebox Replacement 

When Tri-Met's zone 3 fare reaches $1.00 in June 
1982, the ability of fareboxes to accept dollar 
bills will become a major concern. Not only do 
Tri-Met's existing farebox vaults have a capacity of 
about 60 dollar bills, but the bills have a tendency 
to jam the farebox. Torn bills are sometimes pre
sented, resulting in lost revenue and increased 
money-room costs. SSFC, by reducing the percentage 
of fares paid into the farebox to less than one
third of their current volume, will enable the 
existing fareboxes to continue in service and the 
drivers to deal with the bill problem by requiring 
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bills to be presented unfolded, if necessary, with
out significant delay to service. Recent experience 
by other agencies who have replaced their fareboxes 
with electronic fareboxes capable of accommodating 
dollar bills has shown that the capital cost that 
Tri-Met is incurring in switching to self-service 
are no greater than the costs other properties are 
incurring by replacing their fareboxes and vaults. 

Increased Fare Equity 

As fares increase, Tri-Met, like most agencies 
operating service over a large geographical area, is 
finding it desirable to make the fare cost more 
closely reflect the length of trip. This can only 
be achieved by use of a zonal fare system. In 1978, 
Tri-Met switched from a flat fare to · a two-fare zone 
structure. However, under increasing fiscal pres
sure this is not proving sufficient. Although the 
fare for the long-distance trips on the system is 
still less than it was 10 years ago, the fare for 
short trips is so high as to discourage ridership. 
This position can be rectified only by adding one or 
more additional fare zones. But the current fare 
collection system cannot control more than two zone 
fares. The alternatives are either a hat-check 
system, which would delay service and be entirely 
impractical with articulated buses and LRT, or SSFC. 

With SSFC, additional fare zones can be insti
tuted without operational delay and in a fair and 
enforceable way. Moreover, by selectively increas
ing fares to what the market will bear, transit 
revenue can be increased with little loss of rider
ship. 

Fare-Evasion Control 

The potential for fare evasion is widely quoted as a 
reason for not adopting SSFC. However, Tri-Met- now 
experiences passengers who forge passes, refuse to 
pay, short-change the farebox, and override the 
zones. Drivers can do little to control these 
abuses. While opportunities for certain types of 
fare evasion are increased under SSFC, other types 
of fare evasion, particularly forged passes, short
changing, and zone overriding, can be effectively 
controlled by fare inspectors. After a year of SSFC 
operation, Edmonton reports a fare evasion level of 
around 1 percent. On Tri-Met, not only is SSFC 
expected to reduce revenue loss from fare evasion, 
but some additional revenue will be generated from 
the premium fares charged to passengers traveling 
without proof of payment. Moreover, the system is 
partly self-stabilizing, since the greater the 
revenue loss from fare evasion, the greater the 
potential revenue from premium fares. 

Improved System Security 

The presence of radio-equipped fare inspectors 
traveling at random on the system will provide a 
measure of visible and real support to drivers and 
enhance passengers' perception of transit system 
security. 

More Convenience for Passengers 

The new fare structure will open up new and more 
convenient ways to pay fares. The new multiride 
ticket, for up to 10 rides, will permit passengers 
to travel without needing the exact fare for each 
trip. Moreover, pass holders, who will make up more 
than 50 percent of Tri-Met's passengers, will no 
longer have to dig for their pass each time they 
board a transit vehicle. Except when requested by 
fare inspectors, pass holders will carry their 
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passes just as automobile drivers now carry their 
driver's licenses. 

Reduced Cash-Handling Costs 

The extensive adoption of prepayment of fares 
( targeted at 8 5 percent) under SSFC is expected to 
reduce money-room and cash-transfer costs and 
related security requirements. 

Reduced Driver Tasks 

SSFC will provide clearer definition of the driver's 
role with regard to fare collection and will reduce 
and define the tasks and responsibilities. The 
driver will no longer be required to try to extract 
a fare from a reluctant passenger nor to argue over 
cash or transfers. Fare disputes are the most 
common source of passenger/driver friction today and 
are one of the main sources of stress and driver 
absenteeism. 

Improved Passenger Comfort 

Passenger comfort will also be improved because 
multidoor loading will provide better passenger 
distribution on the vehicle. Passengers may enter 
and leave through any door, thereby being exposed to 
less bunching and jostling on the vehicle. Overall, 
the passenger's perception of transit service is 
likely to be enhanced. 

Economic Analysis 

An economic analysis was developed to estimate the 
cost and benefits of those aspects of SSFC for which 
such estimates can be made (1). Estimates were de
veloped for three different - years--1983, 1985, and 
1990--and for a transit fleet expected to grow as 
follows: 

Type of No. of Vehicles 
Vehicle 1983 1985 1990 
Standard bus 500 700 800 
Articulated bus 87 125 250 
LRT 0 26 68 

Operating cost and capital cost projections for SSFC 
were developed separately. 

Operating Cost and Revenue Comparisons 

The cost of operating SSFC can be determined with 
considerable accuracy since implementation is well 
advanced and all major expenditures are budgeted. 
By far the largest operating cost is fare inspec
tion, for which 50 fare inspectors are budgeted. 
Other costs include transit police support, adminis
tration, marketing, and equipment maintenance. 
Operating costs are not expected to increase in 
proportion to system ridership, since as passengers 
get used to self-service, less inspection effort per 
passenger is anticipated. 

The major dollar benefit attributable to SSFC 
lies in the reduction in number of vehicles required 
to provide an equivalent level of service capacity 
compared with that for operation without SSFC. 
These benefits will occur primarily on the most 
heavily used lines and particularly during peak 
periods. Improvement in system efficiency during 
peak periods is particularly significant since the 
transit fleet is sized to provide the necessary peak 
capacity. Any vehicle savings occurring in the peak 
period are therefore potential savings in the total 
fleet size. 

Operating cost savings on the LRT system are 
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Table 1. Net systemwide operating cost savings from SSFC. 

1982 Constant Dollars (OOOs) 

Item 1983 1985 1990 

Costs 
Fare inspection -1696 -1846 -1846 
Administration -470 -470 -470 
Other ~ -100 -150 
Subtotal -2241 -2416 -2466 

Savings 
Bus operation 1000 1405 1789 
LR T operation 910 2080 
Absenteeism 375 400 500 
Reduced fare evasion 180 240 290 
Zone-fare revenue increase 1800 2400 2900 
Premium fares --1Q.QQ ...!.!.QQ ...llQQ 

Net operating-cost savings 2114 4039 6293 

Table 2. Net saving in systemwide capital needs from SSFC. 

1982 Constant Dollars (OOOs) 

Item 1981-1982 1983-1985 l 986-1990 

Costs 
On-board equipment (validators, -2950 -900 -1700 

etc.) 
Rear-door modifications -250 
Vending machines - - - ::..l.Q1Q -800 
Subtotal -3200 -1930 -2500 

Reduced capital needs 
Bus neet reduc tion 3000 1400 1500 
LRT fleet reduction 4000 2000 
Farebox replacement 2450 ____iQQ 450 
Subtotal 5450 5860 3950 

Net reduction in capital needs 2250 3930 1450 

particularly dramatic and are expected to exceed the 
savings in bus operations by the year 1990, The 
reason for this lies with the nature of LRT opera
tions. Specifically, operation of LRT with the 
traditional system of fare collection would require 
a driver on the trailing car of a two-car train 
solely to collect fares, wo uld increase dwell times 
at stations, would require two additional train sets 
to maintain equivalent service capacity, and would 
require additional maintenance personnel. Along 
with most transit agencies, Tri-Met experiences 
considerable lost time and expense due to driver 
absenteeism. Tri-Met expects SSFC to be one factor 
in reducing driver j o b stres s and hence absenteeism. 

In addition, SSFC is expected to generate some 
additional revenue. One source of anticipated addi
tional revenue is the reduction of fare evasion due 
to fare inspectors. In addition, increasing the 
number of fare zones enables Tri-Met to increase 
fare revenue without increasing the base fare. 
Thus, for any given base fare, a fare structure 
including multiple zones collected by self-service 
will have a higher level of revenue. 

Passengers found riding the transit system with
out a ticket will be charged a surcharge fare of $20 
by fare inspectors. Tri-Met expects to generate 
significant new revenue from this source, even after 
allowing for administrative expenses and unco llect
able surcharge far es. 

The net operating cost savings attributable to 
SSFC are s ummarized in Table 1. 

Capital Cost Comparisons 

The capital costs of introducing SSFC are accurately 
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determinable since procurement of most of the cap
ital equipment is in progress. Equipment require
ments include the on-board equipment, such as val
idators and ticket pr~nters, the retrofitting of 
rear doors of buses to permit passengers to enter 
vehicles through either door, and the purchase of a 
small number of vending machines to sell tickets at 
key focal points on the transit system. 

Just as SSFC will reduce the transit system 
operating costs by enabling fewer buses to provide 
the same amount of service capacity, so too will 
SSFC reduce Tri-Met' s fleet requirement, both buses 
and, later, LRT vehicles, In addition, the adoption 
of SSFC will enable Tri-Met to avoid replacing its 
existing fareboxes with new fareboxes able to accept 
dollar bills and count the large number of coins now 
required to make up a transit fare, 

The balance of capital costs and savings attrib
utable to SSFC is shown in Table 2. 

IMPLEMENTATION PLAN 

Policy Guidelines 

One problem that surfaced early was how to develop a 
design rationale for aspects of the project for 
which there was little relevant information, for 
instance, what the initial level of fare inspection 
should be or how one should change the system of 
fare collection on an operating 600-bus system with
out severe service disruption. To resolve problems 
of this type, a series of policy guidelines evolved 
and is used to provide direction when decisions are 
required. 

Amo ng the key policy guidelines are the following: 

1. Minimize legal risk through the use of exist
ing powers and a generally low-profile enforcement 
program; 

2. Minimize financial risk through phased imple
mentation to avoid the possibility of substantial 
fare evasion; 

3. use proved equipment and, where applicable, 
proved techniques; 

4. Be cost-effective; SSFC is not to be a 
"glorious experiment"; 

5. Minimize changes required in ride r s' habits 
and maintain as much consistency as possible with 
other U.S. transit systems; 

6. Develop the program to provide cle ar public 
benefits from the day of start-up; SSFC must be 
presented as more than a convenience to the transit 
agency; and 

7. Introduce the full program in stages to mini
mize risk and provide the opportunity for fine tun
ing and modifications as the program moves forward. 

Development of Implementation Plan 

The initial implementation plan called for SSFC to 
be introduced in several phases consistent with the 
policy of minimizing ri s k. The first phase would 
introduce the new ticket and fare structure and the 
proof-of-payment concept, but fares would continue 
to be monitored by drivers. With driver monitoring, 
passengers would, of course, continue to board only 
through the front door. Legal risk is minimized 
because the system could s till revert to the tradi
tional s ystem of fare collection overnight in the 
event of a challenge, and financial risk is mini
mized because during this phase there is no change 
in the opportunities for fare evasion. Once this 
s ystem had become established, s uccessive phases 
would pr ovide a gradual transition away from driver 
monitoring to full SSFC, starting with the heaviest 
lines, where the benefits are greatest. This type 
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of phased implementation is often found in Europe, 
particularly at this time in France. It also can 
provide a guarantee to the agencies' directors that 
SSFC will be phased in only as fast as it can be 
shown to work. Both driver-monitored and full self
service would have the following features: 

1. Passengers would be required by ordinance to 
possess a valid ticket or pass when traveling on 
district vehicles; 

2. Passengers traveling without a pass would 
complete their fare transaction immediately on 
boarding, either by paying a cash fare and obtaining 
a ticket or by validating a multir ide ticket pur
chased before boarding the bus; 

3. The farebox would be retained for fare pay
ment since it exists and is fairly efficient, but 
the percentage of passengers using the farebox would 
be reduced in order to avoid issuing excessive num
bers of tickets; this would be achieved by discount
ing the new multiride tickets; 

4. Fare collection would be enforced by fare 
inspectors who would check tickets on a random 
basis; passengers traveling without a valid ticket 
or pass would pay a surcharge fare. 

As project implementation proceeded, an interest
ing evolution occurred. Phased implementation had 
the disadvantages of small initial benefits and of 
giving the impression that the fare system was in a 
constant state of change. Moreover, as SSFC became 
better understood and as favorable reports came in 
from Canada and San Diego, Tri-Met's directors be
came increasingly comfortable with the concept of 
SSFC and questioned whether the additional steps 
inherent in the phased approach were necessary. 
After extended debate, it was concluded that the 
increased simplicity of a single one-time switch to 
systemwide full self-service and the faster realiza
tion of operating benefits more than outweighed the 
benefits of the more cautious multiphase approach. 
Accordingly, the original plan was revised to pro
vide for full systemwide conversion to self-service 
without interim phases. This change had no impact 
on the on-board equipment required for either 
driver-monitored or full self-service but did re
quire an additional outlay in fare inspection. 

Organization 

With the partial approval of project funding in 
September 1980, the project moved into the implemen
tation phase. Because SSFC affects every facet of a 
transit agency, an organizational structure was 
required to ensure internal coordination. To 
achieve this, an interdepartmental committee was 
established with representatives from each depart
ment charged with overseeing all aspects of the work 
and making recommendations where appropriate on 
technical details of the project. Subcommittees 
were assigned to perform the detailed work and pre
pare technical recommendations. There were nine 
subcommittees covering the following areas: 

1. Fare structure (zones, pricing structure, 
ticket design); 

2. Ticket and schedule outlets (ticket and pass 
sales, retail outlet policy, vending machines); 

3. On-board equipment (procurement of validators 
and printers, rear-door modifications); 

4. Legal aspects (legal review, drafting ordi
nances); 

5. Fare inspection (procedures and selection, 
training, deployment of fare inspectors); 

6, Records, billing, and collection (processing 
and collection of surcharge fares); 
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7. Operations (on-street deployment of SSFC); 
8. Public information (program and materials for 

public information and marketing); and 
9. Evaluation study (assist independent contrac

tor with evaluation of SSFC), 

This organizational structure provides the two 
most important requirements for a project of this 
type--assignment of responsibility for performance 
of all tasks to specific individuals and coordina
tion between departments by direct involvement. 

PROJECT DESCRIPTION 

This section provides an overview of the key fea
tures of the fare collection system that will go 
into effect on September 5, 1982, together with some 
of the considerations that led to their adoption. 

Proof of Payment 

Under SSFC all transit passengers will be required 
to possess a valid ticket or pass. Under Oregon 
law, mass transit districts may adopt ordinances 
having the force of law that cover any matter 
directly relating to the use of transit district 
facilities. By using these powers, Tri-Met may 
require that all passengers possess proof of payment 
when riding the transit system and may carry out 
fare inspections and assess surcharge fares to 
passengers traveling without proof of payment. 

Fare-Payment Options 

Under SSFC, Tri-Met passengers have three fare
payment options: 

1. Cash fare: passengers will pay the fare into 
the farebox as they do now and receive a single 
ticket from a machine situated by the farebox and 
known as the dispenser. The dispenser is activated 
by the driver and is described more fully below. 
The single-ride ticket thus issued is similar to 
today's transfer. Transfers will no longer be 
necessary. About 15 percent of passengers are 
expected to continue to use the farebox. 

2. Multiride tickets: this new method of fare 
payment requires passengers to purchase a card 
ticket valid for up to 10 rides. This ticket can 
only be purchased off the vehicle. To encourage use 
of the multiride ticket, a discount of about 10 
percent will be offered compared with the cash 
fare. Passengers using the multiride ticket must 
validate the ticket at the beginning of each trip, 
using a validator that will be installed on all 
buses. Approximately 30 percent of all passengers 
are expected to choose multiride tickets. 

Passes: passes will continue to be used in the 
same manner as they are now. Pass use will continue 
to be encouraged by providing an attractive discount 
to pass users, Pass use is expected to increase 
from approximately 50 percent to about 55 percent of 
Tri-Met's ridership. 

Each of these three alternative methods of fare 
payment is targeted on a particular segment of the 
ridership market. In addition, the payment options 
are designed to minimize farebox use, since the use 
of the front door and farebox are factors that limit 
transit operating speed. Another feature of these 
payment options is that no passenger will be re
quired to change his or her fare-paying habits at 
the start of self-service, although many are ex
pected to do so in response to the discounts offered 
by th e new fare structure. 

Fare Structure 

One issue requiring resolution early in the project 
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was the type of fare structure for which the SSFC 
program should be designed. Elimination of the 
constraints associated with multiple fare zones 
under the traditional system of fare collection 
automatically raises the question of what zone 
system is most desirable in the absence of existing 
constraints. Whether to change the zone system, and 
if so to what, is influenced by a number of con
siderations, including the following: 

1. Numerous requests by the public at previous 
fare hearings to increase the number of fare zones 
rather than the base fare, 

2. The desirability of developing a closer rela
tionship between trip length and fare, and 

3. The need to adopt the simplest possible zone 
system. 

The fact that the equipment to be installed on 
the buses would impose a certain measure of con
straint on future changes to the zone system gave an 
added urgency to resolve this issue. 

It was found that two possible zone configura
tions would meet Tri-Met's needs. One was a set of 
five concentric zones, and the other was a pattern 
of 25 roughly equal cellular zones covering the 
entire region. Both types of zone system are widely 
used on other self-service operations. However, on 
the Tri-Met system where the majority of ridership 
is radial, the concentric-zone pattern was suffi
cient to meet Tri-Met's revenue needs without intro
ducing the complexity of the cellular-zone system. 
Moreover, the concentric-zone pattern provided an 
additional incentive for passengers to make in
creased use of Tri-Met' s new crosstown service for 
crosstown trips, instead of traveling via downtown. 

Bguipment 

The major capital expense of initiating SSFC is the 
requirement to install equipment on every bus to 
provide passengers with accurate and readily veri
fied proof of payment. The equipment selected is 
actually a system made up of three types of units. 

To enable multiride ticket users to validate 
their tickets, every bus will be equipped with a 
validator attached to the stanchion behind the 
driver's seat. When a passenger inserts a ticket 
into the validator, the unit will check that the 
ticket has the correct dimensions and that it is not 
used up, and it will then stamp the date, time, and 
zone on the ticket. At the same moment a small 
piece of the ticket, corresponding to one ride, will 
be clipped from the ticket. Validators are a widely 
used device and are found on almost all European 
surface transit equipment. Tri-Met's articulated 
buses will have three validators, one at each door. 

To provide a ticket to passengers wishing to pay 
their fare into the farebox, a ticket dispenser will 
be installed on all buses adjacent to the farebox. 
This unit contains most of the same components of 
the validator and in addition a paper ticket-dis
pensing unit. When a passenger pays a fare into the 
farebox, the driver provides a ticket by pressing 
one of six buttons on the control panel. The dis
penser then prints a ticket showing the date, time, 
zone, and fare paid. 

No equipment is, of course, required for pass 
holders. 

The driver is provided with a unit known as a 
controller to control the operation of the validator 
and dispenser. The controller contains the elec
tronic logic elements for the validator and dis
penser, including a calendar and clock. The con
troller also enables the driver to code in the zone 
in which the bus is traveling so that all tickets 
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correctly indicate the zone in which the passenger 
boarded. In addition, the controller alerts the 
driver to any equipment malfunction or vandalism and 
maintains a count of tickets issued or validated. 

Tri-Met has awarded a contract to supply this 
equipment to a joint venture of CAMP of Paris, 
France, and Vultron of Waterford, Michigan, who are 
in the process of supplying and installing 874 con
trollers, 1198 validators, and 904 dispensers. 

A second equipment program is the modification or 
retrofitting of the rear doors of all buses to 
enable passengers to board through both front and 
rear doors. 

Ticket and Pass Sales 

Prepayment of fares through the use of multiride 
tickets and passes is a vital element cif the SSFC 
program. Over a number of years, Tri-Met has de
veloped a distribution system for tickets and passes 
by using retail outlets. Under SSFC, this existing 
system will be streamlined and expanded. In addi
tion, Tri-Met expects to introduce a limited number 
of vending machines at key focal points of the tran
sit system. These vending machines would initially 
sell only multiride tickets. The possibility of 
multiride ticket-vending machines that accept only 
credit cards is being investigated for this pur
pose. If successful, these machines would signifi
cantly reduce the cost and problems of servicing, 
since no cash would be handled. 

Fare Inspection 

Fare inspection is a vital and integral part of 
self-service. It is also the most controversial 
element. In establishing a plan for fare inspec
tion, Tri-Met was guided by a number of policy 
considerations. The Tri-Met fare inspection program 
is intended to be as reasonable and unprovocative as 
possible, using transit employees in transit uni
forms rather than police uniforms. Simple rules and 
modest penalties are designed to avoid antagonizing 
inadvertant offenders. Although easy on inadvertant 
offenders, the enforcement program must have credi
ble disincentives for anyone who would challenge or 
ignore the fare ordinances. Enforcement should 
require no more powers than are now thought neces
sary. Should experience demonstrate a need for 
additional enforcement powers, they can be more 
readily justified in the light of experience. The 
enforcement program should also incorporate suffi
cient flexibility to be able to adjust enforcement 
practices in the light of experience. 

Tri-Met's initial fare inspection program is 
targeted at a 6 percent inspection level system
wide. Inspectors will normally work in teams of two 
and will be deployed according to a carefully de
veloped schedule, working on one or more quadrants 
of the system on specific days. The inspection 
schedule will be developed in order to provide an 
equal but apparently random level of inspection 
throughout the system. Passengers found traveling 
without proof of payment may be charged a surcharge 
fare by a fare inspector. The fare inspector will 
record all instances of passengers traveling without 
proof of payment and may collect the surcharge fare 
on the spot, issue a written notice to pay the sur
charge fare, or in exceptional circumstances give a 
written warning. In every case the fare inspectors 
will attempt to get identification from the pas
senger. 

Initially, some 30 full-time fare inspectors will 
be used, supported by an additional 30 extra fare 
inspectors. These extra fare inspectors may work 
either as fare inspectors or bus drivers, as re-
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quired, thereby building some flexibility into the 
fare inspection process. 

Surcharge fares that are not paid at the time of 
inspection may be paid by mail or in person to 
Tri-Met within seven days. Persons who ignore a 
notice to pay a surcharge fare wi l l incur a late 
charge after a certain time period. Persons who 
continue to ignore the surcharge fare will even
tually have their account turned over to a collec
tion agency. All record keeping, billing, and 
collection of surcharge fares will be handled by an 
outside contractor. Passengers who persistently 
travel without proof of payment will also be liable 
to increased civil penalties up to $500. 

Tri-Met will institute an internal appeals pro
cedure in order to provide recourse for persons who 
feel they have been charged a surcharge fare un
fairly. 

Public Information Program 

An effective public information program is a vital 
component of the SSFC project. With approximately 
140 000 trips on Tri-Met a day, a major communica
tions effort is called for. Elements of the public 
information program include the preparation of 
decals and signage for use on Tri-Met vehicles and 
facilities, the preparation of exhibition buses to 
tour the region, and the development of brochures, 
advertising, and on-street customer assistance 
personnel. Closely related to the public informa
tion program is the training of all Tri-Met em
ployees to have a basic understanding of the self
service system, as well as the detailed training of 
drivers, fare inspectors, and maintenance per
sonnel. Perhaps the biggest challenge for the 
public information program is this: Although the 
full SSFC project consists of a complex of interre
lated elements, the individual passenger is con
cerned only with an individual fare. Knowing and 
paying that fare must be made as simple as possible. 

Schedule 

Implementation of SSFC began in September 1980 on 

Atlanta Transit Pricing Study: 

Fare Increases on Poor 

MARYE. LOVELY AND DANIEL BRAND 

Alternative methods for moderating the impact of fare increases on low-income 
groups in Atlanta are described and evaluated. The study, sponsored by the 
Transportation Systems Center under the Service and Methods Demonstration 
Program, considers five alternatives to a flat fare increase: direct user subsidies, 
quality-based fares, reduced fares on designated routes, peak/off-peak fare dif• 
ferentials, and distance-based fares. We evaluate these fare strategies according 
to a set of standardized criteria that considers the target efficiency, coverage of 
the target group, administrative cost, total cost, and degree of relief offered by 
each option. The study finds that a direct user subsidy provides the highest de
gree of relief to low-income patrons with the lowest revenue loss. This is be
cause user subsidies are more efficient in reaching the target population and 
offer a higher level of coverage of the poor than do other alternatives. The re
sults of the analysis also suggest that fare strategies that increase pricing effi
ciency by relating fares to cost, such as peak/off-peak fare differentials and 
distance-based fares, may not aid low-income riders. The analysis indicates 
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the award of project funding and will be complete at 
the start-up of self-service on September 5, 1982. 
The main task controlling the schedule has been the 
procurement time for the on-board equipment, which 
will have required 18 months from contract date to 
start-up. 

Evaluation Program 

A small but highly significant element of the SSFC 
program is an evaluation study sponsored by UMTA 
through the Transportation Systems Center to deter
mine how well SSFC has worked and how other transit 
properties may benefit from Tri-Met's experience. 
This study will address seven areas of interest: 
fare compliance, operating impact, equipment per
formance, fare-payment character is tics, enforcement, 
and passenger attitudes and awareness. For each of 
these work elements comparisons will be made before 
and after start-up of SSFC and wherever possible 
numerical analysis will be performed. 

The major aim of the evaluation study will be to 
help other transit properties decide whether it 
makes sense for them to follow a similar program 
and, for any who do make that decision, to provide 
data and perhaps recommendations on how to do so 
with the greatest benefit. 
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Moderating Impact of 

that the equity implications of such pricing strategies must be assessed on a 
city-by-city basis. The desirability of direct user subsidies as a means of offer
ing fare assistance appears to be more universal, however, primarily because it 
is distributed directly to the poor. With many transit properties facing court 
challenges to flat fare increases, these results may be of interest to operators 
throughout the United States. 

This case study describes and evaluates alternative 
methods for moderating the impact of fare increases 
on low-income groups in Atlanta. Although the study 
primarily concerns the Metropolitan Atlanta Rapid 
Transit Authority (MARTA), which recently raised its 
fare from $0.25 to $0.50, the results of the study 
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may be of interest to transit agencies throughout 
the United States. Faced with financial pressures 
similar to those confronting MARTA, many authorities 
seek information on fare strategies that are capable 
of generating significant farebox revenue while 
maintaining low fares for those who can least afford 
fare increases. 

The trend toward higher passenger fares in the 
public transit industry is well documented, Over 
the past few years, rapidly rising operating costs 
and slowly growing operating subsidies have forced 
transit operators in almost every major American 
city to increase farebox revenue. In January 1979, 
most major cities had base transit fares ranging 
from $0, 25 to $0, 50, Now most base fares are ap
proximately $0, 75, and some operators have planned 
for continuing fare increases to maintain farebox 
revenue cost-coverage targets. Cutbacks in Section 
5 operating assistance from the Urban Mass Transpor
tation Act of 1964 soon will make these financial 
pressures even more severe. 

Several recent fare increases have provoked op
position. Both the Southeastern Pennsylvania Trans
portation Authority (SEPTA), which imposed a $0, 15 
increase in Philadelphia's base transit fare, and 
MARTA, which doubled its base fare to $0,50, faced 
court challenges when they announced fare changes in 
the summer of 1980. In both cities, coalitions of 
citizens' groups opposed the fare hikes because of 
the potential impact of higher fares on low-income 
transit patrons. Although initially raised on tech
nical grounds concerning the transit boards' voting 
procedure or organization, these protests focused 
public attention on the necessity of higher pas
senger fares on the one hand and the needs of the 
poor on the other. Although court challenges have 
not yet been successful in preventing fare in
creases, they have forced transit authorities to 
consider the equity implications and political 
acceptability of fare changes. 

One result of court hearings in Atlanta concern
ing MARTA' s proposed fare change was the general 
realization that alternatives to the flat-fare 
increase should be found, The court recommended the 
formation of a committee of state and local offi
cials and concerned citizens to study the problem, 

The U.S. Department of Transportation aided the 
committee's quest for solutions by sponsoring a 
study of alternative pricing options through the 
Transportation Systems Center (l), Because the 
committee wanted to use the report in its planning 
efforts, the study had to be completed in a short 
period of time, 

This paper presents the resulting analysis of 
alternatives to MARTA' s flat-fare increase for 
moderating the impact of fare changes on low-income 
patrons. The pricing strategies that appeared to be 
the most promising, and which we discuss here, are 
direct user subsidies, quality-based fares, reduced 
fares on designated routes, peak/off-peak fare 
differentials, and distance-based fares, 

First we present the five evaluation criteria 
that we used in assessing each pricing option. 
Next, we describe each pricing option and provide a 
quantitative analysis of each option with respect to 
the evaluation criteria, Finally, we summarize the 
results of the analysis and consider the implica
tions of these findings for fare policy. 

EVALUATION CRITERIA 

To aid in the assessment of pr1c1ng strategies 
designed to aid the poor, we use five criteria that 
reflect concern about the efficiency and distribu
tion of the subsidy. Using standardized criteria to 
eval~ate each strategy facilitated comparison across 

alternatives and ensured that we explored 
strategy fully, The five criteria are target 
ciency, coverage, administrative cost and 
ciency, total cost/financial responsibility, 
degree of relief. 

Target Efficiency 
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A major concern in the evaluation of transit pricing 
is the degree to which the fare adjustment reaches 
only the target population. Some pricing strategies 
can be directed to low-income riders, Other strat
egies may aid these groups but provide fare reduc
tions for high-income riders as well. With limited 
resources, it is crucial that the price relief be 
targeted to those who need it most, In this study, 
we measured how efficiently the suggested pr icing 
strategy performs this targeting function by esti
mating the percentage of the pr ice relief that the 
intended target group would receive. 

Coverage 

Besides targeting aid to specific groups, it is 
desirable that the pricing strategy chosen for 
Atlanta maximize its coverage of the target group 
and provide the same degree of relief for all eligi
ble riders. In this analysis, we measured this 
coverage as the percentage of all aid-eligible 
riders who would actually receive it. 

Administrative Cost 

Although it is desirable to choose a pricing strat
egy that targets aid efficiently, administrative 
costs should not outweigh the advantages of this 
efficiency. Moreover, the administrative cost of 
the program must not exceed the cost of passing the 
subsidy through to all riders (e.g,, a user-side 
subsidy should cost less to provide than the cost of 
providing a general fare decrease to all MARTA 
riders). Therefore, we considered the relative 
difficulty of administering each pricing alternative. 

Total Cost/Financial Responsibility 

MARTA operates under legislative constraints that 
limit the range of adjustments the authority can 
make in its fare policy. MARTA operations are 
partly funded by a 1 percent local-option sales 
tax. Not more than 50 percent of the revenue from 
this earmarked sales tax can be used for operating 
assistance. Since MARTA is mandated to maintain a 
balanced budget, operating expenses not covered by 
sales-tax revenues must be obtained from passenger 
fares or other subsidy sources. 

If MARTA institutes fare reductions for lowincome 
riders, it must obtain additional external funding 
or increase the amount of revenue it receives from 
other riders, The total cost of aiding low-income 
riders is therefore a very important evaluation cri
terion because it indicates the amount of funding 
that must be obtained through these sources. We 
estimated the total revenue loss from each option so 
that public officials could measure the adequacy of 
various sources of external funding. We also esti
mated the fare level necessary to sustain internal 
subsidization and compared these estimated figures 
across options. 

Changes in patronage resulting from fare in
creases or decreases complicate the estimation of 
revenue loss from any given subsidy program. If 
fares for unsubsidized riders increase, some riders 
will restrict their patronage or switch to different 
time periods or different routes (depending on the 
type of fare increase implemented). In this study, 
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we did not estimate these secondary impacts of fare 
changes. However, we have noted where such sec
ondary effects are likely to be significant. 

Degree of Relief 

Because this study's objective is to assess the 
capability of various pricing options to decrease 
transit fares paid by low-income riders, it is 
crucial that the degree of relief afforded by each 
option be carefully evaluated. To measure the 
degree of relief offered by each option, we esti
mated the average fare that would be paid by all 
eligible low-income riders and compared this with 
the current base fare of $0. 50. We also compared 
the average fare paid by low-income patrons across 
options to determine which pricing strategy offers 
the largest reduction. 

PRICING OPTIONS: OBJECTIVES, OPERATION, 
AND ASSESSMENT 

In this study, we analyzed five pr1c1ng options that 
appear to hold promise for aiding low-income 
riders. They are direct user subsidy, quality-based 
fares, reduced fares on designated routes, peak/off
peak fare differentials, and distance-based fares. 
We present the objectives and an assessment of each 
pricing option below. In our analysis, we defined 
low-income persons as those having a total 1980 
household income less than $5000 and those larger 
families with total income less than $10 000. We 
obtained data for this analysis from the May 1980 
MARTA Transcard Integrated Fare Study (_~) • MARTA 
provided information on systemwide ridership in May 
1980 and on the total num.ber of individual patrons 
in each income group. For each alternative, we 
analyzed two subsidy levels: $0.10 and $0.20 reduc
tions from the current $0.50 fare. Table 1 presents 
a summary of these analyses. 

For the direct-user subsidy alternative, it was 
necessary to define the number of monthly trips that 
would be subsidized. To ensure that all high-value 
trips (e.g., work, educational, religious, and 
medical trips) are covered, the direct subsidy could 
apply to an unlimited number of trips each month. 
With no limit on the number of trips subsidized, 
however, the potential for resale of subsidized 
tokens or tickets is very great. A photographic 
identification mechanism for all those eligible can 
prevent some of this activity, but with MARTA's 
fully automated rail stations the potential for 
fraud under a program of unlimited subsidy would 
still exist. 

Before one can arrive at a reasonable maximum 
number of subsidy-eligible trips, it is important to 
note that at the present time, through the purchase 
of a Transcard pass, frequent MARTA users can pay 
less than $0.50 per trip. On average, monthly 
Transcard patrons pay only $0.33 per trip (1)• The 
average fare for an individual decreases as a pass 
patron's trip frequency increases. After a given 
trip frequency, a low-income patron would be better 
off purchasing a weekly or monthly Transcard rather 
than paying even a subsidized cash fare. The point 
at which a low-income patron would pay a lower 
average fare with a $4.00 weekly Transcard than with 
a subsidized fare depends on the level of the sub
sidy. With a $0.10 subsidy, one who makes more than 
10 one-way trips per week would be better off by 
using a Transcard pass than by paying the subsidized 
fare. With a $0.20 subsidy, one would be better off 
with a Transcard if he or she makes more than 13 
one-way trips. Note that a low-income rider faces 
this trade-off regardless of the fare alternative 
chosen to distribute the subsidy (e.g., user sub-

Transportation Research Record 857 

sidies, peak/off-peak differentials). Thus, a limit 
of 10-13 trips per week can be set on the number of 
trips subsidized through a direct subsidy program, 
thereby significantly reducing the potential for 
fraud yet still ensuring that all trips by low
income patrons are covered by some type of subsidy 
mechanism. 

Direct User Subsidy 

Direct user subsidies give transit subsidies di
rectly to low-income riders. Such subsidies avoid 
the problems of indirectly targeting subsidies to 
low-income riders through the services of the urban 
transit system. Many studies have shown that tran
sit is a blunt instrument of social welfare in that 
subsidies to transit providers (as opposed to those 
offe·red directly to users) usually do not redi s
tribute income to the poor. A direct user subsidy 
program could provide relief for low-income MARTA 
riders while alleviating pressure to keep transit 
fares low. Transportation subsidies for those with 
a low income are now offered by county welfare 
departments in Sacramento, California, and Arling
ton, Virginia. 

The design of a direct user subsidy program 
should permit maximum use of existing institutions 
and programs. Because the administrative costs of 
screening and certifying individuals are quite high, 
user subsidies must be channeled through an existing 
administrative mechanism. In this study, we assumed 
that the Food Stamp certification procedure would be 
used to certify individuals for transit subsidy 
eligibility. 

The target efficiency of user subsidies for MARTA 
riders would be very high (see Table 1). Only those 
properly certified would be permitted subsidized 
fares. Of course, fraud is possible but is likely 
to be limited, given the certification procedures 
already used in the Food Stamp Program. However, as 
mentioned, fraud can also be perpetrated by those 
eligible who resell subsidized tickets or tokens to 
those ineligible. Such behavior could be minimized 
by limiting the number of subsidized tokens given to 
those eligible each month and through the use of 
photographic identification. 

A direct user subsidy program would provide 
excellent coverage for the poor. The State of 
Georgia Department of Family and Children Services 
estimates the participation rate of eligible house
holds in the Food Stamp Program to be roughly 80 
percent for Fulton County and 70 percent for De Kalb 
County. With an outreach advertising campaign on 
MARTA buses and trains, those eligible who wish to 
participate in the subsidy could take steps to 
enroll themselves at an agency providing certifica
tion for the program. Thus, coverage of the poor 
with direct user subsidies could be as high as 100 
percent. 

In estimating the revenue loss from a direct user 
subsidy, we considered the revenue effect of both 
existing and potential riders paying the discounted 
fare. As of September 1980, Fulton and DeKalb 
Counties had enrolled 139 991 individuals in their 
Food Stamp Programs. However, not all these are 
transit riders. 

Therefore, we estimated the number of those who 
are subsidy-eligible and who are current riders. 
Household income eligibility limits for receiving 
food stamps indicate that most households with total 
earnings of less than $5000 are eligible for food 
stamps and would therefore be eligible for the 
transit subsidy. For those with household incomes 
between $5000 and $10 000, eligibility depends on 
the number in the household. In this analysis, we 
assumed that all MARTA riders with household incomes 
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Table 1. Comparisons of five alternatives designed to aid low-income riders. 

Fare Alternative 

Reduced Fare on 
Designated Route 

Direct User Quality-Based 
Criterion Subsidy Fare Plan I 

Target efficiency Close to 100 5 3 percent of 5 8 percent to 
percent; subsidy goes low-income 
identification to low-income riders 
program to riders 
minimize 
fraud 

Coverage 70-80 percent; 73 percent of 78 percent of 
all those who low-income low-income 
are eligible patrons subsidized 
could receive subsidized 
aid 

Administrative costs High, reduced Low Low 
through ex-
tensive use of 
existing social 
service mech-
anisms 

Monthly revenue loss($) 
$0. IO subsidy 151 788 728 964 495 696 
$0.20 subsidy 394 649 I 147 928 99 I 392 

Fare required to cover 
loss($) 

$0. IO subsidy 0.55 1.08 (rail) 0.64 
$0.20 subsidy 0.60 1.56 (rail) 0.78 

Degree of relief3 ($) 
$0. 1 0 subsidy 0.40 0.46 0.48 
$0.20 subsidy 0.30 0.41 0.45 

Note: N/A = quantification not possible due to data limitations. 

a Average fare for low-income riders, assuming subsidy funded by fare box. 

below $5000 and half of all riders with household 
incomes between $5000 and $10 000 would be eligible 
for the transit subsidy. Under these assumptions, 
the number of current cash-paying riders that may be 
eligible for the transit subsidy is 67 462. (This 
figure does not include those currently purchasing 
Transcard passes since, as stated above, a monthly 
Transcard user pays an average fare of $0,33,) 

Of course, not everyone who is eligible for food 
stamps registers for them nor will all those who 
register take advantage of the transit subsidy. 
Therefore, the maximum number of estimated subsi
dized trips must be scaled downward to reflect 
nonparticipation. At present, Food Stamp participa
tion averages about 75 percent of the eligible 
population. If we also assume that 75 percent of 
those eligible for food stamps would engage in the 
"transaction costs" of participating in the transit 
subsidy, the number of current riders that would use 
the subsidy becomes 37 947. 

Another factor to consider in estimating the 
number of trips subsidized is the number of tokens 
that would actually be purchased by those who are 
subsidy-eligible. Based on the May 1980 on-board 
survey, we estimated that 2 850 100 boardings were 
made by the subsidy-eligible. Dividing this number 
by the estimated number of the subsidy-eligible, we 
obtained an average weekly trip rate of 10 one-way 
trips per person. From this data, therefore, we 
assumed that all current MARTA riders who register 
for the transit subsidy would purchase their full 
allotment. 

Under a $0.10 subsidy plan, we estimated that 
l 517 880 boardings per month by current MARTA 
riders would be subsidized (37 947 persons making 40 
subsidized trips per month). Monthly revenue for
feited by subsidizing this number of trips would be 
$151 788. Dividing the cost of subsidizing trips 
that would be made by current low-income cash fare 
patrons into the number of unsubsidized boardings 
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Peak/Off-Peak Distance-
Plan 2 Fare Differential Based Fare 

77 percent to 5 5 percent to low- Low, probably around 
low-income income riders 50 percent to low-
riders income riders 

29 percent of 52 percent of low- Could be close to 40 
low-income income subsidized percent subsidized 
subsidized 

Low Low High implementation 
costs; costs to patrons 
in time lost due to 
fare procedures 

160 372 560 992 N/A 
320 744 I 121 984 N/A 

0.52 0.69 N/A 
0.55 0.88 N/A 

0.51 0.54 N/A 
0.48 0.59 N/A 

indicates an increase in unsubsidized fares of $0.02, 
We did not include the cost of subsidizing trips 

by new riders in these calculations. In fact, trips 
by new riders may actually serve as a source of net 
revenue if the marginal cost of serving these riders 
is less than the discounted fare. Unless addit i onal 
capacity must be provided to meet demand from these 
new riders, furnishing discounted tickets or tokens 
for new trips by the subsidy-eligible is unlikely to 
have an adverse effect on transit deficits. 

Under a subsidy plan of a $0. 20 discount per 
trip, monthly revenue forfeited by this subsidy 
program would be $394 649. Apportioning the cost of 
the $0.20 subsidy among unsubsidized boardings indi
cates an increase in fares to unsubsidized riders of 
$0.06. Note that under the subsidy plans discussed 
here, moving from a $0.10 to a $0.20 subsidy more 
than doubles the subsidy cost. This is due to the 
larger number of trips per week that qualify for 
subsidization under the $0.20 subsidy plan. 

The total cost of a direct subsidy plan would 
include costs other than the forfeited revenue. 
Even if certification is provided through the Food 
Stamp Program, some administrative costs would be 
incurred. Furthermore, if the marginal cost of 
serving new riders is higher than $0.30 or $0.40, 
the subsidy cost would be greater than that computed 
above. 

With user subsidies, the average fare to low
income riders is set by the subsidy level. With a 
$0.10 subsidy, average fare for low-income riders 
would be $0.40; with a $0.20 subsidy, it would be 
$0.30, By taking frequent trips and using Transcard 
passes, low-income riders can reduce their average 
fare even further. 

Quality- Bas ed Fa res 

Quality-based fares are an attempt to relate fare to 
the quality of service provided. Authorities may 
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charge higher fares, for example, on rail transit 
service operated on its own right-of-way and on 
express bus service. Quality-based fares would aid 
low-income riders to the extent that high-income 
riders use high-quality services and to the extent 
that a transit authority uses the additional revenue 
collected to reduce or hold constant fares on routes 
serving primarily low-income riders. Whether or not 
this type of arrangement could be achieved in 
Atlanta depends on the trip patterns of all income 
groups and the types of services offered by MARTA. 

MARTA could implement quality-based fares by 
raising fares on special or high-cost service. 
Existing examples of quality-based fares nationally 
include higher fares on rail service, express bus 
services, subscription bus services, airport ser
vices, special transit services for sports events, 
and vanpools. Resulting increased revenue could be 
used to aid low-income riders by reducing fares on 
regular surface bus services. 

Because this fare strategy relates fare to ser
vice quality rather than directly to income, it is 
not surpr1s1ng that quality-based fares would be 
inefficient in targeting aid to low-income riders. 
If bus fares are lowered, only 53 percent of those 
cash patrons aided and 50 percent of bus Transcard 
patrons aided would be riders with household incomes 
less than $10 000. Thus, under a quality-based fare 
scheme, 47 percent of total subsidy expenditures 
would be funneled to middle- and high-income riders. 

Quality-based fares would perform slightly better 
against the criterion of coverage. Of all trips 
made by low-income patrons, 73 percent are cash-fare 
bus trips. Thus, reducing bus cash fares by $0.10 
or $0.20 would aid 73 percent of all low-income 
riders. 

Conversely, the impact of higher rail fares on 
low-income riders clearly indicates that quality
based fares are not a good method of aiding poor 
transit patrons. Raising rail fares would affect 
all riders, but it would particularly hurt low
income rail riders, who make up 30 percent of all 
cash rail patrons. Higher rail fares could also 
affect poor Transcard patrons, perhaps through a 
rail surcharge. Forty-four percent of all rail 
Transcard patrons are in the low-income category. 
The MARTA bus system carries many more people than 
its rail system and therefore it must be noted that 
only 12 percent of all low-income transit patrons 
use the rail system. 

With a $0.10 reduction in bus fares, a quality
based subsidy would result in a revenue loss of 
$728 964 per month; a $0.20 reduction in bus fares 
would result in a loss of $1 457 928. At the higher 
level of subsidy, some Transcard users would be 
likely to switch to cash fares. For each user who 
does so, the average revenue loss would be $0.03 
($0.33 average Transcard fare minus $0.30 subsidized 
fare). 

If rail patrons were to bear the subsidy cost to 
low-income bus riders, the impact on rail would be 
quite severe since bus riders outnumber rail riders 
by more than 5 to 1. The $0 .10 reduction in bus 
fares, apportioned among all rail riders, would 
increase rail fares by $0.58 (to $LOB). A $0.20 
reduction in bus fares would increase rail fares by 
$1.16 (to $1.56). Clearly, a large surcharge would 
also have to be added to Transcard passes when used 
on rail service lest everyone switch from cash fares 
to Transcard. This surcharge might decrease the 
amount by which rail fares would have to be raised. 
Substantial changes in rail ridership could also 
occur. 

With a $0,10 
low-income cash 
$0,20 subsidy, 

subsidy, the average fare paid by 
patrons would be $0.46. With a 
the average fare paid would be 
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$0.41. These average fare calculations show that, 
due to its poor coverage of low-income patrons, 
reducing bus fares by $0.10 would drop the average 
fare for the poor by only $0.04. Reducing bus fares 
by a $0.20 discount would result in an average fare 
for those in the low-income category only $0.09 
lower than the existing fare. With either subsidy 
level, 8-12 percent of the poor would pay very high 
rail fares. In addition, due to its poor target 
efficiency, many middle- and high-income bus patrons 
would be subsidized under this fare alternative. 

REDUCED FARES ON DESIGNATED ROUTES 

Reduced fares on designated routes might be an 
attractive alternative in that the transit authority 
could target lower fares to specific user groups. 
It could offer reduced fares on specific bus routes 
serving low-income residential areas or charge lower 
fares to patrons boarding at designated stops. This 
option would enable discounts to be distributed most 
selectively when income groups are concentrated in 
identifiable residential areas. 

Data from the May 1980 on-board survey indicate 
that low-income patrons ride all segments of the 
MARTA system. Furthermore, low-income patrons made 
up no more than 80 percent of the riders on any 
route among this representative sample of bus 
routes. Therefore, to assess this fare option, it 
was necessary to assume some cutoff percentage of 
low-income riders in designating routes eligible for 
fare reductions. We analyze two cutoff plans here. 
These identify the set of routes where (a) 50 per
cent or more of the total cash fare route ridership 
are low-income patrons and (b) 70 percent or more of 
the total cash fare or Transcard riders are low
income patrons. Plan (a) defines the more inclusive 
set, accounting for BO percent of all routes 
served. Plan (b) includes 26 percent of routes 
surveyed. These percentages reflect the wide dis
persal of low-income patrons along the bus routes 
surveyed, We used these and other findings from the 
May 1980 on-board survey as the basis for generali
zations about the distribution of low-income patrons 
throughout the MARTA bus system. 

Looking at the target efficiency of both plans 
(a) and (b), it is clear that as the transit author
ity designated more routes for fare reductions, more 
of the subsidy would go to the middle- and high
income patrons. If buses with ridership composed of 
at least 50 percent low-income patrons charge re
duced fares, 58 percent of all subsidized riders 
would be low-income. If buses with ridership com
posed of at least 70 percent low-income patrons 
charge reduced fares, 77 percent of all subsidized 
riders would be low-income. Thus, with this option, 
the transit authority would achieve higher target 
efficiency with fewer designated routes. 

Not suprisingly, if the transit authority desig
nated fewer routes for reduced fares, the subsidy 
program would cover a smaller percentage of all 
low-income patrons. With plan (a), which reduces 
fares on more buses, 78 percent of all low-income 
cash patrons would receive the subsidy. With plan 
(b), which reduces fares on fewer buses, only 29 
percent of all low-income patrons would be covered 
by the subsidy. These figures dramatically illus
trate the trade-off between target efficiency and 
coverage that would occur with this option. 

The revenue that the authority would forfeit from 
each of these plans also reflects the trade-off 
between target efficiency and coverage. Under plan 
(a), granting fare reductions on buses with 50 
percent low-income riders, an estimated 4 956 955 
subsidized boardings would occur. With a $0.10 
subsidy, forfeited passenger revenue will total 
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$495 696 and a cash-fare increase of $0.14 (to 
$0.64) would be necessary on other segments of the 
MARTA system. This increase would in turn lead to 
higher Transcard patronage or, perhaps, Transcard 
fare increases. With a $0.20 subsidy, revenue 
forfeited would be $991 392, and a $0. 28 cash-fare 
increase (to $0.78) on bus and rail would be 
necessary. 

Under plan (b), granting reductions on buses with 
70 percent low-income riders, an estimated 1 603 720 
subsidized boardings would occur, since 22 percent 
of all cash-fare bus boardings would be on desig
nated routes. With a $0.10 subsidy, forfeited 
revenue would total $160 372 and a cash fare in
crease on bus and rail of $0.02 (to $0.52) would be 
necessary for internal subsidization. With a $0. 20 
subsidy, a $0.05 cash-fare increase (to $0.55) would 
be necessary. As with plan (a) , this increase in 
the cash fare might induce some cash patrons to 
switch to Transcard or necessitate increased Trans
card fares. 

The estimated average fare for low-income cash
fare patrons under plan (a) with a $0.10 subsidy 
would be $0.48. With a $0.20 subsidy, the average 
fare for low-income patrons who pay cash would be 
$0.45. The average fare for low-income cash-fare 
patrons under plan (b) with a $0.10 subsidy would be 
$0.51. With a $0.20 subsidy, the average fare for 
low-income patrons who pay cash would be $0.48. 

Peak/Off-Peak Fare Differentials 

Peak/off-peak fare differentials are an option that 
may allow MARTA to bring its fare structure more in 
line with the cost of service as well as aid low
income riders. Metro, in Washington, o.c., for 
instance, charges higher fares for peak-period 
riders. It has long been believed that peak service 
costs more to provide than off-peak service. Thus, 
increasing peak fares could equalize existing varia
tions in revenue collected as a percentage of cost 
at different times during the day. If, as has been 
suggested, a large number of off-peak riders are 
also from low-income groups, peak/off-peak pricing 
would help moderate the impact of fare increases on 
low-income riders. 

The target efficiency of offering aid to low
income riders through peak/off-peak fare differen
tials on both bus and rail lines would be very 
poor. Only 55 percent of all off-peak riders are 
low-income individuals. Reducing off-peak fares, 
therefore, would aid both low-income and high-income 
individuals almost equally. Moreover, 45 percent of 
all individuals riding during peak hours are in the 
low-income category. Thus, almost half of those 
paying higher fares under this fare alternative 
would be low-income individuals. 

Coverage of the poor with peak/off-peak fare 
differentials would also be inadequate. If lower 
off-peak fares were offered, only 52 percent of all 
low-income riders would be aided. Conversely, if 
higher peak fares were necessitated by off-peak hour 
decreases, 48 percent of all low-income riders would 
pay higher fares than they currently pay. 

A $0 .10 reduction in off-peak period fares would 
result in $560 992 in forfeited passenger revenue. 
If internal subsidization is required, a peak period 
fare increase of $0.19 to $0.69 would be necessary. 
A $0.20 reduction in off-peak period fares would 
result in forfeited revenue of $1 121 984. Absorb-
ing this loss across peak period 
necessitate a $0.38 increase in 
$0. 88. The administrative costs of 
ferent fares at various times of 
further increase these fares. 

boardings would 
peak fares to 
collecting dif-
the day might 

With peak/off-peak differentials, the average 
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fare paid by low-income patrons who pay cash fares 
depends on the number of boardings made by this 
group during the peak and off-peak periods and on 
the level of subsidy. With a $0.10 reduction in 
off-peak fares, the average fare for low-income 
patrons who pay cash would be $0.54, $0.04 higher 
than the current flat fare. With a $0.20 reduction 
in off-peak fares, the average fare for low-income 
patrons who pay cash would be $0.59. 

Distance-Based Fares 

Distance-based fares may offer MARTA the opportunity 
to capture a higher percentage of costs on long
distance trips as well as to reduce the impact of 
fare increases on low-income riders. The total cost 
of providing a longer-than-average trip is higher 
than the cost of providing shorter-than-average 
trips. Yet, with a flat fare, the poor, who typi
cally (but not always) make shorter trips, may be 
paying a higher portion of the cost of their trips 
than more affluent riders who travel longer dis
tances. Graduating fares by distance may also 
increase efficiency by matching fares more closely 
to the cost of providing service. Furthermore, 
depending on the response of riders to price 
changes, revenue intake may increase with a dis
tance-based fare schedule. 

Whether or not a distance-based fare schedule 
would aid low-income riders in Atlanta depends on 
their trip patterns. Many transportation research
ers have observed that due to the distribution of 
various income groups within metropolitan areas, 
higher-income patrons typically ride longer dis
tances than lower-income patrons. If Atlanta con
forms to this pattern, moving from a flat fare to a 
distance-based fare collection method might aid 
low-income riders. A variation on this alternative 
is to charge distance-based fares only in the peak 
direction, assuming that low-income riders primarily 
travel long distances as reverse commuters. 

Distance-based fares can be implemented in a 
variety of ways. While finely graduated fare struc
tures may result in higher revenue intake, the costs 
to both the transit authority and passengers can be 
greater than the additional revenue collected. 
Distance-based fares are sometimes graduated by 
miles traveled, with a separate fare for each pair 
of stations. Fares may also be structured according 
to a network of zones, with a surcharge added to the 
base fare each time an additional zone is crossed. 
zonal fares typically do not capture as much pas
senger revenue as either finely graduated or 
station-to-station pricing schemes. They may, 
however, be far easier to implement. 

Detailed information on trip distance traveled by 
each income group was not available from the MARTA 
survey at the time of this study. As an alterna
tive, we used information on journey-to-work pat
terns from the 1970 U.S. Census to provide a rough 
indication of distance traveled to work by each 
income group. The 1970 census data include place
of-residence and place-of-work statistics by income 
class but not by mode. Thus, the data indicate only 
work trip patterns in general, not trips on MARTA. 
We used these census data to assess distance-based 
fares by assuming that an individual who lives and 
works in the same geographic area makes short
distance work trips, whereas a person who lives in 
one county and works in another makes long-distance 
work trips. 

Census data show that the income distribution of 
Atlanta city residents commuting to each of four 
destinations does not vary significantly between 
each origin-destination pair. Reducing short
distance fares, therefore, would be likely to aid 
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persons from all income groups. If combined with 
peak-directional pricing, the target efficiency of 
distance-based fares would be perhaps somewhat 
improved. From existing information, however, no 
firm conclusions can be drawn concerning target 
efficiency. 

While distance-based fares would provide aid to 
persons from all income groups, the data suggest 
that they would assist a large percentage of low
income travelers. Low-income workers are more 
likely to work in their county of residence than 
outside it. Of employed low-income Atlanta resi
dents, 84 percent work inside Atlanta. Of Fulton 
County's employed low-income residents, 44 percent 
work in Atlanta and another 51 percent work within 
the remainder of the county. Of low-income resi
dents of DeKalb County, 60 percent work within the 
county, whereas 28 percent work in Atlanta. Al
though no data are available, trips made by the 
unemployed and nonwork trips made by low-income 
persons are likely to cover shorter distances than 
work trips. 

The most serious problem with these data is that 
they indicate work locations for all persons, not 
just transit users. For example, transit, with its 
fixed routes generally radiating into and out from 
the central business district (CBD), does not serve 
short-distance neighborhood or crosstown trips 
well. In fact, transit is most competitive with 
automobile for trips to the CBD, which it serves 
directly. Therefore, the work locations and hence 
trip lengths of MARTA riders may be quite different 
from those suggested by aggregate census data. 
Furthermore, the data do not indicate whether intra
county trips are truly shorter than intercounty 
trips. Consequently, without additional informa
tion, little can be stated conclusively regarding 
distance-based fares. 

CONCLUSION 

Table 1 summarizes the quantitative analyses of the 
fare alternatives presented in this report. The 
table provides some important findings and a clear 
recommendation for direct user subsidies. 

User subsidies have the highest target efficiency 
of any alternative analyzed. By limiting misuse 
through an identification program, close to 100 
percent of subsidy aid would be funneled to low
income riders. Coverage of the poor would also be 
very high with user subsidies. With such a program, 
all low-income people eligible for transit aid could 
obtain it regardless of their travel patterns or 
residential location. 

A disadvantage of user subsidies is that they can 
entail high administrative costs. Certifying and 
identifying the eligible and providing a subsidy 
mechanism (tickets or tokens) can be expensive. The 
subsidy program described here, however, would 
minimize these costs through extensive use of an 
existing social service, the Food Stamp Program. 
More importantly (as is shown in Table 1), due to 
their target efficiency and strong coverage poten
tial, direct user subsidies would provide the high
est degree of relief for the lowest revenue loss. 
Only one other fare alternative--reduced fares on 
routes serving at least 70 percent low-income 
r iders--would have a similar or lower monthly 
subsidy cost. This option, however, would offer 
little relief for low-income riders. 

Because of low target efficiency and/or inade
quate coverage of the poor, the four other fare 
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alternatives analyzed are inferior mechanisms for 
aiding low-income riders when compared with direct 
user subsidies. Quality-based fares would reduce 
the average fare paid by low-income riders but, 
because of poor target efficiency, would result in 
unacceptable fare increases on the rail system. 
Reduced fares on designated routes would either 
provide little relief or result in large fare in
creases for unsubsidized riders. Peak/off-peak fare 
differentials would offer both inadequate target 
efficiency and coverage and would actually result in 
higher average fares for the poor. Little informa
tion on distance-based fares is available, but their 
poor target efficiency and high administrative costs 
indicate that they would represent a very expensive 
mechanism for offering a minimum amount of aid to 
the poor. 

These findings suggest that pricing options that 
may increase pricing efficiency by relating fares to 
cost, such as peak/off-peak fare differentials, 
quality-based fares, and distance-based fares, may 
not aid low-income riders. In fact, this analysis 
indicates that such pricing strategies may actually 
increase the average fare of poor transit patrons. 
Thus, we must assess the equity implications of 
pricing changes that offer greater efficiency by 
relating fares to cost on a city-by-city basis. 

In conclusion, this analysis of five fare alter
natives designed to reduce the impact of the MARTA 
fare increase on low-income riders clearly identi
fies direct user subsidies as the best method of 
offering relief. Direct user subsidies would be 
target efficient, provide good coverage of the poor, 
require only 10-20 percent fare increases for 
unsubsidized riders, and reduce the average fare for 
low-income riders. The high administrative costs of 
a direct subsidy program can be more than offset by 
these advantages. 
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Socioeconomic and Travel-Behavior Characteristics 

of Transit Pass Users 

THOMAS E. PARODY 

A large number of transit systems have begun selling monthly transit passes dur
ing the last decade without the benefit of data on who buys transit passes, what 
effect buying .a pass has on transit travel behavior, and how many bus trips per 
month are taken with a pass. This paper doctJmonts these charactoristics of 
transit pass purchasers by using a large-scale data base collected after the in
troduction of a monthly transit pass in Atlanta, Georgia. The quantitative in
formation presented can provide useful input to transit officials who are plan
ning to start a transit pass program or who may want to evaluate and possibly 
modify an existing one. In general, the findings show that pass purchasers tend 
to reflect the characteristics of frequent transit users. Thus, those purchasing 
passes include relatively more women and minorities and those with lower in
comes and fewer automobiles available. There exists, however, a large number 
of frequent transit users who have not bought a monthly transit pass. On av
erage, the monthly transit pass was used to make about 52 one-way transit 
trips per month compared with the breakeven-price level of 40 one-way trips. 
Thus, significant savings can be realized by using passes compared with paying 
cash fares. Although two-thirds of the bus trips\are made for commutation 
purposes, about two-thirds of the new trips taken_ after buying a pass were for 
nonwork purposes. Basically. this was because pass buyers were already fre
quent users of the system for traveling to and from work. 

The changes in travel behavior that occurred after a 
monthly transit pass was introduced in Atlanta are 
evaluated and the socioeconomic characteristics of 
the pass users (prior to the start of the rail 
transit system) are described. Given the contrast
ing actions taken in different areas with respect to 
selling transit passes, information on who buys 
passes and why along with how frequently passes are 
used and for what purposes can be used as a yard
stick by transit officials who may be planning to 
start a pass program or who are considering modify
ing an existing one. 

The number of transit agencies selling monthly 
transit passes has grown significantly since the 
early 1970s. A survey of 241 transit agencies 
across the United States conducted in February 1981 
by the American Public Transit Association (APTA) 
revealed that slightly more than 50 percent of the 
properties contacted sell a monthly transit pass 
(1.,1). This is in sharp contrast to the very few 
properties that were selling passes in 1970 or the 
36 major transit systems that had monthly passes 
available in 1975 (]). 

This growing trend in the number of transit 
agencies selling passes has occurred in spite of 
recent actions in a few cities to suspend the sale 
of unlimited-use passes. For example, the Regional 
Transit Service of Rochester, New York, suspended 
(and eventually discontinued) the sale of its $6.00 
weekly pass in September 1980 because the rapid 
growth in the number of these passes sold was lead
ing to an overall decline in revenue. The monthly 
unlimited-use $24.00 pass continued to be sold, 
however (_1) • 

On May 26, 1981, a judge of the Pennsylvania 
Common Pleas Court ordered the Port Authority of 
Allegheny County to eliminate all weekly, monthly, 
school, and annual pass discount programs (~). This 
action was allegedly taken in order to reduce 
revenue "losses" that result from selling reduced
price passes, thereby keeping to a minimum the 
then-proposed increase in regular cash fares. How
ever, an injunction was obtained staying this 
order. Subsequently, a higher court ruled that the 
case be reconsidered and the matter is still before 
the courts. 

Notwithstanding these actions, other areas con
tinue to introduce new transit pass programs (es
pecially those marketed through employers) or have 
even reduced the breakeven price of their monthly 
passes, as shown by Parody in a paper in this 
Record. For example, in Atlanta, the Metropolitan 
Atlanta Rapid Transit Authority (MARTA) reduced the 
breakeven price of its monthly TransCard from 20 to 
17 round trips in July 1980, while in Boston, the 
Massachusetts Bay Transportation Authority (MBTA) 
reduced the breakeven level of its three most ex
pensive monthly passes from 18 to 16 round trips in 
October 1981. 

MARTA TRANSIT PASS PROGRAM 

On March 1, 1979, MARTA introduced a monthly pass 
called TransCard that was valid for unlimited rides 
during a given month by a single individual (i.e., 
the pass is not transferable). The pass program was 
introduced at the same time that the regular transit 
fare was increased from $0.15 to $0.25. One of the 
objectives of the pass program was to help lessen 
the impact of the 67 percent fare increase on fre
quent users of the system as well as to act as a 
fare and transit integration instrument for intra
modal (i.e., bus to bus) and later intermodal (i.e., 
bus to rail) transit transfer users (il. 

The TransCard was priced at $10.00, reflecting a 
breakeven use rate of 20 round trips per month. 
(Subsequent to this evaluation the pass pr ice was 
increased to $17.00 in July 1980 when transit fares 
were increased from $0.25 to $0.50 and again to 
$21. 00 in July 1981 when fares were increased to 
$0.60.) As further background information, it is 
important to note that MARTA has a single, flat fare 
(except for limited-service areas outside of DeKalb 
and Fulton Counties) and operates with a universal 
system of free transfers. Thus, unlike other tran
sit systems that have reduced-fare or no transfer 
privileges, individuals who must transfer on the 
MARTA system do not save money on the cost of trans
ferring by buying a TransCard. Convenience of 
transferring is increased, however, since a pass
holder does not have to obtain a transfer slip from 
the bus driver. In this sense, the pass acts as an 
integrated fare collection instrument. 

The majority of TransCards are sold at MARTA' s 
Ridestore, which is located in the central business 
district. Passes are also available to the general 
public at about 20 other participating outlets and 
through the mail. At the time of the data collec
tion and analysis reported in this paper, very few 
passes were sold through employers. 

The locations at which transit passes are sold 
can have an important influence on the type of in
dividuals buying a pass and thus on how often the 
pass is used. In this instance, virtually the 
entire transit-riding community--and in particular, 
those who are transit dependent--had access to a 
pass outlet. This is not always true, however. For 
example, transit passes that are sold only through 
employers (1) usually cannot be purchased by stu
dents or by lower-income transit dependents who work 
alone or for small firms (e.g., domestics and ser-
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vice personnel) • While these other programs mini
mize potential losses in revenue to the system, 
since frequent transit users may not be able to buy 
the pass, issues such as equity should be a con
sideration in their development. 

DATA-COLLECTION PROCEDURES 

To undertake this analysis, data on the character
istics of cash-paying and TransCard users were 
obtained through the use of a personally adminis
tered on-board bus survey. This approach avoids the 
problem of relatively low response rates associated 
with self-administered postcard surveys and the 
uncertainty associated with biased or disproportion
ate response rates from either pass or cash users or 
along any other market segment dimension (e.g., 
income). The questionnaire and accompanying evalu
ation plan were developed by Charles River Associ
ates with input provided by the Transportation 
Systems Center (TSC) and MARTA (!>• The survey was 
administered by MARTA personnel on a representative 
sample of bus routes equally divided by corridor of 
the city and over six time periods: morning peak, 
midday, afternoon peak, evening, and all day Satur
day and Sunday. 

The determination of the number of bus routes to 
be surveyed was based on the number of surveys that 
can be completed over a given time period and the 
total sample size required. The total sample size 
is a function of the accuracy desired and the even
tual use of the data. To evaluate small changes in 
behavior by fare payment type (Le, , pass and cash 
users) and by different socioeconomic categories, a 
relatively large sample size was required. To 
achieve these objectives, a minimum total sample 
size of 4000 usable surveys consisting of 2000 
TransCard and 2000 cash-fare users was determined 
(.!!_). 

The survey was conducted and supervised by MARTA 
staff over the period May 10 to May 31, 1979. 
Interviewers were instructed to administer the 
survey to every fifth boarder but to alternate be
tween cash and TransCard users. Thus, the survey 
was stratified by fare payment type but was random 
for those within a fare category. By using these 
procedures, a usable sample of about 2400 cash and 
transfer boarders and about 2200 Transcard boarders 
was obtained. 

Because it is desired to examine the characteris
tics of pass-purchasing and non-pass-purchasing in
dividuals rather than those of transit boarders, it 
is necessary to weight the sample by the inverse of 
a respondent's transit-trip frequency. This is a 
procedure that is often neglected. By not carrying 
out this weighting procedure, the information ob
tained is biased toward the characteristics of 
frequent transit boarders rather than representing 
the characteristics of transit-riding individuals. 
This is true for any characteristic that is corre
lated with transit-trip frequency. 

As an example of the bias introduced by not using 
this weighting procedure, mean transit-trip fre
quency without weighting for TransCard and cash 
boarders was determined to be 14. 9 and 11. 6 trips 
per week, respectively. However, after weighting, 
the mean transit-trip frequencies were reduced to 
13.3 and 8,8, respectively. Note that the largest 
change was for those who paid cash since this group 
has a relatively wider and more skewed variation in 
transit-trip frequency (i.e., from 1 to 30 trips per 
week) compared with that of TransCard purchasers 
(i.e., from 10 to 30 trips per week). 

SOCIOECONOMIC CHARACTERISTICS OF USERS OF 
TRANSCARD AND CASH 

Various socioeconomic characteristics of those who 
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paid fares by cash or by using a TransCard are 
presented in the top half of Table 1. (Cash users 
include those who boarded and paid a cash fare as 
well as those who boarded with a transfer slip ob
tained by paying a cash fare on a previous bus.) The 
table lists the mean, standard deviation, sample 
size, and t-statistic that can be used to test the 
hypothesis that there is no difference between the 
means (i.e., Ho: U1 - U2 = 0). 

The second column in Table 1 indicates whether 
the null hypothesis is accepted or rejected at a 95 
percent level of confidence. As is readily ap
parent, the null hypothesis was rejected in almost 
all instances, implying that a statistical dif
ference does exist between the characteristics of 
those who use TransCard and those who pay cash. In 
some instances, however, the difference is rela
tively small and yet is significant; this is due to 
the appropriate but relatively large sample size. 

The numerical findings of Table 1 are presented 
as concise summary statements below. In broad 
terms, the results indicate that those socioeconomic 
characteristics traditionally associated with fre
quent transit users are also associated with Trans
Card purchasers. 

1. Age: no difference between those who paid 
cash and those who used TransCard; 

2. Income: TransCard users have lower incomes 
than cash users; 

3. Automobile availability: TransCard users 
are less likely to have an automobile available; 

4. Sex: women are slightly more likely to be 
TransCard purchasers than are men; 

5. Race: minorities are slightly more likely 
to be TransCard users; 

6. Transfers: TransCard users make more trans
fers than cash users; 

7. Bus work trips: those who use TransCard 
make about three more (one-way) bus work trips per 
week than those who pay cash; 

8. Bus nonwork trips: TransCard users make 
about 1.3 more (one-way) bus nonwork trips per week 
than cash users; 

9, Additional bus work trips: TransCard users 
made an average of 0.6 additional work bus trips per 
week, while cash users made no additional bus work 
trips; and 

10. Additional bus nonwork trips: Transcard 
users made an average of 1.1 additional nonwork bus 
trips per week, while cash users made no additional 
trips. 

Figure 1 presents a frequency distribution show
ing the percentage of those who paid cash and those 
who used TransCard in each income category. The 
distribution reveals that although those with the 
lowest incomes are only slightly more likely to 
purchase a TransCard, those with higher incomes are 
much less likely to buy a TransCard. On a relative 
basis, the highest percentage of TransCard purchases 
comes from those in the income group $5000-$10 000, 
which could be referred to as "the working poor." 
However, if other factors such as transit trip fre
quency are controlled for, income is not a signifi
cant variable in terms of describing a pass pur
chaser (.2) • 

Because of the disproportionate sampling approach 
that was used, care must be taken in interpreting 
Figure 1. That is, although the survey sample con
tains roughly 50 percent cash boarders and SO per
cent TransCard boarders, the population share of 
boarders is estimated at 83.1 percent cash and only 
16.9 percent TransCard. (This estimate was deter
mined by performing an independent count of fare 
payment type by boarders on a random sample of 385 
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Table 1. Socioeconomic and travel· 
Paid Cash Used TransCard 

behavior characteristics of those who 
paid cash and those who used 

Null 
Characteristic Mean SD Mean SD t-Stati stic3 Hypothesis 

TransCard. 
Age (years) (N = 2372, 2132)b 34.30 15.55 34.33 14.01 -0.07 Accept 
Income ($) (N = 1980, 1820) 12 007 8425 10 521 7284 5.8 Reject 
Automobile available (N = 2431, 2191) 0.48 0.50 0.34 0.47 9.8 Reject 

Sex(%) 
Male (N = 1015, 860) 41.6 39.2 1.7 Borderline 
Female (N = 1423, 1337) 58.4 60.8 ,t.7 Borderline 

Race(%) 
Minority (N = 1717, 1645) 70.4 74.9 3.4 Rej ect 
Nonrn inority (N = 721 , 552) 29.6 25.1 3.4 Rej ect 

Total no. transfers (N = 2441 , 2200) 0.740 0.782 0.897 0.816 -6.7 Reject 

Bus trips per week 
Total (N = 1892, 2034) 8.86 5.59 13.26 4.69 -26.6 Reject 
Work (one-way) (N = 2134, 2122) 5.85 4 .50 8.77 3.60 -23.4 Reject 
Nonwork (N = 2131, 2068) 3.22 3.67 4.46 4.66 -9 .6 Reject 
Additional work (one-way) -0 .005 1.04 0.58 1.81 -12.9 Reject 

(N = 2134, 2122) 
Additional other (one-way) -0.013 1.18 1.06 2.54 -17 .0 Reject 

(N = 2 131, 2068) 
Total additional (one-way) -0.01 1.80 1.63 3.40 -19 .1 Reject 

(N = I 892 , 2034) 
Prior work (N = 2134, 2122) 5.85 4.52 8 .19 3 .79 -18.3 Reject 
Prior other (N = 2131, 2068) 3.23 3.73 3.41 4. 18 -1.47 Acce pt 
Total prior (N = 1892, 2034 8.87 5.64 11.63 4.67 -16.6 Reject 

Note: Data from MARTA on-board bus survey (May 1979), calcuJations by Charles River Associates . 

~Between groups. 
Th e first sample size is for the group that paid cash; th e second is for the TransCard group. 

PERCENT Figure 1. Income characteristics of 
those who paid cash and those who 
used TransCard. 

40 --~~~~~~~~~~~~~~~~~~~~~~~~~~--, 

30 

20 

10 

<$5,000 

Ocash 

E:ZJ TransCard 

$5-
9,999 

bus vehicle trips.) Therefore, it would be incor
rect to infer from Figure 1 that there are more 
TransCard users than cash users (on an absolute 
basis) in the income range of $5000-$9999. Rather, 
the results presented are such that the sum of the 
five cash columns equals 100 percent as does the sum 
of the five TransCard columns. 

Examining the age characteristics of those who 
pay fares by using cash or a TransCard reveals that 
relatively few TransCards are purchased by those who 
are either less than 16 or older than 65. Gen
erally, we would expect these groups to contain 
fewer full-time workers. On a relative basis, 
passes are most popular with those in the groups 
aged 40-59. As one might expect, the data indicate 
that those without an automobile available are much 
more likely to buy a TransCard. 

$10-
14,999 

$15-
24,999 

~ $25,000 

INCOME GROUP 

TRAVEL-BEHAVIOR CHARACTERISTICS FOR 
TRANSCARD AND CASH USERS 

The travel-behavior questions of most interest con
sist of the number of transit trips made by cash 
users and TransCard users both before and after the 
introduction of the pass and the extent to which 
monthly transit pass purchasers increased the number 
of trips taken by transit. To this end, Table 1 
lists the mean number of work and nonwork bus trips 
taken per week by cash users and TransCard users. 
For TransCard users, Table 1 also provides the mean 
number of additional or new one-way work and nonwork 
bus trips taken per week since the pass was pur
chased. For cash users, the change in the mean 
number of one-way work and nonwork bus trips per 
week since the time before the fare increase is also 
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listed, With this information it is possible to 
compute the number of work and nonwork bus trips per 
week that were made prior to the systemwide fare 
increase and introduction of TransCard that occurred 
on March 1, 1979. 

As summarized in the statements presented above, 
those who purchased a TransCard increased their use 
of transit by 1.1 trips per week, whereas those who 
paid cash did not change their transit trip fre
quency. About two-thirds of the increased number of 
trips by TransCard users were made for nonwork trip 
purposes. This may be explained by the fact that 
since TransCard purchasers were already frequent 
users of transit for commuter work trips, they had 

PERCENT 
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less opportunity to make even more work transit 
trips once they bought a TransCard. However, with
out a similar upper limit on the number of nonwork 
trips that can be made, those who bought a pass 
increased in both absolute and relative terms the 
number of transit trips made for discretionary or 
nonwork purposes. 

Figure 2 shows that there is a strong relation
ship between the number of transit trips taken per 
week to or from work and whether an individual 
purchases a TransCard. Figure 3 shows a similar but 
less-pronounced relationship for nonwork bus trips 
per week. 

Figure 4 depicts the total number of transit 

Figure 2. Transit work-trip frequency characteristics of those who 
paid cash and those who used TransCard. 100 ....... ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Figure 3. Transit nonwork-trip frequency characteristics of those 
who paid cash and those who used TransCard. 
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trips made per week for those who paid cash and 
those who used TransCard. It is readily apparent 
from Figure 4 that TransCard use becomes significant 
only when the number of transit trips taken per week 
equals or exceeds 10. (Note that 85 percent of 
those in the 6-10-tr ip/week group make exactly 10 
transit trips per week.) By comparing Figures 2 and 
3, it is obvious that a transit pass has its great
est appeal to regular work-trip commuters. 

In addition to showing that the vast majority of 
those who used TransCard make the same or more than 
the breakeven number (i.e., 10) of transit trips per 

PERCENT 
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week (mean equals 13.3 trips per week), it is also 
apparent from Figure 4 that a large number of them 
make many more than the breakeven number of trips 
per week (and presumably per month) but continue to 
pay cash fares. Although these individuals appear 
to be heavy users of the system, they are clearly 
not taking advantage of the TransCard to save money 
or to offset the impact of the fare increase. This 
same finding is illustrated in Figure 5, which pre
sents the percentage of transit users who purchased 
a pass according to the number of total transit 
trips taken per week before the pass went on sale. 

Figure 4. Total transit trip-frequency 
characteristics of those who paid cash and 
those who used TransCard. 

80 ..... ~~~~~~~~~~~~~~~~~~~~~~~~~~~---. 

Figure 5. Percentage of transit users who 
buy TransCard by prior number of transit 
trips per week. 
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Typically one would have expected, a priori, that 
pass penetration rates would increase as prior 
transit trip frequency increases. 

TransCard purchasers who are less than 40 years 
old were much more likely to increase, on an ab
solute basis, the number of work trips per week 
taken by transit compared with TransCard users who 
are 40 and older. For the age group less than 16 
years old, this is in part because these individuals 
tended to make fewer work trips per week compared 
with other age groups before purchasing a pass. 
Changes in work trip transit trip rates by TransCard 
purchasers were not found to be significantly dif
ferent by income categories. 

There was no difference between white women and 
black women in the mean number of additional trips 
made and only a very small, insignificant difference 
between white men and black men (t-test = -0.385). 
Thus, race is not a significant factor in the change 
in work transit trip rate for those who used Trans
Card. 

With respect to sex, the results are mixed. The 
difference in the mean number of additional work 
transit trips between white women and white men who 
used TransCard is not significant (t = -1.23), while 
the difference in means is significant (t = 2.62) 
between black men and black women who used Trans
Card. Although the absolute difference is slightly 
larger between black men and women, the statistical 
significance is due primarily to the larger number 
of blacks in the sample. For those who paid cash, 
only white women exhibited a net decrease in the 
number of work bus trips per week. The three other 
groups all increased by about similar amounts the 
number of new bus work trips taken per week. 

Those who purchased a TransCard and who had an 
automobile available made more new transit trips per 
week for work than those who did not have an auto
mobile available (t = 2.0). Basically, those who 
used TransCard without an automobile available 
tended to take transit more often to begin with and 
consequently were less likely to make more work 
trips by transit even given an opportunity to do so 
(i.e., by buying a pass). However, as TransCard 
users without an automobile available were not sim
ilarly constrained when it came to nonwork bus 
trips, they made more additional trips per week for 
nonwork purposes compared with those who did have an 
automobile available. 

WHY PURCHASE TRANSCARD 

A number of studies have indicated that individuals 
purchase a monthly transit pass either for conveni
ence or to save money (],..!.Q.). More than likely, the 
combination of both factors is important and the 
relative importance between the two factors is prob
ably a function of the number of transit trips an 
individual typically makes and the breakeven price 
of the pass. However, the data indicate that rel
atively few individuals purchase a pass and make 
fewer than the breakeven number of trips strictly 
for the convenience of using a pass. 

The first and second reasons that were given by 
those who used TransCard for purchasing a pass are 
listed below: 

Reason 
Save money 
Convenience, no 

need for cash 
Allows stopovers 
Easier, faster to 

board bus 
Pay once a month 

First Reaso n 
(% r esponding ) 
56. 2 
28.4 

4.8 
4.5 

2. 3 

Second Reason 
(% r espond i ng) 
16.9 
43.8 

4.7 
9.8 

7.5 
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Reason 
Easier to transfer 
Other 
Offset fare 

increase 

First Reason 
(% responding) 
1.9 
1. 7 
0.2 

Second Reas on 
(% re spond i ng l 
9.8 
2.1 
2 . 5 

The most frequent response given was to save money 
(i.e., compared with the alternative of paying sep
arate cash fares). This is a logical reason, since, 
as determined from Figure 4, about 70 percent of 
those who have a TransCard make more than the break
even number of bus trips per week. (About 95 per
cent of the TransCard users report making the same 
or more than the breakeven number of bus trips per 
week.) 

Although the singular response "convenience, no 
need for cash" was stated by 28. 4 percent of the 
respondents, many of the remaining reasons could be 
encompassed under a broad definition of convenience 
(i.e., easier to board bus, pay once a month, easier 
to transfer). Thus, convenience is certainly a 
popular (second) reason for buying a pass. 

Purchasing a pass to offset the impact of the 
fare increase was given as a reason by very few of 
the respondents. Although this reason might be 
considered a subset of saving money, it apparently 
has little salience in its own right. 

For those with an annual household income less 
than $15 000, the responses given are fairly uni
form, to save money being the predominant reason, 
followed by convenience, However, as income in
creases, convenience becomes a more frequent re
sponse and correspondingly, saving money declines in 
importance. In fact, of all the socioeconomic vari
ables examined, the only instance in which conveni
ence was given as the most frequent response for 
buying a TransCard was for those with household 
incomes in excess of $25 000. 

WHY NOT PURCHASE TRANSCARD 

Just as it is useful from a marketing perspective to 
understand why individuals purchase a pass, it is 
also useful to examine why cash users do not pur
chase a pass. The reasons that cash users gave for 
not purchasing a TransCard are listed below: 

Reason 
Do not ride MARTA enough 
No opinion 
Other 
High initial cost 
Have not taken time 
Outlets are not convenient 
Do not know where to buy it 
Would lose it 

Percent Responding 
61.64 
12.13 

7 .06 
7.05 
4.00 
3.36 
2.53 
2.24 

More than 60 percent of those who pay cash responded 
that they do not ride MARTA enough. This is by far 
the predominant response; "no opinion" and "other" 
rank second and third. The distribution of re
sponses by income categories reveals a modest posi
tive relationship between income and the response 
"Do not ride MARTA enough." Conversely, high ini
tial cost is a relatively more frequent response for 
those with low incomes and declines in importance as 
income increases. This may be one reason why some 
who are very frequent transit users continue to pay 
cash fares, The barrier of high initial cost is 
borne out by MARTA's observation that a fair number 
of passes are purchased well into the middle of the 
sale month, presumably because only at that time has 
the individual accumulated the up-front funds for 
the price of the pass. If the purchaser is a fre
quent transit user, he or she will still save money, 
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even though the pass will not be used for the entire 
month (9). [As a further means of lessening the 
impact of a fare increase on low-income transit 
users, MARTA introduced a weekly pass in July 1980 
when fares doubled from $0.25 to $0.50 (11). Other 
methods of mitigating the impacts of a fare increase 
on the poor were evaluated in a separate study by 
Charles River Associates (Jd). J 

CONCLUSIONS 

This paper has examined the socioeconomic and 
travel-behavior characteristics of both pass-buying 
and non-pass-buying transit users. While the find
ings indicate that those who purchase a monthly 
transit pass come from all socioeconomic groups, 
they also show that passes tend to be purchased more 
often by those who have characteristics typically 
associated with frequent transit users. Conse
quently, pass purchasers include relatively more 
women and minorities and those with lower incomes 
and fewer automobiles available. 

Pass purchasers are very astute in determining 
the costs and benefits of buying a pass. Of those 
who bought a pass, 95 percent made the same or more 
than the required number of trips to break even. 
The average number of trips taken per month by pass 
users was about 52 compared with the breakeven-price 
level of 40 one-way bus trips. Thus, few individ
uals buy a pass and pay more to travel than if they 
had used cash fares. Two-thirds of the trips taken 
with the pass were made for commuting to and from 
work. 

Somewhat ironically, those who were very frequent 
users of the transit system before the pass was 
introduced made fewer new trips by transit compared 
with the marginal transit users who also purchased a 
pass. Equally surpr1s1ng was the fact that pass 
penetration rates increased very little as transit
trip frequency increased beyond the breakeven 
point. Some evidence exists to indicate that the 
lump-sum, up-front cost of the pass prohibits cer
tain low-income transit riders from buying it. 

On average, those purchasing a pass increased the 
number of bus trips taken per week for work by 0.6 
and by 1.1 for nonwork trip purposes. If the con
current increase in the price of gasoline is fac
tored out, transit triprnaking by non-pass-buying 
individuals declined by about 2. 5 percent following 
the 10-cent fare increase. 

Consistent with the findings above on how often a 
transit pass is used each month, the majority said 
that they purchased a pass to save money. Given 
that 30 percent of the pass purchasers make the same 
or less than the breakeven number of transit trips 
per week (and thus do not save money compared to 
paying cash fares), convenience was the second most 
frequent response given for purchasing a pass. Only 
those with incomes exceeding $25 000 cited conveni
ence factors more often than saving money as reasons 
they purchased a monthly transit pass. These latter 
results can be useful in devising promotional ma
terial a irned at different market segments. Other 
information presented in the paper can be used as a 
yardstick by transit agencies who may be reevaluat
ing their own pass programs or considering imple
menting one. 
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Economics of Transit Fare Prepayment: Passes 

ARMANDO M. LAGO AND PATRICK D. MAYWORM 

Transit fare prepayment has become widely used by transit operators in an at
tempt to increase ridership and reduce costs. However, most fare prepayment 
plans, especially pass plans, are improperly priced, resulting in unnecessary 
revenue losses. The current knowledge on the economics of fare prepayment 
is reviewed and summarized. Specifically, start-up and operating costs are pre
sented, as well as the potential returns from dwell-time reductions, savings in 
coin-handling costs, interest accruals on cash flow, peak to off-peak trip diver
sions, generated travel, and price discrimination. In addition, the price elastici
ties of demand for fare prepayment are summarized, a simple model for predict
ing market penetration rates is presented, and the economics of pass pricing is 
discussed. Criteria for pass-pricing plans are also presented. It is emphasized 
that when properly designed and priced, transit fare prepayment can improve a 
system's performance and operating ratio. 

Few transit operators with fare prepayment plans can 
give explicit reasons why their plans were estab
lished. Among the principal reasons <.!.l given for 
implementing fare prepayment plans are (a) to in
crease ridership by making transit service more 
convenient; (b) to increase revenues, an objective 
not easily accomplished given the high diversion 
rates from cash patrons; (c) to reduce operating 
costs by lowering cash-handling costs, reducing 
theft, and reducing dwell-time costs; (d) to help 
meet the Section 5(m) requirements of the Urban Mass 
Transportation Act of 1964 with regard to off-peak 
reduced fares for the elderly and the handicapped; 
(e) to improve the image of the transit company; and 
(f) a variety of miscellaneous reasons such as pro
viding promotional offers to new residents. 

The economic aspects of designing and implement
ing fare prepayment plans are analyzed with special 
reference to passes. The focus of this paper is on 
passes because pass-pr icing strategies are the most 
misunderstood aspect, with the consequence that most 
operators are facing serious revenue losses through 
improper pricing. 

COSTS AND BENEFITS OF FARE PREPAYMENT PLANS 

The evidence presented below shows that fare prepay
ment plans are cost-effective in the sense of pro
viding benefits in excess of costs if cash revenue 
losses from improper pricing can be avoided. The 
costs and benefits of a hypothetical monthly pass 
summarized below show potential benefit-cost ratios 
of 1.17-1.57 for typical medium-sized programs with 
large start-up costs. Note, however, that the po
tential benefits are three to five times larger than 
the recurrent costs. 

costs and Benefits 
Costs 

Start-up 
Recurrent operating 
Total 

Potential benefits 
Dwell-time cost savings 
Coin-handling cost savings 
Interest accruals on cash flow 

(10 percent borrowing rate) 
Total 

0.439 
0.233 
0.672 

0.270 
0.450-0.720 
0.064 

0. 784-1.054 

Needless to say, fare prepayment plans are effective 
only if improper pricing decisions are avoided. 
Some evidence on the costs and benefits of fare 
prepayment plans is presented next. 

Costs 

The cost figures presented above correspond to those 

of the Ottawa-Carleton Transpo (OC Transpo) monthly 
pass program (1), Our analysis of the costs of fare 
prepayment programs reported elsewhere <I> shows the 
recurrent operating costs to be as low as $0.14 per 
instrument sold in the smaller systems to $0. 94 in 
some of the larger, more expensive systems. It is 
our contention that most transit operators can 
attain unit costs of between $0.15 and $0.20 if 
efficient administrative distribution methods are 
employed. 

Benefits from Dwell-Time Savinqs 

Boarding times are significantly reduced as the 
proportion of prepaid fares increases. Boarding 
times in the OC Transpo system diminished as much as 
25 percent as a consequence of the monthly pass 
program. The benefit figures given above are based 
on Wilbur Smith and Associates (4) estimates of 
savings of 2 s in boarding times - between passes, 
permits, and tickets versus conventional cash fares 
and a smaller saving of 0.5 s for tokens. The 
benefits shown correspond to reduced demand for 
driver hours if bus schedules are revised accord
ingly. Driver hourly wages and fringe benefits were 
estimated as $11.37 with potential boarding-time 
savings estimated as $0. 006 per passenger boarding. 
Forty-five boardings per month were assumed for the 
monthly pass example given above. 

Benefits from Saving s in Coin-Handling Costs 

Fare prepayment can reduce coin-handling costs, 
particularly the costs of sorting and counting coins 
and dollar bills, repairing fareboxes, and reducing 
theft. According to several studies (1 ,~), these 
savings vary from $0.010 to $0.016 per prepaid pas
senger trip and are reflected in the data given 
above. 

Benefits from Interest on Advanced Cash Flow 

One feature of prepaid plans is that fares are 
collected in advance of services being delivered. 
This positive cash flow from prepayment reduces the 
financial requirements of the transit agency, re
quirements met by a combination of funds from munic
ipal taxes and debt obligations. Assuming a uniform 
daily trip rate per prepaid user and purchase of 
prepayment instruments the day before their use, the 
interest cash accrual may be estimated as follows: 

I= (1/2) x (prepayment plan price) x [(days covered in plan) - I.OJ 

X (i/365) (I) 

where i/365 corresponds to the daily interest rate. 
The estimated benefits shown above assume 10 percent 
borrowing rates. 

EVIDENCE ON RIDERSHIP AND REVENUE IMPACTS 

As stated earlier, the attractiveness of fare pre
payment plans depends to a great extent on their 
ability to stem cash revenue losses due to diversion 
of cash riders to discounted prepayment plans. This 
section analyzes the evidence on ridership impacts. 

tack of Significant Generation of New Ritjers 

Most of the discussion on ridership impacts fails to 
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Table 1. Average monthly trip rates for pass holders in selected cities. 

Avg Monthly 
Trip Rate 

Qty Pass Type (linked trips) 

Milwaukee Weekly 62.4 
Chicago 

Chicago Transit Authority Monthly 59.5 
Commuter raila Monthly 39.0 

Honolulu b Monthly 56.5 
Ottawa-Carletonc Monthly 55.8 
St. Louisd Monthly 53.6 
San Francisco Monthly 51.2 
Sacramento (employee) Monthly 46.4 
Oakland 

Alameda-Contra Costa Transit Monthly 45.2 
Au thority (AC) local 

AC Transbay Monthl y 44.0 
Duluth (employee) Monthly 46.9 
Tucson 

Adult Monthly 41.6 
College student Semester/monthly 43.5 
High school student Monthly 37.0 
Elderly and handicapped Monthly 52.9 

reduced fa re 

Note: Data o n the remaining sites were obtained through conversations with agencies 
in each city and from unpublished documents. 

~D. Jhovcrl (7 ). 
A. Fuji111, , J1 11 mpyasu, P. Ho. and J. Magapdi (8). 

~Burt:1JH1 n f Ml'lnngcinurnt Coni uhing (2 , p. 29). -
W.C- Oll n,on ond (.;o. (ll, p. II) . 

distinguish between new riders and new transit trips 
by previous transit riders. The generation of new 
transit riders is rare and hardly ever does it 
exceed 5 percent of the previous adult cash riders. 
However, in contrast to the lack of generation of 
new riders, fare prepayment does significantly in
crease the number of off-peak transit trips taken by 
previous cash riders. For example, in the OC 
Transpo experience (_~), only 2 percent of the trips 
by pass purchasers were trips diverted from other 
modes and another 2 percent were trips generated by 
new riders. on the other hand, although peak-period 
travel by pass purchasers was unaffected, off-peak 
travel of previous cash riders increased 24 per
cent. Thus the main effect of fare prepayment is to 
divert cash riders. 

High Trip Rates of Pass Purchasers 

A major problem in designing proper pricing policies 
for time-limited fare prepayment plans such as 
passes is presented by the high trip rates experi
enced by pass riders in American cities. In small 
transit systems such as those operating in Duluth, 
Tucson, and Sacramento, the average monthly trip 
rate of pass holders ranges from 42 to 46. In 
larger systems operating in such cities as San Fran
cisco, St. Louis, Honolulu, and Ottawa-Carleton, the 
average monthly trip rates of pass purchasers ranges 
from 51 to 56. Thus, in larger systems in which the 
opportunities for off-peak and weekend transit 
travel are the greatest, the average monthly trip 
rates are more than 50. In Milwaukee and Chicago, 
the average number of unlinked monthly trips is 91 
and 107, corresponding to linked monthly trip rates 
of 59 and 62, respectively. This means that current 
practices of offering large discounts to monthly 
pass riders by pricing passes at under 40 trips per 
month are self-defeating since they will not encour
age a significant amount of new riders and will lead 
to a diversion of cash riders and therefore to sig
nificant revenue losses. A compilation of the trip 
rates of pass holders in selected American cities is 
presented in Table 1. 
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Demand Elasticities of Prepaid Pares 

The knowledge of fare elasticities of demand for 
transit fare prepayment is limited. The scant 
information available shows that pass riders are 
more inelastic than cash fare or ticket riders, 
reflecting the fact that pass users are frequent 
riders who, like commuters, exhibit low fare elas
ticities. Examples of pass elasticities that have 
been estimated include values of -0. 36 for Jackson
ville (9) and -0.18 to -0.38 for the Sacramento 
employer-:promoted monthly pass program (10). Al
though these elasticity estimates are reasonable, 
the econometric demand work conducted on pass pro
grams has failed to analyze passes as rate struc
tures. The result of this improper reflection of 
the econometrics of rate structures is to confuse 
the price and income effects of passes on demand. 

As an aid in the design of fare prepayment 
demonstrations, we developed a simple sketch
planning model, presented below. The sketch
planning model is based on information from 62 
independent fare prepayment programs. The model was 
estimated by using regression analysis and predicts 
the market penetration of a given fare prepayment 
plan as a function of its effective discount over 
cash fare, its length or period of validity, and the 
number of competing plans. Two versions of the 
sketch model are available and are shown below: 

PEN RATE = 23.6229 + 0.4323 (DISC) - 0.2509 (TRIPS) 
(0.1437) (0 .1172) 

-2.8006 (COMP)+ 0.3341 [(TRIPS)(DISC)/100] 
(1.3238) (0.1388) 

R2 = 0.5899 (2a) 

PEN RATE= 22.6930 + 0.5169 (DISC)- 0.2217 (TRIPS) 
(0.1363) (0.1204) 

+ 0.000 52 (TRIPS)2 - 2.8572 (COMP) R2 = 0.5805 (2b) 
(0.000 25) ( 1.3390) 

where the figures in parentheses are the standard 
errors of the respective regression coefficients and 

PEN RATE= market penetration rate expressed in 
percentage terms (e.g., 20 percent 
penetration), which denotes the per
centage of prepayment plan riders to 
total transit riders; 

DISC percent discount over base fare (e.g., 
5 percent discount); in case of im
plicit discount plan (e.g., monthly or 
semester pass), the discount rate is 
computed based on the average trip 
rate noted below; 

TRIPS quantity of trips associated with 
plan; time-limited pass plans have 
been interpreted as follows for the 
purpose of quantifying this important 
variable: semester pass= 140 trips, 
monthly pass= 40 trips, weekly 
pass= 10 trips, day pass= 2 trips; 
and 

COMP number of competing fare prepayment 
plans offered by the transit agency. 

These equations have successfully predicted the 
penetration rates in several transit agencies not in 
the original data base. However, they should not be 
used to test either extremely long-term plans (e.g., 
annual passes) or very large discounts (i.e., more 
than 50 percent). 

ECONOMIC PRINCIPLES IN DESIGN OF PASS PLANS 

Part of the reason why so many fare prepayment plans 
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fail to contribute significantly to revenues is 
their failure to incorporate economic principles of 
rate structure design. weekly and monthly passes, 
for example, are analogous to two-part tariffs with 
a fixed charge equivalent to the pass pr ice and a 
quantity or marginal charge of zero. This section 
concentrates on the design of pass plans, the most 
misunderstood of all plans. The pricing of tickets 
and punch cards is not different from that of 
regular cash fares and therefore is not discussed 
here. 

Price Discrimination Through Pass Programs 

In the context of transit pricing, price 
discrimination refers to the fact that an identical 
service may be priced differently to reflect 
differences in demand characteristics, such as trip 
rate, trip purpose, and income. This deviation from 
single-fare pricing requires two main conditions to 
be effective, namely, the preclusion of resale, 
since otherwise riders in the low-fare market could 
resell to those in the high-fare market, and the 
ability to divide transit riders by their 
elasticities of demand. Thus, there must be some 
easily identifiable method by which the transit 
agency can separate those riders that belong in the 
high-fare market. Of course, some monopolistic 
elements must also be present. 

The design of price-discriminating pass programs 
may be approached by applying the principles of rate 
structure design. The price structure of fare 
prepayment instruments can be considered similar to 
a two-part tariff where the consumer pays a certain 
fixed price (E) as entry into the system, after 
which as many rides as desired may be purchased at a 
constant per-unit price (n). The cost (p) of the 
prepayment instrument to the user may be represented 
by the following equation: 

p = E + rr( q) (3) 

where q is the number of transit rides. 
In the case of weekly and monthly passes, the 

above expression reverts to the following one: 

p = E, since ,r = 0 ( 4) 

whereas for tickets and punch cards the cost to the 
user becomes as follows: 

p = 11(q), since E = 0 (5) 

It is worth noticing the difference in demand 
impacts between E (the pass price) and 11 (the 
quantity or marginal charge). The demand effects of 
changes in E are analogous to the effects of 
lump-sum taxes and or income transfers. That is, 
the effect of changes in E is analogous to income 
effects. Thus, the demand elasticity of changes in 
the fixed charges of pass plans is similar to the 
income elasticity of demand. On the other hand, 
changes in n are analogous to the pr ice elasticity 
of demand. This distinction is important because 
most of the demand work on pass programs conducted 
to date has confused these two very distinct 
effects, which, as shown by Taylor (11), should be 
separated and properly identified in the 
demand-estimation procedure. 

Graphical Exposition 

The design principles of pass programs are discussed 
in a graphical exposition presented in Figure la and 
lb. The graphical exposition makes extensive use of 
the concept of consumer surplus. However, as shown 
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by Willig (12), no significant biases occur because 
of the use of consumer-surplus concepts at the low 
ratios (i.e., less than 2 percent) of pass expendi
tures to disposable personal incomes that character
ize pass programs. Let Figure la portray constant
utility demand curves for transit by two prototypes 
of transit riders: the demand o1 of a frequent 
rider and o 2 of an infrequent rider. If the pr ice 
per ride for a ticket, punch card, or even cash fare 
is set at 11 = Pl• then the frequent rider t11kes 
p1a1 rides (i.e., 34 trips), whereas the infre
quent rider takes Pl b1 rides (i.e. , 8 trips) • 
The frequent rider's consumer surplus is given by 
ap1a1 and bp1b1 is the consumer surplus of 
the infrequent rider. 

suppose a monthly pass program is introduced at a 
fixed charge of E = x. The effect of the fixed 
pr ice is to shift downward the demand curve of the 
frequent rider to D1' (this shift being analogous 
to the income effect of a lump-sum tax, assuming 
that transit is a normal good). If the frequent 
rider purchases the pass, a 1 ' rides will be con
sumed (i.e., 45 trips) since the quantity charge is 
n = O. That is, once the frequent rider buys the 
pass, transit use will be expanded until saturation 
is reached, given the opportunities for making use 
of transit, especially during off-peak hours. The 
maximum fixed charge that the transit agency can ask 
for the monthly pass and still get the frequent 
rider to purchase it is E < a1'oa 1 - a1p1a. 
Thus, the frequen t rider will purchase the pass if 
the willingness to pay for the 45 trips--denoted in 
function D1' by the area a1 'oa '--exceeds the 
previous consumer surplus a 1p1a by more than the 
pass price E = x. 

However, this maximum pass price that can be 
extracted from the frequent rider is larger than the 
one that can be extracted from the infrequent rider 
reflected by o 2 • The infrequent rider will not 
purchase the pass if the price of the pass is set at 
the maximum the frequent rider is willing to pay. 

In Figure la, the maximum price the infrequent 
rider is willing to pay is given by b1'ob' - bp1b1 , 
which is much less than the amount the frequent 
rider is willing to pay. Therefore, given the 
choice of purchasing the pass at a price of E = x or 
paying cash at Pl, the infrequent rider will opt 
for the cash fare. This is an important difference 
between the public utility case and the transit 
case, since in the case of transit the rider has the 
choice of self-selection among several possible rate 
structures. Because of the difficulty in designing 
one pass program common to both frequent and infre
quent riders, the preferred solution is to design a 
pass program for the frequent rider and a ticket 
program or cash fares for the infrequent rider. 

The design of optimal pass prices or fixed 
charges also requires consideration of the cost 
impacts of increased travel by pass purchasers. At 
cash fares of Pl• the marginal cost function rep
resented by cc'c" in Figure la exceeds the fare line 
p1 . After the frequent rider purchases the pass, 
monthly rides are increased to a 1 ', thereby adding 
extra costs represented by the shaded area in Figure 
la. These extra costs have to be financed by the 
revenues from pass sales. 

Figure lb shows the demand curve that can be 
derived by varying the pass price E (for a given 
level of 11). When the pass price is E = 0 (i.e., 
the free pass), ON consumers will purchase the 
pass. As the price increases to E = x, fewer passes 
are purchased, with the infrequent riders (repre
sented by N'N) shifting to cash fares. 

As shown in Figure la, the lower the initial fare 
the greater the level of consumer surplus that can 
be extracted from the pass price or fixed charge. 
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Figure 1. (a) Demand for transit rides under alternative 
rate structures. (b) Demand for pass purchases. 
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The transit rider benefits from the pass in that the 
quantity or marginal charge is now zero, or below 
the cash fare. This encourages additional transit 
rides by the pass purchaser. Through the proper 
choice of pass pr ices, losses occurring due to the 
low variable or quantity charges can be removed. 
Customers who cannot financially afford the fixed 
charge of the monthly pass continue to purchase 
transit rides through the uniform cash fare struc
ture and are therefore not affected. 

Numerical Example 

A frequent problem encountered in the design of pass 
plans is under pr icing. This under pr icing fails to 
account for the loss of cash fares and the extra 
costs of new rides. The result is a high revenue 
loss due to a faulty pricing strategy. Design of 
optimal pass programs requires information on the 
trip rate distribution of riders, estimates of 
demand functions for groups of riders, and estimates 
of marginal costs. Tables 2 and 3 present a numeri
cal example for a hypothetical transit system with 
trip rate distribution data from the St. Louis 
monthly pass study {~). 

Table 3 represents the demand functions cali
brated for each ridership group. A fare elasticity 
of -0.30 was assumed in accordance with our previous 
work (14), while an income elasticity of +O .10 was 
assume~following Grey (15). Also presented in this 
table is the trip rate for the pass purchasers and 
the amount that would make each consumer group in
different between the pass price and cash fare. 

5 
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Suppose now that the transit agency prices the pass 
at 40 rides (40 rides x 0.40 = $16.00), which is the 
general convention in the industry. In this case 
all riders taking 36 trips or more would benefit by 
shifting from cash fares to monthly pass use, with 
the transit agency losing a significant amount of 
cash revenue. For example, the riders taking 60 
monthly trips are indifferent between paying a 
monthly pass pr ice of $28. 90 or paying cash. Set
ting the pass price at 40 rides provides them with 
windfall gains. 

As shown in Table 3, as the price of the pass 
increases, pass penetration decreases and the aver
age trip rate by pass holders increases. The de
cision on the level of optimal pass pr ice in the 
example depends on the marginal costs per off-peak 
ride generated by the monthly pass plan. If off
peak riders can be transported at zero or negligible 
extra cost, the optimal pass price would be $18.65 
or 46 · rides, which would generate the most net reve
nue of the pass price alternatives. However, if the 
marginal cost of off-peak travel is half the cash 
fare, only the highest pass price (i.e., $32.65) can 
be accepted. Thus, the optimal pass pr ice depends 
on several factors, including the distribution of 
riders and the marginal costs of off-peak service. 
However, it is self-defeating to offer the monthly 
pass at a price level comparable with that of 40 
monthly rides or less. The result will be a net 
revenue loss. 

It is important to remember that transit-pass 
purchasers exhibit diminishing marginal utility or 
benefit of pass use, especially after 40-45 trips 
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Table 2. Trip-rate demand functions 
and willingness to pay for monthly 
pass on hypothetical transit system. 

No. of 
Monthly 
Trips 

Proportion 
of Cash 
Riders(%) 

Trip Demand Functions" In T = Ao 
- b(P) + c In (Y - E) 

Trip Rate 
for Pass 
Purchasersb 

Pass Price That Makes 
Rider Indifferent with 
Cash Fares< ( $) 

70 
56 
so 
44 
40 
36 
32 
28 
24 
20 
16 
12 
8 
4 
2 

0.5 
2.0 
3.0 
4.0 

25.0 
11.S 
12.0 

1.0 
8.0 
7.0 
8.0 
2.0 

10.0 
2.0 
4.0 

In T= 3.8395 -0.75(P)+0.101n (Y-E) 
In T = 3.6164 - 0.7S(P) + 0.10 In (Y - E) 
In T = 3.5030 - 0.75(P) + 0.10 In (Y - E) 
ln T = 3.3752 -0.75(P) + 0.10 In (Y- E) 
In T = 3.2799 - 0.7S(P) + 0.10 In (Y - E) 
In T = 3.1745 -0.7S(P) + 0.10 ln (Y- E) 
In T = 3.0567 - 0.75(P) + 0.10 In (Y - E) 
ln T = 2.9232 - 0.75(P) + 0.10 In (Y - E) 
In T= 2.7691 -0.75(P)+O.JO In (Y-E) 
Jn T = 2.5867 -0.75(P) + 0.10 In (Y - E) 
In T = 2.3636 - 0. 7 5(P) + 0. JO ln (Y - E) 
In T = 2.0759 - 0.7S(P) + 0 10 In (Y - E) 
In T = 1.6704 -0.7S(P) + 0.10 ln (Y - E) 
In T = 0.9773 - 0.75(P) + 0.10 In (Y - E) 
ln T = 0.2841 - 0.75(P) + 0.10 In (Y - E) 

94 
75 
67 
59 
54 
48 
43 
38 
32 
27 
22 
16 
JI 
5 
3 

32.65 
26 .10 
22.30 
20.50 
18.65 
16 ,77 
14.92 
13.05 
11.19 
9.32 
7.45 
5.59 
3.72 
1.84 
0.50 

3 The trip demand Function was calibrated at a fare elasticity of-0.30 and an income elasticity or +0.10. Fare levels of $0.40 and monthly 
incomes of $1200 were assumed. In this equation, T represents the monthly transit rides, P represents the cash fare, E represents the pass 
price or fixed charge, and Y represents the monthly household disposable income. The funcUonal form was selected to represent elastici-

bties that increase ,OJ fonc11on"' or Hu: 1,rlc4.' hwc1, properly renecting derived demand considerations. 
Calculated at the flll~ vrlcc: or l 6,00 (£ ~ I G, in the above demand equation). 

cCalculated by intcltnling. each re.,:pc:c:tiYc demand curve between the trip rate for regular fares and that or pass riders. 

Table 3. Net revenue effects or alternative monthly pass-pricing policies in hypothetical transit system. 

Pass Price Percentage Average Monthly Pass New Monthly Monthly Revenues Monthly Revenue Losses Net Revenue [ram 
(or fixed of Pass Rides per Pass Penetration Rides from Pass Sales from Cash Fare Pass Sales and Cash 
charge)($) Purchasers8 Purchaser Rate(%) Generated ($) Diversions ($) Fare Losses($) 

16.77 40.25 56 65.0 580 675.0 672.00 3.00 
18.65 22.0 59 20.7 336 410.30 389.20 21 .JO 
20.50 7 .5 69 17. J 131 l 53.7 5 154.00 (0.25) 
23.30 4.0 74 JO.I 75 93.20 88.8 4.4 
26.10 1.5 81 4.2 31 39.10 36.4 2.7 
32.65 0.25 94 0.8 6 8.20 7.0 1.2 

8 The pass purchasers are those whose willingness to pay for the monthly pass (or indifforence level in Table 2) ex.ceeds the actual pass price. In trip-frequency groupings 
where willingness to pay (or indifference level) and the pass price are equal, these riders are shai-ed equally be I ween cash rares and monthly passes. 

per month have been taken. The fact that more trips 
are taken with passes than without them reflects the 
fact that the marginal charge to the pass holder is 
zero and the user will ride transit until satiated. 
In most cases, however, the marginal cost of provid
ing transit service is not zero. 

The actual benefit or utility of frequent transit 
travel depends on the quality of service provided. 
In very small systems and on commuter services where 
the opportunities for off-peak and weekend transit 
travel are small, the monthly average trip rate will 
be in the low 40 s and monthly passes can then be 
priced at 42-52 times the base fare. In larger sys
tems where more off-peak travel opportunities exist, 
monthly passes should be pr iced between 52 and 60 
times the base fare. For very large transit proper
ties where the number of monthly unlinked trips can 
be greater than 100 (as in Chicago), monthly passes 
should be priced at more than 60 base-fare trips. 

PRICE DISCRIMINATION THROUGH TWO-PART PERMIT PLANS 

The monthly-pass example illustrates the fact that 
pass programs are seldom self-financing. This 
occurs because the quantity or marginal charge is 
zero, which in turn encourages pass users to ride 
until satiated. The extra travel increases the off
peak costs of the transit system. 

Analysts of the economic welfare aspects of two
part tariffs, such as Gabor (16,17), argue that 
optimal two-part tariffs requir-;- the quantity or 
marginal charge--in an economic welfare sense--to be 
set equal to the marginal costs that each user im
poses on the system. In terms of transit planninq 
this argues for a two-part tariff where the marginal 
charge is set equal to the marginal off-peak transit 

costs, whereas the fixed charge is set at the maxi
mum willingness to pay or consumer surplus. Since 
the concept of a nonzero quantity or marginal charge 
cannot be accommodated with a pass program (whose 
marginal charge is zero), it is necessary to look 
elsewhere for the design of fare prepayment plans 
that meet the economic welfare criteria (also called 
the Pareto optimum criteria) of economics. 

Fortunately, the often-ignored permit plans pro
vide an ideal implementation procedure for the eco
nomic welfare underpinnings of optimal two-part 
tariffs. In the first place, permit plans provide a 
relatively easy method of discriminating among user 
groups with different transit-fare elasticities, 
such as commuters, students, the elderly, the handi
capped, and the poor. Moreover, the permit plan 
could be redesigned into a two-part permit plan 
charging a fixed charge for a permit to travel at a 
quantity charge equal to the marginal off-peak 
cost. The quantity or marginal charge could be paid 
with tickets in order to preserve the economic 
advantages of fare prepayment plans. 

In terms of the demand functions presented in 
Figure 1, the implementation of the proposed permit 
plan would mean charging a marginal or quantity 
charge of OZ equal to the off-peak marginal cost for 
each rider purchasinq the permit at the maximum
willingness-to-pay level represented by the area 
p1a1Z'Z. To capture the cash-avoidance benefits 
of fare prepayment, the marginal charge could be 
paid through tickets. The infrequent rider would 
still be left to pay in cash fares or be served 
through another short-term ticket plan. The impact 
of the two-part permit plans would be to reduce the 
number of generated rides below that of pass pro
grams while still capturing a significant consumer 
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surplus. In this fashion, fare prepayment revenues 
are increased with a modest increase in off-peak 
travel. An on-going UMTA demonstration of permit 
plans in Bridgeport, Connecticut, may throw more 
light on the promise of this concept. 

Two-part permit plans offer another advantage 
over pass programs in that they provide an excellent 
adjunct or supplement to distance-based fare sys
tems, enabling distance-based fares to reflect the 
demand elasticities unique to each user group. More 
experimentation with their use is in order. 

CONCLUSIONS 

This analysis of the costs and returns of transit 
fare prepayment reveals that when properly pr iced, 
fare prepayment plans can improve a transit system's 
performance and operating ratio. If care and atten
tion are taken to convert dwell-time savings into 
operating-cost savings through proper schedule 
changes and to capture all cash-flow benefits, tran
sit fare prepayment plans can be cost-effective 
alternatives to cash fares. 

Today, however, most fare prepayment plans are 
improperly priced. As a general rule--depending on 
the mix of frequent and infrequent riders--two types 
of prepayment plans should be made available to the 
general public: (a) a short-term ticket plan (punch 
cards should be avoided) to serve infrequent riders 
and (b) a long-term plan, such as a monthly pass, 
for more frequent transit users. The short-term, 
trip-limited plan should be pr iced identically to 
the cash fare (i.e., no discounts), The price of 
monthly passes should depend on the trip frequency 
distribution of transit riders and the opportunities 
tor extra travel during the off-peak period at low 
marginal costs. There may also be opportunities for 
implementing fare prepayment plans for specific user 
groups. 

Although each transit agency is unique in terms 
of its ridership distribution and off-peak travel 
possibilities, some guidelines on the proper pricing 
of monthly passes can be advanced. In large transit 
systems where off-peak service levels are relatively 
high, monthly passes should be priced between 52 and 
60 rides. In some cases, passes can be priced at 
levels more than 60 times the base fare. In smaller 
systems where the potential for greater off-peak 
travel is limited, monthly passes could be priced at 
lower levels of 42-52 rides. Nevertheless, transit 
operators must be sure that there is enough off-peak 
capacity to serve the extra off-peak ridership 
generated by the program. If monthly passes are 
priced at or below 40 rides, revenue losses will 
occur, thereby exacerbating the difficult financial 
position of transit agencies. Monthly and weekly 
passes are valuable products in which transit riders 
have shown immense interest, There is no cost
effective reason for transit operators to have to 
offer permanent discounts over the equivalent cash 
fares in order to sell transit passes. It should be 
evident that the full opportunities for adopting 
fare prepayment plans in a cost-effective fashion 
have barely been explored in American transit 
systems. 
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Abridgment 

Evaluation of Employer-Based Transit Pass Programs 
DANIEL KRECHMER, FRANK SPIELBERG, AND VINCENZO MILIONE 

Programs encouraging the distribution of monthly transit passes by employers 
have been implemented by many U.S. transit agencies over the past three years. 
In many cities, employers are contributing to the cost of the pass. Despite the 
increasing participation of both employers and employees, concern over the im
pact of these programs on revenue is causing many transit agencies to reexamine 
them. There is a need for more rigorous evaluation procedures to examine the 
cost and benefits to all parties involved. Included is a discussion of program 
costs and benefits to employers, employees, transit agencies, and the general 
public. 

Programs encouraging distribution of transit passes 
by employers have become increasingly popular among 
U.S. transit agencies in the past three to four 
years, A natural outgrowth of these programs is an 
employer contribution to the price of the pass. The 
growth in transit pass contributions as an employee 
benefit can be attributed to several factors involv
ing economic conditions and energy problems: 

1. The rising cost of providing parking to em
ployees has encouraged many downtown employers to 
promote the use of transit by their employees. 

2. Growing interest in energy conservation has 
encouraged employers to promote the use of transit 
by their employees. 

3. Employers see contribution to employee tran
sit as a relatively inexpensive and popular benefit 
to provide. 

4. Employer distribution of transit passes 
increases convenience for employees, particularly 
where payroll-deduction systems are used, Since 
many companies have traditionally subsidized em
ployee parking, transit contributions provide a good 
method of equalizing benefits. 

5. Employer distribution of transit passes is 
part of an overall trend toward transit fare prepay
ment. Rising fares, more complex fare structures, 
modern marketing techniques, and automated fare
collection technology are among the factors contrib
uting to increased interest in transit fare pre
payment, 

Employer-based transit pass programs have been 
administered primarily by marketing personnel and 
have been designed to increase ridership and create 
a positive image of transit in the community, 
Recent financial d iff icul ties faced by many agen
cies, however, have resulted in conflicts between 
financial and marketing departments over the desir
ability of these programs. Monthly passes generally 
provide some level of discount for the daily rider 
at a time when there is strong pressure to maximize 
revenue. In addition, employer contribution to 
transit tends to encourage peak-hour ridership, and 
many agencies have no additional peak-hour capacity. 

These conflicts result partly from the fact that 
programs of this type are often not evaluated in a 
systematic manner, A full evaluation would involve 
not only costs and benefits to the transit agency 
but those to the other participants, the employer, 
and the employee. 

Included here is a discussion of costs and bene
fits of employer-based monthly transit pass pro
grams. Although other passes, such as annual or 
weekly passes, are sold by some transit agencies, 
monthly passes will be the focus of this report, 
This paper is based on research involving 35 transit 
agencies and more than 30 employers throughout the 

united States conducted for the Urban Mass Transpor
tation Administration. An evaluation methodology is 
developed for use in analyzing the costs and bene
fits of these types of programs. 

ISSUES IN COST-BENEFIT EVALUATION 

Because transit is a public service, nearly always 
requiring government subsidy, traditional types of 
cost-benefit analysis are often not appropriate to 
transit programs, Intangible benefits and the 
furthering of public goals such as reduction of 
traffic congestion and/or air pollution are desired 
benefits that may be difficult to quantify with a 
reasonable degree of accuracy. These intangible 
benefits may be important enough to justify imple
mentation of a program that would not be implemented 
on a purely financial basis. 

Evaluation of costs and benefits of these pro
grams will vary for each of the three primary 
groups: transit agencies, employers, and employ
ees. The cost-benefit considerations for each group 
are summarized below and are discussed in more 
detail in the remainder of the paper: 

l, Employees decide whether to purchase a pass 
almost entirely on economic considerations. Al
though mode choice is influenced by qualitative 
variables such as comfort and convenience, an 
employer contribution to the employee's transit 
expense can influence mode choice in a very visible 
way. 

2. An employer's decision to participate in a 
transit pass program will depend heavily on savings 
that can be achieved from reduced parking costs. 
The decision may also be influenced by long-term 
considerations, such as trends toward greater em
ployee benefits and improving the public image of 
the organization. 

3. Transit agencies have in the past been will
ing to sustain financial losses from existing riders 
in order to attract new riders with the pass dis
count. This is part of an overall marketing strat
egy toward cashless fare payment, 

EMPLOYEE COST-BENEFIT EVALUATION 

There is clear evidence that regular transit riders 
respond primarily to economic incentives in deciding 
whether to purchase a transit pass. Short-term 
monthly pass discounts provided under Service and 
Methods Demonstrations in Phoenix, Austin (.!), and 
Sacramento (Il demonstrated that regular transit 
riders will shift from cash fare payment to passes 
when a clear economic incentive is provided. 

Most transit agencies have set a monthly pass 
price based on 17-20 round trips per month. Al
though most months have 20-22 working days, travel, 
vacation, sick time, and occasional trips by auto
mobile and carpool reduce the breakeven point for 
most commuters. Only in larger cities, where non
work transit trips and transfer charges are common, 
have passes based on 20 round trips or more been 
sold in large numbers. An employer contribution of 
20-25 percent of the pass price will reduce the 
breakeven point to approximately 15 round trips, 
This will make the pass attractive to marginal 
buyers (including those not currently using transit) 
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Table 1. Estimated employer transit contributions. 

Employees Monthly 
Participating Estimated Cost per 

No . of Subsidy Annual Employee 
Employees No. Percent (%) Cost($) ($) 

5000 3000 60 100 500 000 8.33 
1300 465 36 17.5 16 000 1.02 
1800 1030 57 12.5 40 000 1.85 
1700 950 56 43 150 000 7.35 
3000 340 11 21 26 000 0.72 
1100 270 25 50 25 000 1.89 
550 110 20 50 l l 000 1.67 

3050 676 22 12-33 135 000 3.68 

Table 2. Parking fees charged by employers (September-October 1980). 

Monthly 
Type of Type of Charge 

aty Business Location Lot ($) 

Seattle Hospital CBD periphery Surface 25 
Minneapolis-St. Paul Government CBD Garage 35-65 
Minneapolis-St. Paul Bank CBD Garage 15 
Chicago Insurance Non-CBD Garage 8-15 
Des Moines Bank CBD Surface 8 
Pittsburgh Retail store Non-CBD Garage 25-30 
Boston Insurance CBD Garage 15 

and enable the transit agency to maintain a higher 
price. 

The sale of tr ans it passes through the workplace 
provides both an increased level of convenience and 
the opportunity to educate employees on the relative 
costs of automobile commuting and transit commut
ing. Although a combination of marketing efforts 
and employer contribution may encourage some automo
bile commuters to switch to transit, the major 
beneficiaries of employer contributions will be 
regular transit riders. 

EMPLOYER COST-BENEFIT EVALUATION 

The primary cost of employer-based pass programs to 
the employer is the amount of contribution provided 
to the employee's pass cost. Direct administrative 
costs are small, generally representing one to three 
days of clerical time per month, The contribution 
to the cost of the pass represents the major commit
ment on the part of the employer. A common tech
nique used by employers is to set a total dollar 
budget for the program and determine the percentage 
subsidy provided by estimating the number of employ
ees expected to use the program. 

Some estimates of employer contributions to em
ployee transit costs are shown in Table 1 for Oc

tober 1980. An obvious economic benefit of employer 
contribution to transit is its cost relative to 
providing parking. Employers in the central busi
ness district (CBD) particularly are finding parking 
increasingly scarce and expensive to provide. As 
more buildings are constructed on surface lots, 
demand for parking increases and supply decreases . 
Employers who must provide additional parking due to 
expansion are finding land-acquisition and construc
tion costs to be rising at a rapid rate. 

Employers contacted for this study estimated 
construction costs for new above-ground garages at 
between $5000 and $10 000 per space. Amortized over 
30 years at 13.5 percent interest, monthly costs per 
space range from $57 .54 to $115.0B. Estimates of 
monthly operating costs for garage structures ranged 
from $25 to $45 for a total monthly cost (excluding 
opportunity cost) of $82-$160. For outdoor surface 
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lots, construction and maintenance costs ranged from 
$23 to $36 per month, also exclusive of opportunity 
costs. 

As Table 2 shows, many employers are charging 
fees that do not even cover operating costs and that 
are well below market rates (market rates range from 
$50 to $100 per month in large-city CBDs). 

Employer contributions for employee transit 
ranged from $1 to $8 per employee in companies con
tacted for this project. Parking subsidies (includ
ing operating and maintenance costs) ranged from $8 
to $17 per employee, and in the companies surveyed 
there were two to four employees per parking space. 

In addition to being less expensive, contribu
tions to employee transit provide a degree of flexi
bility in budgeting that does not exist with fixed 
parking facilities. Employee transit contributions 
can be changed on relatively short notice, whereas 
parking construction costs are committed over a long 
period of time. 

More qualitative potential benefits to the em
ployer include positive publicity for the organiza
tion and improved employee relations. 

TRANSIT-AGENCY COST-BENEFIT EVALUATION 

Transit agencies tend to evaluate pass programs 
primarily in terms of increased ridership, net 
changes in passenger revenue, or both. There are 
also potential operational cost impacts that will be 
felt when large numbers of passes are sold. A cost
benefit evaluation of employer-based pass programs 
by transit agencies should address several issues, 
including the following: 

1. Three of the direct benefits of pass sales to 
the transit agency are improved operational effi
ciency through reduced boarding times, improved cash 
flow through receipt of sales revenue at the begin
ning of the month, and reduced costs in handling of 
farebox revenue. Measurement of these impacts is 
difficult and empirical evidence is limited. It is 
clear, however, that these impacts will be limited 
unless large numbers of passes are sold on high
volume routes. 

2. Promotion of pass sales through employers may 
attract new peak-hour riders to the system at a time 
when many systems are saturated in the peak hour. 
Marginal increases in peak-hour service are very 
expensive to provide, and many agencies simply do 
not have vehicles available. These potential costs 
have been recognized by a number of agencies that 
promote their programs in areas where there is 
excess transit capacity or in conjunction with 
flexible-hour policies. 

3. Because passes provide a certain number of 
free rides, there is a net revenue loss from exist
ing riders. In order to show a positive impact on 
revenue, enough new riders must be attracted to the 
system to offset this loss. The major components of 
the program cost-benefit analysis can be summarized 
in the following equation: 

NC= (RC - RL) + AD ( I) 

where 

NC net program cost, 
RG revenue gained from new riders attracted by 

pass program, 
RL revenue loss from discount received by cur

rent riders, and 
AD administrative costs of program. 

Employer contribution enables the transit agency 
to charge a higher pr ice for the pass but still 



--

60 

present an attractive pr ice to the employee, The 
employer contribution can thus help to improve the 
overall revenue position of the transit agency. 

SUMMARY 

With reductions in public funding for transit ser
vice, increased involvement on the part of employers 
will be important to the viability of transit ser
vice. For employees, benefits are in the form of 
reduced commuting costs, whereas employers can 
either cancel or defer plans for costly new parking 
facilities. 

For transit agencies, the cost-benefit issues are 
more complex. Many programs have been initiated 
with a pure marketing focus and with little concern 
for revenue impacts. With fare revenues likely to 
become a larger portion of total revenues, these 
programs will come under increased scrutiny, espe-
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cially concerning the level of discount provided to 
regular riders. The continued existence of 
employer-based transit pass programs will rely 
heavily on rigorous analysis of their financial 
impacts on the transit system. 
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Average Transit Trip Lengths by Racial and Income Classes 

1n Atlanta: Equity of Flat Fares Based on Trip Length 

JOHN W. BATES AND NORRIS ANDERSON 

Transit fares that are the same for all trips made regardless of trip length have 
decreased in favor recently. New preference is being given to distance-based 
fares, which offer potential to financially pressed transit operators for increas
ing revenues without increasing all riders' fare payment. One argument that has 
been advanced favoring distance-based fares is that flat fares are not equitable. 
Since low-income riders generally make shorter trips than do high-income riders, 
high-income riders receive more benefit for the same fare payment. This general
ization is based on the presumption that all transit trips are radial to and from 
the central area and that low-income riders live within or close to the central 
area, whereas high-income riders live in suburban areas. This presumption is 
based on a concept of urban development patterns and transit service distribu
tion that may or may not be true in all urban areas. An analysis of trip-length 
patterns for low- and high-income minority and nonminority riders in Atlanta, 
Georgia, shows that there is no significant variation in trip-length distribution 
by race and income class, except that high-income minority riders generally 
make shorter trips than do both groups of low-income riders as well as the high
income nonminority riders. The generalization that low-income and nonminor
ity riders make shorter trips than high-income nonminority riders is shown to 
be not valid in this one case and therefore may not be used as a general basis 
for supporting distance-based fare systems. Distance-based fare systems may 
be desirable in many instances but must be justified on individual merits and 
not as a general rule. 

During the 1970s, transit fare policies were often 
guided by the following two basic precepts: 

1. Fares should be stable; that is, they should 
be held at nearly constant levels over long periods 
of time; and 

2. Fares should be low, both 
relative to the cost of the service 
the cost of the competing mode. 

absolutely and 
provided and to 

These precepts were sometimes translated into prac
tice, in part through systemwide flat fares with 
free transfer. 

More recently these precepts have been more 
likely to be questioned. Rising costs, real and 
inflationary, have increased the necessity of gener
ating more revenue through fares. A fixed amount of 
net revenue increase may be obtained by raising all 

fare payments by X amount or by raising some propor
tion of fare payments by an amount n*X. Distance
based fares are an example of this latter approach. 

The distance-based fee approach has certain ap
parently logical imperatives. Generally (but not 
necessarily always) , it costs more to provide for a 
long trip than it does for a short one. Also, the 
long trip must be worth more than the short one, 
since the rider is willing to spend more time making 
it, Extending this argument, some analysts have 
also supported distance-based fares vis-a-vis flat 
fares on the basis of equity, maintaining that 
wealthier riders make long trips (suburban trips to 
work), whereas low-income riders make short trips 
(within the central city), If this is true, then 
the high-income rider receives more value for the 
fare than does the low-income rider paying the same 
amount. 

A general statement that flat fares are inequi
table, for the above-stated reasons, carries certain 
presumptions about the income distribution of resi
dents of urban areas. The presumptions are that 
what might be called the classical ring form of 
urban development is commonplace, This form of 
urban development is described simplistically as a 
central core in which all nonresidential activity 
takes place, an inner rinq containing the residences 
of all low-income citizens, and an outer ring con
taining all the high-income residents. (There is 
also often a presumption that low income is synony
mous with minority racial groups,) In this situ
ation, on every working day all the high-income 
residents will pass through the low-income ring on 
the way to and from work and will make trips about 
twice as long, on average, as those by occupants of 
the inner ring. 

Although this type of development is very illus
trative in theoretical discussions, whether it ac
tually exists is debatable. Yet transit-pricing 
theorists are apparently assuming that it does exist 
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to suggest that distance-based fares should be more 
commonly applied. 

This analysis examines the average trip lengths 
for different classes of riders in Atlanta, Georgia, 
to determine whether the presumption is borne out in 
that one instance, If it is not, the presumption 
does not hold true in this specific case, and then 
it therefore cannot be assumed to hold true in all 
cases. 

ANALYSIS PROCEDURE 

The procedure selected for analysis to determine 
whether there is a difference in the trip lengths 
between various population groups of riders of the 
Metropolitan Atlanta Rapid Transit Authority (MARTA) 
is as follows: 

1. Selection of small sample of MARTA riders 
(100 trips) and stratification into four population 
groups: (a) low-income minority riders (incomes 
less than $10 000/year), (b) high-income minority 
riders ( incomes equal to or greater than $10 000/ 
year), (c) low-income nonminority riders, and (d) 
high-income nonminority riders; 

2. Location of origin and destination for each 
sample trip and measurement of airline distance 
between; 

3. Calculation of arithmetic mean and standard 
distribution for each of four subsamples (population 
groups); 

4. Comparison of arithmetic means and standard 
deviations by statistical tests to determine whether 
there is statistical probability that sample means 
are different [note that a determination of similar
ity based on a comparison of sample means only is 
not conclusive; a sample mean is a measure of the 
midpoint of a statistical distribution; two samples 
may have the same sample mean but have wide var ia
tions in the distribution of individual cases making 
up the sample; for example, a sample of 100 cases 
each having the value of 50 will yield a sample mean 
of 50 but a standard deviation of zero; in this 
sample it may be concluded that the probability of 
any value in the universe other than 50 is very 
small; in another sample of 100 cases, however, if 
the 50 cases have a value of zero and the remaining 
50 have a value of 100, the sample mean will also be 
50, but the standard deviation will be very high; in 
this sample it may be concluded that the probability 
that any value in the universe is equal to 50 is 
very high; therefore, a determination of similarity 
between two sample distributions cannot be made on 
the basis of sample means alone but also must con
sider the dispersion of sample values about the mean 
value, measured by the standard deviation for the 
sample) ; 

5. Selection of second sample independent from 
the first and repetition of analysis process (if 
subsample distributions are similar between two 
samples, samples are accepted as valid representa
tions of total population); and 

6. If comparison of sample distribution between 
subsamples shows that distributions are similar with 
reasonable statistical confidence, rejection of the 
presumption that high-income riders always make 
longer trips; if comparison shows that distributions 
between some subsamples are not similar but that 
changing MARTA fare structure from flat to distance
based fare could create inequities (i.e., give one 
population group preferential economic treatment 
that does not now exist at the expense of another 
group) , the presumption may be accepted in theory 
but rejected in this case as trivial in practice. 

SELECTION OF SAMPLES 

Two samples of 100 transit trips each were selected 
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on a random basis from interviews conducted by the 
Atlanta Regional Commission (ARC) in a survey of 
MARTA riders during October and November 1980. The 
ARC survey, conducted as part of the Transit Impact 
Monitoring Program, interviewed bus and rail pas
sengers separately. From a random listing of bus 
interviews, 81 were taken for each of the two sam
ples for this analysis, and 19 interviews were taken 
for each of the samples from a similar listing of 
rail interviews, reflecting the proportions in daily 
boardings for bus and rail services. Only those 
interviews that included information on or1g1n, 
destination, income, and minority/majority classifi
cation were accepted for the sample listings. 

STATISTICAL TESTING 

After means and standard deviations had been calcu
lated for each of the subsamples in both samples, a 
standard statistical test was applied to determine 
whether for all possible comparisons within each 
sample, the basic hypothesis for the analysis should 
be accepted or rejected. This basic hypothesis is 
that there is no statistical difference between the 
mean trip length of subsample A compared with the 
mean trip length of subsample B. 

This statistical test is performed by comparing 
the value of a parameter Z calculated from the means 
and standard deviations of two subsamples to a 
standard value that implies a certain level of con
fidence. For a 95 percent level of confidence in 
the conclusion to accept or reject the basic hypoth
esis, the value of z must be less than or equal to 
1.96 to accept the hypothesis (equality) or greater 
than 1.96 to reject the hypothesis (difference). 
The value of z is calculated by the following ex
pression: 

(I) 

RESULTS OF ANALYSIS 

The mean trip lengths and standard deviations calcu
lated for each subsample in the two samples are 
shown below: 

Mean 
No. of Trip 

Sample cases Length SD 
Sample 1: 

Entire sample 100 6.55 4.31 
Subsample 

Low-income minority 30 5.83 4.49 
High-income minority 27 5.61 2.44 
Low-income nonminority 16 7.49 4.20 
High-income nonminority 27 7.75 5.23 

Sample 2: 
Entire sample 100 6.53 5 .15 
Subsample 

Low-income minority 28 5.32 3.55 
High-income minority 25 5 .14 2.99 
Low-income nonminority 17 8.34 6.33 
High-income nonminority 30 7 .01 6.53 

Note that although there are arithmetic differences 
in the values for mean trip length comparing the two 
minority subsamples to the two nonminority sub
samples in both samples, the differences are rela
tively small, and the standard deviations are very 
large relative to the mean in all cases. This im
plies that the individual trip lengths vary widely 
and the mean trip length alone is not necessarily a 
good measure for comparison. 

The results of the statistical test for compar
ison of subsample means for the first sample are 
shown in Table 1. In all cases the value of Z 



62 

calculated is less than the critical value for the 
hypothesis that there is no statistical difference 
in the values of the means to be accepted. There
fore, the findings from analysis of the first sample 
tested do not infer that differences exist in trip 
lengths for different population groups, and an 
allegation that such differences do exist is not 
supported, In one comparison, that of high-income 
minority riders with high-income nonminority riders, 
the value of Z calculated is very close to the crit
ical value, and this is noted as a borderline case. 
However, the allegation of inequity speaks to a 
difference between the trip lengths of low-income 
riders compared with those of high-income riders, so 
this borderline case, even if it were not still in 
the acceptance range, is not necessarily pertinent. 

A second sample was also analyzed. The potential 
exists for any small sample to be not representative 
of the entire population, so the second sample 
provides a basis for verification of the findings 
from the first sample. The first test made for the 
second sample provides a basis for verification of 
the findings from the first sample. The first test 
made for the second ·sample was a comparison of 
sample means from each sample separately, It was 
found that the Z values for comparison of subsample 
means from one sample to another were all small and 
well below the critical value. This comparison 
shows consistency between the two samples, from 

Table 1. Conclusions from analysis of sample 1. 

Hypothesis 
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which it may be inferred that both samples are 
representative of the total population. 

The results of the statistical test for compar
ison of subsample means for the second sample are 
shown in Table 2. In all cases the value of Z 
calculated is less than the critical value for the 
hypothesis that there is no statistical difference 
in the values of the means to be accepted, There
fore, the findings from analysis of the second 
sample tested do not infer that a difference exists 
in the average trip length for different population 
groups, and an allegation that such differences do 
exist is not supported. 

FURTHER ANALYSIS 

The large values of standard deviations relative to 
arithmetic means for each of the classes within both 
samples indicate a wide dispersion of trip lengths 
within each group. To consider what this dispersion 
might be, the two samples were combined into a 
single sample and frequency distributions for each 
of the groups in the larger samples were deter
mined. These distributions are shown in Table 3, 
Here we see that for the combined samples, high
income minority riders actually have the shortest 
trip lengths. Distance-based fares would give this 
high-income group a price advantage over the other 
groups, including both low-income groups of riders, 

Z-Value Conclusion 

Mean trip length for low-income minority group is not statistically different from that for high-income minority group 0.23 
-1.25 

Accept 
Accept 
Accept 
Accept 
Accept 
Accept 

Mean trip length for low-income minority group is not statistically different from that for low-income non minority group 
Mean trip length for low-income minority group is not statistically different from that for high-income nonminority group 
Mean trip length for high-income minority group is not statistically different from that for low-income nonminority group 
Mean trip length for high-income minority group is not statistically different from that for high-income nonminority group 
Mean trip length for low-income nonminority group is not statistically different from that for high-income nonminority group 

Table 2. Conclusions from analysis of sample 2. 

Hypothesis 

Mean trip length for low-income minority group is not statistically different from that for high-income minority group 
Mean trip length for low-income minority group is not statistically different from that For low-income non minority group 
Mean trip length for low-income minority group is not statistically different from that for high-income nonminority group 
Mean trip length for high-income minority group is not statistically different from that for low-income nonminority group 
Mean trip length for high-income minority group is not statistically different from that for high-income nonminority group 
Mean trip length for low-income non minority group is not statistically different from that for high-income non minority group 

Table 3. Distribution of trip lengths by rider classification (N = 200). 

-1.48 
-1.63 
-1.93 
--0. l 8 

Z-Value 

0.22 
-1.08 
-0.90 

l.18 
-1.05 

0.35 

Low-Income Minority High-Income Minority Low-Income Nonminority l-Ugh-Inc.:ome Non minority 
Trip Length 
(miles) Percent 

<2 20.7 
2 to <4 19.0 
4 to <6 22.5 
6 to <8 12.0 
8 to< I 0 8.6 
10 to< 12 13.8 
12 to <14 l. 7 
14 to <16 
16to<l8 
18 to <20 1.7 
20to<22 
22 to <24 
24 to< 26 
26 to <28 

X 

Sum 

20.7 
39.7 
62.2 
74.2 
82,8 
96 .6 
98.3 
98.3 
98.3 

100.0 

5.58 
4.03 

Percent 

11.6 
25.l 
23.0 
23.0 
13 .5 
3.8 

5.39 
3 .09 

Sum 

11.6 
36.7 
59.7 
82.7 
96.2 

100.0 

Percent Sum Percent Sum 

l 5.1 15.1 10,5 10 .5 
12. l 27 .2 24.4 33.9 
21.3 48.5 14.0 48 .9 

6.1 54.6 7.1 56 .0 
12.l 66.7 14.0 70.0 
12.l 78.8 8. 7 78.7 
9. 1 87.9 10.5 89.2 

87.9 89.2 
9.l 97.0 3.6 92 .8 

97.0 1.8 94.6 
97 .0 94.6 

3.0 100,0 3.6 98.2 
98.2 

l. 8 100.0 

7.93 7.77 
5-33 5,94 

Conclusion 

Accept 
Accept 
Accept 
Accept 
Accept 
Accept 
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Operational and Revenue Implications of Implementing 
Employer-Based Transit Pass Program 
THOMAS E. PARODY 

Findings aro prosented ot a comprohonsive ovaluation that was mado of an 
employor·based monthly transit pass pr0gram Instituted in Jacksonville, 
Florida. The purpose ot th e demonstration , which was funded through the 
Service and Methods Demonstration Program of the Urban Mass Trampor 
tation Administration, was to assass tho. impacts that relult when transi t 
passes are sold, distributed, and promoted by employers t o. their em ployees. 
Throe affected groups wero examined-employers, employeos, and t he transit 
operator. Enrolling 30 firms to particlpato in tho S11 lo of transi t passes was 
accomplished very successfully and efficien tly by having staff members with 
first-ha·nd knowledge of the local business community schedule a personal 
meeting with the chiof executive officer at each firm . Howevor, the monthly 
transit pass, which was initially priced at lit tle or no discount comr>ored with 
cash fores, was not purchased by man y employees who use tho bus mainly for 
commuting purposes. However, by Instituting a modest $2.00 discount in 
tho pass price end encouraging employers to provide addltlonol su bsidies, the 
nu,nber of passes sold increased from an average of 120 to more than 1000 
por month at the end ol the fim year. By tho eighlcenth month of the 
program, one-third of the employers were selling the pass ate discount to 
their employees. While the employer-promoted pass program resulted in somo 
new transit riders (about 20 percent of th·e purchasers had previously used 
other modes), morn than 60 percent of the pass purchasers were already rogu . 
lar bus commuters. Revenues lost because of the program were small (about 
0.3 percent of regular monthly revenue I since 75 percent of the employees 
use the transit pass only for commuting. 

The concept of selling and distributing transit 
passes th(ough employers is the logical outgrowth of 
two trends that have emerged over the past decade. 
The first is the ra1;>id growt.h (or renewed growth) in 
transit operators' use of transit fare prepayment 
(TFPJ instruments, such as transit passes that are 
valid for trips taken over a specific period such as 
a calendar month. In early 1970, relatively few 
transit agencies in the United States offered regu
lar tra nsit riders the use of monthly transit 
passes . However , a recent face survey completed by 
the American Public Transi t Association (APTA) re
vealed that curren.tly about two-thirds of the. tran
sit systems surveyed sell some type of pass . The 
monthly pass is the most popular, ..:urrently being 
offe.ed for sale by 51.9 percent of the. surveyed 
systems (.!_,l) • 

Paralleling this growth in new transit pass pro
grams has been the advancement of the concept that 
places of employment have particular advantages in 
terms of establishing and coordinating programs to 
achieve r idesbar ing and other broad transportation 
goals. For example , beginning witr. the 1973 oil em
bargo, many major cities and employers began car
pool-matching p rograms and later employer-sponsored 
vanpool programs . Interest i n improving air quality 
led to proposals that employee-prov ided parking be 
curtailed or reduced , especially by large firms lo
cated in major urban areas . With this trend toward 
relying more heavily on employers to assume addi
tional responsibility in the commuting patterns of 
their employees came the notion that employers 
should participate in the sale, distribution , and 
promotion of the ever-more-popular monthly transit 
pass , Tn addition , to the extent that employers 
could be encouraged to subsidize the pr ice of the 
pass to their employees , additional revenues could 
be generated by the transit operator , especially at 
a time when new revenue sources are much needed. 

In order to advance the concept of selling passes 
through employers as well as to monitor and evaluate 
the resultant impacts on transit operators, em-

ployees, and employers, the Urban Mass Transporta
tion Administration (UMTA) provided Service and 
Methods Demonstration (SMD) grants to Jacksonville, 
Florida, and Sacramento, California, to implement 
similar employer-promoted monthly transit pass pro
grams. Except for !:he employer-based pass program 
in Boston (,;!), there existed little documentation 
when these demonstrations began in 1977 that t ransit 
agencies could use to gauge, a priori , the demand 
and the economic and institutional reactions of 
adopting this type of program. 

DEMONSTRATION OBJECTIVES AND ISSUES 

The principal objective of the Jacksonville demon
stration was to evaluate the impact on sales of 
monthly transit passes that are marketed and sold 
through employers . The intent of the program was to 
p lace as few demands as poss.ible on the employers 
em;olled in the program while increasing t he con
venience to employees of purchasing a pass and using 
the transit system. Employers were encouraged to 
institute a payroll deduction plan as a pass payment 
option to further increase the convenience of pur
chasing a pass . Many of the employers eventually 
began subsidizing part of tile. pass priee (eithe·r as 
a new employee fringe benefit or in lieu of provid
i ng or expanding employee parking ) as a further in
centive for their employees to buy a. pass . These 
actions added further useful insights into the re
sponses of employees to this type of pass program. 

Research issues important to the evaluation can 
be associated with one of the following three groups 
involved in this type of pass program: 

1. The employer who must sell and distribute the 
monthly transit pass as well as perform the admin
istrative tasks of. collecting , recording , and re
mitting revenues obtained; 

2 . The employee who decides whether to purchase 
a pass at bis or her place of work, which in turn 
may influence his or her use of the transit system; 
and 

3. The transit operator who makes available the 
monthly transit passes and operates the transit sys
tem. 

!n many instances, there is a direct interdepen
dency between issues and impacts to be evaluated 
within each group (e .q., transit tcip frequency of 
pass purchasers) and between groups (e.g ., effect of 
employer subsidy on employee pass purchase deci
sion) . The identification of these behavioral link
ages can provide a useful framework both for struc
turing the evaluation issues and for presenting the 
findings of the demonstration. 

IMPLEMENTATION OF JAXPASS PROGRAM 

The Jacksonville TFP demonstration, like its com
panion demonstration in Sacramento, instituted a 
program by which monthly transit passes could be 
purchased by employees at their place of employment 
with a mi.nimum of personal inconve nience (!l. In 
Jacksonville , the monthly transit pass , called 
JaKPASS , was introduced and made available only 
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Although trips by the nonminority group for both 
low- and high-income groups do occur that are longer 
than the longest observed trip for the low-income 
minority group (20 miles or less), only 3 and 5 
percent of the trips made by the two nonminority 
groups are longer. Obviously, a generalization that 
low-income and minor ity riders make shorter trips 
than high-income and nonminority riders do is mis
leading. 

SUMMARY AND CONCLUSIONS 

There may be many valid reasons to pref er a grad
uated or distance-based fare system for transit over 
a flat-fare system. Some of these reasons may be 
based on equity considerations. However, a general
ization that equity requires distance-based fares 
because low- i ncome and minority riders always make 
shor ter trips than high-income and nonminority 
riders do is not proper. In the Atlanta area, based 
on the analysis here, it appears that there are no 
significant differences in the distribution of trip 
lengths by race and income group. In fact, dis
tance-based fares would, in general, discriminate 
for high-income minority riders against low-income 
riders of both minority and nonminority classifica
tions. Therefore, although there may be equity and 
other considerations that make distance-based fares 
more appropriate than flat fares, on the basis of 
current information such may not be maintained 
solely on the generalization that low-income riders 
travel shorter distances than high-income riders do. 

FOLLOW-UP ANALYSIS 

Review of the previous discussion identified one 
critical shortcoming: The sample size for the 
analysis is very small. The fact that two inde
pendent small samples that are mutually consistent 
yield the same result mitigates this somewhat, but 
the crit icism is certainly valid . Follow-up analy
sis of t ransit trips for the .Atlanta <1rea, however, 
tends to verify the original conclusion. 

In the follow-up analysis a larger sample (1045) 
of weekday transit trips (from the same 1980 survey) 
was stratified into three income and five distance 
categories. Percentages for all trips are shown in 
each of the resulting 15 cells in Table 4. The 
distribution is shown graphically in Figure 1. 
Review of these data is not "confused" by broad 
dispers ions of trip lengths and misinformat i on that 
migh t result from simple considerations of average 
trip lengths . The sample is also sufficiently large 
to overcome t he cr iticism of the earlier study. 

Considerat ion of the information in Table 4 and 
Figure l leads to the following conclusions: 

l. 'l'he reason that average trip lengths for 
high-income riders may be longer is not simply that 
they are indeed longer but rather that there are 
very few short trips made by these riders. 

2. The actual numbers of trips in the longest
tr ip-length category are similar for all three in
come groups; that is, trips by low- and middle-
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Table 4. Distribution of trips by length and income categories (N = 1045). 

Trips by Income Group(%) 

Middle 
Trip Length Low ($10000to High 
(miles) (<$10 000) < $25 000) ($25 000+) Total 

<2 8 5 2 15 
2 to <4 II 8 3 22 
4 to <6 8 8 4 20 
6 to <9 9 9 3 21 
9+ ...Q... .l _jL_ ...n 
Total 42 37 21 JOO 

Figure 1. Distribution of trips by length and income categories. 

10% 

(7%) 

5% ~ (5%) 

~ 
~ (5%} 

... ~ 14'\;/ 

15 / ........... .. 
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LENGTH OF TRIP 

income i; ider s tend to be just as long as those for 
high-income riders. A distance-based fare structure 
would charge higher fares to about as many, or 
possibly more, trips made by low- and middle-income 
riders as it would to high-income riders. 

The conclus ion drawn ftom the initial analysis 
and previously stated is therefore confirmed by this 
follow-up analysis. That is , distance-based fare 
structures cannot be supported solely on the gen
eraliz<1ti on that fla t fares diser iminate against 
low-income riders because these persons make short 
trips whereas high-income riders paying the same 
fare make long trips. Such might indeed be the case 
in specific areas, and there may be other warrants 
for distance-based fares. There is at least one 
case, however, in which it has been shown that the 
gener<1lization does not hold. 

Publicatio11 of this paper sponsored by Committee 011 Transit Service Character
istics. 
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through a panel of employers enrolled in the demon
stration. However, the Sacramento monthly transit 
pass, labeled PASSpoRT, was already being sold to 
the general public prior to the beginning of the em
ployer-sponsored demonstration. It continued to be 
sold at regular sales outlets during the course of 
the demonstration (_2_). 

During January and February 1979, various em
ployers in the Jacksonville central business dis
trict were contacted and asked to participate in the 
TFP program. Orders for the monthly JaxPASS began 
in late February 1979 for passes valid for March 
1979. Passes were initially priced at $14.00, re
flecting a breakeven use rate of 40 one-way transit 
trips per month at the regular bus fare of $0.35. 
[The monthly JaxPASS was valid only on weekdays on 
regular bus routes in the inbound direction between 
6 a.m. and 9 a.m. and outbound between 3 p.m. and 6 
p.m. It was valid for unlimited travel at all other 
times on regular bus routes and at all times on the 
downtown shuttle. These restrictions were establish
ed so that the monthly pass would not compete with 
the higher-priced $7.00 unlimited-use weekly pass, 
which is designed exclusively for individuals who 
must make a full-fare tr a nsfer when commuting since 
Jacksonville Transportation Authority (JTA) does not 
have free or reduced-fare transfer privileges. J The 
JaxPASS was also usable on higher-fare routes by 
showing the pass to the driver and paying the dif
ference in fare over the base fare. 

After a disappointingly low level of pass sales 
during the first three months, the price of the pas s 
was reduced by $2.00 to $12.00 starting in July 
1979. This represents a breakeven use rate of 34. 3 
one-way trips per month. The pass price remained at 
that level throughout the remainder of the evalua
tion. (The JaxPASS price increased to $20.00 on 
September 29, 1980, at the same time base transit 
fares were increased to $0.50, but it continued to 
be sold to participating employees at a $2.00 dis
count. More importantly, when the demonstration 
grant ended, JTA continued to sell the pass at 
$18.00, leaving intact the $2.00 discount that pre
viously had been funded through the demonstration 
grant.) 

The following three sections describe the demon
stration findings as they relate to employers, em
ployees, and the transit operator. 

EMPLOYER-RELATED ISSUES 

Recrui ting Empioyers 

The enrollment of an initial panel of 30 employers 
to participate in the sale and distribution of 
monthly transit passes was accomplished very suc
cessfully; in fact, it was necessary to contact only 
3 4 establishments. This very favorable response 
rate can be attributed to several key factors. 
Fir s t, a personal visit was scheduled with each po
tential seller. Second, the person contacted at 
e ach firm was a high official (usually the chief 
executive officer), who typically had the authority 
to make a direct decision to either participate or 
not participate in the program. Third, the repre
sentatives of JTA involved in signing up employers 
were very familiar with corporate concerns in gen
eral and with the Jacksonville business community in 
particular. Also, staff personnel were personally 
acquainted with some of the individual employers 
being contacted. Although a large percentage of em
ployers may still have participated if other pro
cedures were followed, these factors, either alone 
o r in combination, certainly aided in the success 
and timely completion of this phase of the pass pro
gram. 
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An overwhelming majority of the employers who 
were contacted and who agreed to participate in the 
TFP program were in the single, standard industry 
classification--" finance-insurance-real estate." Of 
firms that participated throughout the first year of 
the program, 65 percent were in this industry clas
sification. Within this group, 53 percent were in
surance companies. It may be hypothesized that 
firms such as insurance companies take a strong 
interest in community affairs and employee welfare 
and thus are more likely to participate in a program 
of this nature. (Indeed, many insurance companies 
were also early participants of the very successful 
Massachusetts Bay Transportation Authority employer 
pass program that started in October 1974.) 

JaxPASS Distribution Procedures 

Employers, after having received the transit passes, 
were responsible for distribution and employee pay
ment. Exactly 75 percent of the firms reported using 
some form of over-the-counter distribution procedure 
by which employees report to a designated place to 
pick up their pass. One medical facility dis
tributes and sells passes through its gift shop be
cause of its convenience and cash-handling capabili
ties. The remaining 25 percent of the firms hand 
deliver the passes to each employee. None of the 
firms reported distributing passes through their 
interdepartmental mail system, which is typically 
perceived to be a more theft-prone approach. 

Initially it was hoped that many firms would in
stitute a payroll deduction plan in order to maxi
mize the perceived convenience of acquiring the pass 
each month and possibly as a way of minimizing the 
perceived cost of the pass. However, only 4 of the 
23 firms (17 percent) that were participating at 
that time implemented payroll deduction as a means 
of collecting the pass price from their employees. 

Employer Subs idization of JaxPASS 

During the first nine months of the demonstration, 
very few employers were willing to subsidize the 
price of the pass to their employees (only one firm 
subsidized the pass by $4.00). However, as a few 
other firms gradually started to provide subsidies, 
a cascading effect seemed to occur so that by the 
eighteenth month of the program one-third of the em
ployers were providing subsidies that ranged from a 
low of $4.00 (33 percent discount) to a high of 
$12.00 (100 percent discount). 

It was initially hypothesized that firms would 
subsidize the pass if they lacked adequate employee 
parking. The information obtained from employer 
interviews indicates that this was true, but only to 
a limited extent because few employers appeared to 
have severe parking problems or would have saved 
money by reducing parking demand. The basic con
cept, however, is still a valid one, especially in 
areas that may have different parking supply char
acteristics. 

Employer Administrative Costs and Benefits 

The amount of time employers reported spending to 
set up and organize the JaxPASS program initially 
a nd then to maintain it on a monthly basis appears 
to have been quite modest. During the first pass
sale month, an average of about 4 person-h were 
necessary to accomplish the initial administrative 
activities. In t.he following months, the amount of 
administrative time required was reduced by more 
than 50 percent to an average of 1.6 person-h/month, 
The actual amount of time is dependent, of course, 
on the number of passes that are sold. Firms 
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Figure 1. Monthly JaxPASS sales: total and by subsidizing firms. 
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Figure 2. Percentage of eligible employees purchasing JaxPASS by subsidizing 
and nonsubsidizing firms. 
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selling more than 30 passes per month generally re
ported spending between 3 and 4 person-h/month, 
whereas firms selling less than 20 passes per month 
expended between O. 5 and 1 person-h/month. Because 
of the range of data, no information is available on 
the resources that would be required by employers 
selling 100 or more passes per month. 

In general, administrative cost concerns were not 
a high-priority item among firms selling transit 
passes. In fact, none of the firms that sold passes 
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at any time during the course of the demonstration 
dropped out of the program because of the adminis
trative requirements. Firms that dropped out of the 
program did so because of very low or no pass sales. 

Of the employers that were surveyed, 87 percent 
believed that they obtained a net positive benefit 
by participating in the JaxPASS program. The ma
jority of these firms stated that their involvement 
provided their employees a convenient way of pur
chasing passes at work. Thus, the companies felt 
that if their employees were benefiting from the 
program, then they were also. In terms of more tan
gible or direct benefits, about one-third of the em
ployers felt that the demand on company-provided 
parking spaces was lessened. 

EMPLOYEE-RELATED ISSUES 

JaxPASS Sales 

After an inauspicious first-month sale of 89 passes 
in March 1979 (priced at $14.00 on the breakeven 
basis of 40 trips per month), sales rose by almost 
50 percent during the second month, to 131. However, 
this turned out to be a short-lived gain and in fact 
represented a peak, as pass sales declined in the 
following two months, first to 120 and then to 113. 
Because it was recognized that sales were unlikely 
to grow at any appreciable rate in the near term, it 
was decided that the funds allocated in the demon
stration grant for a one- or two-month, deep-dis
count subsidy experiment be used instead to reduce 
the pass price by $2.00 from $14.00 to $12.00. 

Figure 1 depicts the monthly variation in total 
pass sales from the start of the program in March 
1979 until September 1980. Also shown are monthly 
pass sales for firms subsidizing the price of the 
pass (which amounted to $4. 00 per pass for nearly 
all firms that subsidize) and the number of firms 
subsidizing the pass in any given month. 

Figure 2 normalizes monthly pass sales by plot
ting the percentage of employees at participating 
firms who purchased a JaxPASS for both subsidizing 
and nonsubsidizing firms. This clearly shows the 
following: 

1. Pass sales per employee are significantly 
higher for firms subsidizing the pass price compared 
with firms not subsidizing. In particular, over the 
first 12 months of the demonstration, JaxPASS pene
tration rates were 10 times higher for subsidizing 
firms than for nonsubsidizing firms. (Alternatively, 
JaxPASS sales per firm were 3 to 5 times higher for 
companies that subsidize compared with nonsubsidiz
ing companies.) 

2. Pass sales after the introduction of the gen
eral across-the-board $2.00 price discount increased 
more rapidly for nonsubsidizing rather than for sub
sidizing firms. For the firm already subsidizing 
the pass, average penetration rates (defined as per
centage of employees buying a pass) increased 62 
percent (from a three-month average of 9.4 percent 
to 15,2 percent) after the introduction of the $2.00 
discount. However, the increase in pass penetration 
rates for nonsubsidizing firms was about twice as 
large, or 122 percent (i.e., from 0.6 to 1.33 per
cent). 

3. Little or no secular growth in pass sales oc
curred over time for either subsidizing or nonsub
sidizing firms. Given no outside changes (such as 
the introduction of a subsidy), the number of passes 
sold by a firm quickly reached a level of stabil
ity. The inference is that within one or two months 
all employees who are likely to buy a pass will do 
so, all else being equal. 

Among three firms that began subsidizing passes 
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Figure 3. Sensitivity of pass penetration rate to brea keven pass level. 
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by $4.00 midway in the demonstration, average 
monthly pass sales (for a three-month period before 
and after the introduction of the subsidy) increased 
by a factor of 5 for two of the companies and by a 
factor of 7 for the third. These large changes sug
gest that pass sales are highly sensitive to a 
change in the inherent breakeven price of a pass. 
[Similar findings were also noted in an evaluation 
of TFP discounts in Austin and Phoenix (6)]. As an 
illustration of this point, Figure 3 depicts the 
percentage of transit users who purchased a JaxPASS 
versus the breakeven transit trip rate. (For the 
first four months of the demonstration the pass was 
priced at 40 one-way trips. When the $2.00 discount 
was instituted, it dropped to 34.3 trips. For firms 
providing an additional $4.00 subsidy, the effective 
breakeven rate was 22.8 one-way transit trips.) 
Figure 3 clearly shows that a relatively large 
change in pass penetration rates occurred when the 
breakeven level of the pass changed. Between 27 and 
40 one-way transit trips per month, arc elasticities 
were computed and are fairly constant in the -5 to 
-6 range (i.e., a 1 percent decrease in the break
even pass rate will result in a 5-6 percent relative 
increase in the percentage of transit users who pur
chase a pass). In the range of 20 to 25 trips, arc 
elasticities decrease to between -1.0 and -4.0, 
since at these lower breakeven rates most of the em
ployees who could buy a pass would have already done 
so. Consequently, the percentage change in penetra
tion rates, and thus elasticities, becomes smaller. 

A two-week bus strike during the month of May 
1980 resulted in a drop in pass sales in the month 
following the strike. The decline in passes sold 
per firm was twice as large among nonsubsidizing 
firms than among subsidizing firms (-13, 6 percent 
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versus -6.2 percent). Four months after the strike 
ended pass sales had not returned to their prestrike 
level. However, the difference was still twice as 
large for nonsubsidizing firms compared with firms 
that subsidize the pass (i.e., -7.6 percent versus 
-3,0 percent). 

Socioeconomic Characteristics of JaxPASS Purchasers 

Data from employee surveys conducted at the partici
pating firms reveal that JaxPASS purchasers have 
socioeconomic characteristics that are very similar 
to those of employees who regularly commute to work 
by transit but continue to pay with cash fares. 
Characteristics were about the same for sex, age, 
number of licensed drivers in the household, and 
whether or not the individual holds a valid driver's 
license. The most significant difference between 
the two groups of bus commuters was the much lower 
household incomes of employees purchasing a JaxPASS 
compared with employees who use the bus but do not 
buy a JaxPASS ($13 080 versus $17 078). JaxPASS pur
chasers also tended to own fewer automobiles. 

The group of employees who did not buy a JaxPASS 
and who did not use the bus regularly to commute to 
work contained proportionately more men, had much 
higher average household incomes ($21 231), owned 
more automobiles, were more likely to have a 
driver's license, and thus more household drivers, 
and worked overtime more often than both groups of 
bus commuters (i.e., JaxPASS and cash-paying users). 
Age was the only characteristic that was not sig
nificantly different among the three groups of em
ployees. 

Employee Changes in Travel Behavior 

With respect to transit travel behavior, JaxPASS 
purchasers are distinguished particularly by the 
regularity with which the bus is used to commute to 
work; in particular, 92 percent indicated that they 
commute to work by bus five or more days per week. 
The transit use characteristics of these employees 
prior to buying a JaxPASS can be disaggregated into 
three groups. First, about 60 percent of the pass 
purchasers were already regular bus commuters and 
thus reported making no change in mode or transit 
trip frequency. The second group, representing 
about 20 percent of the purchasers, can be con
sidered to have made a complete switch in modes and 
are therefore new transit users. The remaining 20 
percent of the purchasers that make up the third 
group increased their use of transit by a more 
limited degree (e.g., by one or two days per week) 
since they previously used the bus three or four 
days per week to commute to work. 

Assuming that commuting to work by bus is equiva
lent to taking two one-way commuter bus trips per 
day, JaxPASS purchasers made an average of 9.7 one
way commuter trips per week compared with an average 
of 8.0 for other bus commuters. Although these two 
means were statistically dissimilar (t = 11. 2), as 
shown in Table 1, there was not a significant dif
ference between the mean number of noncommuter one
way bus trips made on weekdays by JaxPASS (mean of 
2.2) and non-JaxPASS commuters (mean of 1,9). Simi
larly, the means for the number of one-way bus trips 
made on weekends between the two groups ( 0. 6 versus 
0.4) is also not significantly different (t = 0.9). 
Thus, in terms of transit trip frequency, the major 
characteristic that distinguishes bus commuters who 
purchase a JaxPASS from those who do not is the de
gree to which transit is used to commute to work. 
The data indicate that JaxPASS purchasers are no 
more likely than other employed transit commuters to 
use the bus system at other times during the work 
week or on weekends. 
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Table 1. Comparison of means: employee 
travel behavior characteristics. 

Characteristic 

One-way bus trips per week 
Commuter (N=86, 243) 
Non commuter (N=7 l, 215, 

547) 
Weekend (N= 85 , 249, 

574) 
Total (N=67, 183,513) 

Walk time to bus stop 
(min) (N=78, 224,434) 

Automobile commute time 
(min) (N=66, 203, 844) 

Bus commute time (min) 
(N=85, 246, 304) 

Pass Purchaser 
(A) 

Mean SD 

9.67 0. 992 
2.21 4.296 

0.65 2.24 

12 . 12 5. 17 
7.06 7.05 

21.88 9 .28 

33. 94 12.20 
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Non pass Bus Com- Non bus Com-
muter (B) muter (C) !-Statistic" 

Mean SD Mean SD A-B B-C 

7,95 1. 73 NA NA 11.2 
1.87 3.319 0.19 0.891 0.6 

0.41 1.28 0.01 0.138 0.9 

10.23 4.98 0.25 1.39 2.6 
7 25 8.67 9.71 12.08 0.2 3.0 

19.21 8.37 21.98 1101 2, 1 4 .0 

31.15 13. 25 37.89 15 ,32 1.8 5.5 

Notes: Data from empJoyee survey, December 1979 to February 1980. 
Sample sizes are given in parentheses for each of the three groups studied . 

8
Bt'(ween ~roups. 

The mean total number of one-way bus trips nor
mally made per week by employees who purchased a 
JaxPASS was 12,1 (compared with 10.2 for other bus 
commuters). Assuming that an employee works between 
46 and 47 weeks of the year, JaxPASS users take an 
average of about 47 trips per month, This repre
sents about seven more one-way trips compared with 
the breakeven level of 40 based on the normal $14.00 
fare credited to JTA or about 12. 7 additional trips 
compared with the breakeven level of 34.3 after tak
ing into consideration the $2.00 subsidy that was in 
effect at the time the employee survey was admin
istered. 

Turnover Among Pass Purchasers 

Although aggregate JaxPASS sales at most firms held 
steady or increased very slightly over time (assum
ing no change in pass pr ice or level of employer 
subsidy), there was a fairly large amount of turn
over in the particular individuals buying passes. 
Among three employers who had the highest pass sales 
during the start of the program, between 40 and 58 
percent of the employees who had purchased a pass 
during the first sale month were not buying the pass 
one year later. Because aggregate sales did not de
cline, however, these employees were replaced by 
other employees. Based on responses obtained from 
em~loyees who discontinued buying a pass, it appear~ 
that the decision was a reflection of normal changes 
in transit travel behavior and work-related fac
tors. However, almost 10 percent of those who 
stopped buying the pass did so because of a reported 
dissatisfaction with the time and directional re
strictions on the pass. 

TRANSIT-OPERATOR-RELATED ISSUES 

JaxPASS Program Expenses and Activities 

The administrative costs required by JTA to maintain 
the monthly JaxPASS program (as distinct from start
up costs) appear very modest. During the course of 
the demonstration, a relatively fixed panel of 25 to 
30 employers participated. Because recruiting of 
new firms was held to a minimum, only 2 to 3 per
son-days/month were expended by staff at the Jack
sonville Coach Company Lines (a firm that manages 
the daily operation of the transit system under con
tract to the JTA), whereas between 1 to 2 person
days/month were expended by personnel at JTA. After 
data-collection tasks associated with the demonstra
tion evaluation had been completed, the monthly pass 
program functions were able to be handled by exist
ing staff personnel. Clearly, however, larger pass 

programs would require additional and possibly full
time staff members. 

Ridership Impacts 

Partly because of the constrained size of the pass 
program, relatively few new riders began using the 
system strictly because of the availability of an 
essentially undiscounted transit pass. Factors such 
as the $2 pass price discount, employer subsidies 
(typically $4.00 per pass), and the increasing cost 
of gasoline had a much more significant impact on an 
individual's decision to purchase a JaxPASS and use 
the bus mode for commuting. 

Revenue Impacts 

Revenue impacts (positive or negative) of selling 
JaxPASS through employers were also small. If the 
$2.00 pass discount that was being provided from 
demonstration grant funds is considered as revenue 
to JTA, then JTA experienced a net revenue gain of 
about $500/month. However, excluding this amount as 
revenue to JTA, the pass program resulted in a net 
revenue decrease of about $1500/month. This amount 
represents only O. 3 percent of the monthly farebox 
revenue collected by JTA. To the extent that more 
employers can be encouraged to subsidize the price 
of the pass as a fringe benefit to their employees, 
thereby inducing some of the marginal transit users 
to buy a pass, the potential revenue loss to the 
transl t operator can be reduced. Positive revenue 
gains are in theory also possible from this new 
revenue source. 

Although it is difficult to determine precisely, 
all available evidence indicates that very little 
revenue was lost because passholders lent their pass 
to others for use on weekends or during off-peak 
hours. This type of abuse was minimized in Jack
sonville by having a color-coded pass for men and 
for women. Also, only individuals old enough to be 
working (e.g., 18 years of age or older) were eli
gible to buy a pass. Bus drivers could therefore 
screen the use of the pass by children or young 
teenagers. 

Unauthorized use of the pass was further reduced 
by the time and directional restriction of the pass 
since once an individual arrives at work, the pass 
is not valid again (except on the downtown shuttle) 
until the morning peak ends. 

Last, no cash-flow advantages of the JaxPASS were 
realized because of the relatively small amount of 
revenue obtained from JaxPASS sales versus the fare
box and because some employers submitted pass-sale 
receipts toward the end of the month, which tended 
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to offset the cash flow gains by employers who sub
mitted receipts early in the month. 

CONCLUSIONS 

The Jacksonville TFP demonstration has provided a 
very useful data set for quantifying the impacts 
that result from implementing an employer-based 
monthly transit pass program. The main conclusions 
of the demonstration are highlighted below. 

Although the pure convenience aspect of being 
able to purchase a pass at one's place of employment 
resulted in few individuals switching from other 
modes to transit, convenience did play a major part 
in a transit user's decision to buy a pass at work. 
This was revealed when 58 percent of the pass buyers 
stated that they would discontinue buying a pass if 
it was sold only through JTA's regular pass outlets. 

In contrast to passes available to the general 
public, and thus to the entire transit-dependent 
community, passes sold through employers were typi
cally thought of and used as commuter passes. Few 
new transit trips were taken by pass purchasers dur
ing off-peak hours or on weekends. Consequently, 
pricing the pass to provide little or no discounts 
over cash fares, with employees bearing all the up
front risks (e.g., unexpected sick days), resulted 
in a low level of pass sales. However, providing 
modest pass discounts and encouraging employers to 
subsidize the pass as an employee fringe benefit, or 
in lieu of an employer-provided parking space, re
sulted in substantial increases in pass sales. 

Soliciting employers to participate in the pro
gram was successfully accomplished by relying on a 
personal meeting with a high executive officer at 
each potential firm. Most of the employers recog
nized the benefits to their employees by participat
ing in the JaxPASS program. In fact, by the eigh
teenth month, one-third of the employers (9 out of 
28) were providing partial (usually $4.00) or full 
subsidies to their employees who bought a pass. Ad
ministrative costs borne by the employer were small, 
ranging from 0.5 to 4 h/month. No firms discontinu
ed their involvement in the program because of the 
administrative requirements associated with selling 
and distributing passes to their employees. 

Administrative resources expended by the transit 
operator consisted of 3 to 4 person-days/month. 
These activities were handled by existing staff mem
bers. Of course, much larger TFP programs would re
quire full-time staff. 

The JaxPASS program resulted in some new transit 
users and the new revenue from these individuals 
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helped to offset the revenues lost to the more fre
quent transit users who also bought passes. On bal
ance, the introduction of the program resulted in 
slight negative revenue loss (about O. 3 percent of 
total monthly revenues). However, as additional em
ployers join in subsidizing the pass price, thereby 
encouraging more marginal transit users to buy a 
pass, revenue losses because of the pass should de
crease further. 
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Graphical Person-Machine Interactive Approach 

for Bus Scheduling 
AVISHAI CEDER AND HELMAN I. STERN 

A highly informative graphical technique for the problem of finding the least 
number of buses required to service a given schedule of trips is described. The 
purpose is to develop the methodology for variable bus scheduling in which 
trip departure times can vary within acceptable tolerances. This is a continua
tion of a research project concerned with the problem of fixed scheduling 
where the timetable of trips and length of trip times are fixed. The motivation 
for this study comes from the Israel National Bus Carrier, Egged, which is 

responsible for scheduling an average of 54 400 daily trips by about 5200 
buses. Consequently, the research takes on a practical nature. The approach 
used is based on the deficit-function theory where the deficit function at 
time t defines the total number of trips that have departed from a given ter· 
minal k less the number of trips that have arrived at k up to and including 
time t. The method developed is capable of aiding the scheduler to perform 
his or her tasks through a person-machine conversational mode. It allows 
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the scheduler to interject his or her own practical suggestions and to see im
mediately their effects on the final schedule. The method is based on the 
deficit-function graphical multiterminal display, which guides and advises the 
schedulers of possible directions in reducing fleet size. In addition, this 
methodology aids schedulers in evaluating the results of their own suggestions. 
The potential of this person-machine interactive bus-scheduling procedure is 
presented by using several practical examples. 

The planner of bus work schedules is in charge of 
allotting vast resources, and naturally the aim is 
to allocate the buses in an optimal and feasible 
manner. A graphical approach to the problem of 
scheduling buses to trips is described. The ap
proach is based on an algorithm capable of aiding 
the scheduler through a person-machine conversa
tional mode. It allows the scheduler to select one 
of several computer-suggested directions, to inter
ject his or her own suggestions, and to immediately 
see the effect on the final schedule through obser
vation of a graphical representation on a cathode
ray tube (CRT) or computer-generated output. 

This research is a continuation of an algorithm 
development described by Ceder and Stern (1,2). The 
motivation for the overall study comes - from the 
Israel National Bus Carrier, Egged. Egged's opera
tion (making up a fleet size of 5200 buses) is 
characterized by (a) a substantial number of dead
heading (empty) trips in the schedule, (b) frequent 
changes in the schedule, and (c) a complex bus-route 
network with many different locations of trip depar
ture and arrival points. Egged's buses perform an 
average of 54 400 daily trips, which are currently 
scheduled by a team of about 60 schedulers by using 
a trial-and-error Gantt-chart approach. The need to 
expedite many of the schedulers' tasks has led 
Egged's management to embark on investigating a more 
efficient procedure. The experience with Egged and 
the initial implementation of the approach proposed 
here are presented later. 

The algorithms described previously ( 1, 2) assume 
that the given timetable of trips is fix;;-d -;- on the 
other hand, the experienced Egged schedulers con
sider variable trip departure times (within some 
acceptable tolerances). 

The purpose of this paper is to develop the 
methodology for variable bus scheduling in order to 
achieve further reduction in the number of buses 
required. The main aim is to allow the schedulers 
to use a person-computer interactive procedure that 
will guide and advise them on evaluating the results 
of their own suggestions, which include practical 
considerations. 

BACKGROUND AND DEFINITIONS 

An early development of the approach used in this 
paper is based on the deficit-function theory. A 
deficit function is simply a step function that 
increases by 1 at the time of each trip departure 
and decreases by 1 at the time of each trip arrival. 
Such a function may be constructed for each terminal 
in a multiterminal bus system. To construct a set 
of deficit functions, the only information needed is 
a timetable of required trips. The main advantage 
of the deficit function is its visual nature (3,4). 
Let d(k,t,S) denote the deficit function for te rmi
nal k at time t for the schedule s. The value of 
d ( k, t, S) represents the total number of departures 
less the total number of trip arrivals at terminal k 
up to and including time t. The maximal value of 
d(k,t,S) over the schedule horizon [T1 ,T 2] is 
designated D(k,S). 

denote the start and end times of 

trip i, icS. It is possible to partition the 
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schedule horizon of d(k,t,S) into a sequence of 
alternating hollow and maximal intervals. The 

maximal intervals Mk [ k k r sr,er],r=l,2, ••• ,n(k), 

define the interval of time over which d(k,t) takes 

on its maximum value. Denote the length of Mk as Mk= 
k k r r 

er - Sr Note that the Swill be deleted when it 

is clear which underlying schedule is being consid
ered. The index r represents the rth maximal inter
val from the left and n(k) the total number of 
maximal intervals in d(k,t). A hollow interval 

H: , t = 0,1,2, ••• ,n(k), is defined as the interval 

between two maximal intervals. Hollows may consist 
of only one point. In case a hollow consists of one 
point not on the schedule horizon boundaries (Ti 
or T2), the graphical representation of d(k,t) is 
emphasized by a clear dot. 

If we denote the set of all terminals as T, the 
sum of D (k) V kcT is equal to the minimum number 
of buses required to service the set T. This is 
known as the fleet-size formula and was indepen
dently derived by Bartlett (5), Linus and Maksim 
(~), Gertsbach and Gurevich C!l , and Salzborn (7 ,8). 
Mathematically, for a given fixed schedules, - -

N = L D(k) = L max d(k t) 
kET kET tdT1,T2] ' 

(1) 

where N is the minimum number of buses to service 
the set T. 

When deadheading (DH) trips are allowed, the 
fleet size may be reduced below the level described 
in Equation 1. Ceder and Stern (1,2) describe a 
procedure based on the construction of-a unit-reduc
tion deadheading chain (URDHC), which when inserted 
into the schedule allows a unit reduction in the 
fleet size. The procedure continues to insert 
URDHCs until no more can be inserted or a lower 
bound on the minimum fleet is reached (1). 

In order to understand the URDHC - procedure, a 
three-terminal example is briefly explained. The 
example illustrated in Figure 1 is referred to a 
fixed schedule because at this point we do not allow 
trip and departure times to be varied. The schedule 
is made up of nine trips with a trip-time matrix for 
both potential service ( in parentheses) and DH 
trips, as follows: 

i 
k 
m 
u 

k 
0 
2 (7) 

2 (3) 

m 
2(6) 
0 
1(5) 

u 
2 (3) 
1(4) 
0 

wher~ tij _and t i j ' are the trip t imes of DH and 
service trips between terminals i and j, respec
tively. For the example in question, the minimum 
number of buses required (before insertion of DH 
trips) is D(k) + D(m) + D(u) = 3 + 2 + 1 = 6. The 
chain-construction method can be carried out by the 
first-in, first-out (FIFO) rule or by a chain-ex
traction procedure described by Gertsbach and Gure
vich (i). The resultant six chains that use the 
FIFO rule are (1-8], [2], [3-9], [5-4], [6], and 
[7], according to the trip numbers indicated in the 
fixed-schedule part of Figure 1. These chains are 
assigned to individual buses. 

By the insertion of DH trips, the scheduler is 
able to reduce the fleet size of the sample problem 
from six to five buses. Suppose that terminal k is 
selected as a candidate terminal for reducing its 
fleet requirement. A deadheading trip, DHi, that 
departs from terminal matt= 5 can arrive at k at 

k 
t = 7 = s

1 
based on the above trip-time matrix in 
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Figure 1. Three-terminal 
example of URDHC pro
cedure using three DH 
trips to reduce fleet size 
by 1 at terminal k. 
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which 1:rnk 2. This will have the effect of 
decreasing d (k, t) by one unit at and after t = 5. 
In order to eliminate the increase of D(m) at t = 7, 
another DH trip, DH2 , is inserted from terminal u 
to m at t = 6. Similarly, another DH trip is re
quired, DH3 , to maintain the value of D (u) at and 
after t = 12. Note that a feasible insertion of a 
DH trip to link trip i at terminal u to trip j at 
terminal v (i,jsS) requires the following: 

(2) 

In the example shown in Figure 1, three DH trips 
are required to reduce D(k) from 3 to 2. An inter
esting observation is that instead of DH3, another 
service trip can be inserted between terminals k and 
u from t = 9 to t = 12, since tku' = 3 (see the 
dotted line in Figure 1). In this way, the bus 
operator might increase the level of service for the 
passengers by using a technique to reduce its fleet 
size. After the DH trips have been inserted, the 
deficit functions are updated and the procedure is 
repeated until no further reductions of the fleet 
size are possible (~J. The five chains can now be 
constructed through the FIFO rule: (1-8), [2], 
[3-DHr4J, [5-DHi-6), [7-DH3-9). 

DEFICIT-FUNCTION APPROACH WITH VARIABLE DEPARTURE 
TIMES 

The following section is an analysis of bus schedul
ing through the deficit-function approach when 
variable departure times are allowed. 

variable Trip-Departure T.imes 

A general description of a technique to reduce the 
fleet size for variable departure-time scheduling 
problems can be found in Gertsbach and Stern (i). 
This technique for job schedules uses the deficit
function representation as a guide for local 

minimization in maximal intervals, Mu V usT. However, 
r 

when variable departure times are considered along 
with a possible insertion of DH trips, the problem 
becomes more complex. The scheduler who performs 
shifting in trip departure times is not always aware 
of the consequences that could arise from these 
shifts. Th is section analyzes a method that will 
serve as a guide for the scheduler, particularly i,n 
a person-computer conversational mode. 

. i i i i 
Let us define [ts - 6

2
, ts+ 6 1 as the tolerance 

time interval of the departure time of trip i, 

isS, where 6i is the maximum delay from the scheduled 

71 

departure time (the case of a late departure) and 
i 

62 

is the maximum advance of the trip scheduled depar
ture time (the case of an early departure). 

According to the definitions in the previous 

section, su and eu, the start and end 
r r 

maximal interval Mu [r = 1,2, .•• ,n(u)J 
r 

ir \ 
u, usT, are associated with ts and te' 

That is, su refers to the departure time 
r 

designated i and e u the arrival time to 
r r 

designated jr (where ir, jr can 

from several trips that depart at time s 

of the rth 

at terminal 

respectively. 

of a trip 

of a trip 

be selected 
u 

and arrive 
r 

at eu , respectively). Now we can state a proposition 
r 

that enables the scheduler to determine whether the 
fleet size can be reduced through shifts in trip 
departure times: 

If Mu for all r [r = 1,2, ••• ,n(u)) satisfies one 
r 

or more of the conditions stated below, then by 
appropriate shifts (indicated in the conditions) of 
trip departure times, the fleet size at terminal u 
is decreased by 1 and remains unchanged for all 
other terminals. For the following four conditions, 

ir 
let ts be the departure time of trip ir from termi-

\ 
nal u tom and te be the arrival time of trip jrfrom 

terminal k to u. 

Condition (a) 

i r . 
-u r J 

If Mr~ 6 1 , + 6 2 , 
i 

then t rand 
s 

r. 
t J can be shifted in 

e 
so that the total shifting time opposite directions 

-u 
is equal to Mr provided that neither D(m) nor D(k) 

increases as a result of this shift. 

Condition (b) 

\ i 
If Mu< 6 , then tr can be shifted to the right by 

r = 1 s 

time Mu, provided that D(m) does not increase because 
r 

of this shift. The shifts in condition (a) can also 
be applied here. 

Condition (c) 

u jr jr 
If Mr~ 6 2 , then te can be shifted to the left by 

time Mu, provided that D(k) does not increase because 
r 

of this shift. The shifts in condition (a) can also 
be applied here. 

Condition (d) 

i \ 
If M~ ~ 6ir and M~ ~ 6

2
, then condition (a), (b), or 

(c) could be considered. 
Another possibility is to consider variable trip 

departure times along with the DH trip-insertion 
procedure. In that case, the feasibility 
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Figure 2. Before and after deficit-function representation for reducing fleet 
size through (a) URDHC procedure, (b) shifting trip departure times, and (c) 
mixed procedures. 

requirement shown in Equation 2 is changed to the 
following: 

(3) 

Multiobjective Criteria 

The main goal in the bus-scheduling problem is to 
reduce the fleet size, especially during major peak 
periods in a normal daily operation. This reflects 
the real possible saving in capital cost, However, 
when a person-machine conversational mode is incor
porated into the scheduling process, secondary 
objectives can be adopted, In this way, the sched
uler will be able to evaluate the results of his or 
her own suggestions in order either to reduce op
erating costs or to examine whether the resultant 
schedule follows a given policy. 

In the proposition given above, four conditions 
are mentioned. If condition (b) or (c) or (d) is 
fulfilled, the scheduler might face an optional 
decision: to reduce the number of shifts or to keep 
the shift times as small as possible. For example, 
in the first option, a single trip departure time is 

shifted by time Mu. In the second option, two trip 
r 

departure times are shifted, each by time If 

the policy is to minimize changes in the timetables, 
the first option is preferable. If the policy is to 
adhere as closely as possible to a planned time
table, the second option is given priority. 

A trade-off is also observed between insertion of 
DH trips and shifting trip departure time. For 
example, Figure 2 includes three scheduling cases 
for the fixed schedule presented in Figure 1. In 
case (a), as in Figure 1, the fleet size at terminal 
k is reduced by 1 through insertion of three DH 
trips. In case (b), the fleet size is reduced by 1 
in both terminals k and m through shifts of trip 
departure times. In case (c), a mixed operation on 
the deficit function enables a reduction in the 
fleet size by 2 [the same result as that in case 
(b)] both through shifting trip departure times and 
inserting DH trips. Note that the indicated numbers 
of the shifted trips and the DH trip times are the 

i i 
same as the example in Figure 1. In addition, 6

1 
= 6

2 
= 1 time unit for all the nine trips in the schedule. 

In this trade-off situation, there are two clear 
secondary objectives. The first is to minimize the 
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Figure 3. Demonstration of superiority of deficit-function representation over 
Gantt-chart approach. 
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changes in the planned timetables and to attempt the 
use of DH trips instead of shifting trip departure 
times. The second objective is to m1n1m1ze the 
operational cost and to attempt shifting trip depar
ture times rather than inserting DH trips. The 
first objective might be associated with the trans
port authorities' desire to maintain a highly reli
able timetable for the passengers, whereas the 
second objective generally expresses the view of the 
bus operator. 

INITIAL EXPERIENCE WITH BUS COMPANY 

As mentioned in the introduction, this research was 
motivated by Egged, the Israel National Bus Carrier. 
The need for a quicker response to timetable changes 
has led Egged management to investigate the use of a 
fully computerized scheduling system. This system 
is based on an optimization technique reported by 
Gavish, Schweitzer, and Shlifer (9) and discussed by 
Ceder and Gonen (10), Attempts to implement the 
computer-generated schedule have failed because of 
the inability to meet a number of necessary practi
cal constraints. Such constraints include the need 
to plan for more than 2500 bus trips (the program 
maximum capability), consideration of drivers' meal 
breaks and relocation, constraints imposed by non
identical bus types, etc. It was also felt that the 
optimal schedule provided had no advantage over the 
traditional methods. Furthermore, the schedulers 
were not confident in using the optimal technique 
because of their lack of knowledge of the operation 
of this method. 

It was therefore decided to continue the search 
for an approach that would combine the advantages of 
modern electronic computers while at the same time 
allow the scheduler to make his or her own contribu
tion to the scheduling task, Because of its visual 
nature, a deficit-function approach was selected to 
be used on a person-machine interactive system, The 
implementation of the deficit-function approach is 
now gradually being introduced so that the sched
ulers can gain confidence in this approach and reach 
the conclusion that this method is very useful in 
increasing the speed and accuracy of the scheduling 
tasks. 

Two simple real-life examples are given here to 
demonstrate the implementation stage at Egged. In 
the first example, illustrated in Figure 3, the 
schedulers claimed at the beginning that it was 
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Figure 4. Two-18rminal case in which two buses are saved through shifting departure times and modified URDHC procedures. 
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impossible to further reduce the fleet size from 
their Gantt-chart scheduling results. In Figure 3, 
only a small part of the Gantt chart and the corre
sponding deficit functions is shown, that part 
undergoing changes. The schedulers allow for an 
acceptable shift in trip departure time for all trips 

3 min. By illustrating d(k,t,S), we 

saved a bus by shifting six trips, each by 3 min. 
In the Gantt chart, before changes (Figure 3a), 
trips are designated by letters for identification. 
This is for the sake of clarity in referring to 
shifts and reconstruction of the Gantt-chart chains 
in Figure 3b. 

From Figure 3, the problem appears easy to han
dle. However, in Figure 3a only 6 out of 52 bus 
duties are shown, and those 6 rows in the Gantt 
chart were spread among the other 46 rows. 

Following this demonstration, the schedulers were 
not wholly convinced. They argued that with a 
little more effort on their part, they too could 
have saved the bus as in Figure 3. Therefore, a 
more complex example was decided on, as shown in 
Figure 4. This second example refers to an after
noon schedule of two Egged branches, Ramle, terminal 
k, and Lod, terminal m. On the left-hand side of 
Figure 4, only those trips involved with changes are 
exhibited in the before and after Gantt-chart repre
sentation; trips are designated by letters. on the 
right-hand side, the deficit functions of the com
plete schedule are illustrated, which include trips 
not shown on the left-hand side. The schedulers 
again claimed that no further reductions could be 
achieved from the D(k) + D(m) = 57 + 19 = 76 fleet
size requirement. The information given was that 

6i ~ o; = 2 min and that the DH trip time between the 

terminals is tkm = lmk • 7 min. 
As seen in Figure 4, six shifts in trip departure 

times and a single DH trip are required in order to 
save two buses and to reduce the fleet requirement 
to 7 4 buses. It was only after this second demon
stration that the schedulers began to take a serious 
interest in the deficit function. This was due 
particularly to its simplicity and visual nature. 
The schedulers expressed their positive feeling 

QtflcU Funtl ion 

TIME 

about the valuable aid of this gradual approach. 

CONCLUDING REMARKS 

This paper attempts to develop a methodology for 
variable bus scheduling in order to further reduce 
the fleet size in comparison with the developed 
algorithm ( 1, 2) for a fixed bus-scheduling problem. 
The approach used here employs a highly informative 
graphical technique based on deficit-function theory 
and is designated primarily for operation in a 
conversational person-computer mode. For example, 
the fixed bus-scheduling algorithm (1,2) has been 
programmed for use with a PDP 11/40 video screen and 
light pen. This allows the scheduler to insert and 
delete trips quickly and to immediately see the 
effects on fleet size through the updated deficit
function display. In this way, the scheduler can 
use the light pen to shift a trip departure time and 
to see the effect on the number of buses required. 
The objective of the proposed approach is also to 
allow the scheduler to consider multiobjective 
criteria through evaluation of his or her own sug
gestions. 

work is continually in progress at Egged in three 
parallel directions: (a) providing the Gantt-chart 
schedulers with a computer-generated graphical 
representation of deficit functions, (b) preparing 
the ground for a person-machine interactive system, 
and (c) conducting further research to provide an 
algorithm with an enhanced flexibility to incorpo
rate a large number of practical considerations. 
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