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Redistributive Effects
of Public Transit:
Framework and

Case Study

Steven M. Rock, University of Illinois at Chicago Circle

Study of the redistributive effects of public policy, i.e., who pays and
who benefits, is often tacking in economic analysis. This paper stresses
the importance of including a redistributive focus and presents a pro-
cedure for analyzing redistributive effects in public transit. The main
redistributive effect studied is due to varying profitabilities of transit
lines. Ceteris paribus, the users of profitable lines subsidize the users
of unprofitable lines. To measure this effect requires that the costs
and revenues of the transit system be allocated to the individual lines.
The means of accomplishing this allocation are considered. The re-
sults can then be correlated with socioeconomic data of the users of
each line. Along with this, variables that seem important in explain-
ing the variance in line profitability can be tested. This framework

is applied in a case study of the Chicago transit system.

The study of redistributive effects should be a part of
any analysis of public policy. These effects are con-
cerned with who pays for a particular program and who
benefits. An obvious example of redistribution is the
tax system. Taxes are collected by the government
and in turn are spent on various public programs. How-
ever, those persons who pay taxes are generally not
those who receive the benefits of the expenditure of
their tax dollars. Thus, income may be redistributed
from some identifiable groups to other identifiable
groups.

A number of studies of these effects have already
been undertaken; they generally deal with total govern-
ment tax and expenditure figures, broken down by in-
come class (5, 14). However, few attempts have been
made to determine the redistributive effects of a single
component of government activity; exceptions (1) include
public higher education, water resource development,
and the farm program. It is likely that any public pro-
gram has redistributive effects. While this is the ob-
jective of a few programs (e.g., social security and
welfare), most other programs are not specifically de-
signed for redistribution. Nevertheless, these pro-
grams have distributional impacts.

Publication of this paper sponsored by Committee on Taxation,
Finance, and Pricing.

There are a number of reasons for studying redistrib-
utive effects. As Booms and Halldorson (2) suggest,
these effects

are an important determinant of the quality of life for many people
in our society. The allocation of public burdens and benefits is a
major point of conflict in our society. It is obviously advantageous
to know something about the factors influencing the distribution
of public outcomes.

Also, Hansen and Weisbrod (6) note that

a knowledge of the magnitude and distribution of subsidies or direct
benefits provided through ... any public program is important for
what it suggests concerning appropriate pricing, tax and expenditure
policies.

In the past, economic analysis has tended to con-
centrate solely on the efficiency of a project, i.e., the
degree of success of an activity in producing outputs
that are more valuable than the resources used in pro-
duction. Most of these studies have completely ignored
equity (i.e., distributive) effects. In this regard,
Weisbrod (15) states:

To date, valuation of distributional effects of public expenditure
programs has eluded economists. . .. It is the exceptional . .. analysis
that considers them explicitly. Indeed, according to a recent survey
of the literature [11] ..., it almost seems wrong to consider distri-
butional effects.

Decision makers, however, tend to base their choices
on equity considerations as well as efficiency criteria.
In theory, integrating distributional gains and losses
with efficiency benefits and costs into a single grand
efficiency measure would be optimal. However, this
is not possible unless weights for different groups’
benefits and costs can be devised. Even if equity ef-
fects cannot be quantified, it is still important to con-
sider them along with efficiency results. To that end,
this study is concerned with the issue of equity, rather
than the issue of efficiency, in what is often a govern-
ment program (public transit). A framework is pre-



sented to identify which groups receive the benefits of
this public program and which groups paythe associated
costs, i.e., the redistributive effects of public transit.
Then this framework is applied in a case study of the
redistributive effects of the Chicago rapidtransit system.

A FRAMEWORK FOR ANALYSIS

Redistributive effects can occur between users and
nonusers, particularly if a transit system runs a def-
icit. In addition, distributional effects are evident be-
tween users. Five specific user effects can be identi-
fied (12). One of these is due to fare reductions avail-
able to certain groups (E). Three other effects are
caused by the interplay of the fare structure with un-
even use patterns: peak versus off-peak redistribu-
tion, long-haul versus short-haul redistribution, and
peak direction versus backhaul redistribution. A final
effect is due to the differing costs and revenues of each
transit line. This paper concentrates on the latter user
effect.

The following procedure is proposed to determine
the redistributive effects due to the differing costs and
revenues of each line. First, the costs of the transit
system must be determined and assigned to the users.
To do this requires that the costs of operating each line
under consideration be determined. This involves ex-
amining the various cost categories inherent in pro-
viding transit service and examining the allocation of
these costs, by suitable bases, to the various line seg-
ments. Then, the revenues for each line should be ob-
tained and matched with the costs for each section.
This gives a measure of the redistribution involved be-
tween lines, Finally, to determine what identifiable
groups of people are involved in redistribution, socio-
economic data such as the income levels and racial
composition of the users of each line are necessary.

In addition, the variables that seem important in ex-
plaining why the costs and revenues vary by line can
be investigated.

Before the allocation of transit costs and revenues
is undertaken, the relationships between these amounts
and total benefits and costs need to be specified. With
demand given, a transit company incurs the costs of
setting up and operating a system and thus provides a
level of service (Figure 1). From this service, users
obtain direct benefits, and all people experience cer-
tain external benefits (e.g., reduced pollution and road
congestion) and external costs (e.g., noise) from the
existence of the system. Because of the nature of ex-
ternalities, they cannot be recovered by the transit
firm. Only some of the direct user benefits can be
recovered from the market for transportation services.
Because people will pay for a service only if it is
worth no less than the price, their total direct benefits
will reflect the sum of the price paid for the service
(i.e., user cost, which becomes transit revenue) plus
any consumers' surplus that is reaped. The transit
firm is only interested in the amount of its costs and
revenues. From a wider point of view (such as the
community's), the value of external benefits and costs
and consumers' surplus (§) should be considered in
addition to the transit firm's costs and revenues. Be-
cause of the difficulty involved in putting a value on
externalities and consumers' surplus, only direct costs
and revenues can be considered. Therefore, the re-
search must focus on the transit firm's perspective as
expressed in its accounts. Nonetheless, to the extent
that the users of the system contribute to costs and
revenues, their focus will be included as well.

The demand for transit service (and lack of private
gupply) provides the rationale for an authority to set up

and operate a system. Although this study is concerned
with demand only as it directly affects costs and reve-
nues, a brief word relating these concepts is appropri-
ate. Lang and Soberman (7) suggest that rush-hour
transit capacity requirements are obtained from peak
demand and the car space per person that is allowed.

In turn, this rush-hour capacity dictates equipment,
work force, and energy needs. These factors largely
determine operating costs (since provision for peak
gervice will cover much of the capacity in labor, capital,
and other factors needed to meet off-peak demand) and
therefore unit costs as well. Unit costs, to the extent
that they are reflected in fare levels, affect transit de-
mand. Thus, the chain of cause and effect actually
comes full circle.

Cost Allocation

The first step in determining redistributive effects is
the measurement and allocation of the costs of transit
operations to individual lines. Relevant cost allocation
literature includes Lang and Soberman (7) and Morlok
(9, 10). Although cost allocation is a fairly straight-
forward and mechanical procedure, care must be ex-
ercised.

A general principle in (variable) cost allocation is
to express costs as a function of the output measure
that reflects the reasons for incurring the cost. De-
pending on the cost category, an appropriate basis
might be car-kilometers (for costs that vary with usage
such as vehicle repair costs), track-kilometers (for
costs that are time based and related to the length of
track, e.g., some station and signal costs), or sched-
uled payroll hours (for costs that are labor related,
e.g., cost of operators and ticket agents). This method
of cost allocation is distinguished from three other
methods. One method common in transportation plan-
ning literature expresses all operating costs as con-
stant per car-kilometer. This method is quite crude,
since only some costs are a function of car-kilometers.
A second possibility is a cross-sectional regression
analysis of the cost data of various transit systems.
The difficulty with this approach is the small number
of systems in existence. Also, this overlooks the pe-
culiarities inherent in a particular transit firm's op-
erating and accounting procedure. The third method
uses the results of a time-series regression analysis
of system costs. The lack of long time-series data,
the small range of the variables, and the difficulty in
applying this to a detailed examination of a system
make this approach infeasible.

Additional cost-related considerations include the
allocation of fixed costs, the distinction between the
true and average cost curves, and the problem of mea-
suring quality of service. Although it is reasonable to
allocate variable costs as a function of the appropriate
output measure, fixed costs (e.g., management and
capital) cannot easily be handled in this manner. These
fixed costs depend largely on the size of the transit
firm's operation. Thus, Lang and Soberman (7) sug-
gest that they might best be allocated as a fixed per-
centage of operating costs, inasmuch as fixed costs
provide the base from which all operating costs develop.
If this line of reasoning is followed, operating costs (in
aggregate or broken down by line) would be increased
by a percentage sufficient to account for an annualized
amount of fixed costs. This assumes that fixed costs
accrue to each line on the same basis as total operating
costs. However, application of this procedure will not
affect the relative costs of the lines (vis-d-vis each
other). Because of this fact and the somewhat arbitrary
nature of fixed-cost allocation, not considering these



costs would not significantly affect a study of user re-
distributive effects.

When the variable costs of transit are allocated as
a function of an output measure, it is desirable to know
the true cost curve over the range of all outputs. The
true cost curve in general will not coincide with the
average cost curve because of economies of scale in
provigion of transit. Unfortunately, only total or aver-
age cost data are available. Thus, it must be assumed
that costs vary linearly with the appropriate output
measure. This limitation must be kept in mind, for it
necessarily introduces some bias in any cost prediction
or allocation that is made. A similar limitation relates
to the quality of service on the system. This aspect will
differ markedly throughout the system; for example,
new equipment will require less maintenance than old.
Because of the data available and the inability to quantify
quality differences, service quality must be assumed
to be uniform throughout the system.

Revenue Allocation

The allocation of system cost to each line must be
matched with an allocation of system revenue. Three
possible approaches for accomplishing this are con-
sidered: by originating revenue, by incremental rev-
enue, and by adjusted originating revenue.

The first approach to revenue allocation is simply
to note the amount collected on each line (originating
revenue). The main advantage in using these data is
that they are readily available. The disadvantage of
this approach is that it fails to account properly for
those trips that travel over more than one line if pa-
trons pay their total fare (including transfer charges)
when they start their trip. Regardless of where the
trip is taken on the system, all of the fare paid is at-
tributed to the originating line. Thus, if a trip begins
on line 1 and ends on line 2, no revenue will be re~
ported for line 2. This would be mitigated, of course,
to the extent that trips taken are round trips. For ex-
ample, as a complement to the above trip, the return
trip begins on line 2 and ends on line 1. The originat-
ing revenue for this return trip will be credited to line 2.
Depending on what the originating fare is on each line,
there may be objections to the way the revenue is gplit
between the two lines, but at least each line is credited
with revenue. Another bias occurs if a trip is taken on
more than two lines; if this is the case, no revenue will
be recorded for the middle lines.

A second way of dealing with revenue allocation is
through an incremental approach. The term incremental
refers to the costs or revenues of the entire system
that are due to the existence of a particular line. To
obtain the incremental cost and incremental revenue of
a line, one would determine what system costs would
be saved and what system revenues would be lost if that
unit were to cease operations. In effect, the entire sys-
tem with the line is being compared to the remaining
system without the line. One apparent advantage of this
method is that thig type of analysis can be used for
efficiency-oriented decigion making (such as whether a
line should be shut down or what scope of operation
should be undertaken by comparing the incremental cost
and revenue of the line at each scope).

The incremental cost of a line is composed of all
operating costs that can be saved if the line is shut down
(this assumes a sufficient time span), It is probable
that most management costs and capital depreciation
will not be saved and therefore should not be included.
Estimating incremental revenue depends on determining
what percentage of riders of a line would use alternate
modes if the line were discontinued and what percentage

would continue to use the transit system by riding a dif-
ferent line. Unless these percentages can be obtained,
the incremental approach is not feasible. Another dis-
advantage of this approach is that it is only applicable
to those lines whose shutdown would not radically affect
other lines.

A third approach, which can be applied to analyzing
one segment of a bimodal operation (e.g., analyzing the
rail portion of a rail and bus transit system), is to ob-
tain adjusted (originating) revenue. This procedure is
based on the fact that the costs and revenues of a line
ultimately are derived from the passengers who use the
line. This is so whether they originate on that line or
a different line. To reflect this fact and to congider all
lines on an equal basis require that the revenue for pas-
sengers who originate on another line be added to orig-
inating revenue to obtain adjusted revenue. For ex-~
ample, if only the rail system is being analyzed,
revenue for those passengers who arrive at a par-
ticular rail line by bus will be input (at the rail fare
times the number of bus originators) and added to
origmating rail line revenue. This will throw off the
apparent profitability of rail vis-d-vis bus, but if a
study is solely interested in rail travel, then only
the relative profitability of rail lines is of interest.
This approach more truly represents the ridership
differences between the rail lines.

Of course, inputing all of the bus revenue for those
who arrive by bus as if they originated on the rail sys-
tem will certainly overstate the amount of revenue that
should be transferred from bus to rail, That is, some
revenue should theoretically be left with the bus. The
result of this allocation is a bias; those rail lines with
a higher percentage of bus arrivers will seem relatively
more profitable than those with a lower percentage.
However, in a practical sense, there are no available
criteria for determining how much revenue to leave with
the bus and how much to attribute to rail. In the case
study below, this bias does not appear to be significant
(and is certainly less than the bias that would occur if
the adjustment for bus originators was omitted entirely)
inasmuch as the costs and revenues obtained seem con-
sistent with other measures of profitability (e.g., load
factor). A remaining bias with this approach, as with
the first approach, occurs when a trip is taken on more
than one line. This cannot be corrected or accounted
for, because of the vast combinations of possible trips
and the difficulty in designing criteria to allocate revenue
(and cost) over each trip,

Cost-Revenue Ratios and Redistribution

After the costs and revenues have been allocated by line,
these amounts must be combined, and the specific groups
involved in redistribution should be identified. Along
with this, the factors that seem important in causing the
ratios to vary can be determined.

Two ways of combining costs and revenues are con-
sidered. First, line revenue can be subtracted from
line cost and expressed in per capita terms for com-
parison purposes. Obviously, the results of this method
depend vitally on the number of users. Thig direct de-
pendence on number of users can be avoided by using
another approach that considers the number of passengers
only as they are reflected in the relative magnitudes of
costs and revenues of a line. This second method is to
combine costs and revenues into a cost-revenue (C-R)
ratio, With respect to an individual line, the lower the
ratio is, the more profitable the line is.

- Both methods, per capita differences and ratios, will
illustrate the same outcome. However, the ratio is less
sensitive to the number of users. Another reason that



the use of a ratio is preferred is the similarity between
C-R ratios and cost-benefit ratios, which are used ex-
tensively in economic decision making. Because the
focus of this study is the differences between the lines,
the C-R ratios should be normalized to reflect the rela-
tive ratios between the lines, That is, the overall sys-
tem C-R ratio should be adjusted to 1.00 so that only
user redistribution is measured. Dividing all the line
figures by the amount necessary to obtain an overall
ratio of 1 will normalize the figures, i.e., solely reflect
the differences between the lines.

Given the costs (and capacity) of each line, the higher
the revenue is, the more profitable the line will be. This
reflects the importance of filling capacity to give the line
a low C-R ratio. A measure relating capacity to reve-
nue is the load factor of each line, which is the average
number of passengers per car measured at an appro-
priate point for a suitable time period (e.g., 24 hours).
The line load factor should correlate strongly and in-
versely with the C~R ratio; specifically, the greater
the line load factor is, the lower the ratio will be.

Before considering why the ratios vary as they do,
two points should be clarified. First, what is the rela~
tionship between the ratios and redistribution? Second,
what is the link between the ratios of each line and the
users of that line? The cost-revenue ratios tell which
lines are profitable and which lines are money losers.
For example, assume that there are two lines in a sys-
tem: A and B. The overall system is breaking even,
but line A is profitable (has a C-R ratio less than 1)
and line B is not (has a C-R ratio greater than 1). As
the system is set up, the surplus of line A subsidizes
the deficit of line B. Apparently, there is a redistri-
bution of income from line A to line B. But, in'fact,
redistribution is not really between lines; it is a phe-
nomenon taking place between users of a line, To be
strictly correct in identifying who is subsidized and
who is providing this subsidy requires that the identity
and circumstances of the users of each line be deter-
mined. With this information, judgments concerning
both the outcomes of redistribution and corresponding
policy decisions can be made,

Given the cost-revenue ratios by line, two questions
emerge., First, can the direction of redistribution be
correlated with any socioceconomic characteristics of
the users ? Second, why do the ratios vary between the
lines (i.e., what causes this variance)? To answer
these questions, appropriate hypotheses can be formu-
lated and tested through the use of linear regression,
where the cost-revenue ratio is the dependent variable.
The independent variables will fall into five broad cate-
gories: geographic and physical attributes, price vari-
ables, competition-measuring variables, policy vari~
ables, and socioeconomic variables. Within each
category, variables that may be important should be
considered, and the direction of their effect should be
hypothesized. (The specific variables tested in each
category will depend on data availability and the pecu-
liarities of the system being analyzed.) Then, this hy-
pothesis can be statistically tested, either singly against
the C-R ratios or in combination with other variables.

CASE STUDY

The above framework was applied to the Chicago transit
gsystem. Publicly operated transit in the Chicago area
is provided by the Chicago Transit Authority (CTA)
through both surface (bus) and rapid transit (rail) op-
erations. For simplicity, only rail lines of the CTA
were considered, and these were broken into units
suitable for analysis. Thetime period used was calendar
year 1972. A more detailed description of the case

study is given elsewhere (12).

To undertake the cost allocation, CTA financial re-
ports and supporting data were analyzed in detail. The
main document used was the Operating Location Cost
Report, which breaks down 11 variable cost categories
into three portions: surface, rapid, and common-to-
system costs. The rail costs are further divided among
four lines; but for a more meaningful result, it was nec-
essary to break these four major lines into 10 distinct
segments. Where necessary, finer details of these costs
were consulted to improve the accuracy of the alloca-
tion.

The amount of each cost category that was allocated
to the rapid system was determined, and this was in
turn allocated to the 10 lines on the basis of the most
appropriate output measure, as described above. The
results of these calculations are given in T'able 1 and
the first column of Table 2. Capital and management
costs are not included, for the reasons suggestedabove.

To begin the revenue allocation, originating revenue
by line was obtained from CTA records. As mentioned
above, this should be adjusted by imputing revenue for
those who arrive by bus to each line, CTA data on bus
originators were used to adjust the revenue of each rail
line (the adjustment factor ranged from 0 to 233 percent
of originating revenue). This will more accurately mea-
sure ridership differences between the lines. However,
the bias that occurs when a trip is taken on more than
one line remains. The extent of this bias was determined
by obtaining the percentage of trips that are taken on
only one line. The higher this percentage is, the less
the possible bias is. The percentage of riders who use
only the originating line is as follows:

Line. Percent Line Percent
Evanston  58.8 Ryan 88.6
Skokie 10.8 Congress 83.56
North 82.5 Douglas 86.6
South 89.2 Milwaukee 89.5
Lake 89.7 Ravenswood 74.8

Seven of the lines have figures in the range of 80 to 90
percent, and an eighth is just slightly less. It is rea-
sonable to suspect that most of the trips taken on these
lines go to the central business district and return home
on the same line, Many of the remaining trips involve
only two lines, and, under a round trip assumption, rev-
enue will be credited to each line.

Any substantial bias, therefore, would come from
two suburban lines: Evanston and Skokie (the percent-
age of trips taken only on the two lines is 60 and 10 re-
spectively). Trips on these two lines that are taken on
other lines will include a portion on the North line. Be-=
cause many of these trips terminate in the CBD as well,
under a round trip assumption revenue would be recorded
in a suburban line (Evanston or Skokie) and the North
line for each‘round trip. However, the originating fare
is much higher in each suburb than on the North line,
while the portion of the total trip is significantly shorter
in time and distance in each suburb than it is on the
North line. To this extent, the revenues for Evanston
and Skokie are apt to be overstated relative to costs.
For the same reasons, the other lines have revenues
somewhat understated, although the main understated
line is North.

The results of the cost and revenue allocation, and
their combination into a ratio, are given in Table 2. In
analyzing these results, it is highly likely that the figures
for Evanston and Skokie do run in the direction indi-
cated (Skokie being profitable, Evanston being a money
loser). This inference is lent support by the following
CTA statement (4): "Expansion to follow population



Figure 1. Relationship between transit costs and benefits.

EXTERNALITIES

Table 1. Cost allocation for CTA rail rapid transit (1972).

Amount
Trans1T Cosvs —= Service LEVEL Category (dollars) Basis of Allocation
BiRect Usen (ng;;;‘jfg‘ Trainmen 14912000  Scheduled payroll-hours
LENEFITS Agents, janitors,
Tokissa yardmen 15 832 000  Scheduled payroll-hours
Station operation 1 893 000 Car-kilometers
Revenues General office, utility,
and traffic planning 2 7153 000 Car-kilometers
Instruction, security 927 000  Car-kilometers
< Shops and equipment 11 759 000 Car-kilometers
Table 2. Results of cost and revenue allocation. Enin)neering 6 407 000 Car-kilometers, track-kilometers
Electrical 4 1741 000 Car-kilometers, track-kilometers
Adjusted Power 3 970 000 Car-kilometers, track-kilometers
Cost of Originating Snow and refuse
Operation Revenue Normalized removal 231 000 Track-kilometers
Line (dollars) (dollars) C/R C/R Provision for injuries
and damages 634 000 Car-kilometers
Evanston .2 977 000 2 460 000 1.21 1.32
Skokie 619 000 832 000 0.74  0.81 R B (60 000
North 12 349 000 15 213 000 0.81 0.89
South 10 836 000 10 893 000 0.99 1.09
Ravenswood 5 536 000 4 774 000 1.16 1.21
Lake 6 189 000 5 889 000 1.05 1.15
Ryan 7 431 000 11 089 000 0.67 0.73
Congress 5 232 000 4 528 000 11A8 1 9R
Douglas 4 667 000 5 314 000 0.88 0.96
Milwaukee 8 224 000 9 078 000 0.91 0.99
Total 64 060 000 70 071 000 0.91 1.00
Table 3. Results of simple linear regressions of cost- Hypothesized  Hegression Standard
revenue ratios on listed variables. Variable Units Direction Coefficient  Error
Geographic
North dummy 0y 1 ? +0.017 8 0,136 5
West dummy 0,1 2 +0.109 7 0.144 0
South dummy 0,1 ? -0.171 8 0.159 7
Expressway dummy 0,1 ? -0.074 3 0.146 8
New line dummy 0; 1 - -0.288 6° 0.108 7
Price
Extra fare dummy 0,1 + +0,149 6 0.129 1
Average price Cents/km + +0.129 4 0.172 6
Competitive
Commuter railroad Percentage of stations
having this alternative + +0.002 5 0,002 4
Another CTA line Percentage of stations
having this alternative + +0.002 3 0.003 4
Policy
24-hour agents Percentage of stations ? -0.002 2° 0.0013
Stations per 1.6 km 2 +0.253 6° 0.085 4
Headway Min ? +0.069 2 0.076 4
New car dummy 0,1 -0.056 7 0.135 2
Socioeconomic
Density Population/2,59 km?* - +0.000 001 0.000 011
Automobiles per capita + -0.080 3 0.804 5
User income Dollars ? -0.000 02 0.000 03
White income Dollars ? -0.000 03 0.000 04
Black income Dollars ? -0.000 03 0.000 02
Black users Percentage ? -0.002 6 0.003 1
Employed users Percentage - -0.309 3 1.102 1

Note: 1km = 0.6 mile; 1 km? = 0.4 mile?

295% confidence level,

growth could not be accomplished '"from the fare-box'
with the significant... exception of the Skokie Swift."
Additional support for the contention appeared in mid-
1973, when the CTA proposed closing a number of sta-
tions on the Evanston line. Although this proposal was
later abandoned, the Evanston City Council Transporta-
tion Committee at the time felt that the closures had
the objective of restructuring the Evanston service to
an operation similar to Skokie's. Lending additional
weight to the results is the fact that many Evanston
patrons are within walking distance of the Chicago and
Northwestern commuter railroad, alternatives that
Skokie patrons do not have.

However, the results of a study by Wohl (16) seem
at odds with these results. Wohl reported that during
the first 2 years of operation of the Skokie Swift (1964-

b80% confidence level, ©98% confidence level,

65) the total costs, including interest on capital outlays,
exceeded revenue by $485 000 or about 14 cents per trip.
It is evident that in this study certain capital expendi-
tures involved in setting up the Skokie service were in~
cluded in the cost figures for these 2 years (e.g., line
rehabilitation and parking lot construction). However,
these capital items have a gignificantly greater life span
than 2 years; thus, this procedure will overstate ex-
penses, Additionally, one should question the full in-
clusion of one-time expenses (promotion and data survey
costs). The correct amount to report will depend on the
capital items considered (for example, does the pur-
chase price of already owned equipment become an ob-
ligation of the Skokie line?), the capital recovery
method and interest rate used, and the treatment of
one-time expenses. In any case, Wohl's cost data are



overstated. In fact, the publication from which the data
on the Skokie line were obtained directly contradicts
Wohl's results (3): "Skokie Swift has proven that fares
collected could meet all the costg of operation."

As another check on the C-R ratios, the correlation
between the load factor (obtained from CTA data at the
maximum load point of each line for a 24-hour period
in both directions) and the ratios was calculated. In
confirmation of the hypothesis above, the simple cor-
relation coefficient was -0.84. Thus, the C-R ratios are
reasonably accurate.

The final step in the case study is to determine
whether particular groups that are involved in redis-
tribution can be identified and to determine what vari-
ables are gignificant in explaining the variance in the
ratios. Many factors interact in determining the C-R
ratios of the lines. Because of the small number of
observations and degrees of freedom (10 linesg), it is
difficult to sort out all the influencing factors. For this
reason, the statistical technique used seeks simply
those variables that correlate best with the ratios, Thus
for the most part, the analysis is limited to simple
linear regression using a t-test as a measure of sig-
nificance.

There are five categories of variables congidered.
The first category, geographical and physical attributes,
containg variables that measure possible political fa-
voring of different city areas, differences in geographic
terrains, differences of costs and revenues owing to the
type of right-of-way (e.g., location of line in the median
of an expressway), and ""'newness' of lines. The second
category, price, is difficult to represent because the
base price of an originating trip was the same on all
lines (with some minor exceptions). To work around
this, variables accounting for the extra fare on some
lines and average trip price were tested. The third
category reflects the availability of competing services
(for simplicity, the price of competing services was not
considered). The nearness of commuter lines or other
CTA lines to each line was measured. Fourth, vari-
ables were tested whose values are significantly deter-
mined by CTA policy decisions: percentage of stations
with 24-hour agents, stations per 1.6 km (1 mile),
train headway, and newness of cars. The final category
of variables considered is socioeconomic influences,
These include density around the lines, automobiles
per capita around the lines, user income, race of users,
and percentage employed living near a line.

The results of simple linear regression of the above
variables on the C-R ratios are given in Table 3, along
with the hypothesized directions for each variable. The
most significant single variable explaining the ratios is
stations per 1.6 km (1 mile). The positive correlation
suggests that more stations mean less net revenue (a
lower C-R ratio); thus, a faster train seems preferred
to more access, or costs are lower with fewer stations.
A number of variables that would be expected to be
significant were not (e.g., density and automobiles per
capita) because of the interaction of other variables,
the small sample size, and incomplete specification,
among other reasons.

The lack of significance of the race and income vari-
ables suggests that no identifiable redistribution by in-
come or race is taking place. Nevertheless, a simple
redistribution does occur between users of each line.
Skokie, North, and Ryan users are subsidizing Evanston,
Ravenswood, Lake, and Congress users, but the users
of other lines are not involved in redistribution.

CONCLUSION

A framework for analyzing the redistributive effect due

to the differing costs and revenues of transit lines was
presented. This consists of an allocation of system
costs to each line or segment. This is complemented
by an allocation of system revenue to each line. The
resulting costs and revenues can be combined and sta-
tistically tested to determine what variables are im-
portant in causing these figures to vary and whether
identifiable groups are involved in redistribution.

A case study using the Chicago rail rapid transit sys-
tem was presented to illustrate use of the framework.
The most important single variable explaining the vari-
ance of costs and revenues is stations per 1.6 km (1
mile). Surprisingly, variables measuring density and
automobiles per capita tested insignificant. Similarly,
no conclusions on the direction of redistribution between
identifiable groups could be made. This lack of signif-
icant results is probably due to small sample size, data
limitations, and the compound influence of many vari-
ables. The resulting redistribution is simply from
users of the profitable lines to users of the unprofitable
lines.

This suggests that the redistributive framework
presented may be most fruitfully applied to an area
smaller than Chicago, where the number of lines, trip
possibilities, influencing variables, and resulting data
needs will be much less. In addition, other forms of
redistribution need to be investigated, both among users
(e.g., reduced fare policies, peak versus off-peak
policies, long-haul versus short-haul pricing) and be-
tween users and nonusers (e.g., financing of a transit
system deficit).
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Cost-Oriented Methodology
for Short-Range
Transportation Planning

Douglass B. Lee, Jr., Center for Urban Transportation Studies, University of

A transportation planning methodology is proposed that is more adapt-
able and responsive to short-range issues than is the existing transportation
planning process, which was designed as a long-range methodology. The
suggested planning process (a) approaches conclusions in an iterative
manner, (b) has flexibility in the ordering of steps in the procedure, and
(c) requires fewer data. Although demand analysis constitutes a key com-
ponent in the methodology, emphasis is on a comparative cost impact
evaluation framework, in contrast to a demand forecasting approach. The
1-66/Metro corridor near Washington, D.C., is used to illustrate one cycle
of the analysis.

Transportation planners are currently struggling with a
methodology developed for long-range planning and not
easily adapted to short-range planning problems. A
primary difficulty seems to be the inherent linearity of
the methodology, although attempts have been made to
incorporate feedback lines into the analysis. Com-
pounding this with the concept of comprehensiveness (5)
results in a process that is cumbersome, awkward, and
unreliable in addressing the specific issues of short-
range planning.

The strategy presented attempts to strike a balance
among several objectives: the need to handle complex
interactions, the desirability of a methodology that can
be disaggregated piecemeal to suit the particular appli-
cation, the need to improve communication between the
technical and political components of the planning pro-
cess, and the desirability of streamlining transportation
planning analysis as well as reducing its cost. More
particularly, the methodology is (a) iterative in that it
approaches a solution by cycling and recycling over the
major components, (b) flexible in that the ordering of
steps is not predetermined, and (c) parsimonious in that
it uses the least amount of data that will support a policy
decision,

Although some previous efforts (8, 11, 27, 29) have ap-
plied nonstandard approaches to the analysis of trans-
portation issues, an alternative synthetic framework has

Publication of this paper sponsored by Committee on Taxation, Finance,
and Pricing.
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not been developed. Mechanics of the methodology de-
scribed below are illustrated by using the 1-66/Metro
corridor in northern Virginia.

FACTS, TARGETS, AND REQUIREMENTS
OF THE IMPACT EVALUATION
FRAMEWORK

A short-range impact evaluation framework is shown in
Figure 1. Input parameters include base wage rates,
purchase price of vehicle, fuel prices, and construction
costs; service environment factors are the conditions af-
fecting wear and tear and characteristics of the popula-
tion served. Demand, service quality, pricing, and ca-
pacity are the major areas that may require iteration and
are, for the most part, variables controlled or influenced
by the public sector. A wide variety of unit costs includ-
ing total deficits, deficit per passenger carried, trip cost
per passenger, external costs, and long-run average cost
provide the primary basis for evaluation. Travel time
for the user can be entered as a cost or as a measure of
quality.

Operationally, the analyst begins by listing salient
facts (e.g., capacity of existing road network, price of
gasoline) and adds a list of targets (minimum levels of
service, desired modal split, maximum cost per trip,
given vehicle capacity) until enough information has been
assembled to calculate requirements (additional capital
investment, occupancy factors, feeder systems, levels
of operation). Any of these may be reordered, either
between different problems or within different cycles of
the same problem. Modal split, for example, can be re-
garded as fact, target, or requirement; the price of gas-
oline may be a fact today but a policy variable tomorrow.

Unit Costs

Under the proposed methodology, unit costs are the pri-
mary evaluation measure. This means not that benefits
are ignored or that cost minimization is the decision cri-
terion but that evaluation falls into one of the two following
types:

1. For a given level and quality of service, costs



should be minimized. This is a form of cost-
effectiveness analysis, in that minimum costs for var-
ious levels of service can be compared and evaluated.

2. Benefits are evaluated in terms other than mon-
etary units, Travel time savings, pollution reduction,
energy savings, and reduction of waiting time can be
quantified to whatever degree seems reasonable, but it
is not necessary to force a dollar value on the results.
If a good estimate of social value is readily available,
of course it should be used.

This decision criterion, then, weighs social costs
against a list of benefits, many of which are quantified
and some of which are priced. The technical analyst can
often make strong recommendations based on findings
and expert judgment, but in most instances the decision
is a political one; the planner should not attempt to sub-
vert that process by providing a technical conclusion.

Choice of the most suitable unit cost is a difficult one,
and often several will be needed from the multiplicity
available. Figure 2 shows that possible unit costs range
trom cost per passenger-kilometer to costs per year.
Not shown in Figure 2 are the various groups for whom
a cost figure may be of interest: users, general tax-
payers, transportation authorities and commissions,
local and federal governments, and so on. There is no
a priori best unit cost measure and no definitive list of
impacted groups; at some point, however, it will be nec-
essary in each problem situation to determine units and
groups of interest, since the analysis has to be con-
structed with those in mind.

Input Parameters

None of the variables under consideration in the proposed
methodology is purely exogenous, i.e., independent, but
those listed under input parameters are the closest to
being '"facts." Items such as the base wage rate, vehicle
lifetimes, and energy prices may vary by locality, while
items such as vehicle cost, gasoline consumption rate,
discount rate, and vehicle capacity (9) may pertain to

the United States generally. .

These basic input parameters were used in a sizable
amount of literature on the construction of simplified
cost functions (1,2, 3, 6,7,10, 12-26, 28). Items such as
construction cost per Iane-kilométer, labor-hours per
vehicle-hour in service, and vehicle-kilometers (or
hours) per year per vehicle have been found to be stable
enough or to vary systematically enough to provide use-
ful rules of thumb. Techniques of statistical estimation,
budget allocation, and theoretical relationships have been
used to construct cost functions.

Service Environment

Attributes of the environment in which the transportation
service must operate affect both the demand and the qual-
ity of service, for a given input of resources. From the
other perspective, a difficult set of operating conditions—
congested streets, harsh climate, incompatible user
groups, high crime areas—will increase the cost of pro-
viding a given level and quality of service. Very little
structural understanding of these interrelationships
seems to have appeared, and the subject area constitutes
an unfortunate research gap.

Demand

Constructing a complete demand function, or schedule,
for all types of service, price combinations, location
patterns, and the like is an extremely difficult task em-
pirically and would be about as empty an exercise as is

forecasting detailed land uses 20 years in the future,
Most of the detail is not needed for planning purposes
anyway.

So we are left making point estimates of future travel
demand. These estimates can be greatly improved, how-
ever, if it is recognized, particularly in the short run,
that price and service elasticities are valuable analytic
tools, even if correct or even good pricing is not followed.
Many problem situations require that alternative service
levels and user charges be compared, and demand esti-
mates should be responsive to these choices.

Capacity and Use

A given set of available resources (labor, rolling stock,
right-of-way, materials, management) represents a ca-
pacity to offer service, which can be translated into
vehicle-hours, vehicle-kilometers, peak seat capacity,
or other measure of intermediate output. With a certain
number of drivers and buses, for example, some number
of bus-hours of service per day can be provided. The
speed of this service then depends on the type of terrain,
quality of the streets, congestion, number of stops per
kilometer, and number of passengers per stop, among
other things. Vehicle use is a function of peaking con-
ditions and the amount of deadheading that is acceptable,
while average occupancy is a function of available capac-
ity and service demand.

Service Quality and Pricing

Based on the operating environment and the available ca-
pacity, actual characteristics of the service provided can
be estimated. The user is not interested in the number
of vehicles in service, the amount of congestion, the hill-
iness of the terrain, or the speed of the vehicle, except
insofar as these determine the travel time, comfort, se-
curity, and other qualities that affect choice of trip,
mode, and time. Service quality is the aspect of the sup-
ply side of the equation that interacts with the demand
side, to set an equilibrium. Pricing, in this context, is
limited to the impact of user changes on service con-
sumption.

Standard mode choice analysis starts with a list of
service quality characteristics for each mode and allo-
cates to each mode a share of total demand. For some
situations it may be more desirable to approach the ques-
tion from the standpoint of what modal split would be nec-
essary to achieve target occupancy and cost levels and
what manipulation of service characteristics will be nec-
essary to achieve that modal split. The object is to be
able to do it both ways.

AN EXAMPLE: I-66/METRO CORRIDOR

The study corridor lies in northern Virginia in the Ar-
lington, Falls Church, and Fairfax County suburbs of
Washington, D.C. (Figure 3). Two major corridors,
1-66 and Va-7, almost come together at 1-495, the Cap-
ital Beltway; the remaining 16 km (10 miles) or so of the
corridor into the District currently rely on a number of
arterial highways. A summary of a first-cycle analysis
is presented below.

Service Environment

Washington is a strongly core-dominated metropolitan
area, and the I-66 corridor is one of several suburban
commutersheds for the District. Arlington contains
some apartment buildings, but the general pattern is one
of single-family, townhouse, and other moderate- to low-
density residential development: Population density
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declines from about 4600 persons/km? (12 000 persons/
mile®) at the inner end to about 1500 (4000) at a distance
of 9.4 km (15 miles) out.

Demolition and relocation are not major problems in-
asmuch as most of the right-of-way was acquired some
time ago. Currently, I-66 runs from the western edge
of Fairfax County to the Beltway, so the traffic in the
corridor is primarily commuter (not intercity or freight)
vehicles. A profile of existing traffic during peak peri-
ods shows that the volume at the Beltway is slightly
greater than that crossing the Potomac; in between, vol-
ume, which is siphoned off to office concentrations in
Arlington, reaches a maximum, Hence, the Beltway is
taken as controlling, for design purposes.

Input Parameters

Cost and capacity factors to be used for planning are
given in Table 1, in their most natural units. For com-
parisons to be valid, costs must be stated in constant
dollars (1975, in this case) and must be translated to a
common unit of time.

Demand

Based on local estimates (4) of suburban development in
the Va-7 and I-66 corridors outside the Beltway, 1985
peak-hour one-way trips at the screenline will be 45 000
persons (Table 2). The volume at present is 17 600 on
a network that can carry about 9000 vehicles in the peak
hour.

The estimate of future trips is subject to considerable
error (no matter how precise or sophisticated the
method) and is also influenced by public policy. Given
the short-range framework applied here, it is assumed
that

1. Impacts of changing land use patterns will be
small on the aggregate forecast and

2. Total daily person-trips for work purposes will
not be strongly affected by supply variables or pricing
(instead, these variables will influence time of travel,
mode, and occupancy).

Although the probable impacts of alternative land use
patterns and supply side variables will certainly be sub-
stantial, they are less than the error inherent in the ag-
gregate forecast itself.

Capacity

In the example, the major choices are the peak capacity
to be provided on transportation facilities and the balance
between modes. Only the line-haul system is considered
explicitly, and the problem of how to accommodate a
large number of additional vehicles in downtown Wash-
ington is shunted aside. The intent of this strategy is to-
restrict the analysis of downtown distribution problems
to those alternatives that look good from a line-haul
perspective.

Alternatives

1. Freeway. All additional trips are carried by
automobiles, at 1.4 persons/vehicle. I we assume
2000 vehicles/hour/lane, 11.6 additional lanes of free-
way would be required in the peak direction.

2. Metro. A surface rail rapid transit extension is
used to full seated capacity, and additional trips are
carried on buses. The excess demand left by a two-
track Metro line will require about 160 buses loaded at
100 percent of seated capacity. In addition, transfer

¢

facilities from other modes to Metro would have to be
developed.

3. Bus on busway. Same as alternative 2 but with a
busway substituting for the rail line.

4. High occupancy. If no additions are made to the
physical capacity of the network, the total number of peak
trips can still be accommodated by increasing average
vehicle occupancy. If we assume that automobile occu-
pancy averages 3.0, vans average 8.0, and buses average
50 passengers at the Beltway and also that vans and buses
are mixed equally in number, then 346 each of buses and
vans would be needed. The remaining 8308 vehicles
would be automobiles.

Not considered in these alternatives are possibilities
of reducing the total number of trips, reducing the num-
ber of peak-hour trips by spreading the peak, using
smaller vehicles, or developing systems not currently in
general use in the United States. If all of the four alter-
natives prove unacceptable, then other alternatives might
be sought; combinations of the above alternatives can be
constructed once it has been determined which ones to
emphasize.

Quality and Pricing

As a target, the objective is to maintain or improve ex-
isting levels of door-to-door service. What this objec-
tive means in practice and in detail will have to wait for
a subsequent cycle in the analysis. It is assumed that
each line-haul service would be adequately supported by
feeder collection and distribution systems so as to
achieve the mode splits given in Table 3. This assump-
tion is not neutral between modes, of course; CBD dis-
tribution, for example, is much better on a subway sys-
tem, while other core work trips can best be handled by
express bus.

The central question of quality in the [-66 example is
how and whether different travel patterns and modal
splits can and will be achieved such that individuals will
be provided a range of choices, Pricing incentives (e.g.,
monthly passes) and disincentives (e.g., elimination of
free parking downtown) as well as physical constraints
(car pooling and bus lanes that are adequately policed)
can accomplish a great deal but may, at the same time,
generate strong opposing pressures, Because these is-
sues depend to a large extent on where the political will
and the political muscle are located, analysis can only
provide the options, not the answers.

Unit Costs

Because of the way the I-66 example has been con-
structed, both total trips and trip quality are assumed
constant between one alternative and another; hence, user
benefits and the effectiveness of each alternative are the
same. Although this need not be the case, in the example
the evaluation criterion becomes simply cost minimi-
zation.

All incremental capital and operating costs are in-
cluded. Sunk costs in existing rights-of-way and vehi-
cles are not included because they do not differ from one
alternative to another; e.g., there are no recoverable
costs (for our purposes) embedded in the existing ar-
terial system. Many cost measures would suffice for
comparison, hut dollars per passenger-kilometer are
given in Table 4. Because the trip is 16 km (10 miles)
one way and the commuter year is assumed to have 250
days, trip cost (one way and daily round trip) and total
cost per day, per commuter, and per year can be easily
calculated.

The entire burden of incremental costs is assumed to



Figure 1. Short-range planning framework.
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Table 3. Mode distribution targets (percentages) for
each capacity alternative.

Alternative Automobile Bus Rail Total
Freeway 97 3 100
Rail 32 14 54 100
Busway 32 68 100
High occupancy 55 45 100
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Figure 2. Generalized cost relationships.
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Table 1. Cost and capacity parameters for urban-suburban

transportation modes.

Item

Cost (dollars)

Capacity

Six-lane freeway

Automobile and ve-
hicle operating

Bus operating

Bus vehicle

Busway

Rail rapid con-
struction

Rail vehicle

Rail rapid operating

2 600 000/km/year

0.17/vehicle-km
20/vehicle-hour
8000/vehicle/year
620 000/km/year

1000 000/km/year
33 000/vehicle/year
80/vehicle -hour

6000 vehicles/hour

4 to 6 passengers/vehicle
50 seats/bus

50 seats/bus

500 buses/hour

300 vehicles/hour
81 seats/vehicle
81 seats/vehicle

Note: $1/km = $0.62/mile,

Table 2. Demand forecast.

Item

Households within corridor
and outside Beltway
Vehicle trips by automobile
Person trips by automobile
Occupancy
Person trips by transit
Person trips per household®
Total person trips

1975 1985
63 800 163 300
10 800

15 100

1.4

2500

0.276 0.276
17 600 45 050

“Person trips for all purposes in the a.m. peak direction at the
Beltway, as a ratio to households within zones outside the
Beltway and encompassed by the 1-66/Va-7 commutershed

Table 4. Costs per passenger-kilometer for corridor

alternatives.
Cost

Alternative (dollars) Mode

Freeway 0.73 Automobile

Rail 0.20 Rail rapid transit

Busway 0.09 Bus on busway

High occupancy 0.08 Car pool on existing arterials
0.06 Van pool on existing arterials
0.04 Bus on existing arterials

Note: $1/passenger-km = $0.62/passenger-mile.
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fall on peak-hour travelers. Although that is an ex-
treme position, it is approximately accurate for the ur-
ban passenger transportation context. Even if some of
the increased capacity were needed for other than peak-
hour users, only a small share (10 or 20 percent) of the
incremental costs might be assigned to other users.

CONCLUSIONS

Results of the first cycle of analysis led to some pre-
liminary evaluations of the four alternatives proposed.

Alternative 1. In all respects current occupancy
levels of the automobile make it an acceptable solution
to the peak commuter problem. Besides the excessive
cost, this alternative would substantially increase air
and noise pollution, consume inordinate amounts of land,
and generate enormous difficulties for the District in
handling the volume of automobiles.

Alternative 2. The Metro rail alternative (supple-
mented by bus) is feasible from the cost-benefit stand-
point, but the high mode choice requirement is probably
not realizable in the short run without greater concentra-
tions of activity around transit stations.

Alternative 3. A busway permits either integrated
express service in the peak or line-haul feeder service
with transfers. It has some of the disadvantages of the
automobile, in that large numbers of buses would create
air and noise pollution and place heavy demands on down-
town Washington streets during the peak.

Alternative 4. As expected, the high-occupancy al-
ternative is both low cost (even with an allowance for ad-
ditional travel time) and low capital, in that major addi-
tional facilities would not be needed. There is, however,
no democratic way to achieve it other than to charge very
high user rates on automobiles and to severely restrict
parking in the core area.

Although none of the alternatives appears acceptable,
they suggest some combinations and reformulations that
might be workable,

1. With the high-capacity, environmentally sound
downtown distribution system of Metro already in place,
this element ought to figure prominently in any solution
to the 1-66 corridor. The question is then whether to
create a transfer point at Glebe Road in Arlington (where
the system ends now) or to extend the line to Vienna (as
planned). Other terminal stations (Tyson's Corner,
west Falls Church) might also be compared. ,

2. Metro's downtown distribution system needs to be
complemented with a system better suited to somewhat
dispersed destinations, such as express bus or car or
van pool systems. A joint rail-busway facility might
provide sufficient benefits to justify the modest excess
capacity.

3. Distribution of costs between users and general
taxpayers should be tabulated, inasmuch as the user
share seems to be declining on all modes.

The next cycle, obviously, will address a somewhat
different set of problems and will lead to a third cycle,
a fourth, and so on. One virtue of an iterative proce-
dure is that it allows politicians, planning agencies, in-
formed citizens, and the like to follow an issue to its
resolution and provide feedback to keep the planning
process on the right track. There does not seem to be
another way to successfully address the complex prob-
lems we face in transportation planning.
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Current Status of State-
Level Support
for Transit

R. L. Carstens, C. R. Mercier, and E. J. Kannel, Engineering Research

Data were gathered by means of questionnaires received from 49 states
and personal interviews with state transit officials in 22 states concerning
state programs for assisting local transit operations. Twenty-four states
provide financial assistance for transit from state funds. Such support
may be used for capital improvements, operating assistance, technical
planning, or special projects. The states vary widely in the extent to
which they participate in such programs. Most state funds are derived
from general revenue sources, although some states have established a
state transportation fund to finance transit assistance as well as programs
for other modes. A few states use special tax sources that are earmarked
for their transit programs. Four general methods of allocating funds
among transit operations are in use: purchase of service agreements,
formula allocations, the revenue generating base of a transit jurisdiction,
and allocation on a first-come, first-served basis. Several forms of indi-
rect assistance to local transit operators were also identified in the course
of this research.

Financial assistance to local public transit from state
revenues is both significant and well-established in many
states. State support has been provided through direct
funding of capital expenditures, operations, and demon-
stration programs and indirect means such as tax relief
and contributions for technical planning.

The roles of states in providing financial support for
transit have been summarized (1). However, many state
programs recently have undergone significant changes.

A number of additional states have become heavily in-
volved financially with local transit whereas others are
now in the process of surveying local transit needs and
considering assistance programs. Factors such as in-
flation, the deteriorating financial position of local op-
erators, the pronounced limitations of local revenues to
meet costs or match federal transit program funds, en-
ergy shortages, and an increased public awareness of the
unmet transportation needs of significant portions of the
population have all served to increase the likelihood of a
state becoming involved in financing local transit ser-
vices.

The experience developed by those states that have

Publication of this paper sponsored by Committee on Taxation, Finance,
and Pricing.
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Institute, Iowa State University

established funding programs includes consideration of
funding levels, sources of funds, cost-sharing splits, and
methods of allocation to local transit operators. The
state of Iowa undertook a research project to summarize
and evaluate the experience of other states to aid in the
development of a transit planning and assistance program
for Towa (3).

The dafa discussed in this paper were compiled pri-
marily through questionnaires completed and returned by
all the other 49 states and by personal interviews with key
personnel in 22 states.

DISTRIBUTION OF STATE TRANSIT FUNDS

States that provide financial assistance for local transit
have generally tailored their programs to supplement fed-
eral funding. However, data were gathered for this re-
search before Section 5 of the Urban Mass Transportation
Act was implemented. Therefore, it would be reasonable
to expect some adjustments to the distribution and alloca-
tion of state funds now that federal funds can be used for
operating assistance. A few other exceptions to this pat-
tern occur in the case of some research and demonstra-
tion programs, free or reduced fares to the elderly, and
technical studies. Such projects, although generally el-
igible for federal funds, may not receive federal support
but are deemed to meet significant state or local needs.

A total of 24 states indicated that they provided some
form of financial assistance to local transportation orga-
nizations. Although the other states did not indicate that
they provide financial support, they may provide technical
assistance or otherwise aid local transit services. States
that do not provide financial assistance to transit gener-
ally are rural and have few major population centers.
Several of these states currently are debating the relative
merits of forming departments of transportation as well
as the issue of providing financial assistance to local
transit.

Assignment of funds for specific needs varies widely.
States may provide funds for capital improvements, op-
erating assistance, planning, or any combination of these.
In some instances, nondedicated funds may be provided,
in which little guidance is given on the use of these funds.

Two states fit the latter category. California returns



proceeds of a 0.25 percent sales tax, of a total of 4 per-
cent, to local governmental jurisdictions according to
the amount collected in that area. These funds are ear-
marked for transportation purposes, and priority is
given to administration, planning, development of bi-
cycle and pedestrian facilities, and support of public
transit. After these needs are met, remaining funds
may be used for streets and roads, Amtrak, and pay-
ments to common carriers for public transportation
services under contract.

In the state of Washington, communities and other
public authorities that operate public transportation
systems can levy a 1 percent tax on the fair market
value of vehicles registered within their jurisdictions.
This levy becomes a credit on the state motor vehicle
excise tax of 2 percent and is returned to the local ju-
risdiction. These funds may be used for planning, op-
erations, or capital improvements but must be matched
dollar for dollar from non-fare-box revenues,

Generally, funds are assigned according to legislative
mandates. The current priorities for expenditures man-
dated bv legislation are based on a variety of rationales.
a topic that is beyond the scope of this study. The im-
portant issues discussed in this report include the ten-
dency for states currently providing financial assistance
to pay part or all of the nonfederal share of costs and
how these funds are distributed among eligible transit
agencies.

State Grants for Capital Improvements

Most of the financial support for capital improvements
for local transit is in the form of federal aid. Up to now
funds have come primarily through Section 3 of the Ur-
ban Mass Transportation Act of 1964, as amended. Cur-
rently, eligible recipients receive federal grants equal
to 80 percent of the costs, and the remaining funds come
from local or state sources.

A total of 18 states provide a portion of the local
share (Table 1). In general, they have directed their
resources toward supporting projects eligible for fed-
eral grants in an effort to generate federal funds with
state funds.

Cost-sharing ratios vary widely among states, as
given in Table 1, Four states provide all local matching
funds, five provide more than half the local share, and
four more provide half. Some states vary their contri-
butions. Florida normally contributes 50 percent, but,
if the project is statewide in scope and impact, it pro-
vides all the local share. In Maryland, the local share
of the Baltimore system comes entirely from state funds,
but the remainder of the state gets 75 percent of the lo-
cal share. Massachusetts may pay up to one-half of the
local share. However, in practice, the state contributes
nothing for a good operation and 10 percent (half of local
share) for a poor operation or one just beginning. Michi-
gan pays 80 percent of the local share, except for small
grant applications, which are fully funded. Ohio's con-
tribution, which is not based on a strict formula, varies
but averages about 20 to 25 percent. However, no single
agency can receive more than 20 percent of the total
state funds available in any year. The Virginia legis-
lature distributes funds directly to the five major urban-
ized areas and pays 85 percent of the local share for the
remaining urban areas. Even when a state has a for-
mula, the state contribution may vary. Illinois has four
provisions whereby the state can pay more than the usual
two-fifteenths of the total cost.

The impact of federal grants for capital improve-
ments is emphasized by the fact that only three states
reported a program of grants from state funds for proj-
ects not eligible for federal funds. Florida grants up to
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one-half of the cost of projects with localized scope and
impact, up to 100 percent of small local projects to in-
stall or upgrade safety equipment, and all of the cost when
local or area sponsorships cannot be determined. Illinois
can provide two-thirds of the cost if the project fulfills an
extremely urgent need. The state can also make loans to
local jurisdictions so that projects eligible for federal ap-
provals are not delayed. Tennessee can pay one-half of
the total cost of a project that cannot be federally funded.

Operating Assistance

Procedures for distributing operating assistance from the
state to local transit agencies also vary. Much of the dif-
ference can be attributed to the desire of state legisla-
tures to provide incentives for improved service and good
management. In all, 14 states provide funds for operat-
ing assistance, including California and Washington.
Table 1 gives a complete list.

Connecticut and Rhode Island pay all operating losses;
however, Connecticut normally will not pay all if reve-
nues do not equal nr exceed 60 nercent of the onerating
cost. The intent in New Jersey is to pay 75 percent of
the operating losses of buses and all losses on commuter
railroad services. Massachusetts grants one-half of the
operating loss, providing the cost to the public does not
exceed two-thirds of the cost of the operation (revenues
should provide at least one-third). Maryland assumes
all the operating losses of the Baltimore system but one-
half of the losses of other systems.

Michigan uses an allocation formula that may provide
up to 33 percent of operating costs. The legislature of
New York allocated a fixed portion of its funds during
fiscal year 1975 to the Metropolitan Transportation Au-
thority and other regional authorities. The remaining
funds were disbursed under an incentive program based
on transit service and ridership. Pennsylvania pays up
to two-thirds of operating losses, but the amount cannot
exceed 50 percent of the operating revenues.

Technical Assistance

In the questionnaire used in this research, technical as-
sistance referred to planning, design, or both. However,
grants for technical assistance are used only for planning
in most states.

Although additional states very likely include some
level of transit planning as part of statewide planning ef-
forts, only 18 specifically indicated direct financial sup~
port (Table 1). A few states provide this assistance
from their staff, to the extent that this could be con-
sidered a line item in their budget. Some do as much as
possible with their personnel and assist in the expense
of hiring consultants for the remainder. Most of the
states have specific formulas for allocating funds as a
portion of the local share of federally financed studies.
Where the state provides financial assistance, a mini-
mum of 50 percent of the local share is provided from
state funds.

The dollar value of grants for technical assistance is
not great when compared to the amounts spent for capital
improvements and operating subsidies. In some states,
funds are appropriated to assist local jurisdictions in
their quest for federal grant money for transit, particu-
larly in speeding up the process. In others, these funds
are used to pinpoint needs for either initial financial as-
sistance or continuing aid.

Assistance for Special Projects

A few states have appropriated funds for special projects
to solve specific needs. Most of these projects fit three
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categories: reduced fares for the elderly, demonstra-
tion projects, and transportation for the handicapped
(Table 1).

Seven states, Illinois, Maryland, Nebraska, New
Jersey, Ohio, Pennsylvania, and Wisconsin, indicated
that funds are available to local jurisdictions for reduced
or free fares for the elderly. For example, Nebraska
has appropriated $1 million in part to reimburse
metropolitan-operated bus lines for providing service
to persons 60 or older during off-peak hours for 10
cents or less. Pennsylvania has appropriated 30 per-
cent of gross revenues from the state lottery ($11 mil-
lion) for free transit service for the elderly during non-
peak hours. Illinois provides operating assistance of a
maximum of 25 cents per rider (up to one-half) for re-
duced fares for elderly persons and students. The New
Jersey program helps provide off-peak transit rides at
half fare to the elderly. Reduced fares for the elderly
are subsidized by Maryland in Baltimore and by Wis-
consin in Milwaukee. Ohio has appropriated $2 million
to reimburse operators who reduced elderly fares by 10
cents for calendar year 1975,

Delaware has established the framework of a system
of specialized transportation for the elderly and the hand-
icapped. It is known as the Delaware Authority for Spe-
cialized Transportation and operates in one county. It
will be expanded to cover the state and will receive fi-
nancial assistance from the state.

Although a number of states are doing studies or re-
viewing proposals for demonstration projects, only seven
indicated that funds are appropriated specifically for
demonstration projects. In general, cash resources put
into these projects are not large. Indeed, sometimes
only one project is funded, but it is the one among sev-
eral proposals that showed the greatest promise for
statewide application.

Accordingly, the trend is to increase the level of
state participation if the project may show broad state-
wide application. Florida, Michigan, Pennsylvania, and
Wisconsin are the most extensively involved in demon-
stration projects.

The only remaining special projects were listed by
Pennsylvania. In Pennsylvania, projects involving pro-
motion or advertising are eligible for a 50 percent state
match, and straight research is funded 100 percent by
the state,

SOURCES OF FUNDS
State Revenue

The 24 states that provide some financial assistance to
local transit are given in Table 2 together with the
sources and the amount budgeted in fiscal year 1975. It
is clear that state general funds are most often used as
sources of revenue for public transit; state transportation
funds run a distant second. (State transportation funds
are either dedicated funds used by all modes of trans-
portation or highway trust funds derived from road use
taxes, a portion of which is appropriated for public
transportation.) In a few cases, specific sources of rev-
enue are collected and earmarked for use by public
transit. These include sales tax (California and Illinois),
motor vehicle registration fees (Illinois and Washington),
cigarette tax (Massachusetts), and state lottery receipts
(which are used to support reduced fares for elderly in
Pennsylvania), All of these are revenues collected state-
wide and do not include any local-option taxes collected
by the state and returned to the local jurisdiction.

The actual amount of state money spent for local
transit varies widely, but urban states generally spend
much more than rural states. In some states, although

current spending levels are low, significantly higher
levels are expected in the near future, depending on leg-
islative mandates. For others, current expenditures will
be adjusted mostly by economic factors including energy
costs, federal cost-sharing, and inflation. A few states
are spending small amounts to assist local operators in
determining their needs and in seeking federal assistance
or to determine the extent of statewide needs. This could
be translated into more substantial funding in the future,

Local Revenue

Information on local sources of revenue (other than state
funds) was obtained mostly from the states visited for
personal interviews. Enough information was gathered
from these states to show definite trends.

The primary revenue sources of funds for local juris-
dictions were general funds and federal revenue sharing.
Although there are a number of ways used to replenish
general funds, the most important one is the property tax.
Some states have a local option, providing for a millage
rate dedicated for public transit. Although this is not
from general funds, the source is the same: local prop-
erty tax.

Several states use local income tax or local sales tax
revenues. Atlanta, Georgia, uses a $0.01 sales tax,
while the rest of the state uses general funds. There are
a few other sources of income, generally limited to one
state. Some of these are

1. Revenue from liquor sales,

2. Household tax,

3. Business and occupation tax (flat rate on gross
receipts),

4. Toll revenues, and

5. Motor vehicle taxes.

In several states, sources of revenue other than gen-
eral funds can be used, but generally such use must be
approved by a referendum. Some of these are used by
local jurisdictions in California, Florida, Illinois, Ken-
tucky, Michigan, Nebraska, New York, Ohio, Oregon,
Utah, Virginia, Washington, and Wisconsin.

ALLOCATION OF TRANSIT ASSISTANCE
FUNDS

A critical issue in the implementation of state transit as-
sistance programs is the question of allocating limited
resources among eligible transit operations. In general,
an allocation procedure should be judged by its ability to
distribute funds to agencies in proportion to need, to en-
able the state to maximize the effectiveness of funds ex-
pended by establishing service quality guidelines, and to
provide the receiving and disbursing agencies sufficient
information about the amounts and the temporal flow of
money so that they may develop effective, workable op-
erating plans.

Approaches used to distribute state funds to local agen-
cies have varied widely depending on the type of program
and the state. Disbursement of demonstration program
grants potentially imposes the least difficulty because the
amounts involved usually are small and there generally
is no commitment to provide each agency with a fair share
of available funds. Instead, funds frequently can be dis-
tributed on a first-come, first-served basis to those ap-
plicants with proposals most responsive to program ob-
jectives.

Capital assistance programs potentially are more dif-
ficult to administer. However, persons interviewed as
part of this research did not appear to have encountered
any particular problems in administering their state



programs. State-level evaluation of individual grant re~
quests ranges from the extremely superficial to the very
comprehensive. As an example of the latter, the New
York State DOT evaluates all assistance requests for
compliance with the State Master Plan. For the most
part, however, state assistance for capital improve-
ments is contingent on approval by the federal agency
(generally UMTA) that provides funding.

Although actual levels of state assistance vary, most
states provide a fixed percentage of the capital costs
(Table 1). Of the 18 states providing assistance for
capital improvements, 10 pay a fixed percentage, two
(California and Washingtong provide nondedicated funds
with little guidance, and four use a fixed percentage but
will pay all the local share under certain conditions (two
for metropolitantareas, one for projects of statewide
significance, and one for small requests).

Because of the limited experience with operating sub-
sidies at both the federal and state levels, this form of
assistance has generated the most concern by funding
agencies. Distribution procedures currently in use have
heen claceifiad into four catagoriee  which ara dicenceed
and evaluated here. Details of operating assistance pro-
grams of specific states were discussed previously.

Purchase of Service Agreements

In the purchase of service agreements, the state con-
tracts with the local agency to furnish transit services
in a given service area. In return for state funding, the
operator agrees to meet certain performance criteria.
The state may reserve the right to approve routes and
headways as a measure of level of service and may ex-
ert control in the form of setting standards for schedule
reliability, fares, and marketing programs. Penalties
may be involved in the form of reduced state aid if the
operator fails to meet the performance standards agreed
to in the contract.

Contracts may provide up to 100 percent funding of the
operating deficit. Funds are appropriated based on the
deficits of individual operations during the previous year.
States using purchase of service agreements include New
Jersey, Connecticut, and Pennsylvania.

The use of purchase of service agreements is bene-
ficial to the state in that it allows for control of the qual-
ity of service. It is also desirable to the operator be-
cause he can provide quality service in the face of in~
creased costs without increasing fares, decreasing ser-
vice, or depleting cash or capital reserves. Passengers
benefit because of operator incentives to provide quality
service inasmuch as the contract may limit or withold
payments to operators if service falls below established
performance standards.

The program is not without problems, however, be-
cause escalating costs may outstrip the fixed amounts
made available by a legislature. In at least one case,
the costs contracted for by a state exceeded the amount
of funds available.

Formula Allocations

Another common procedure for distributing a fixed ap-
propriation to eligible transit systems is by formulas
based on population, service characteristics, or both.
Two states, Michigan and New York, use this approach.
The Michigan formula considers two parameters,
urban population as a praportion of statewide urban popu-
lation and revenue-kilometers of service, also as a pro-
portion of the statewide total. Each factor is weighted
equally in the determination of the portion of total avail-
able funds for which a community is eligible. An addi-
tional constraint, however, which may limit the actual
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state funds received, is that operating subsidies may not
exceed 33 percent of operating costs.

New York uses two forms of allocation, a legislative
appropriation for a fixed amount to each of five regional
authorities and a formula allocation to other agencies.
The allocation formula is currently based on the number
of passengers and vehicle-kilometers of service; the re-
imbursement rate differs for buses, light rail vehicles,
and commuter rail.

Formula allocations can be adapted to provide an ef-
fective distribution procedure and incentives for service
improvements and operational efficiencies. They permit
transit operators to estimate with reasonable accuracy
the amount of support that will be forthcoming, providing
that the amount of appropriate funds is stable and the
state has a mechanism whereby all operations can receive
a share of available funds.

However, formula allocation also has potential prob-
lem areas. Just as it was recognized by New York that
different forms of public transit have different operating
costs and potentials for generating revenue, it must also
he recngnized that rnste and revenne natential vary with
the size of urban areas. Furthermore, a transit oper-
ation may be highly desirable from the standpoint of pro-
viding an essential social service but have particularly
low potential for generating ridership and revenues.
Careful evaluation is required in such cases to help en-
sure that the formula used gives adequate attention to
the special needs of operators.

A second major concern is that the parameters used
should appropriately reflect the needs of transit agencies.
For example, whereas revenue-kilometers of service
may uniformly reflect operating costs in cities of similar
size, route-kilometers may not be a uniform indicator.
In one city, for example, service may be provided on 30~
min headways, and in another city service might be pro-
vided only twice daily, although the number of route-
kilometers might be the same for both.

In this connection, it should be pointed out that the
ability to develop viable transit programs is based on a
reasonable consistency in annual funding levels. Extreme
fluctuations in legislative appropriations will require an-
nual adjustments in the weights given to formula parame-
ters. Some annual variation is anticipated, but large
changes in funding levels will hinder program develop-
ment.

Revenue Generating Base of Transit
Jurisdiction

Three states, California, Illinois, and Washington, re-
ported that transit funds were apportioned on the basis of
taxing levels in the transit district. Summaries of the
operation of these programs follow.

1. California returns a portion of sales tax proceeds
to counties to be used according to a priority schedule for
(a) administration, (b) planning, (c) facilities for exclu-
sive use of bicycles and pedestrians, (d) public transpor-
tation, and (e) other transportation needs. Transit agen-
cies are required to report basic operating data to the
state DOT. Within counties, allocations are based on
population. In 1974, 61 percent of these funds were used
for transit,

2. Illinois returns a portion of sales tax collected in
a given district upon receipt of an appropriate operating
plan consistent with local needs and the generation of
local matching funds.

3. Communities and other public transit authorities in
Washington may levy an excise tax on vehicles registered
in their jurisdiction, but they must produce local matching
funds.
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Table 1. P:oportion of state funds allocated to local transit.

Technical
State Capital Improvements Operating Assistance Assistance® Special Projects Funded
Alaska Not known None Yes
California Varies Varies Yes
Connecticut All All Yes
Delaware All More than half Yes
Florida Half, varies None Yes Demonstration grants
Georgia Half None Yes Demonstration grants
Hawaii None None Yes
Illinois More than half More than half Yes Reduced fares for the elderly
Kentucky None None Yes
Maryland More than half, varies Half, varies Yes Reduced fares for the elderly, demonstration grants
Massachusetts Half, varies Half No
Michigan More than half, varies Varies Yes Demonstration grants
Minnesota None More than half No Demonstration grants
Nebraska None None Yes Reduced fares for the elderly
Nevada None None Yes
New Jersey All More than half, varies No Reduced fares for the elderly
New York More than half Varies No
Ohio Varies None No Reduced fares for the elderly
Pennsylvania More than half More than half, varies Yes Reduced fares for the elderly, demonstration grants, other
Rhode Island All All Yes
Tennessee Half None Yes
Virginia More than half, varies None Yes
Washington Varies Varies Yes
Wisconsin None More than half Yes Reduced fares for the elderly, demonstration grants

2Specifically allocated funds {not including statewide planning).

Table 2. Sources of revenue for state financial assistance to transit.

Table 3. Indirect assistance to local transit operators.

Total Dollars

for Fiscal

State Source Year 1975
Alaska Appropriations from general revenues 10 000 000
California State sales tax 103 000 000
Connecticut State transportation fund 32 000 000
Delaware Appropriations from general revenues 4 200 000
Florida State transportation fund 7 600 000
Georgia Appropriations from general revenues 428 000"
Hawaii Appropriations from general revenues 303 000"
Illinois Appropriations from general revenues,”

state sales tax,” registration fees® 92 250 000
Kentucky Appropriations from general revenues 200 000
Maryland State transportation fund 77 800 000
Massachusetts  Appropriations from general revenues,

cigarette tax 57 000 000
Michigan Appropriations from general revenues,®

state transportation fund 26 000 000
Minnesota Appropriations from general revenues 6 000 000
Nebraska Appropriations from general revenues 1 000 000
Nevada State transportation fund 75 000
New Jersey Appropriations from general revenues 97 500 000
New York Appropriations from general revenues 100 000 000°
Ohio Appropriations from general revenues 3 400 000
Pennsylvania Appropriations from general revenues,

state lottery 118 600 000
Rhode Island Appropriations from general revenues 2 000 000
Tennessee Appropriations from general revenues 1 600 000
Virginia Appropriations from general revenues,®

state transportation fund 21 900 000
Washington Registration fees 10 000 000
Wisconsin Appropriations from general revenues 7 000 000

°Fiscal year 1974 data,

bFor capital improvements.

“For operating expenses.

9Only portion of fees collected in RTA area.

¢Dedicated funds are the primary source of revenue; appropriations from general fund are
small in comparison.

'Pius a variable portion of bonds used for capital improvements.

The return of funds collected by a state to the local
communities does not necessarily imply that local agen-
cies can use such money indiscriminantly. As indicated
above, states using this procedure may require extensive
local reporting, development of an operating plan, and
use of local matching funds. The distribution procedure
could establish fundamental performance standards as a
basis for receiving an allotment for which a local agency
is eligible.

The primary advantage of this allocation methodology
over the other concepts is that both the state and the op-

Type of Assistance Participating States

Exempt from local property taxes Nearly all
Exempt from motor fuel taxes Nearly all
Authority to sell tax exempt bonds About half
Exempt from state income taxes About half
Exempt from local income taxes Less than half*
Exempt from motor vehicle registration fees Most
Fares exempt from sales and use tax Most
Exempt from special assessments About half
Exempt from excise taxes About half
Lease of operating equipment at less than cost Five®
Exemption from franchise-license fee About half

#Use of local income taxes for revenues is common but not widespread.
SPersonal interviews indicated a lack of enthusiasm for state involvement in direct
purchase of equipment,

erating agency can better estimate the annual funds that
will be involved because the base for prediction (sales tax
or motor vehicle assessed valuation) may be more pre-
dictable than are annual legislative appropriations. Fur-
ther, an individual agency is not competing against every
other operation for a piece of a fixed apportionment but
can instead plan on having available revenues based on the
economic growth of the area. In this program the state
can still establish level-of-service guidelines, perfor-
mance standards, and the operational reports necessary
to evaluate service quality.

This allocation procedure does not, of course, guar-
antee satisfaction of every community's needs even though
there is no direct competition for a fixed fund. The leg-
islation establishing such a program will likely be set up
to provide sufficient assistance, on the average. If an
area is economically depressed relative to other areas
or has higher transit needs relative to its revenue gen-
erating potential, the transit operator may find that both
assignable state funds and local matching funds are in-
adequate to meet transit needs. Thus, special consider-
ation of individual needs may still be necessary.

First-Come, First-Served Allocation

In a first-come, first-served allocation, the first agen-
cies to submit requests for assistance are given funds ac-
cording to their established needs. Generally, service
incentives are lacking, although the state may require



collection of certain data, submission of a management
plan, or audits of the operations. State contributions are
set at a given proportion of operating losses. Some-
times, a maximum public share of operating costs is set
or a maximum percentage of operating costs to be paid
with state funds is established.

Allocation of funds on a first-come, first-served
basis is likely to be inadequate overall because of the
possible inequality in distribution and the inability to
base planning on a specific funding level. Although
management of this distribution procedure may be satis-
factory during the developmental stage of a state subsidy
program, the potential for pressures from new operating
systems suggests that more definitive and equitable pro-
cedures are desirable.

INDIRECT ASSISTANCE

There are a number of nonmonetary forms of assistance
that can be provided to local transit operators that col-
lectively could be of significant benefit to them. This is
often referred to as indirect assistance and generally is
given in the form of exemption from payment of certain
taxes or fees. To a tax collecting body, this represents
income forgone. To a local transit operator, it means
a reduction in operating expenses. For the most part,
exemptions seem to be limited to public operators, in
part because of the ever-decreasing number of private
operators. Some of the more common forms of direct
assistance are given in Table 3. (Only 70 percent of the
states completed this part of the questionnaire.)

CONCLUSION

The information contained in this report shows that
more states are providing more of the local share of the
capital and operating costs of local transit systems.
There is also a tendency to subsidize operating costs by
using allocation procedures that give the local operator
incentives to provide a good level of service for transit
users. On the other hand, several states have not yet
made funds available for local transit. Their future
efforts can benefit from the experience of their col-
leagues in other states, to suggest transit policies and
programs that can afford an incentive for local transit
management to develop cost-effective solutions that pro-
vide better service.
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Transit Deficits:
A Projection for
New York State

David T. Hartgen and Stephen M. Howe, Planning and Research Bureau, New

This paper summarizes recent work at the New York State Department
of Transportation on the future of transit operating deficits in the state.
Transit cost projections are made for three inflation levels for each of 13
transit properties, which serve 95 percent of New York State riders.
Based on 1964-1973 data, aggregate demand models relating ridership

to fare and service levels are calibrated for each operation and are used
to forecast ridership and revenues to 1980 under a series of fare and ser-
vice assumptions. The analysis shows that (a} transit costs will about
double during the 1974-1980 period, (b) fare elasticities for transit rider-
ship are about -0.25 for large operations and -0.55 for smaller operations,
{c) ridership will stabilize at about 2.0 billion riders annually if current
fares and services are maintained, and (d) transit deficits (operating costs
minus revenues) will rise from $248 million in 1973 to $1324 million by
1980.

In 1974 New York State established a $200 million tran-
sit operating assistance (TOA) program for state com-
munities. Under this program five large metropolitan
areas (Figure 1) receive direct grants, and other transit
operators are allocated funds by a formula based on pas-
sengers, vehicle-kilometers, and residents served.

The state and communities share equally in the program
(in the large metropolitan areas participation is man-
dated). In 1975, the program was continued at a slightly
higher ($206 million) funding level. This operating as-
sistance, combined with federal and other state and local
funds, enabled transit operations in New York to hold
fares and service at their January 1974 levels, except
for recent (September 1975) increases in the New York
City area.

The New York State Department of Transportation is
responsible for undertaking an annual study of this TOA
program to review program effectiveness, fairness of
funds distribution, transit productivity, and prospects
for the future. The results of these analyses (1, 2) have
been submitted to the governor and the legislature to
aid in developing an effective long-range approach to fi-
nancing transit systems and evaluating the services pro-

Publication of this paper sponsored by Committee on Taxation, Finance,
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York State Department of Transportation

vided by each system. As part of its study, the New
York State DOT has developed and evaluated several op-
tions for operating assistance by using available statistics
on transit companies and forecasts of ridership, reve-
nues, operating costs, and deficits for various fare and
service assumptions. This paper describes the state
DOT's modeling and forecasting efforts in regard to ()
transit cost models; (b) ridership and revenue models for
each operation in the state; and (c) projections of transit
ridership, revenue, costs, and deficits under various
fare and service assumptions.

DATA SOURCES

Data compilation and modeling covered more than 95 per-
cent of the bus, subway, and commuter rail transit rider-
ship in the state, Basic information was compiled for
each of 13 major transit operations in New York State.
In the New York City area, the transit operations included

1. Private bus companies,

2. Manhattan and Bronx Surface Transit Operating
Authority (MABSTOA),

3. Other public bus systems,

4. Subway system, and

5. Commuter rail operations.

Other operations in the state included those in

6. Westchester County,

7. Nassau County,

8. Buffalo,

9. Rochester,
10. Syracuse,
11. Albany-Schenectady-Troy,
12. Binghamton, and

13. Utica-Rome.

Information was obtained from company records and
other sources on the number of annual riders, annual
bus-kilometers, fare, area employment, population, and
other statistics (such as the consumer price index) for
the period 1964-1973.



COSTS OF PUBLIC TRANSPORTATION

In this analysis transit deficits are computed as the dif-
ference between the costs of transit operations (exclud-
ing capital investments) and revenues obtained from
transit riders, plus revenues from other sources such
as advertising. The costs of bus and subway transit op-
erations in New York State have risen from $436 million
in 1964 to $922 million in 1973, paralleling national
trends. Commuter rail operating costs in 1973 were
$250 million (Figure 2). Of particular importance in
these trends are rapidly rising costs in fuel and power,
wages, and retirement benefits.

The cumulative effect of these trends has resulted
in a rapidly rising index of transit costs during the 1964-
1973 period (Figure 3). The rate of rise is faster than
that of the economy in general, because (a) wages, re-
tirement, and other fringe benefits were generally low
in the transit industry before the public takeovers, which
occurred in this period, and (b) fuel and power costs have
increased rapidly in recent years.

Transit costs were modeled in a straightforward
manner. First, the transit cost index based on three
inflationary trends was projected into the future (Fig-
ure 3). For a given transit system, then, the 1973 av-
erage cost per vehicle-kilometer was multiplied by the
transit cost index to obtain estimates of costs per
vehicle-kilometer for future years. Finally, for a given
future year the number of vehicle-kilometers planned
under a particular service policy was multiplied by es-
timated cost per vehicle-kilometer for that year to ob-
tain total operating cost. The simple formulation

Future cost; = (1973 cost per vehicle-kilometer) x (inflation factor;)

x (vehicle-kilometers planned,;)

is well-suited for forecasting costs under an array of
service policy options.

RIDERSHIP AND REVENUES

While costs rose, New York State transit ridership (bus,
subway, and commuter rail) fell during the 1964-1973
period (Figure 2) to about 2.09 billion annual riders. As
ridership declined, fares were raised to increase rev-
enues, an action which further encouraged ridership re-
duction. Through successive fare increases, revenues
have kept up with costs (Figure 2) but only at the expense
of declining ridership. Generally, fares have increased
faster than the cost of living.

Forecasts of the revenue side of transit operations
were based on investigation of different aggregate models
relating ridership per resident to urban area and transit
system characteristics. Results indicated that fare and
service-level variables were the best estimators of tran-
sit ridership, for most cities. Linear models generally
worked better than product forms. The following simple
two-variable model was found to adequately describe
ridership declines over a 10-year period.

Annual ridership

Population population

g+ (e fare) # c(an nual vehicle ka@m_lc.‘rs)
Base or nominal fare was found to be a much better
predictor than deflated fare, which also was observed to
be unreasonable in forecasting. These models were cal-
ibrated by least squares regression (3).

Table 1 gives the ridership models. Of particular in-
terest is the finding that fare-increase elasticities for
large operations (New York City and Buffalo) are all
about -0.25 and for smaller metropolitan areas (except
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for Binghamton) are about -0.55. These findings gen-
erally parallel those of other researchers (4) and indicate
that transit ridership in large cities is not so sensitive to
fare increases as is the ridership in smaller cities. No
such patterns appear in the service elasticities, however.

For each system, for each forecast year (1974-1980)
total ridership and revenue were estimated for each of
12 fare-service policies (50 percent less, current, and
50 percent more service versus 0, 15-cent, current, and
60-cent fare). These relationships are given in Table 2
for revenue passengers. If the 1973 fares and service
(current) levels are maintained through 1980, transit
ridership is expected to rise only slightly (to 2.12 billion
annual riders) during the period. If bus and subway fares
on the average were raised to 60 cents for bus and sub-
way and $2.10 for commuter rail (from $1.41 in 1973),
transit usage statewide would fall about 28 percent to
1.513 billion riders by 1980. However, as discussed be-
low, the resulting transit deficits at that time would not
be much less than those projected with the current fare
because potential revenue increases would be reduced by
lost ridership and costs would continue to rise.

On the other hand, a substantial fare decrease (to 15
cents for bus and subway and 70 cents for commuter rail)
would increase ridership by about 25 percent during the
same period based on the assumption that the riders lost
by fare increases would return as a result of similar
fare decreases. This is a tenuous assumption according
to Donnelly in a paper in this Record. If such reverse
diversion is not so sensitive to fare decreases, ridership
projections for reduced fares will be high and deficit
projections low.

Similarly, if levels of transit service (defined as
vehicle-kilometers) were cut 50 percent during the next
5 years, ridership would fall 37 percent to 1.334 billion
annually by 1980. I service levels were increased 50
percent, about a 37 percent increase in ridership would
occur in the same period.

In summary, the ridership has been declining but is
expected to stabilize at about 2.12 billion annual riders
if 1973 fares and service levels are maintained. Hence,
without fare increases or service cutbacks, revenues are
likely to remain relatively constant during the 1975-1980
period.

TRANSIT OPERATING DEFICITS

Because of increasing costs and declining revenues, tran-
sit operating deficits (costs minus revenues) have in-
creased greatly since 1970. In 1973, total state deficits
for transit were about $263 million; they rose to about
$398 million in 1974, Data given in Table 3 show that,

if 1973 fares and service are maintained, the gross op-
erating deficit of all New York State transit operations is
projected at $642 million for 1975 and $1324 million by
1980. Given 1974 as a base, 1975 deficits will be 61 per-
cent higher and 1980 deficits 233 percent higher.

Increases in fare apparently do not materially affect
the long-term financial status of transit operations. An
average fare of 60 cents for bus and subway and $2.10
for commuter rail would result in a total state 1980 def-
icit of $1214 million, about $110 million less than pro-
jected with the current fare, but ridership would fall 28
percent. On the other hand, a significant fare decrease
(to 15 cents) would generate 538 million more riders, but
at a deficit $387 million greater than with the current
fare. (Increases in operating cost to handle increased
ridership are not included.)

The conclusion is that significantly lower fares would
increase ridership on the order of 25 percent, but this
would only decrease net revenue and increase deficits.
On the other hand, increases in fare would further reduce
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Figure 1. New York State regional transportation authorities.
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Table 1. Transit travel demand T
models for New York State areas. adEollT
Vehicle- Demand Elasticities
Kilometer/ F
Transit System Constant Fare Population Fare BM/Population R® Overall
New York City
Private bus 8.57 -0.10 4.88 -0.25 0.52 0.76 9.7
MABSTOA 30.15 -0.46 7.69" -0.24 0.57 0.93 37.1
Other public buses -0.04" -0.59 13.50 -0.26 1.26 0.96 80.1
Subway 109.12 -1.52 3.45 -0.23 0.55 0.95 57.7
Commuter rail 25.82 -0.10 0.10* -0.70 0.04 0.98 137.9
Westchester County 31.08 -0.27 -0.57 0.92 79.5
Nassau County 10.46 -0.23 4,01 -0.56 0.87 0.99 423.0
Buffalo 20.61 -0.22° 2.30° -0.25 0.50 0.93 38.1
Rochester 18.78 -0.52 4.80 -0.54 0.86 0.88 21.7
Syracuse 20.46 -0.47 2.87 -0.56 0.61 0.96 72.8
Albany-Schenectady-Troy 14.74 -0.31 7.55 -0.52 0.70 0.91 30.9
Binghamton 16.65 -0.33 0.95 -1.15 0.24 0.90 26.6
Utica- Rome -1.26 4,53 1.14 0.85 40.2

Note: 1 vehicle-km = 0.6 vehicle-mile.
2Not significant,



ridership below the current levels (by about 28 percent
for a 60-cent fare), and resulting deficits would continue
to increase because the revenue gained would not offset
increases in the cost of transit operations.

However, decreases in service would significantly
reduce the deficits. With 50 percent less service, the
1980 projected deficit would be about $467 million, but
ridership would fall 37 percent. A 50 percent increase
in service would increase the deficit to $2182 million but
generate 37 percent more ridership. Thus, decreases
in service level would reduce deficits, but the impact on

New York residents would be great.

Table 2. New York State transit ridership in thousands.
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CONCLUSIONS

The analysis suggests that there is no simple solution to
the problem of rapidly rising transit operating deficits in
New York State.

1. Transit operating costs are rising faster than the
general cost of living; they are projected to double during
the next 5 years.

2. Although most costs are wage related, no single
cost item accounts for these increases. Large tran-
sit systems appear to be more expensive to operate
on a kilometer basis primarily because of slower op-
erating speeds caused by big city traffic congestion

Current Fare and Service

1980 Ridership Projections®

Current Fare

Current Service

bU% Less bU» More
Operation 1973° 1974* 1975 1980° 60-Cent Fare 15-Cent Fare Service Service
New York City
Private bus 90 996 92 432 92 400 92 245 83 439 119 462 59 859 124 630
MABSTOA 292 851 307 361 307 235 306 618 216 956 378 348 207 827 405 410
Other public bus 384 804 383 260 383 448 384 363 268 951 476 692 111 252 657 474
Subway 1122 456 1122 886 1122 383 1119 920 824 4317 1 356 307 777 654 1 462 187
Commuter rail 93 897 98 538 99 770 103 998 46 823° 161 172° 101 580 106 417
Subtotal 1 985 004 2 004 477 2 005 236 2 007 144 1 440 606 2 491 981 1258 172 2 756 118
Westchester County 18 111 17 866 17 982 18 638 14 137 26 051 18 638 18 638
Nassau County 19 066 18 963 18 963 18 959 14 176 29 548 9 3A9 28 528
Buffalo’ 27 576 30 188 30 246 30 546 24 451 38 162 23 648 37 441
Rochester 17 656 17 597 17 579 17 493 9 012 28 095 7929 27 058
Syracuse 10 599 10 146 10 166 10 266 2 844 16 204 6 342 14 190
Albany-Schenectady-Troy 11 025 11 323 11 342 11 458 5 347 16 346 7 250 15 666
Binghamton 1671 1 592 1 621 295 3 154 1367 1876
Utica-Rome 2 032 2 018 2 016 2 007 2 007 2 007 783 3231
Subtotal 107 736 109 693 127 057 110 988 72 269 159 567 75 346 146 628
Total 2 092 740 2 114 170 2 132 293 2118 132 1512 875 2 651 548 1 333 518 2 902 746
Percentage change over
1974 +0.2 -28.4 25.4 -36.9 +37.3
*New York State DOT projections. 470-cent fare assumed.
"Reported by operators. °Fare changed from 45 cents in 1973 to 40 cents in 1974,
©$2,10 fare assumed. ‘Unreliable forecast.
Table 3. New York State transit deficits (profits) in thousands.
1980 Deficit Projections"
Current Fare
Current Fare and Service Current Service
50% Less 50% More
Operation 1973° 1974 1975 1980° 60-Cent Fare 15-Cent Fare Service Service
New York City
Private bus (9 837) (4 975) 1711* 28 686 23 823 55 967 3 708 53 664
MABSTOA 4139 13 458 112 098 89 241 162 662 26 968 197 228
Other public bus 25 876 43 038 470 000° 171 857 143 671 238 031 114 987 228 727
Subway 147 169 224 106 661 214 558 524 849 740 250 402 1072 026
Commuter rail 84 127 112 742 157 706° 306 400 353 762° 339 240° 59 362 553 426
Subtotal deficit only 261 311 393 344 629 477 1 280 255 1169 021 1 645 640 455 427 2 105 071
Westchester County (1 728) (578) 558" 5 005 4 537 9111 (2 192) 12 202
Nassau County (1 327) 32 1 640° 8 052 B 267 12 340 2 698 13 405
Buffalo’ (1 544) 421 3 345° 10 527 7 830 17 671 1073 19 983
Rochester 101 1 359 2 704° 7 265 8 775 9 908 3 1761 10 768
Syracuse 342 866 1 549° 4 612 6 688 5 891 1509 7716
Albany-Schenectady-Troy 585 1 060 1 995° 5 595 6 477 7 309 1634 9 556
Binghamton 197 340 243° 975 1 569* 1 064 274 1675
Utica-Rome 200 462 490° 1 420 577 1 661 626 2214
Subtotal deficit only 1425 4 540 12 524 43 451 44 720 64 955 11 575 77 519
Total deficit only 262 736 297 884 642 001 1 323 700 1213 741 1 710 595 467 002 2 182 590
Percentage change over
1974 61.35 232.68 205.05 392.92 17.37 448.55
Net Total 248 300 392 331 642 001 1 323 700 1213 741 1 710 595 464 810 2 182 580

*New York State DOT projections.

bReported operating costs minus operating revenues,

<Estimated by operators,
9$2.10 fare was assumed,

°70-cent fare was assumed.

‘Fare changed from 45 cents in 1973 to 40 cents in 1974,
9Unreliable forecast.
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and somewhat higher labor costs.

3. On the revenue side, ridership has been declining
and is projected to stabilize, under the assumption that
no additional fare increases or service cutbacks will be
implemented. Hence, revenues will be relatively con-
stant over the foreseeable future.

4. Increases in fares appear to be generally counter-
productive in that they simply drive away more riders
and necessitate further service cutbacks to make up for
lost revenues.

5. Thus, transit deficits are likely to continue ris-
ing if present trends continue, The gap between costs
and revenues for commuter rail, bus, and subway op-
erations is forecast at about $1324 million by 1980,
based on 1973 fares and service and declining inflation
rates.
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Alternative Subsidy
Techniques for Urban
Public Transportation

Ronald F. Kirby and Robert G. McGillivray, Urban Institute

Subsidies for urban public transportation can be paid directly to trans-
portation providers for supplying certain specified services or directly to
transportation users in the form of discount transportation vouchers,
These two subsidy mechanisms can be referred to as provider-side sub-
sidies and user-side subsidies respectively. This paper discusses the likely
advantages and disadvantages of three approaches urban communities
can take to subsidizing public transportation: provider-side subsidies
alone; user-side subsidies alone; and combined provider-side and user-side
subsidies. Provider-side subsidies may be easier to administer than user-
side subsidies, but they have often resulted in increased costs and in pub-
lic dependence on a relatively small number of providers and services.
User-side subsidies appear to offer more flexibility and efficiency; sub-
sidized users can choose those providers and services that best meet their
needs. The paper outlines a program of case studies and experiments
designed to test hypotheses and fill major information gaps associated
with these alternative subsidy approaches. )

Subsidies for urban public transportation services have
been advocated and in many circumstances provided on
the basis of two social objectives:

1. Shifting some private automobile travel to high-
capacity transit modes to reduce congestion, pollution,
and fuel consumption and

2. Ensuring an acceptable level of mobility for those
who are unable to use private automobiles, particularly
the young, the elderly, the poor, and the handicapped.

But, although both of these objectives have gained wide
acceptance within the United States, a great deal of de-
bate exists over the way in which they can best be
achieved. Of the approaches that have been suggested,
a few have been implemented, a few others are on the
verge of large-scale introduction, and still others have
yet to be tried on a significant scale.

This paper is concerned primarily with the use of sub-
sidies to achieve the second objective: ensuring adequate
mobility for certain target groups. The various subsidy
mechanisms that have been proposed are discussed under

Publication of this paper sponsored by Committee on Taxation, Finance,
and Pricing.

two general categories:

1. Provider-side subsidies, in which the subsidy is
paid directly to the transportation provider (such as a
transit authority or a taxicab operator) for offering cer-
tain specified services at fares that produce insufficient
total revenues to cover the provider's costs; and

2. User-side subsidies, in which certain target group
users are permitted to purchase transportation vouchers
at a price substantially below the value of the vouchers to
the transportation providers (users exchange these vouch-
ers for transportation services, and the transportation
providers then redeem the vouchers from the public
agency at values agreed on in advance).

In the discussion that follows, the term user payment
means the amount paid by the user for a trip, the term
fare means the advertised price of the trip to a member
of the general public, and the term cost means the cost
of the trip to the provider. Under most provider-side
subsidy schemes, the user payment is equal to the fare,
and the average fare is well below the average cost. For
most user-side schemes, however, the target group's
user payment, in the form of discount vouchers, is less
than the standard fare. In these cases, the average fare
equals the average cost, including normal profit. Myers
(6) suggests a user-side subsidy scheme in which the
provider redeems the vouchers at a premium value well
in excess of the cost of providing trips for the target
group. The difference between the premium and the
cost, the provider bonus, is used by the provider to
cover other unprofitable services. Finally, where
provider-side and user-side subsidy mechanisms are
used in combination, there are both a target group user
payment that is less than the standard fare and an aver-
age fare that is below the average cost.

Most subsidy mechanisms in widespread use at pres-
ent are provider-side subsidies. Examples are direct
capital and operating assistance provided under the Ur-
ban Mass Transportation Act of 1964 (as amended), di-
rect operating subsidies provided by state and local gov-
ernments, and contract arrangements between public
agencies and transportation providers under which spec-
ified low-fare services are provided at a contract rate
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per vehicle-kilometer or per vehicle-hour. Examples
of user-side subsidies are the sale of taxicab tickets or
tokens to the elderly and the sale of transportation ticket
books to certain handicapped and elderly residents; the
Transportation Remuneration Incentive Program (TRIP)
in West Virginia is an example.

This paper discusses the kinds of subsidy mechanisms
that have been applied or proposed in each of the two
categories and gives examples to illustrate the applica-
tion of those mechanisms separately and in combination.
Attention is directed to user-side subsidies, and, to the
extent that existing knowledge permits, the advantages
and disadvantages of this category are discussed. The
conclusion is reached that user-side subsidies have sub-
stantial promisg¢ and warrant further investigation
through a program of empirical analysis.

PROVIDER-SIDE SUBSIDIES

Provider-side subsidies are currently paid to most large
transit systems in the United States. Implicit in nearly
all public policy regarding transit services is the notion
that a desired level of transit service cannot be achieved
by a private operation for profit. Deficits, therefore,
are met by direct payments from governments to pro-
viders. The large private transit system is nearly ex-
tinct; large systems are typically owned and operated

by a public agency. Taxicab and limousine services,

on the other hand, are always private businesses oper-
ated for profit.

Provider-side subsidies can take a variety of forms.
A government agency might contract for equipment or
services provided by private operators, -or the agency
might own the transportation equipment and facilities
and employ people to operate the system. Several in-
termediate versions are possible. For example, the
government agency can own the equipment and facilities
and contract with a management company to operate the
service, or it may employ drivers but contract for
maintenance. The government, in principle, sets the
standards and seeks cost-effective methods to achieve
them. There is a vaguely defined acceptable gap be-
tween revenues and costs, and the subsidy ensures that
the desired service standards and fare levels are main-
tained.

Until very recently, capital grants funded under the
Urban Mass Transportation Act were the major federally
sponsored provider-side subsidies to urban public trans-
portation. Currently, such grants are available to public
agencies and require 20 percent local matching funds.
The grants must be applied for and are subject to upper
limits set for each state. These grants have been used
primarily for buses, terminals, and storage facilities
and, in those places with rail transit, for rail equipment
and facilities. Taxicab and other privately operated sys-
tems cannot receive these grants directly, although a
local government body can set up an agency to own vehi-
cles and facilities and contract with private companies
to operate them or lease vehicles and facilities to pri-
vate operators at less than market rates. The intent of
Congress in establishing this program in 1965 was to
preserve and upgrade existing public transit services by
improving the condition of the capital equipment operated
by transit providers.

In 1974 the act was amended to provide somewhat
more limited funds for operating expenses; it requires
50 percent local matching funds (8). Funds for operating
assistance are allocated by formula to large urbanized
areas and states. Operating subsidies have also been
provided to trangit operators for some time from various
state and local budget sources. By and large, the source
of these funds is property taxes, though some areas

l(1ave adopted sales taxes for a portion of such subsidies
3, 3).

Other examples of provider-side subsidies are special
services for handicapped or low-income people subsidized
with funds from social service programs. The provider
in these cases is often the social service agency itself
rather than a transit authority or taxicab operator. Ex-
perience with reduced transit fares for the elderly has
been relatively widespread. A New York system (1) re-
ported that users of the reduced fares are predominantly
white and do not have low incomes, suggesting that groups
that already travel are more likely to use the reduced
fare system than are the more seriously disadvantaged
who do not travel much at present. Programs for the
handicapped are most frequently offered through social
service agencies, although in recent years special facili-
ties for the handicapped have often been provided by
transit systems and by private operators. These special
programs and facilities sometimes include specially
trained drivers who assist the handicapped rider in en-
tering and leaving the vehicle and special vehicles with
devices such as wheelchair ramps and lifts.

Some special transportation programs for disadvan-
taged areas have also been provided from various federal,
state, and local sources. These programs are oriented
to the welfare of low-income persons in particular areas.
Some of these have been federally encouraged programs
for limited periods, as in Model Cities demonstrations,
while others have been locally based programs funded
on a more or less permanent basis.

USER-SIDE SUBSIDIES

In a few scattered situations, subsidies have been given
directly to the user. The mechanism can be a voucher,
atoken, aticket, acoupon, or a credit card in which part
of the fare is paid by a public agency. These user-side
subsidies are passed on to the provider only when the
user is served and have the advantage of acting as an in-
centive for the transportation provider to ""subsidy hunt"
rather than to take subsidy for granted. They also have
considerable flexibility. They can be varied by income,
age, mode, class of service, time of day, and so forth.
Some existing examples of user-side subsidy applica-
tions illustrate the range of mechanisms that can be used.

1. In Los Gatos, California, elderly and disabled
residents can purchase up to 10 taxicab tickets per month
from the city at 50 cents per ticket and use these tickets
at the rate of one per trip for taxicab travel anywhere
within the city limits. The taxicab operator is paid $2.10
for each ticket he turns in to the city.

2. In an experimental program in Arlington County,
Virginia, certain elderly residents were allowed to make
taxi trips anywhere within the county for a flat user pay-
ment of 15 cents. The taxicab operator computed each
fare by means of a taxi meter, and billed the county for
the total fare less the 15 cents paid by the user.

3. In Danville, Illinois, the three local taxicab com-~
panies are participating in a user-side subsidy experi-
ment funded by the Urban Mass Transportation Adminis-
tration. Elderly and handicapped residents purchase
shared-ride taxicab services from the provider of their
choice by paying 25 percent of the regular fare and sign-
ing a voucher for the remainder of the fare. The taxicab
operator then submits the voucher to the city and is re-
imbursed for the amount shown on it.

4, In Raleigh, North Carolina, some social service
agencies subsidize taxicab services for their clients by
means of a two-part ticket. On completion of a taxicab
ride, the driver records the fare on both halves of the
ticket and gives one half to the rider. The driver obtains



the rider's signature on the other half and submits that
half to the social service agency for reimbursement. In
this example, the rider pays nothing toward the fare.
The social service agency covers the full fare.

The sale of tickets to users at reduced rates does not
in itself constitute a user-side subsidy scheme. In El
Cajon, California, for example, users buy 50-cent tickets
and use them to purchase taxicab rides costing around
$1.50, but the taxicab operator is paid by the city ac-
cording to the occupied taxicab-kilometers of service
provided rather than according to the trips made by the
riders. And, in Joplin, Missouri, the city purchases
$5 and $10 taxicab coupon books from the taxicab opera-
tor and then makes them available to low-income resi-
dents at a 70 percent discount. Thus the taxi operator
gets paid for the tickets regardless of whether they are
used. Because the payment to the taxicab operator is
not related directly to each person trip actually made in
these examples, these subsidy techniques fall into the
category of provider-side subsidies.

User-side SuDSIAy SCLIELIES LHEEU LUl LIVOLIVE il GST
of tickets, coupons, or credit cards. In the Arlington
County experiment, reimbursement to the taxicab opera-
tor depends directly on the person trips made, though no
tickets are used. In this case, tickets were used at the
beginning of the program, but after a short period of
operation it was decided that adequate accounting could
be maintained without the use of tickets.

EVALUATION OF SUBSIDY PROGRAMS

The brief discussion of provider-side and user-side sub-
sidies points to a number of general advantages and dis-
advantages associated with each category. Provider-side
subsidies are relatively easy to administer but do not
generate strong incentives for the provider to seek out
ridership or to operate efficiently. On the other hand,
although user-side subsidies are more difficult to ad-
minister, they encourage providers to tailor their ser-
vices carefully to meet the needs of the groups receiving
subsidy and to deliver those services as efficiently as
possible. Some hypotheses about the relative merits of
different subsidy programs are presented below, and
these hypotheses are examined in the light of experience
to date with urban public transportation subsidies. Where
there is insufficient experience to test some of the hy-
potheses, we recommend additional data gathering and
experimentation to fill the information gaps.

A community that decides to subsidize public trans-
portation can disburse the subsidies in one of the follow-
ing ways:

1. Through user-side subsidies alone,

2. Through provider-side subsidies alone, or

3. Through combined provider-side and user-side
subsidies.

The likely implications of each of these approaches are
discussed.

User-Side Subsidies Alone

The primary advantage of user-gide subsidies is that
they promote efficient use of transportation resources.
By placing the subsidy funds in the hands of the users
and forcing transportation providers to seek out the sub-
sidy, public bodies can ensure that services are tailored
to meet the needs of the users and that costs are care-
fully controlled. As long as providers are relatively
free to enter the market and to set their own service
levels and fares, the user-side subsidy approach should
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lead to efficient use of the transportation modes. Buses
would not be used when taxicabs could provide better
service at lower cost, for example. The user-side ap-
proach also [reespublic bodies from much of the service
and fare monitoring necessary with provider-side ap-
proaches; the providers design service levels and fares
that best serve the demand, just as food suppliers, for
example, design their products and prices to serve their
markets.

The major disadvantage of the user-side subsidy ap-
proach is probably administrative. The user-side mech-
anism requires a system for identifying users and reim-
bursing providers. Considerable effort is required to
handle the tickets in such a way as to minimize fraud.
Where subsidies are provided to only a small subgroup
of the population, however, it may be possible to ad-
minister a ticket system conveniently as a component of
a broader social service program.

Considerations such as these lead to the following
general hypotheses about a program of user-side sub-
sidies alone:

1. Users will obtain high-quality services from the
providers;

2. The various public transportation alternatives will
be used in an efficient manner;

3. Providers will operate their services efficiently;
and

4. Some administrative difficulty may be experienced
in distributing tickets and in guarding against fraud.

More specific hypotheses could be developed about the
relative merits of different user-side subsidy mech-
anisms, but the discussion is kept at a general level in
this paper.

Provider-Side Subsidies Alone

Various types of provider-side subsidies account for
nearly all the public transportation subsidy programs
currently operating in the United States. They typically
accompany public ownership of the provider or a contract
between a public agency and one provider for certain
specified services. This subsidy approach is relatively
easy to administer, but whether it provides incentives for
economic efficiency is questionable. Provider-side sub-
sidies, almost without exception, have reduced the degree
of competition between providers and, indeed, have often
resulted in the dependence of the public on a single pro-
vider.

Certain provider-side mechanisms appear to have con-
tributed directly to inefficiency in provision of ser-
vice. An analysis by Tye (7) concluded that the capital
grant mechanism encourages premature replacement of
capital equipment and inadequate maintenance. Hilton
(4) contends that public ownership of transit systems
has resulted in higher wage rates and operating costs
than would have existed under private ownership. Fi-
nally, Kirby and others (5) suggest that restriction of
capital grants to publicly owned transit systems has led
to the use of public bus operators for some services
that could be provided more efficiently by taxicabs or
other private providers.

The following hypotheses evolve from experience to
date with provider-side subsidies:

1. Administration of the subsidy funds is relatively
straightforward;

2. Competition between providers is reduced, and
costs of service rise more rapidly than they might with
other subsidy approaches;

3. Those providers receiving the subsidies may be
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overutilized while other providers are underutilized; and ' |
4. Transportation providers receiving the subsidies

are less responsive to local transportation needs than

they might be with other subsidy approaches.

Although cogent arguments can be made and illustrations
can be given to support these hypotheses, the empirical
evidence currently available leaves some uncertainty re-
garding their validity. Further analysis is needed to
test these hypotheses more completely.

Combined Provider-Side and User-Side
Subsidies

It is possible for a community to disburse part of its
subsidy budget tHrough a provider-side technique, such
as capital grants, and part through a user-side tech-
nique, such as reduced user payments for tickets re-
deemed for full value by the providers. The Transpor-
tation Remuneration Incentive Program (TRIP) in West
Virginia is an example of this approach. Of the $21.9
million to be expended on this program during fiscal
years 1974 through 1977, $8.8 million will be used to
cover the cost of providing transportation tickets to
eligible users at 45 percent of face value, and $7.7 mil-
lion will be used to cover capital and operating costs for
certain transportation providers (9_).

The use of combined provider-side and user-side
subsidies will have some of the advantages and disad-
vantages of both approaches. The community will have
to deal with the administrative problems of the user-side
subsidies as well as the efficiency problems created by
the provider-side subsidies. It should be noted in par-
ticularthat, if certain providers are favored over others
when the provider-side subsidies are disbursed, the
favored providers will have a competitive advantage in
setting fares and consequently may be overutilized by
both recipients of user-side subsidies and others. (This
problem might be alleviated to some degree by allowing
providers not receiving provider-side subsidies to re-
deem user-side tickets at a higher value than the other
providers. Such an approach might create additional
administrative difficulties, however.)

The following hypotheses have been developed regard-
ing the use of combined provider-side and user-side sub-
sidies:

1. Many more providers can be involved than in
provider-side subsidies only;

2. Administration of the user-side funds may be dif-
ficult;

3. Those providers receiving provider-side subsidies
may lose some of their incentives for efficient operation;
and ]

4, Users, whether subsidized or not, may overutilize
those providers favored by the provider-side subsidy
scheme and underutilize other providers.

As a statewide program, TRIP provides an interesting
case study of the use of combined provider-side anduser-
side subsidies, and should provide some guidance on the
validity of the hypotheses.

EXPERIMENTS AND CASE STUDIES

A comprehensive examination of the hypotheses outlined
above requires a program of empirical analysis of exist-
ing subsidy forms and well-designed experimentation with
untried subsidy techniques. Although a variety of provider-
side subsidy schemes can currently be observed in U.S.
cities and, with consgiderable additional data collection,
analyzed, experience with user-side and combined

Table 1. Experiments and case studies.

1970
Popu- Type of
Location lation Test Type of Subsidy Program
Charleston, 300 000 Case Provider-side and user-side (e.g.,
W. Va. study TRIP)
El Cajon, Calif. 62 000 Case Provider-side (city contracts with
study taxicab operator)
Joplin, Mo. 39 000 Case Provider-side (city buys tickets
study from one taxicab provider)
Westport, Conn. 27 000 Case Provider-side (capital grants,
study operating assistance for mini-
buses)
Danville, 111, 43 000 Experi- User-side (tickets with three
ment taxieab providers, no bus pro-
viders)
Site to be Experi- User-side with minimal or no
selected ment provider-side (tickets with taxi-
cab and bus providers)
Pleasant Hill, 25 000 Case User-side (one taxicab provider)
Calif. study
Richland, Wash. 26 000 Case
study  User-side (one taxicab provider)
Los Gatos, Calif. 23 000 Case
study User-side (one taxicab provider)
Arlington, Va. 174 000 Case
study  User-side (one taxicab provider)

provider-side and user-side schemes is quite limited.
Examples of the former category are limited to a handful
of subsidy programs using taxicabs, and TRIP is the only
known example of the latter category. Further examina-
tion and comparison of the three subsidy approaches dis-
cussed in this paper depend, then, on the development of
experiments involving user-side subsidy techniques.

Under UMTA's Service and Methods Demonstration
Program, a program of case studies and experiments is
being designed and conducted to test the major hypotheses
discussed. To date, these investigations have been con-
fined to relatively small urban areas of less than 300 000
population where the costs of implementing and analyzing
alternative subsidy schemes are not too great. Table 1
gives the areas currently being studied under this pro-
gram.

Two experiments are being conducted; one (Danville,
Illinois) has been in operation since November 1975, and
the other is currently at the site selection stage. The
Danville experiment provides an example of a user-side
only program involving a number of taxicab providers;
the second experiment will illustrate this approach by
using bus as well as taxi providers. The case studies
listed represent a variety of examples of the other two
subsidy approaches.

Data from these experiments and case studies are
being used to investigate the efficiency and administra-
tive feagibility of these different subsidy approaches.
These analyses will be combined with an overview of the
various financing techniques available for public trans-
portation to provide general recommendations for com-
munities on the relative merits of alternative subsidy
programs. Although these case studies and experiments
are few in number and in some cases may not permit
broad generalizations, they should contribute greatly to
existing knowledge about public transportation subsidiza-
tion and suggest ways in which broader conclusions could
be obtained.

CONCLUSIONS

Provider-side and user-side subsidy mechanisms have
been discussed and contrasted in this paper. Provider-
side subsidies are likely to be easier and less costly to
administer than user-gide subsidies, but provider-side
subsidies have often resulted in increased costs and in



the dependence of the public on a relatively small num-
ber of providers and services.

User-side subsidies appear to be more efficient; when
subsidies are in the hands of the users, they can choose
those providers and services that best meet their needs.
User-side subsidies rely, of course, on the willingness
and ability of providers to supply adequate levels of ser-
vice. Where there is a single operator and the appro-
priate level of service can be readily specified and
costed, it may be simpler to assist the provider directly
through a provider-side subsidy. If, on the other hand,
there is a desire to provide a given level of subsidy to
selected users and to allow providers to tailor services
and fares to the demand, the user-side subsidy will prob-
ably be preferable. In some locations, a combination of
provider-side and user-side subsidies may be appropri-
ate. More empirical analyses, including experiments in
selected locations, are needed to draw more precise
conclugions regarding the relative effectiveness of these
different approaches for subsidizing urban public trans-
portation.

Virtually all of the financial assistance currently pro-
vided for urban public transportation is disbursed
through provider-side subsidies. This paper suggests,
however, that uger-side subsidies might be more effi-
cient for many applications. If further research con-
firms this hypothesis, policy makers should consider
revising current subsidy programs to encourage the dis-
tribution of more funds through user-side subsidies.
Such a change should lead to a more efficient mix of
public transportation providers and services and permit
more effective use of subsidy funds in achieving public
policy objectives in urban transportation.
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Abridgment

Preference Elasticities of
Transit Fare Increases
and Decreases by
Demographic Groups

Elene P. Donnelly, Planning and Research Bureau, New York State Department

Although research has been conducted to develop de-
mand elasticities for transit at different fares, the lit-
erature is notably lacking in drawing a distinction be-
tween forward elasticities (fare increases) and back-
ward elasticities (fare decreases).

The Curtin rule suggests a 33 percent decrease in
ridership for each 100 percent increase in fare. In the
1974 transit operating assistance study done by the New
York State Department of Transportation (1), three for-
ward elasticities are reported: -0.25 for fhe New York
City bus and subway and Buffalo bus systems; -0.55 for
other bus systems; and -0.70 for commuter rail (2).

Although it is widely believed that the elasticity of
demand is not the same for fare increases as for de-
creases, there is little evidence to support this con-
tention because fare decreases rarely occur, and so
data are lacking. Only intuition indicates that when a
transit rider has forsaken a mode, for whatever reason,
he is less likely to ride it again if the former conditions
return.

A logical argument supports this belief. When a rider
leaves the transit mode because of increased fare or de-
creased service, he usually turns to the automobile for
transportation. If fares or services return to the former
level, there is nothing to force him to return to transit.
On the contrary, having made an automobile purchase,
he is likely to continue to use it. Habit favors retaining
the current mode until an outside force (e.g., cost or in-
convenience) causes a personal reevaluation. That the
Curtin rule does not hold for backward elasticities is
noted by Holland (3) who offers some evidence that the
increase in ridership for a 10 percent fare decrease is
in the range of 10 to 30 percent.

This study investigates the nature of forward and
backward fare elasticities of transit demand by various
socioeconomic strata.

Publication of this paper sponsored by Committee on Public Transporta-
tion Planning and Development.
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TRADE-OFF ANALYSIS

Although demand information is lacking on backward
fare elasticities, the issue can be addressed from a pref-
erence point of view. Presumably, knowledge of how
people say they would change their transit ridership hab-
its is an indication of how they would actually behave.
Estimates of people's preferences for different transit
programs that vary only in fare level may be translated
into preference elasticities, which in turn may result in
a relationship between forward and backward preference
elasticities and therefore backward and forward demand
elasticities.

The trade-off technique, in which the respondent com-
pares two items by trading off one for the other, was used
to study this issue. The willingness of the respondent to
make this trade is recorded in matrix form and is later
translated to ratio-scaled data.

When presented with a matrix (Figure 1) that displays
the possible trade~offs, each respondent orders them,
rating the most attractive (or least unattractive) as 1,
the next as 2, and so forth. Each respondent ranks the
trade-offs according to his or her personal preferences.

An algorithm exists that transposes simple rank order
preference data, acquired through specially designed sur-
vey questionnaires, to ratio scales. The value on the
scale for each variable for each respondent may be com-
bined with other values for like variables for different
respondents, to arrive at preferences of the entire popu-
lation or for certain stratifications of the population.
More matrices may be developed to allow comparison of
several more features being considered in the given re-
search project.

In December 1974, the New York State Department of
Transportation sponsored a statewide public opinion sur-
vey incorporating some questions to be used for trade-off
analysis (4). The data and trade-off analyses have been
used to determine the elasticities of people's strength of
preference for alternative operating assistance programs,
as influenced by changes in fare.

Given a choice between fares of 25 cents and 30 cents,
a person would logically choose the lower, all things being
equal. The same response would be expected if he were
asked to choose between 25 cents and $1.00. However,



Figure 1. Sample trade-off matrix.

The cost of a transit ride
would be:

the same for
everyone

less for some
groups (such
as children,
the elderly o
handicapped)

And people
should be

lowering fares

3

encouraged
to use tran-
sit by:

improving transit
service

making it more
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Figure 2. Preference elasticities.
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Table 1. Fare preference elasticities for fare decrease from 35 to
20 cents and fare increase from 35 to 50 cents.

Lower Fare Raise Fare
From 35 to From 35 to Ratio of

Stratification 20 Cents 50 Cents Elasticities
Total population -0.24 -0.49 2.04
Location

New York City -0.34 -0.53 1.56

Large metropolitan area  -0.18 -0.49 2.72

Small urban area -0.14 -0.47 3.36

Rural -0.12 -0.37 3.08
Age

18 to 34 -0.22 -0.47 2.14

35 to 54 -0.16 -0.47 2.93

55 and older -0.34 -0.53 1.56
Automobile ownership

0 -0.44 -0.52 1.18

1 -0.16 -0.47 2.93

2 or more -0.08 -0.47 5.88
Race

Black -0.26 -0.50 1.92

White -0.23 -0.48 2.09

Other -0.32 -0.52 1.63
Mode to work

Automobile -0.13 -0.39 3.00

Bus -0.25 -0.62 2.48

Subway -0.26 -0.44 1.69

Walk, other -0.22 -0.49 2.23
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Figure 3. Arc elasticities by fare.
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that person's feelings toward a fare increase of 5 cents
or 75 cents are not the same in both cases; the second
increase would cause a much stronger reaction. It is
this strength of reaction, not necessarily the direction,
with which we are dealing here.

PREFERENCE ELASTICITY

The next step is, What is the difference in strength of
reaction when the fare is increased 5 cents, 10 cents,
and so on as opposed to decreasing the fare 5 cents, 10
cents, and so on? To answer this question, a preference
comparison was made of the base transportation program
against itself. As expected, the results in all stratifi-
cations indicated a 50-50 split in preference: Neither
program was any better or worse than the other, so
there was no difference in preference. A series of com-
parisons was then run of the base program and a second
rogram that differed only in the average cost per ride
fare). In the comparisons, the base program was main-
tained while the fare in the new program was changed.
The preference scores from the trade-off runs were

used to develop chord elasticities for fare decreases
from 35 to 30, 25, and 20 cents and for fare increases
from 35 to 40, 45, 50, 55, and 60 cents. These prefer-
ence elasticities were computed by using the following
method (Figure 2):

_ % change in preference _ AWP“ _AP (Py - Py)Fy
% =" %chamgeinfare _AF/Fy Py  (Fa-Fr)Pp

where

e, = preference elasticity,
AP = change in preference,
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AF = change in fare,

P; = preference for test program at base fare,

F, = base fare (35 cents),

P; = preference for test program at test fare, and
F; =test fare.

GENERAL RESULTS

Table 1 gives the results for the New York State popu-
lation as a whole and stratified by geographic area (New
York City, large metropolitan areas of 500 000 popula-
tion or more, small urban areas of 5000 to 500 000 pop-
ulation, and rural areas of less than 5000 population);
age; automobile ownership or nonownership; race; and
mode of transportation to work. For all stratifications,
elasticity increases as fares are raised from about 35
cents (approximately the present rate). Likewise, elas-
ticity decreases as fares are lowered from 35 cents
(Figure 3).

The range of chord preference elasticities by strati-
fications for the 35 to 20-cent fare reduction is -0.08
to -0.44 and -0.24 for the total population. This is in
striking contrast to a range of -0.39 to -0.62 for the 35
to 50-cent fare increase and -0.49 for the total popula-
tion (Table 1).

Presumably, people react to a situation in accordance
with their preferences. If people's preference for tran-
sit decreased, they would probably use transit less and
vice versa. For example, if people's preference for a
transit program decreased by about 14 percent when the
fare is increased from the present level by 20 cents (in
this case, from 35 to 55 cents), it can be assumed that
transit ridership would decrease. When the fare is de-
creased by 20 cents from the present level (in this case,
from 35 to 15 cents), people's preference increases by
only 6 percent. Presumably, the percentage of change
in ridership here would be less than that for a 20-cent

increase, since the change of preference for the decrease

is much less than the change in preference for the in-
crease.

RESULTS BY STRATIFICATIONS

The change in preference elasticity is not the same for
all groups of population (Table 1). For those who have
no alternative to transit, the fare elasticity at low fare
levels is much greater than for those with alternative
modes available. A good example is New York City res-
idents compared to residents of the other three geo-

graphic stratifications or those who do not own cars com-

pared to both groups of car owners. Bus and subway
riders react in the same way: Both groups are more
sensitive to fare decreases than those who commute by
automobile. Fare elasticity increases with fare. How-

ever, there is not a great difference among the three age

groups, although automobile and bus users react in the
extreme to fare increases (automobile users, the least
of any group; bus users, the most of any group). In al-
most all of the stratifications, the differences appear in
reactions to fares below the current rate; elasticities
toward higher fares are nearly the same.

CONCLUSION

In all stratifications, the preference elasticity is sig-
nificantly higher for fare increases from 35 to 50 cents
than for fare decreases from 35 to 20 cents. Because
these are preference elasticities, not demand elastic-
ities, the results may not be directly applied to existing
ridership and fare condition. However, the ratio of the

forward preference elasticity to the backward preference

does offer the opportunity to roughly estimate backward

demand elasticities where the forward demand elastic-
ities are known. Although this may produce only order-
of-magnitude results, it is significant that these results
will vary greatly from the known forward elasticities.

Backward elasticities not only are notably lower than
forward elasticities but also differ more among various
stratifications. Data given in Table 1 show that the pref-
erence responses by stratification for fare increases are
much closer than are the responses for fare decreases,
with the exception of the mode-to-work category.

All stratifications but one are almost equally sensitive
to fare increase but have varying strengths of preference
for fare decreases. Sensitivity to transit fare increases
is significantly higher than sensitivity to transit fare de-
creases: People may become very unhappy about fare
increases but may be only somewhat pleased about fare
decreases.
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Analysis of State Transit
Funding Methodologies

Brent O. Bair, Institute of Urban and Regional Research, University of Iowa
Douglas J. McKelvey, * Transportation Institute, North Carolina A&T State

For several years, there has been growing pressure
for state governments to become involved in the pro-
vision of technical and financial assistance to transit
systems in their states. Many states have already
responded with formation of state departments of
transportation, legislation to assist transit, and as-
sumption of responsibility to improve transit ser-
vices through coordinated, comprehensive planning and
financial assistance (1).

For those states not yet involved in providing as-
sistance for transit operations, a major question is
how to allocate those funds, given that there are var-
ious objectives to be met. This paper reviews state
funding methods that may result in efficient, effective,
and equitable transit service.

REVIEW OF STATE FUNDING
OF TRANSIT

The following summary is based on a survey of 22 states
that have departments of transportation. Each re-
gponded to a questionnaire concerning state assistance
for public transit. The states were asked to identify
the purpose, modes, recipients, allocation formulas,
funding sources, and other relevant information re~
lated to state transit funding. Some of the information
obtained is given in Table 1 (2).

The states explicitly allow the following uses of state
funds:

Number Number
Use of States Use of States
Capital expenditures 17 Planning 6
Technical studies 10 Evaluation 3
Operating costs 9 Promotion 2
Demonstrations 7

Publication of this paper sponsored by Committee on Public Transporta-
tion Planning and Development.
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Almost every state surveyed uses state funds as
matching funds for federal capital grants and to assist
in the purchase of other transit property. Very few
have allocated state funds for the evaluation or promo-
tion of transit service. Eligible modes include fixed-
route, demand-responsive, jitney, taxi, and rail. Most
states provide assistance to fixed-route transit systems
(17), and only a few states make funds available to jitney
or taxi services (if sponsored by a transit authority).
About half of the states (10) fund rail, and about one-
third of the states (7) fund demand-responsive systems.
As expected, the publicly owned systems were most
eligible for funds (16).

ALLOCATION CRITERIA

The criteria by which states allocate funds for public
transit vary considerably. The first major distinction
in funding is between that allocated to areas and that al-
located to systems., California, for example, allocates
transit funds to an area based on that area's population.
Usually those areas are planning subdivisions (county,
multicounty, or metropolitan areas). State funds are
allocated to systems primarily according to whether the
funds are intended for operating or capital assistance.

The most common form of state assistance is for
capital equipment and related transit property purchases.
The amount of state contribution is directly related to the
absence of federal money. A state will contribute from
25 to 100 percent of the nonfederal share. If a project
or system is not requesting or is not eligible for federal
assistance, then the state will provide usually 15 to 100
percent of the match.

If the state provides operating assistance, allocation
is usually based on the system's deficit or the system's
performance. Eligibility varies by ownersghip and type
of service. Maryland completely subsidizes the operat-
ing deficit of the Baltimore public transit system and
others on a discretiondary basis; Delaware completely
subsidizes a special system for agency-approved elderly
and handicapped, and the state of New Jersey completely
subsidizes the operating deficit of its public transit sys-
tems. Connecticut has two basic goals: to maintain
existing transportation services and to provide incentives
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Table 1. State funding of public transit.

Annual
Amount Allocation
State Uses (%) Modes Recipients Criteria
California Capital, operation, technical study, 94 000 000 Fixed-route, dial-a-ride, Public system, private nonprofit, Population
planning, promotion, demonstration rail private system, government
Connecticut Capital, operation, technical study, 14 000 000  Fixed-route, dial-a-ride, Public system, private nonprofit, 50 to 100 percent
planning, promotion, demonstration rail urban of deficit
Delaware Capital, operation, technical study 4 000 000  Fixed-route Public system, government 80 percent for
DART
Florida Capital, technical study, planning, 6 700 000  Fixed-route, dial-a-ride, Public system, public agency, 50 percent non-
evaluation, demonstration jitney, rail government, urban, rural federal
Georgia Capital, technical study, promotion 400 000 Fixed-route Public system 50 percent non-
federal
Hawaii Capital 300 000  Fixed-route Government
Illinois Capital, operation, technical study, 171 000 000  Fixed-route, rail Public system, private nonprofit, %, of deficit
evaluation, promotion private system, urban, rural
Kentucky Technical study, planning, promotion 200 000 Public agency, government, urban, 50 percent non-
rural federal
Maryland Capital, operation Fixed-route Public system, government 100 percent for
Baltimore
Massachusetts  Capital, operation 67 000 000  Fixed-route, rail Public system, private nonprofit, 50 percent of
private system, urban, rural deficit
Michigan Capital, operation, promotion, 20 000 000  Fixed-route, dial-a-ride  Public system, government, urban Vehicle-
demonstration kilometers,
population
New Jersey Capital, operation 49 000 000  Fixed-route, dial-a-ride, Public system, private nonprofit, 50 percent capi-
rail private system, urban, rural tal, 100 percent
operation
New York Capital, operation 103 000 000  Fixed-route, dial-a-ride, Public system, private system, Vehicle~
rail public agency, urban kilometers,
passengers
Ohio Capital, demonstration 2 800 000  Fixed-route Public system, private nonprofit 25 percent non-
federal
Pennsylvania Capital, operation, technical study, 90 000 000  Fixed-route, dial-a-ride, Public system, public agency, 50 percent capi-
planning, promotion, demonstration rail government, urban, rural tal, % of oper-
ation
Tennessee Capital, technical study, promotion 250 000 Fixed-route Public system, public agency, 25 to 50 percent
urban of deficit
Vi_r'ginia. Capital, technical study 5400 000 Fixed-route Public system
Wisconsin Operation, demonstration 7000 000  Fixed-route, dial-a-ride  Public system, private nonprofit, %, of deficit

private system, public agency,
government, urban

for improving service.

cent for services above the basic level.
The other major criterion by a state allocates operat-

It subsidizes 100 percent of the
operating deficit for a basic service and up to 50 per-

cipient must be an eligible public body.

FUNDING SOURCES

ing assistance for transit based on the system's service
or performance. Michigan allocates 25 percent of its
funds based on the number of transit kilometers of the
system (3 demand-responsive kilometers are equivalent
to 1 fixed-route transit kilometer). The allocation of
another 25 percent is based on the system's eligible
population (in the service area). New York State pro-
vides assistance based on mode, number of passengers,
and number of vehicle-kilometers. Pennsylvania sub-

sidizes operating assistance based on 3 cents/passenger-

kilometer (5 cents/passenger-mile) rather than on
vehicle-kilometers. This was chosen because of varia-
tions in trip length., (The total sum of Pennsylvania's
subsidy may not exceed two-thirds of the operating
deficit.)

ALLOCATION LIMITATIONS

In general, very few states place requirements on the
allocation of state funds. In fact, only five of the 22
states identified special requirements governing who
receives state assistance, how much, or for what pur-
pose. California requires that 15 percent of the state -
transit funds go for capital purchases. Further, it re-
quires that the total amount an area receives be equal
to sales tax revenue generated from that area. Mich-
igan requires that there be half fares for elderly and
handicapped, that there be a state-approved trans-
portation plan, and that school trips not be eligible for
reimbursement, In Wisconsin, a system must have
been in existence before August 5, 1973, and the re-

There are seven sources of state funding for transit:

Source States

California, lllinois

Connecticut, Illinois, Massachusetts,
New Jersey

Connecticut, Kentucky, Maryland,
Massachusetts, Pennsylvania, Wisconsin

General sales tax
Bonds

Transportation fund or
general revenues

Gasoline tax Florida, Hawaii, Maryland, Michigan
Motor vehicle regis-
tration llinois, Maryland
Cigarette tax Massachusetts
Lottery Pennsylvania

In Pennsylvania, funds from the lottery are used to sub-
sidize the free-fare program for the elderly.

The most common gources of funds for public trans-
portation are general revenues or a general transporta-
tion fund and gasoline tax (3). No single source is suf-
ficient, and therefore states rely on a combination of
the sources identified. In general, most of the sources
of funding represent a form of cross subsidy from auto-
mobile to transit and from higher income to lower in-
come,

SUMMARY
The results of the survey suggest the following trends.

1, Those states that have departments of trans-
portation already have or have proposed legislation to



obtain state funds from existing tax sources or from
general revenue for transit assistance.

2. Depending on the state, these funds may be used
for capital assistance, operating assistance, demon-
stration, planning, evaluation, or technical study.

3. State funding for transit varies from $30 000 to
more than $170 million.

4, Fixed-route transit systems are most likely to
receive assistance, and private taxi services are least
likely.

5. State assistance is provided almost exclusively to
urban systems and less often to rural or intercity sys-
tems.

6. The major criterion by which states allocate their
funds for capital assistance is usually the absence or
presence of federal funding.

7. The proportion a state will provide for operating
assistance depends on the system's deficit or perfor-
mance, States contribute between 50 and 100 percent
of a system's deficit, subsidize the system at a fixed
rate for each passenger or vehicle-kilometer, or do both.
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desire to maintain existing levels of service and fares
and to provide an incentive for improved service.

ALTERNATIVE ALLOCATION
METHODOLOGIES

If it is assumed that state operating assistance is war-
ranted, three possible approaches might be taken,
First, the state might provide direct or unfettered as-
sistance whereby funds are simply passed through to the
local governmental bodies with the assumption that the
money will be spent to improve the transit service.

The second approach is to regulate the provision of
transit services and require the provision of minimum
levels of service in order to obtain state funding. The
final method is to provide a '"carrot on a stick' or incen-
tive program whereby local areas can obtain more
money by improving the performance of their transit
system. Based on a review of the potential of these
alternative approaches and the methods actually used

by the state, the incentive method is the most desir-
able because it provides a means of ensuring that vari-
ous transit goals and objectives may eventually be met.

Obviously, state operating assistance is only one type
of financial assistance important to the initiation, pro-
vision, or improvement of transit service. Other types
of financial assistance for capital expenditures, plan-
ning, evaluation, and demonstrations are also important.
Also, state-level funding alone is not sufficient to ensure
equitable, efficient, or effective transit service. How-
ever, through the incentive program, measures of equity,
efficiency, and effectiveness may be built into the allo-
cation methodology so that future improvements are in
fact guided through the funding mechanism (4).

After a very preliminary review of various alloca-
tion criteria based on population, percentage of def-
icits, passenger trips, route-kilometers, vehicle-
kilometers, and various ratios such as passengers
per vehicle-kilometer, the following initial observa-
tions may be drawn.

1. The allocation criterion of passenger trips is the
only single criterion that may result in greater equity,
efficiency, and effectiveness of service,

2. The bases of population and percentage of deficit
appear, by some measures, to be the least desirable
criteria by which to allocate operating assistance,
although politically they may be among the easiest to
initiate.

3. The criteria that are stated in terms of the trips
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per capita, kilometers per capita, kilometers per ser-
vice area, or other combinations seem to have very few
advantages over the single criteria of route-kilometers,
vehicle-kilometers, or passenger trips.

4, No single criterion will be both appropriate to
increasing equity, efficiency, and effectiveness and
practical and politically acceptable for allocating funds.

5. Any allocation criterion or combination of criteria
should include the requirement that the assistance be
used first to achieve minimum standards and then to
improve service above those standards.

It is suggested that an allocation methodology should
consigt of more than one criterion. The criteria should
include a simple measure of system performance or
supply; measures of demand that are sensitive to the
type of demand by person, trip purpose, or somesimilar
characteristic; and some measure that reflects system
efficiency. There would necessarily be some weighting
of these various parts of the formula., That weighting
should not be uniform among states but should be ad-

i PR RO Py Iy

daod s e
JUSLLUU LU 1LailiL tuLal LUIIMAILIVIID »

CONCLUSION

Review of the allocation methods currently in use by
state departments of transportation indicates that most
of the methods were probably initiated because of polit-
ical acceptability rather than their effectiveness in
addressing particular transportation objectives. There
is little question that in many cases any type of financial
assistance will help, but it may be possible to accom-
plish more than simply bailing transit systems out of
financial crises. Through the proper selection of an
allocation formula, it may be possible to guide or en-
courage many desired improvements. It is clear that
more research is needed in this area.
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Procedures for Financial
Analysis of Transit
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Grant Requests
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The increasing reliance of transit operations on financial support has
caused funding agencies to begin to evaluate the operating expenses of
transit operators seeking financial assistance. One possible evaluation
approach involves comparing aggregate expense estimates of individual
transit properties with industrywide performance. This paper reports on
the development of an evaluation framework that uses this approach.
The evaluation technique is discussed, and specific administrative ac-
tions are illustrated in response to the operating expense performance of
individual operators.

During the last 3 decades, the transit industry has ex~
perienced a general financial decline from an industry-
wide net income in 1945 of $313 million to an industry-
wide deficit in 1975 (preliminary estimate) of $1663
million (1). This decline has been attributed to a set
of related causes that include

1. Anincrease in use of the automobile, which
caused initial patronage losses and revenue decline;

2. An industry reaction of fare increases and ser-
vice reductions, which led to greater losses in patronage
and revenue; and

3. The recent rapid increase of transit operating ex-
penses.

Accompanying this general decline has been an acceler-
ating trend toward public ownership of transit systems
and an increasing involvement in the direct financial as-
sistance of transit operations by local, state, and fed-
eral governments. By 1972, local assistance to transit
amounted to §545 million (approximately 60 percent for
operating subsidies), state assistance reached $177 mil-
lion (also 60 percent for operating subsidies), and fed-
eral assistance amounted to $470 million (all for capital
improvements) (2). In addition, as of November 1974,
the federal government made a commitment to assist
transit systems with direct operating subsidies through
passage of the National Mass Transportation Assistance
Act of 1974,

Publication of this paper sponsored by Committee on Public Transporta-
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Although this broad program of financial assistance
has, in general, improved and expanded public transpor-
tation services, it has also resulted in an alarming conse-~
quence. Evidence suggests an increasing reliance of
transit operations on public financial support.

As reported in the 1974 National Transportation Study,
operating and maintenance costs for the transit industry
are expected to increase 276 percent from $2.6 billion in
1972 to about $7.2 billion in 1990 (3). These estimates
are reported in 1971 constant dollars and do not, there-
fore, account for escalation resulting from general in-
flationary trends. In the face of these increasing oper-
ating expenses, transit operators across the nation have
been attempting to follow a policy of fare stabilization.
(This intention has been moderated somewhat as evidenced
by a fare increase in Washington, D.C., and similar fare
hikes in New York City and other major metropolitan
areas facing financial difficulties more pervasive than
those represented by transit alone.) Together, these
trends imply an expected sixfold increase in annual net
operating deficits from $0.4 billion in 1972 to $2.5 billion
in 1990 (3). This trend is likely to be reinforced with the
establishment by the U.S. Department of Transportation
of a multibillion dollar public transit operating assistance
program, Under Section 5 of the National Mass Trans-
portation Assistance Act of 1974, operating assistance
grants are being approved even though there is virtually
no means of evaluating the efficiency of a transit system
in relation to quality and quantity of service provided.

Mounting deficits will, at least, focus public attention
on the operational efficiency of individual transit systems.
Most likely these deficits will also become catalysts for
broad public policy discussions of the benefits of public
transportation versus the benefits of private automobiles,
the proper mix of transit and automobiles in urban com-
munities, the total costs of each modal alternative for
different modal mixes in different urban environments,
and the appropriate financing mechanisms for transit in-
vestment and operation.

TRANSIT OPERATING ASSISTANCE
IN PENNSYLVANIA

In 1967, Pennsylvania enacted the Pennsylvania Urban



Mass Transportation Assistance Law authorizing one of
the nation's first urban public transportation assistance
programs to offer financial assistance for the operating
expenses of transit properties. This legislation was rec-
ognized as a response to the poor financial condition of
the two largest transit operators in the state. Therefore,
budgeting and distribution of funds for the program were
straightforward, and the criterion for assistance was
need. The only limitation was that the state's contribu-
tion cannot exceed two-thirds of the deficit.

Since 1967, however, the scope of this assistance
program has broadened significantly. Now the Penn-
sylvania Department of Transportation receives grant
requests from more than 20 operators, and individual
requests range from $1500 to more than $40 million per
annum. In 1974-75, the Pennsylvania DOT approved
$74.2 million worth of public transportation assistance
grants, most of which were used for transit operating
assistance. In comparison, when the Pennsylvania DOT
was created in 1970, its public transit operating assis-
tance budget was less than $11 million. Accompanying
this increase in the scone of financial assistance has been
a trend toward greater state involvement in efforts to
improve both the level and quality of transit services
and the efficiency of transit operations.

This involvement has resulted in a need for more ac-
curate and detailed information regarding the financial
and operating performance characteristics of individual
transit operators. The effort to establish and monitor
standards of transit performance requires the periodic
flow of financial and operating statistics from each tran-
sit operator receiving state assistance. FEvaluation of
these financial and operating data requires procedures
and guidelines for measuring the validity of expense es-
timates submitted by individual transit operators and the
quality of transit service provided by these opérators.

To measure the quality of transit service in Pennsyl-
vania, standards and guidelines of performance for transit
systems receiving state transportation assistance grants
were developed and implemented. In 1973, Pennsyl-
vania established an operating evaluation program (4),
which included specification of precise service standards,
a standardized transit operating data reporting system,
and a quantitative procedure for evaluating public transit
operations and services (5). '

To evaluate the financial efficiency of transit opera-
tors, the Pennsylvania DOT is introducing a program
that compares the aggregate expense estimates of in-
dividual transit properties with industrywide perfor-
mance. This paper reports on the development of this
financial evaluation framework.

GRANT EVALUATION PROCEDURES

The review of an application for transit operating assis-
tance should include financial, operational, and legal or
administrative evaluation procedures. Although sepa-
ration of the financial, operational, and legal and ad-
ministrative characteristics of transit systems is not
precise, it is convenient to distinguish each of these
three categories when individual grant applications

are evaluated. The procedures that have been devel-
oped specifically for the financial evaluation of requests
for operating assistance submitted to the Bureau of Mass
Transit Systems are described below.

Overview of Evaluation Procedure

To analyze operating assistance grant requests, the
Pennsylvania DOT has adopted a set of application and
reporting forms that use the major categories of the
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Interstate Commerce Commission (ICC) expense reporting
framework. In addition, in anticipation of federal report-
ing requirements, these ICC expense reporting categories
have been defined in terms of the function-object code
classification developed as part of the financial accounting
and reporting elements (FARE) project (6).

Financial evaluation of grant applications is based on
an assessment of the reasonableness of expense estimates
included in the grant request made by the transit operator.
The key to this analysis is a set of guidelines that express
the relation between transit operating expenses and tran-
sit operating and financial characteristics.

Equipment maintenance and garage expenses, for ex-
ample, may be related to the level of system operation
(as measured by vehicle-kilometers operated) and the
wage rate of maintenance personnel. Transportation ex-
pense may be related to the hours of system operation
and the wage rate of transit operating personnel. Equa-
tions based on simple relations such as these may be de-
veloped to explain most of the variation in the aggregate
operating expense performance of individual systems
throughout the transit industry.

After expenses have been estimated, guideline rela-
tions for major expense categories permit reasonableness
of expense estimates to be determined. Large expenses
inappropriately allocated to cost categories may be de-
tected at the outset of the financial evaluation process.

If all expenses are based on allowable costs properly
categorized into appropriate accounts, guideline analy-
sis should detect inefficient levels of expenditures in re-
lation to transportation service.

If unreasonable expenses are detected, further inves-~
tigation is initiated. Unallowable costs in an expense
category constitute one potential cause for unreasonable
expense estimates. Although the investigation of this
cause would not be complete without an audit, large-
magnitude violations in expense categories may be at-
tributed to this factor through a review of more detailed
information, which may be requested of transit operators.

Another potential cause for unreasonable expense es-
timates results from either inefficient production of tran-
sit services or justifiable localized effects that are not
accounted for in the guideline relations. An attempt
should be made to verify that the guideline relations are
applicable to the transit operator exhibiting unreasonable
expense estimates. This too may be accomplished
through evaluation of more detailed information. If it is
determined that the guideline relations are in fact ap-
plicable, the questionable expense performance of the
individual transit operator would result in administrative
action.

Application of Financial Guidelines

Financial analysis of operating assistance grant requests
can be performed at two levels. The guideline relations
may be used to ascertain the reasonableness of budgeted
expense levels and of incremental expense levels between
the current year and the budget year. The evaluation of
transit operations expenses is initiated when guideline
relations are used to calculate limit values for each ma-
jor category of cost, and comparisons are made of the
cost estimates submitted by the transit operator and these
limit values. The limit value is a standard that is based
on the aggregate statistics used to describe the operating
character of each property and on the guideline relation
between major cost categories and the aggregate statistic.
Evaluation of incremental expenses involves comparing
the estimated change in expense levels from the current
year (based on the operator's own expense estimates) and
the expected change in expense levels from the current
year (based on the calculation of current year and a
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Table 1. Performance classifications.

Exceeded Limit

Value?
Budget Current Rate of
Classilication Year Year Change Comment
A No No <1.0 Excellent
B No Yes <1.0 Costs controlled
C No No >1.0 Potential future
problem
D Yes Yes <1.0 Current problem
moving toward
solution
E Yes No >1.0 Emerging problem
F Yes Yes >1.0 Continuing problem

showing no signs
of improvement

Figure 1. Performance classification for an individual
expense category.

sl e B ®

Current Budgst Current Budpet

Year Year Year Year
)l e s| | ®
Current Budget Current Budget
Year Year Year Year
$
® $ ®

3\

L L
Current Budget Cutrant Birdgat
Year Year Year Year

@ current year category expense (CYCE)

O butget year category expense (BYCE)

E current year category 1imit value (CYCL)

O budget year category limit velue (BYCL)
O classification

budget year limit value),

In the first step of the process, the limit for each
major cost category is calculated for the budget year
based on the financial and operating statistics submitted
as a part of the operating assistance grant request. The
second step involves the calculation of the limit values
of cost for the current year's operation.

After the limit values for each cost category are de-
termined, these values are compared with the operator's
own expense estimates, and the rate of change reported
by the operator is compared with the rate of change in-
dicated by the limit values. This latter comparison
provides the greatest insight into the relative perfor-
mance of individual operators. The relative rate of
change is calculated as follows:

BYCE

ROC=cveE

BYCL
CYCL

where
ROC = rate of change,
BYCE = budget year category estimated expense,

CYCE = current year category actual expense,
BYCL = budget year category limit value, and
CYCL = current year category limit value.

Values greater than one indicate that the applicant's costs
are rising faster than guideline values; if they are less
than one, they are rising slower than guideline values.
Based on these three comparisons, an applicant's
performance for a given expense category may be rated
according to one of six classifications. These classifi-
cations, in increasing order of problem severity, are
given in Table 1 and shown in Figure 1. Classification
A indicates ideal performance. The operator is within
limit values for both the budget and current years, and
his incremental expense increases (if any) is lower than
the guideline limit growth. Classification B also indi-
cates good performance. In this case, the operator ex-
ceeded a limit value in the current year but has been able
to control costs to below the limit value for the budget
year. (By definition, his rate of change is less than one.)
Classification C indicates a potential future problem in
that, although both the current year and budget year limit
values have not been exceeded, there is a trend toward
higher costs, which may present a problem. Classifica-
tion D represents a continuing problem that shows signs
of solution because of a reduced incremental cost in-
crease, Classification E shows that the applicant has ex-
ceeded the budget year limit value although in the past he
was below the limit, indicating an emerging problem in
this situation. The most severe condition is indicated in
classification F. Both current year and budget year limit
values have been exceeded, and the rate of change indi-
cates an accelerating problem. Such a problem would
warrant close attention by management.

Administrative Action

Subsequent to the calculation of limit values and the clas-
sification of the financial performance of individual tran-
sit operators, specific administrative actions would be
taken. The administrative actions associated with the
financial performance evaluation of transit operators in
Pennsylvania are based on the following underlying
principles:

1. The provision of transit services satisfies an im-
portant public need in the state;

2. Existing transit operations may provide services
inefficiently for many reasons, some of which are not
easily remedied by simple corrections to the production
process; and

3. The purpose of the state's operating assistance
program is to assist in the provision of efficient and ef-
fective public transportation services.

Together, these principles support a range of adminis-
trative actions that emphasize corrective rather than
punitive intervention by the state. These actions are
shown in Figure 2, which details the state's operating
assistance review procedures.

As shown in Figure 2, transit operators submitting
grant requests that have been evaluated and classified as
either A or B require neither corrective nor punitive
administrative action. These transit operators provide
transit services at a reasonable level of expense in re-
lation to the financial and operating characteristics of
their systems. The only action required is the decla-
ration of the actual expense estimates of these operators



Figure 2. Financial review procedures.
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FUND OPERATORS
TO FINAL ELIGIBILITY
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as eligible for grant determination (subject to verifica-
tion by audit).

A transit operator receiving a classification C ex-
pense performance evaluation represents a situation in
which both budget year and current year expense esti-
mates fall within the limit value, but the rate of change
is greater than one, indicating an extraordinary rate of
increase in expense. This situation serves as a warning
that a future problem may emerge. Consequently, the
administrative action for this situation involves notifying
the operator (by a letter of concern) that a potential prob-
lem was indicated in a review of his grant request. Clas-
sification C operators would then have their actual ex-
penses declared eligible because they have not exceeded
the limit value established by the guideline relation. The
classification E expense performance illustrates the sit-
uation in which a transit operation has moved from a
potential problem to a current, identified problem. In
this situation, both the rate of change and the budget year
expense estimates indicate unreasonable changes in the
cost experience of the operator. This situation would be
followed by administrative action as follows:

1. A concern letter is submitted to the operator in-
dicating that, as a result of the review of the grant re-
quest, a problem has been observed;

2. The transit operator is requested to submit a rec-

PERFORM RESOURCE
ALLOCATION ANALYSIS
AND FUND ACCORDINGLY

ommended correction program for approval of the Penn-
sylvania DOT; and

3. The operator's actual expenses are declared eli-
gible after the correction program has been approved.

A transit operator that receives classification D rep-
resents a property that has a current, identified problem
and is moving toward a solution. Although both budget
year and current year expense estimates exceed the limit
values, the rate of change estimate is less than one, in-
dicating that the cost experience of this operator is con-
verging on the limit value. An operator in this situation
will already have an approved program of corrective ac-
tion. Therefore, the administrative actions resulting
from this classification include a request for a progress
report and consideration of possible amendments to the
correction program as necessary. Because such an op-
erator is making progress toward meeting the financial
guidelines of the Pennsylvania DOT, actual expenses
would be declared eligible.

As previously indicated, classification F represents
the situation of most concern to the Pennsylvania DOT.
In this circumstance, a continuing problem exists, which
shows no signs of evident improvement. An operator in
this category would already have an approved program of
corrective action. An operator currently placed in clas-
sification F would have been in either classification D or
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E during the previous year. Both of these classifications
require that an improvement program be on file. There-
fore, the first action required in this situation is to eval-
uate the operator's progress toward implementing the
corrective program. If the operator has made a signifi-
cant effort to adopt the recommended corrective program
and the problem shows no signs of improvement, an
amended correction plan should be considered. A con-
certed effort by the operator to improve the efficiency

of transit service production according to the approved
plan should result in a declaration of actual expenses as
eligible. If, on the other hand, the operator has made
no effort to adopt the provisions of the corrective plan,
expenses would be declared eligible up to the budget year
limit value only. This is the only situation in which ad-
ministrative action includes the imposition of a policy
constraint on expense eligibility.

Having determined the level of expense eligibility for
all transit operators submitting requests, the Pennsyl-
vania DOT approves operating assistance grant requests
according to the availability of financial resources. If
sufficient funds are available, the Pennsylvania DOT
provides funds to operators to the final eligibility levels
determined in the review of grant applications. If, how-
ever, funds are insufficient, the Pennsylvania DOT ana-
lyzes resource allocations and provides funds according
to the results of this analysis.

CONCLUSION

With the development and implementation of these finan-
cial guidelines and evaluation procedures, the Pennsyl-
vania DOT will have established a comprehensive pro-
gram to (a) collect and analyze transit operating and
financial data on a uniform basis; (b) measure the per-
formance of transit systems seeking state operating and
capital assistance grants; and (c) determine the alloca-
tion of state public transit grants based on'the transit
agency's operating and financial performance and the
availability of funds.

This program should prove to be an effective approach
in assisting to improve and expand public transit ser-
vices and operations throughout Pennsylvania.
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