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Miles per hour
Minutes per mile
System Characteristics
Peak vehicles
Average fleet age
Average seats/bus
Scheduled speed
Owmership
Proportion of fleet purchased with cap-

ital grant
Wage rates
Environmental Factors
City age
Population density

There are two major categories of cost
models: cost-causal and total cost. Cost-
causal models are further divided into
three categories: average daily cost,
annual cost, and cost per bus-mile.
Where there are some philosophical
differences between the cost-causal cate-
gories, a major share of the difference
is in the number of variables employed.

Cost-Causal Models

Average Daily Cost

The major purpose of the models
within this category is to develop a
general formula which allocates daily
operating costs to the variables respon-
sible for causing these costs. e
models presented in this category differ
in only one respect — the number of
variables considered. The two-variable
model uses vehicle-miles and vehicle-
hours as explanatory factors. The three-
variable model adds passenger revenue
and the four-variable model uses both
passenger revenue and peak vehicles.

Generally, standard costs can be re-
lated to either vehicle-miles or vehicle-
hours. Even accident costs are essen-
tially a function of exposure and could
be included in the allocation. In fact,
passenger revenue is also used as a cost-
causal measure. Still, there are many
individual expense items which do not
vary with miles, hours, or passenger
revenue; these are allocated on the basis
of peak-hour vehicle needs.

Using fiscal year 19656 MTA (Metro-
politan Dade County Transit Authority)
data, the following results were obtained
by Ferreri (Footnote 3) when each op-

erating expense item was allocated to
its appropriate cost-causal factor.

Percent of

Causal Factor Total Cost

Vehicle-hours 54.3%
Vehicle-miles 279
Peak vehicles 105
Passenger revenue 7.3

Total 100.0%

Ferreri used all three of the daily cost
models in calculating the costs of MTA
operations. The results indicated a close
agreement among the three models — a
conclusion expected because more than
80 percent of the costs are attributable
to vehicle miles (289 ) and vehicle hours
(64%) under all of the models.

In equation form, all three of the daily
cost models take a linear form as fol-

lows:
C = aM 4+ bH
C = aM + bH 4 cR
C = aM = bH = ¢cR 4 4V
where C = average daily cost of route
M = average daily vehicle-

miles of service on route
H = average daily vehicle-
hours of service on route
R = average daily passenger
revenue on route
V = peak vehicle needs on
route
The parameters of a, b, ¢ and d are
the unit cost calculated from various ac-
counting cost items for any single year:
a = cents per vehicle-mile
b = dollars per vehicle-hour
¢ = percent of passenger revenue
(costs related to passenger revenue ex-
pressed as percent of revenue)
d = dollars per vehicle
It should be noted that either the three
or four-variable cost model is not com-
pletely independent of what happens on
the revenue side. Cost allocation would
be responsive, though not too sensitive,
to changes in future revenue, depending
upon both estimated ridership and fares.

Annual Cost

As with the daily models, there are
three basic types of annual cost models
as shown below:

Annual Cost (c) Models

Two-variable Four-variable Four-variable
Regression Unit-cost Regression
Factor Model Model Model
Vehicle-miles (M) X X X
Vehicle-hours (H) X X X
Peak Vehicles (V) X X
Revenue Passengers (P) X X

Annual cost models have many simi-
larities to daily models. Issues addressed
and general philosophy are the same and
a linear equation form is assumed for
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both types of models. Also, while the
annual models determine costs on a
yearly basis instead of a daily calcula-
tion, this difference is insignificant for
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purposes of multi-jurisdictional alloca-
tions. Finally, the daily cost, two-
variable model and the annual cost, two-
variable regression model use the same
cost-causal factors (vehicle-miles and
vehicle-hours).

The differences in the two types of
models are as follows:

— parameters are estimated on a
unit-cost basis in the daily cost models
and by regression analysis in the annual
cost models (with the exception of one
four-variable model)

— the four-variable unit cost or re-
gression models uses number of passen-
gers instead of passenger revenue which
is employed in the daily cost four-vari-
able model

— advertising expenses are related to
vehicle-miles in the annual cost models;
they are assigned on the basis of peak-
hour vehicle needs in the daily cost mod-
els, and

— for estimating parameters and us-
ing the models, time series data are re-

uired for the regression model, while
‘tlhe unit cost model only needs a single
year’'s data.

The two-variable regression model has
been implemented with the MTA data
and a regression coefficient (R2) of 99.6
was obtained. The four-variable unit
cost model was tested against 1970 data
from D.C. Transit System and Pitts-
burgh (Pa.) Skybus. When the resulting
D.C. equation was used to predict 1990
costs, the error came within five percent
of an estimate obtained from detailed
engineering cost studies. Based on 1970
Pittsburgh Skybus data, the model pre-
dicted 1980 costs within three percent.

The four-variable regression model
has been calibrated from three sets of
data with the following results in terms
of R2:

Property R2

D.C. Trangit System, Inc. 2966

New York City Transit Authority 1.0000

American Transit Association’s 0.52
sample of 69 firms

Although the model explains 99.66 per-
cent of the variation in actual costs for
D.C. Transit, it underestimated future
costs by 68.8 percent when applied to
planned operating characteristics of the
same system. On the basis of explana-
tory ability, the four-variable regression
model is obviously superior for time-
series data, but not suitable for cross-
sectional data. The model only explained
52 percent of the variation in 69 firms’
costs. For this reason, it was rejected
for D.C. Transit. Furthermore, the model
is incapable of explaining variations in
costs from cross-sectional data.

Cost Per Bus-Mile
The primary purpose of bus-mile
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models is to explain variations in unit
costs (e.g., bus operating cost per bus-
mile) instead of daily or annual total
operating costs. Two such models are
presented in this category: the so-called
Slowness Model and the Urban Environ-
mental Cost Model.

The Slowness Model is based on the
premise that the two most important
determinants of bus operating costs are
vehicle-hours and vehicle-miles operated.
These two factors can be further com-
bined into one ratio variable called
“glowness” (S), which is vehicle-hours
divided by vehicle-miles, thus measuring
speed in minutes per mile. All other
factors such as peak-vehicle needs are
but a function of this slowness variable;
hence, they can be dropped in the for-
mulation of the model. The final form of
this model becomes:

C
——=a+b"*S
M

Applications of the slowness model
are many and the results vary.4 The
model explained 98.88 percent of the
variation in cost when implemented with
line-by-line data for the New York City
Transit Authority, while explaining only
45 percent of the variation using data
from the Miami Transit Authority. The
advantage of the slowness model is its
simplicity in terms of the structure and
data requirements. It often does a poor
job of predicting. Apparently, the single
slowness variable is not a good indicator
of all other cost-causal factors. The
model is not suitable for general appli-
cation. It appears that the model can
only be calibrated from data on individ-
ual routes of a single transit system at
one point in time.

The Urban Environmental Cost Model
attempts, again, to explain the wide
range in bus operating cost per mile al-
though the philosophy underlying this
model is somewhat different than the
slowness model. Since managerial effi-
ciency alone can not explain variations
in unit costs among firms, the assump-
tion here is that the cost is more direct-
ly related to environmental operating
context. The urban environment factors
selected for calibration include the age
of a city, labor costs, scheduled speed,
population density and the age of the
fleet. Generally, only the first three vari-
ables are statistically significant; the
last two are either inaccurate or inappro-
priate.

Total Cost Model

The total cost model was develoged by
Gary R. Nelson in a study for the De-
partment of Transportation (DOT),S
whose purpose was to construct an eco-
nometric model of the urban bus transit
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market, consisting of a demand equation,
a supply function, a cost/revenue ratio
and an identity. The model incorporated
transit regulation. Three issues were
central to the model

1. Are there economies of scale for
large firms?

2. What is the impact of wage rates
on the cost of bus transit?

3. What are the effects of bus fleet
characteristics on costs?

The model has a complicated form in-
volving seven explanatory variables,
some in logarithmic form, and some in
absolute terms, as follows:

InC = a; + a; 1InM = a, InW -+
M
agln—+a, A+ a; S48
H

0 + a,G

re

= total costs

= bus-miles

= hourly wage rate of operating
personnel

=
®

w

= bus-miles per bus hour

o2 g=a

A = average age of fleet
S = average seats per bus
O = form of ownership (dummy vari-
able):
1 = publicly owned
0 = otherwise
G = proportion of fleet purchased
with capital grant
The model was implemented with the
data from two samples of 45 bus firms
in 1960 and 40 bus firms in 1968, as sup-
plied to the American Transit Associa-
tion. Empirical evidence suggests that
neither economies nor diseconomies of
scale exist, but rather a constant cost
ger bus-mile. An increase of bus-miles
y one percent will increase total costs
by 1.013 or .982 percent — not signifi-
cantly far from one percent. Also, minor
differences in unit costs observed be-
tween small and large firms are ex-
Blained by differences in wage rates.
ifferences in fleet ages have a rather
weak effect on total costs. Apparently,
lower maintenance costs required by
newer buses are offset by higher interest
and depreciation costs.

II. DEFICIT ALLOCATION PROCE-
DURES CURRENTLY IN USE BY
REGIONAL BUS AUTHORITIES

There are two broadly-defined proce-
dures for allocating transit deficits
among political jurisdictions: models
that allocate costs and revenues separ-
ately, and (2) models that allocate the
deficit (known as gross net cost) of the
entire bus operation. Although the same
variables can be applied in either proce-
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dure, there is a basic philosophical dif-
ference between the two categories of
models. Separate cost/revenue (C/R)
models implicitly recognize the need of
economic incentives for individual po-
litical units and do not assume a deficit
for each jurisdiction. On the other hand,
gross net cost (GNC) models assume a
loss for all parties as part of the pay-
ment for enjoying indirect (including
non-user) benefits. Jurisdictional char-
acteristics are sometimes recognized in
deficit models, but only after the system
deficit has been calculated. In the C/R
models, jurisdictional differences affect
both the cost and revenue allocations.

An examination of the methods used
by wvarious cities to allocate deficits dis-
closes an overwhelming preference for
the GNC approach. The most common
apportionment authorizes a uniform
rate of dedicated taxation in the area
served by the transit agency. Within this
principle there are many variations.
Sales, property, payroll and tobacco
taxes are all used. Sometimes the sales
tax applies only to gasoline. Sometimes
the property-related tax is actually a
tax on mortgage transfers. The flat tax
rate procedure grants no credits nor
debits for actual revenue or expenses
and leaves to negotiation the service
levels to be provided by the transit
agencies.

Another type of GNC procedure is to
employ operating and/or socio-economie
factors to reach an apportionment that
is recognized by the participants as
“equitable.” In practice, the transit defi-
cit is sometimes apportioned among the
jurisdictions on the basis on their rela-
tive propenty assessment. Sometimes,
population is substituted for assessment.
Operating factors which have been used
are the relative miles of route (Boston)
and passenger miles (Philadelphia).

The C/R procedure is used only in
instances where a multi-jurisdictional
transit agency provides services outside
the area of its supporting jurisdicticns.
Frequently, the supporting jurisdictions
require by statute that these outside
services must be fully compensatory. In
at least one instance the contribution to
profit or deficit of these outside opera-
tions is ignored. Outside services are us-
ually performed and compensated under
the terms of a service contract. In an-
other instance specific costs are picked
up by the jurisdiction receiving the
services generated by the cost. Specific-
ally, local security forces and local sta-
tion maintenance are paid directly by
the benefiting jurisdictions.

Probably the major point of common-
ality among the allocating procedures is
the lack of economic criteria supporting
their justifications. Granted that in cer-
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tain cities bus fares are set in order to
increase ridership, irrespective of the
accounting loss, but the allocation sys-
tems generally have no objectives such
as increased ridership or reducing excess
capacity. The lack of objectives leads to
the. conclusion that implicitly, transit
authorities ignore the relationships be-
tween bus fares, the physical allocation
of buses, and the allocation of operating
deficits. As a result (at least partially),
operating deficits continue to increase.
In Boston, where deficits reach record
highs amnually, recommendations from
management consultants to set budget
goals for each political jurisdiction, with
an accompanying reward and penalty
system, have been ignored by legislators.

III. DEVELOPING THE
ALTERNATIVES

The problems of constructing a deficit
allocation formula center around the
variables to include and the weight to
give to each. A suggested embarkation
point is to identify and evaluate cost
causal, passenger utilization and socio-
economic factors without regard to
weighting. Once the impact of each vari-
able on every jurisdiction served by the
transit system is known, the political
forces will compromise on an agreed
weighting system. This was precisely
the method employed in a recent study
undertaken for the Washington, D.C,,
Area Metropolitan Transit Authority.s

Prior to constructing alternative vari-
ables for possible use in the allocation
formula, attention focussed on evalua-
tion criteria. After numerous meetings
with local political representatives, their
technical staff and the transit authority,
evaluation criteria were generalized as
follows:

Incentives

—increase ridership

—reduce excess capacity
Practicality

—politically acceptable

—present availability of data
Administrative Effectiveness
and Efficiency

—ease of calculation

—simplicity

—cost including data collection
Other Economic Considerations

—focus on peak/off-peak issue

—sensitivity to service levels, passen-

ger use and fare changes
In essence, the optimal allocation for-
mula would provide the same kinds of
economic incentives expected of the fare
structure and service policies (economic
efficiency), would be uitable in the
minds of each participating jurisdiction,
would be relatively easy to understand
and administer, and would address cer-
tain specific economic problems such as
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off-peak cost and service changes. No
particular weights were assigned to any
of the criteria measures as the costs of
avoiding any of the measures were not
readily available.

A list of alternative allocation vari-
ables was constructed and evaluated in
terms of the above criteria. The alloca-
tion wvariables fell under three major
headings: (1) levels of service, or capac-
ity — obviously made up of cost-causal
factors (2) use measures, which not only
contain cost elements, but also ratios of
passenger use to service availability,
and (3) socio-economic factors, which
include general benefits and ability-to-
pay measures.

The allocation variables were then
evaluated in terms of the established
criteria and given a rating from one
(1.0) for excellent to five (5.0) for in-
adequate. As shown in Table I, these
ratings were for each variable assuming
that they would be used individually in
a GNC allocation (as opposed to cost/
revenue) formula. A number of observa-
tions resulting from Table I are of im-
port to the start of the art as well as for
future implementation of similar alloca-
tion procedures.

— With the exception of several util-
ization ratios, none of the variables in-
duce an increase in ridership because an
increase in those variables also mean an
increase in cost. The cost may not be
offset by the benefits because in a deficit
model benefits attributatle to one juris-
diction are shared by all jurisdictions.
Thus, the only variables inducing an
increase in ridership are such utilization
factors as passenger per resident, bus
rider per commuter, etc. This is not true
for C/R models where revenue alloca-
tions can provide efficiency incentives.

— The capacity variables of bus miles
(or seat miles) and bus hours are the
only such measures which provide incen-
tives for economic efficiency, but _their
effectiveness is a function of the inclu-
sion of utilization standards in a GNC
formula. .

— Because the mileage related vari-
ables (bus-miles, seat-miles and passen-
ger-miles) are both used in other cities
and easily understood by political rep-
resentatives, other capacity, use and/or
socio-economic factors are accompanied
by a more difficult acceptance level.

— Data for most capacity and socio-
economic factors are readily available,
but such is not the case for measure-of
use data. Also, use elements are char-
acterized by definitional problems.

— With the exception of passenger
miles, no one measure is solely sensitive
to changes in fares and service.

In conclusion, no single variable pro-
vides an effective deficit allocation meas-
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obsolete upon completion (transit-to-
auto-time ratio). Another factor is that
if better quality of service were to result
in a higher share of the deficit, then an
incentive would be provided to lower
the quality of service. On the other hand,
if superior quality meant a lower share
of the deficit, individual jurisdictions
would be subject to paying relatively
higher costs for relatively inferior serv-
ice. Finally, quality of service is some-
what reflected in fares and ultimately
in passenger use, and this is accounted
for in some of the variables under the
measures-of-use heading.

In order to overcome the shortcomings
of evaluating potential formula varia-
bles separately, as well as for the in-
tention of examining C/R formulae,
Table II was constructed. As indicated
in Table II, the most effective model ap-
pears to be the so-called “direct incen-
tive” formula where costs and revenues
are calculated for each individual route;
allocations are based on different criter-
ion depending on how the routes are
classified. For instance, closed-door com-
muter routes result in the entire route
cost and revenue being assigned to the
jurisdiction served; thus, a closed-door
Maryland commuter bus (i.e., no pick-
ups other than in Maryland) destined
for D.C. would be characterized by all
bus-mile and bus-hour costs of that
operation being assigned to Maryland,
as well as total revenues. On the return
trip, while all fares would be collected
in D.C., since all passengers would de-
part in Maryland, Maryland again gets
all of the costs and revenues. Thus, the
clogsed-door commuter bus would be
treated like a local operation with all
costs and revenues attributed to one
jurisdiction. For other types of routes,
allocations would be based largely on
the purpose of the trip. In essence, the
direct incentive formula is nothing more
than declaring each route a profit center.
But as shown in Table II, the over-
whelming roadblock to a practical im-
plementation of such a formula is that
revenue data is neither available on a
route-by-route basis, nor is it easy and
inexpensive to collect; furthermore, the
reliability of such data is dubious at
best. And finally, the formula is unlikely
to be politically acceptable because of
its sophistication (e.g., the impact of
the formula is difficult for politicians to
understand and explain to their constit-
uents) and fragmentation of a service
which is thought to be regional in
nature.

The unavailability of data, at least
in a reliable form, is probably the sig-
nificant roadblock to implementing a
C/R formula. Data availability is in-
versely related to the comprehensive-
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ness of allocation formulae. Socio-
economic measures are readily available
as are level-of-service measures — espe-
cially bus-miles and bus-hours. Use
measures are more difficult to acquire;
passenger-mile data requires on-and-off
surveys and such ratios as passenger
per resident and/or commuter are con-
troversial from a definitional point of
view. Finally, revenue data are difficult
to come by as collected fares are not
generally segregated by jurisdictional
classifications.

Before several allocation formulae
are presented as being candidates for
practical acceptance, one further caveat
should be stressed. The issue of allocat-
ing the cost of off-peak service was
eventually avoided in the D.C. study,
although not initially ignored. There
are two diametrically opposed ways to
view the cost of excess capacity caused
by peak service. If one assumes that the
bus system is geared to operate at off-
peak levels, then the cost of excess
capacity could be assigned to the heavy-
peak jurisdictions. In fact the entire
deficit could be assigned to suburban
communities largely responsible for peak
volumes. On the other hand, if one be-
lieves that the major purpose of the bus
system is to serve the commuter, then
penalizing the bordering jurisdictions
would undermine the -objective of the
system. Because of this controversy, in
the D.C. study the off-peak costs were
ignored thereby implicitly assigning
them to jurisdictions in proportion to
other cost allocations.

Given the myriad of limitations pre-
viously discussed, two formulae stood
out in the D.C. study as containing high
probabilities for potential political ac-
ceptance, while at the same time addres-
sing some of the major economic issues
—e.g., increasing ridership and reducing
excess capacity. One procedure, a sug-
gested C/R formula, utilizes the open-
door, closed-door separation of the
“direct incentive” formula previously
discussed, but uses revenue inputs which
are more easily collected than on an in-
dividual route basis. As before, the bus-
mile and bus-hour costs of closed-door
operations, as well as a portion of fixed
costs and total collected fares, are all
assigned to the jurisdiction being served
by the service (i.e., the suburb for
closed-door commuter service. For open-
door service, variable costs are allocated
to jurisdictions based on their relative
share of bus-miles and bus-hours, while
fixed costs are assigned to a socio-
economic factor(s) like population—re-
flecting at least some benefits to the en-
tire metropolitan community from a
regional bus service. Revenues are al-
located to the boarding jurisdiction. The
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slight bias of the suggested C/R model
is that on certain open-door routes, one
jurisdiction will be burdened with the
majority of cost, but will receive only

the revenue (assuming a round
trip). This bias is minimized by the
separation of variable and fixed costs as
well as the separation of open and
closed-door service. The liabilities of the
bias are thought to be less than the cost
of obtaining revenue data for other allo-
cation methods.

A GNC model which goes beyond the
popular tax-base allocations used by
other cities is one which adopts cost
(bus-mile and bus-hour), passenger util-
ization (jurisdictional boarders as a per-
centage of commuters), and general
benefit (population) measures. While the
weights given to each of the measures
is a chore to be worked out by the polit-
ical process, an order of magnitude
which has warranted further discussion
in the D.C. study is as follows:

Deficit

Percentage  Allocation
60% —Dbus-miles and bus-hours
20 —1l-passenger utilization
rate
20 —population
100%

In essence, the above allocation recog-
nizes the two major cost causal elements
of bus service, rewards jurisdictions for
the efficient use of service, and recog-
nizes that the population at large bene-
fits from the existence of multi-juris-
dictional bus service. While not placing
the same level of stress on jurisdictional
efficiency as the C/R allocation, the GNC
model addresses the efficiency issue and
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has an ap t overriding attribute; it
assumes the bus (or transit) system to
be regional not only in its operation, but
also in its cost and revenue sharing.
This latter point, along with simplicity,
appears to have been the major argu-
ment behind the adoption of GNC mod-
els by the numerous cities having deficit
transit systems. Letting the pricing
structure and bus assignment criteria
handle efficiency incentives, GNC models
reflect a gro trend of aligning eco-
nomic systems (e.g., transit) with geo-
graphic and political jurisdictions.
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