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The object of this paper is to present a personal view 
that pricing is not really a very important policy vari-
able for transit and to present an approach to data col-
lection for transit that permits monitoring and identify-
ing the effects of policy changes. 

OPERATING PHILOSOPHY FOR 
TRANSIT 

Transit, like most transportation, is a result of three 
distinguishable forces: demand, supply, and operating 
policies; the operating system is a result of all three 
forces. Pricing enters into the demand for transit and 
into operating policy indirectly in determining the level 
of subsidy required. 

Operating policy for transit has two basic sources: 
economic efficiency and income redistribution. Eco-
nomic efficiency refers to the idea that the users should 
pay for the service or, alternatively, that the total of 
all user and nonuser benefits should exceed all the costs. 
Except for economists, no one really seems to bother 
too much these days with efficiency, and unfortunately 
there are not too many economists. It seems to me 
that, at least in the area of public service, efficiency 
is dealt with in practice in simplistic, heavy-handed 
adjustments as required rather than by refined and pre-
cise methods. Moreover, the recent universal trend to 
heavy subsidies for transit seems to be a clear indica-
tion that efficiency is not a very important objective in 
guiding transit policy. 

Income redistribution is the main result of transit 
subsidies, as was indicated in the course of a study 
carried out in Austin, Texas, in 1975 (Figure 1). It is 
also probably one of the main objectives guiding the op-
erating policies for transit. Interestingly, when sub-
sidies for transit to the central business district (CBD) 
are considered, some of the income redistribution in-
volved may be directed elsewhere than to the low-income 
segments of society. There are also some transit sub-
sidies encouraged by such objectives as saving energy, 
improving the city structure, and saving people from 
the automobile, which could be classed as redirecting 
income to meeting social needs. 

Since the objective for transit is not primarily eco-
nomic efficiency, the traditional optimum pricing ob-
jectives would seem to have little application in the 
management of such systems. 

The one common indicator of success in meeting the 
income redistribution and social needs objectives for 
transit is the number of users of the system. The over-
all operating philosophy for most transit systems ap-
pears to be to maximize the number of rides on the sys-
tem without exceeding a reasonable level of subsidy. 
The rides are, of course, considered separately as to 
time of day and day of the week. The reasonable level 
of subsidy is generally determined at the local tax 
level, using subsidy dollars that are typically discounted 
50 percent for operating expenditures and 75 percent 
for capital expenditures. 

The net result is that the operating policies for tran-
sit are directed mainly to maximizing the demand for 
transit. The policies are implemented by using the fol- 

lowing policy variables: (a) the hours and days of ser-
vice, (b) the frequency of service, (c) the location of 
service (routing), (d) the fare for service, (e) the equip-
ment (quality, capacity, costs), and (f) the reliability 
and consistency of the service and then manipulating these 
variables to achieve the highest level of ridership on the 
system, with due consideration to the different times 
of the day and week. 

In passing, a comment on the phenomenon of keeping 
up with the Joneses is in order. It may be observed that 
city Y is purchasing a light rail transit line mainly be-
cause cities P, Q, and R have decided to buy one. To 
the extent that this exists, I think it can be disregarded 
from considerations of how to manage a transit system 
since it is not capable of rationalization. 

THE MANAGEMENT TASK 

We are left then with a planning and management task of 
maximizing demand, using the policy variables listed 
above within a given budget. How well do transit prop-
erties accomplish this management task? Not very well, 
mainly for historical reasons and to an extent because 
of a lack of data. Until about 1970 the management ob-
jective was to make money. This involved two main 
activities: making sure money was collected and kept 
track of and eliminating unprofitable services. A third 
activity was to raise fares periodically, incidentally 
keeping them roughly in line with increases in other 
prices. The records and procedures developed for these 
tasks are generally not adequate to the current situation 
in which questions of expansion of service are involved 
and the quality, frequency, and location of service vari-
ables are changed with some frequency in hopes of in-
creasing the number of rides on the system. The gen-
eral situation is illustrated in Figure 2 for the Canadian 
transit industry as a whole. The changing policy regimes 
are indicated by the sharp decline in the index for revenue 
passengers per vehicle-kilometer after 1965 to 1970. 

A simple illustration will indicate the differences in 
data required by the different management tasks. Typ-
ically a bus will operate over two routes in a city (by a 
"route," I mean the path of a bus that proceeds from the 
CBD to an outlying suburban area and then returns to the 
CBD). It is common practice to link two routes on op-
posite sides of the city, for good operational reasons. 
For purposes of keeping track of the fare money (the old 
management task), the two separate routes were treated 
as one. It is generally not possible with existing rec-
ords, and commonly collected data, to determine the 
number of rides on each individual route, which is of 
course an absolute necessity for the new management 
task. 

TRANSIT DEMAND MODEL 

The remainder of the paper describes a transit demand 
model that was developed with the new management ob-
jectives in mind. It attempts to relate transit demand 
to the policy variables of route location, hours of ser-
vice, frequency, fares, reliability, and the condition of 
the equipment. It was also designed to require data that 
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could be easily and cheaply collected by a transit prop-
erty. The model is put forth as a framework for mon-
itoring the effects of policy changes on transit demand. 
The model had a prototype application in Anstin, Texas, 
and is currently being tested in Kitchener-Waterloo, 
Ontario (population: 200 000), for a series of policy 
changes that will be implemented shortly. 

MM1 Structure 

The demand model was designed for a single route rather 
than for the whole transit network. This was done for 
practical data collection reasons. The model is com-
posed of a series of equations, 12 in all, for all combi- 
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nations of three periods of the day, for movements in-
bound to or outbound from the CBD, and for boarding or 
alighting passengers. 

The structure of the model is based on the belief that 
transit ridership can be explained by consideration of (a) 
land use (population, employment, school enrollments, 
and so on) within good access time of a route; (b) the 
frequency, fare, and other characteristics of the service 
provided; and (c) the system characteristics of transit 
routes, e.g., the fact that trips inbound to or outbound 
from the CBD have unique characteristics at different 
times of the day. The structure of the model is illus-
trated below. 

(transit
\ = L \ 

( household \ (trip attraction \ 1 (adjustment 
demand) 	variables / X variables 	/ J 

X factors 

It has three main parts. Firt, there are 12 separate 
equations for the different time periods, direction and 
movement, and boarding conditions that make up demand. 
Second, there is a gravity-model multiplication of house-
hold variables (which are disaggregated by access dis-
tance to the route as well as by income levels) and trip 
attraction variables (work, shopping, school, and so on). 
Third, there are a number of multiplicative adjustment 
factors to account for variations in fares, headways, 
reliability, bus condition, and so on. 

Model Equations and Inputs 

A number of definitions are required to fully characterize 
a bus route and the input variables. Each route is di-
vided into a number of sections, usually four to eight 
sections per route. For smaller cities that have 8-km 
(5-mile) routes, five or six sections per route would be 
typical. For each section the following data are re-
quired: 

The number of low-income households (target 
households) within 150 m (500 ft) of the route; 

The number of high-income households (other 
households) within 150 m of the route; 

The number of low-income households within 150 
to 300 m (500 to 1000 ft) of the route; 

The number of high-income househplds within 

Figure 2. Indexes for the Canadian transit 
industry. 
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Table 1. Model regression analysis for home-based trip ends (Equation 1). 

Regression Coefficients' 

Target Households Other Households 
Equa- 	 Trans- 
tion 	Dependent Variable 	Value 	S.D. 	Value 	S.D. 	fers 

Al 	Morning Ona inbound 	0.0049' 	0.0007 	0.0014' 0.0008 	5.0 
A2 	Evening Offs outbound 	0.0059' 	0.0009 	0.0018' 	0.0001 	5.0 
Cl 	Off-peak One inbound 	0.0049' 	0.00053 	0.00098' 0.00051 5.0 
C2 	Off-peak Offs outbound 	0.0049' 	0.0006 	0.0018' 	0.00077 5.0 

-26 and the critical t - 1.72. 	'The critical r2  is 0.479. 	'Significant at p - 0.05 

Input Weights for SMA 	Y 

Work Shop School UT Value S.D. r" S.E 

1.0 	0.08 0.009 9.3 26.8 23.9 0.51' 16.9 
1.0 	0.44 0.012 4.8 36.1 34.2 0.46 25.4 
1.0 	1.0 0.01 	0.0 32.1 23.4 0.55' 15.7 
1.0 	0.5 0.015 0.0 29.7 26.5 0.56' 17.6 

Table 2. Model regression analysis for non-home-based trip ends (Equation 2). 

Input Weights for SMH 	Regression Coefficients' 

Target Other 	. Work 	Shop 	 School 	 UT 	 Y 
Equa- 	 House- House- Trans- 
lion 	Dependent Variable 	holds 	holds 	fers 	Value S.D. 	Value S.D. 	Value 	S.D. 	Value S.D. 	Value 	S.D. 	r' 	S.E. 

A3 	Morning Offs inbound 	0.0049 	0.0014 	5.0 	0.26' 	0.043 	0.199 	0.277 	0.005' 	0.0009 2.11 	3.0117.9 	28.1 	0.57 	18.4 
A4 	Evening Oats outbound 	0.0059 	0.0018 	5.0 	0.556' 0.027 	0.164 	0.170 	0.0042 	0.004 	2.66 	1.79 	36.3 	32.6 	0.78' 15.3 
C3 	Off-peak Offs inbound 	0.0049 	0.00098 5.0 	0.71' 	0.0, 	0.50 	0.44 	0.017 	0.015 	0.0 	 44.73 	58.0 	0.55 . 38.9 
C4 	Off-peak One outbound 	0.0049 	0.0018 	5.0 	0.62' 	0.115 	0.30 	0.24 	0.0086 	0.0085 0.0 	 36.48 	42.5 	0.71' 22.9 

'N - 26 and the critical t - 1.72. 	'The critical rt is 0.692. 	'Significant at p - 0.05. 

150 to 300 In (500 to 1000 ft) of the route; 
The total number of employees (work) within 225 

m (750 ft) of the route; 
The junior and senior high school enrollment 

(school) within 225 In (750 ft) of the route; 
The retail-store employment (shop) within 225.m 

(750 ft) of the route; 
Other special attractors (hospitals, and so on) 

within 225 In (750 ft) of the route; 
The section-time headway for all buses in the 

section and the percentage of buses on the route under 
analysis; 

The number of transfer points; 
The fare; 
The bus reliability (currently undefined); and 
The bus condition, age, and so on (currently 

undefined). 

Some special terms used in the model that have not 
already been noted above need to be explained: 

On- a passenger boarding a bus going in a given route 
direction at a given time. 

Off- a passenger leaving a bus going in a given direc-
tion at a given time. 

Transfer location- any point at which a transfer is 
possible between a CBD route and a crosstown route, 
except within the CBD. 

HF- headway adjustment factor (accounts for varia-
tions in demand with variations in headways). 

AF- other adjustment factors (accounts for variations 
in fares, reliability, and bus capacity and condition) 

Car factor- an adjustment factor based on the gen-
eralized cost difference between travel by transit and by 
automobile; this factor is not used with target households 
but only with other households. 

VT- a dummy variable used to represent the Univer-
sity of Texas campus (40 000 students), which was within 
225 m (750 ft) of a route. 

Down-route section- a section downstream (for the 
route direction) of the section under examination. 

Up-route section- a section upstream (for the route 
direction) of the section under examination. 

A typical model equation for a home-based on or off 
passenger has the following form: 

Ons in a section = [a (target households) SMA 

+ b (other households) SMA (car factor) 

+ c (transfer locations)] (HF)(AF) 	 (1) 

where 

SMA = [d (work1 ) + e (shop1 ) + f (school,) + 
g (UT5 )], 

i = all down-route sections, and 
a, b, ..., g = model coefficients. 

In this situation, the number of riders who board the 
bus in the section is a function of the number of people 
who have access to the route section multiplied by the 
number of trip -destination opportunities available to them 
in other sections in the direction the bus is traveling 
(i.e., in down-route sections). The demand is adjusted by 
multiplying it by the headway and other adjustment fac-
tors. 

For the opposite of a home-based trip end or for the 
typical non-home-based On or Off passenger in a section, 
the equation would be 

Offs in a section = [d' (work) SMH + e' (shop) SMH 

+ f' (school) SMH + g' (UT) SMHI AF 	 (2) 

where 

SMH = [a (target household3 ) + b (other house- 
hold1) + c (transfer locations3 )] HF3, 

= all up-route sections, 
a, b, c = model coefficients, and 

d', e', f', g' = estimated coefficients. 

In this typical equation for the other end of the trip, 
the destinations in a section are a function of the employ-
ment in that section and the number of households in all 
sections up-route of that location. The up-route house-
holds are weighted by the coefficients for the equations 
developed for the other end of the trip. In turn, in the 
equation for the other end of the trip, the SMA factor 
(sum of the attractions) is composed of attractions (work, 
shop, and so on) weighted by the coefficients from this 
non-home-based equation. 
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MODEL RESULTS TO DATE 

A feasibility study was carried out in Austin, Texas, in 
the spring of 1975. Boarding and alighting data were 
gathered and the model coefficients were calibrated to 
these ridership data by means of linear regression anal-
ysis. The adjustment factors were developed from a 
review of the literature. The results of the Austin fea-
sibility study can be summarized as follows: 

It was found that linear regression can be used to 
calibrate the coefficients for the model. This will make 
data collection for the model a matter of collection of 
On and Off data by section for each route. 

The model equations (Tables 1 and 2) had reason-
able coefficients. For the higher income (other) house-
holds, the coefficients were about 25 percent of those 
for low-income (target) households. The coefficients 
for the home end of the trips were all statistically sig-
nificant and had consistent values during the whole cal-
ibration procedure. The coefficients for the attraction 
variables were not as consistent, perhaps due to the 
measurement difficulties in determining the employment 
and other attraction inputs. 

Examination of residuals indicated no unexplained 
variance in terms of comparisons between routes, dis-
tance from the CBD, income levels, and so on. This 
was also taken as a verification of the headway adjust-
ment factor, which varied from 1.0 to 0.3 for the test 
sections (15-min and 1-h headways respectively). 

There was an expected similarity between coef-
ficients of the vaiious equations. For instance, the Ons 
in a section in the morning peak and the Off s in a section 
in the evening peak should have similar coefficients. 
Examination of Equations Al and A2 in Table 1 shows 
that this is the case. 

The development of the model is continuing in the 
Kitchener-Waterloo study, which is sponsored by the 
Ontario Ministry of Transportation and Communications 
and Kitchener Transit. Special attention is being pald  

to the measurement of the attractor variables and the 
estimation of the associated coefficients. The study will 
look at the consistency of the household coefficients for 
two quite different cities. Tests of model prediction 
ability for maximum load points and overall route rider-
ship will be carried out. In addition, the model will be 
tested in a before -and -after situation for a series of 
changes in route locations, route headways, and hours 
of service that are being implemented by K.itchener 
Transit. This should clearly indicate the model's po-
tential for use as a management tool. 

CONCLUSION 

The recent trend to heavy subsidies for transit systems 
has signaled a change in the underlying objective from 
one of economic efficiency to one of maximizing the 
number of users of transit, by time of day, within a 
reasonable level of subsidy. This shift in objective has 
resulted in a change in the methods of managing transit 
systems as well as in the nature of transit service oper-
ations. These changes have resulted in a lack of infor-
mation and data on the effects of policy changes. 

A transit demand model is needed as a policy tool 
to monitor the effects on ridership of policy changes in 
transit systems. The proposed model is simple in 
structure, follows well-proven theories, and includes 
as variables all the major policy variables. The model 
provides a framework for data collection that will en-
sure that the effects of policy changes can be detected. 
Only by measuring all the variables that affect transit 
ridership is it possible to isolate the effects of a specific 
policy variable. Feasibility studies to date indicate that 
the proposed model does provide a framework that is 
adequate to the task. 

Ongoing research is aimed at the development of a set 
of model coefficients and adjustment factors that will be 
consistent between routes and cities. This would provide 
the basis for a transit demand model that would be very 
beneficial in achieving the new management task. 

Using Sales Tax to Support Low-Fare 

Pricing of Transit Services in Atlanta 

John W. Bates, Research and Development, Metropolitan Atlanta Rapid Transit Authority 

On February 17, 1972, the Metropolitan Atlanta Rapid 
Transit Anthority (MARTA) initiated implementation of 
its short-range transit improvement program through 
acquisition of the privately owned Atlanta Transit Sys-
tem, Inc., which was and had been for many years the 
only significant supplier of public transportation services 
in the Atlanta metropolitan area. On March 1, 1972, 
MARTA lowered fares from the previous 40-cent base 
fare with a 5-cent transfer charge to a 15-cent flat fare 
with free transfers. 

The reduction in fare was included in the development 
of MARTA's overall financial planning. The primary in- 

come source for implementation of the $2.1 billion tran-
sit development program is a 1 percent sales and use tax 
levied in the two-county implementation district. To 
overcome the inequity of a regressive sales tax, a policy 
of maintaining low fares was established, and both sales 
tax and fare revenues were applied to meet development 
and operating costs. 

Some increase in transit patronage was expected as a 
result of the fare reduction. The forecast was based on 
the historical marginal elasticity of fares in Atlanta, 
which indicated that, for an increase or small decrease 
in fare, total volume declined or rose approximately 


