COST STRUCTURE OF THE INTERCITY BUS
INDUSTRY

By Helen Tauchen, Frederic D. Fravel and Gorman Gilbert*

1. INTRODUCTION

This study is motivated by recent proposals to revise regulation of the U.S. intercity
bus industry. Both the Interstate Commerce Commission (ICC) and the American
Bus Association have drafted proposals for substantial change in the regulation of the
industry, and the plans have been introduced in the current session of Congress.
Details of the proposals differ, but both seek to allow greater price flexibility to firms
and to reduce the federal and state restrictions on instituting and cancelling services.
For assessing the effects of the proposed changes in regulation, three questions are of
primary interest. The first is whether there are cost advantages in large-scale
production of intercity bus services. The second is whether the marginal costs of
regular-route, charter, local and school bus-miles are identical. The third is whether
there are cost advantages in joint rather than specialised production of the services.

To examine these issues we estimate a multiproduct cost function for the production
of intercity bus services. Since the different types of service are distinct products,
regular-route, charter, local and school bus-miles are treated as separate output
measures. The estimated cost function has a translog-type functional form. Like the
translog function, the translog-type function is a flexible functional form with second
order terms in the output measures and input prices. The advantage of the
translog-type function is that it allows the hypothesis of identical marginal costs for
regular-route, charter, local and school bus-miles to be tested as a nested hypothesis.

The cost functions were fitted to data for the U.S. intercity bus industry for the
calendar year 1975. In that year there were 950 privately owned intercity bus firms in
the United States; the majority provided more than one type of service. The data were
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obtained from the 1975 annual and quarterly reports submitted to the ICC by the
carriers, and from the summary tables prepared by the ICC and the National
Transportation Policy Study Commision. The ICC divides the carriers into revenue
groups and provides different reporting forms for the Class I carriers (revenue of at
least $1 million in 1975) and the Class II and III carriers (revenue of less than $1
million in 1975). The considerable differences in the level of detail between the 52-page
form filed by the Class I carriers and the four-page form filed by the Class II and III
carriers made it necessary to treat the two samples separately. The estimated cost
functions for the two samples are valid over different but overlapping output ranges.
The mean output levels of the Class II and III carriers is far below that of the Class I
firms; the mean numbers of regular-route, charter and local bus-miles for the Class II
and III firms relative to the Class I firms are 0.014, 0.120, and 0.094 respectively. The
smallest Class I carrier produces more total bus-miles than any among 75 per cent of
the Class II and III carriers.

Estimation of the cost functions yields three primary results. First, the production
of intercity bus-miles exhibits significant economies of scale for proportional increases
in all services at output levels below the mean of the Class II and III carriers (0.06
per cent of total industry bus-miles) and constant or near constant returns to scale at
higher output levels. In other words, the economies of scale in the production of
intercity bus-miles are exhausted at an output level that is a very small fraction of total
industry output. Second, the hypothesis of identical marginal costs for regular-route,
charter, local and school bus-miles is strongly rejected. The cost ranking for the four
services depends on the level and mix of output produced, but the general order from
lowest to highest marginal cost is: school, regular-route, charter, and local bus-miles.
Third, in the output range of the Class I carriers (whose output comprises 86 per cent
of total industry output) the services can be produced at lower cost jointly than
separately. Thus, carriers specialising in the production of services could reduce their
costs by joint production of the outputs.

The finding that the economies of scale in the production of intercity bus-miles are
exhausted at a relatively small fraction of total industry output is important in
evaluating the arguments for regulation of the industry. In section 5 we show that this
finding, together with those of earlier theoretical studies of passenger transport,
suggests some role for government intervention in the intercity bus industry on
grounds of economic efficiency. In view of the characteristics of the industry, however,
government assistance in coordinating scheduling and shared use of some facilities
may achieve the same goals as complete entry and pricing regulation. An essential
factor in the reasoning is that passenger trips (or passenger-miles), rather than
bus-miles, are the final consumed output, and that passengers supply their time as a
significant input in the production of trips.

This study differs in two respects from previous cost studies of the British, Indian,
and United States intercity bus industries.! First, our data are more extensive. The

I Cost studies of the British and Indian intercity bus industries include Beesley and Polti (1969),
Johnston (1955-56), and Koshal (1973). See Hibbs (1975) for a summary. Cost studies of the United
States intercity bus industry include Council on Wage and Price Stability (1980), Fravel (1978), the
Interstate Commerce Commission (1978), and Pinkston (1975).
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data sets include the smaller firms (Class II and III carriers) and include firm-specific
input prices for the larger firms (Class I carriers). Second, fewer a priori restrictions
are placed on the form of the technology. Specifically, regular-route, charter, local and
school services are treated as distinct products; in other words the hypothesis of
identical marginal costs of regular-route, charter, local and school bus-miles is not
imposed. Nor do we impose the hypothesis of identical cost elasticity at all output
levels. Both hypotheses are assumed implicitly in all previous studies. The evidence
from this study is that neither is valid at all output levels.

The organisation of the paper is as follows. Section 2 describes the model; sections
3 and 4 present the estimated cost functions for the Class I and the Class II carriers
respectively; section 5 discusses the implications of the study for regulation of the
intercity bus industry; and section 6 summarises the results. The Appendix gives the
data sources.

2. COST FUNCTION

An intercity bus carrier is viewed as a multiproduct firm whose outputs are measured
as the number of passengers and bus miles by type—regular-route, charter, local and
school. The individual firm is assumed to take the production technology and input
prices as given and to choose a feasible input combination that minimises the cost of
the output. By definition the cost function gives the minimum total cost as a function
of the output levels and input prices. A standard result of duality theory is that the
properties of the production process can be derived from this dual cost function. See
Diewert (1974), Hall (1973), McFadden (1978) and Shephard (1970).

In estimating the cost function the output quantities are treated as exogenous
variables uncorrelated with the random disturbance term. Correlation would make
consistent, unbiased parameter estimates impossible; its absence is generally assumed
in studies of regulated industries. The justification is that federal and state regulations
on pricing and routes severely limit a carrier’s discretion to change output.

Functional form

This study develops a translog-type functional form as described below. Like the
translog function, this functional form includes second order terms in the outputs and
the input prices. The primary advantage of the translog-type functional form is that it
allows the hypothesis of identical marginal costs for all services to be tested as a
nested hypothesis.2

The linear form of the translog-type function is

2 An additional advantage is that, if some firms.in the sample produce only a proper subset of the
services, the translog-type function can be estimated by linear methods without adding an arbitrary
constant to each output quantity.
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where the variables are

C = total cost;
n = number of types of service;

m = number of inputs;

q; = number of passengers of type i,i=1, ---, n;

q,,; = number of bus-miles of type i,i =1, ---, n;

q = total bus-miles;

w,=priceofinputk, k=1,---,m
& = arandom error term.

The numbers of regular-route, charter, local and school bus-miles and passengers
are included in the cost function as separate output measures. The output variables are
entered in the linear form of the translog-type cost function as the natural logarithm of
total bus-miles, the fraction of total bus-miles for all but one of the services, and the
passengers per bus-mile for each service. Since the fraction of total bus-miles for all
services sums to one, including all the fractions would add no information to the
sample, and, in fact, would make the model singular. The results do not depend on
which of the fractions is deleted. It is important to recognise that though the logarithm:
of total bus-miles does appear as a variable in the cost function, the form of the cost
function does not force an explicit or implicit assumption that bus-miles of all types
are homogeneous. The separate effects of different types of bus-miles on costs are
included through the variables for the fractions of total bus-miles for the different
services. The coefficients of terms involving the fractions of bus-miles for the separate
services (e.g., 0;; and 6) determine which of the services have relatively higher costs.
Omitting the variables for the fractions of bus-miles by type would, of course, be
equivalent to assuming that all bus-miles have identical costs.

The nonlinear form of the translog-type function uses the Box-Cox metric for total
bus-miles, (¢g* — 1)/A, in place of the natural logarithm metric, In g. With this
functional form 4 is an estimated parameter of the model. The limit of (g* — 1)/4 as 4
approaches zero is Ing; thus the linear functional form may be regarded as the
nonlinear functional form evaluated at 4 = 0. All other variables appear in the cost
function in the same form for the linear and nonlinear models.

The only restrictions placed on the cost function by economic theory are that the
function is linearly homogeneous, concave, and monotone increasing in the factor
prices. Linear homogeneity imposes the following linear restrictions on the parameters
of the cost function:
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for both the linear and nonlinear functional forms. Concavity and monotonicity
cannot be imposed as equality constraints. The estimated cost functions can be
evaluated to determine whether the properties hold at each observation in the sample.
The linear and nonlinear forms of the cost function are estimated as single equations
subject to these equality constraints.3

Restrictions on the functional form

The translog-type functional form allows the extent of scale economies to vary with
the output level, and places no restriction on the relative costs of regular-route,
charter, local and school services. As for the translog function, there is no a priori
assumption of separability or unitary elasticity of substitution on the technology.
These restrictions can be tested statistically, and the simpler form adopted if the
restrictions are valid (see Brown, Caves and Christensen, 1979).

Both separability and unitary elasticity of substitution are properties of the
production process, but place linear restrictions on the parameters of the cost
function. Separability of the production function means that it can be written in the
familiar form with outputs on the left side of the equality and inputs on the right side.
As Hall (1973) has shown, this property of the technology is equivalent to the cost
function being separable in output and input terms. The necessary linear restrictions
for separability of the translog-type function are

A and y, = 0 for all §, k.

The elasticity of substitution is a measure of the ease of substitution between inputs.
If positive quantities of the inputs are used, higher elasticities indicate greater
interchangeability. By definition unitary elasticity implies that, at all output levels and
input prices, a change in the input price ratio causes an equal percentage in the input
ratio. Heuristically this means moderate interchangeability regardless of the output
level of input prices. For the translog-type function to have unitary elasticity of
substitution the coefficients of the second order terms in input prices must be zero, or

M = 0 for all &, A.

A more severe restriction on the technology is that all coefficients of the second
order terms in the cost function are zero, or that the cost function has a Cobb-Douglas
form.

3 The alternative is to estimate a simultaneous system consisting of the cost function and all but one
of the input share equations. However, Guilkey and Lovell (1980) found that, with the translog flexible
functional form viewed as a second order approximation, the single equation model provides better
estimates of the scale economies than the simultaneous system.
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TaBLE 1

Test Statistics for Separability and Unitary Elasticity
of Substitution—Class 1

Restriction F-statistic

Separability F(8,40)=1.77

Unitary elasticity of substitution F(3,40)=1.17

Separability and unitary elasticity of F(11,40)=1.66
substitution

Cobb-Douglas F(21.40) = 1.64*

*10% significance level

3. ESTIMATED COST FUNCTION FOR THE CLASS I CARRIERS

For the reasons stated in the introduction, the cost functions of the Class I and of the
Class II and III carriers are estimated separately. The output measures for the Class 1
carriers are bus-miles by type—regular-route, charter and local—and the total
number of passengers. (The Class I firms do not report school bus-miles as a separate
category.) Note that the passenger variable is not broken down by type of service. The
primary reason for aggregating the passenger variable is the reported confusion
among the Class I carriers over the distinction between local and other passengers. As
Ramsdell (1978) has explained, this confusion makes it likely that a number of
passengers are listed in the wrong category and that the separate passenger variables
are not reliable. The input price variables include prices for labour, fuel and capital.

To test whether the simpler forms of the technology are statistically valid, the
restricted and unrestricted forms of the translog-type cost function were estimated.*
Table 1 reports the F statistics. Neither the hypothesis of separability nor that of
unitary elasticity of substitution can be rejected, and both are imposed in the
remainder of this section. The hypothesis that the cost function is Cobb-Douglas is
rejected.

Economies of scale

The usual measure of scale economies for a multiple-output technology is obtained
by computing the cost elasticity for a proportional change in all outputs (Caves,
Christensen and Swanson, 1981; Fuss and Waverman, 1981; Spady and Friedlaen-
der, 1978). The production process is said to exhibit increasing, constant, or
decreasing returns to scale according to whether the cost elasticity is less than, equal
to, or greater than one. Note that the economies of scale measure is computed for

4Breusch and Pagan’s (1979) method was used to test for homoskedasticity of the residuals. The
squared residuals from estimation of the cost function were regressed on the natural log of total
bus-miles, and the ¢-statistic defined by Breusch and Pagan computed. The hypothesis of
homoskedasticity was not rejected for the Class I carriers.
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equiproportionate increases in all outputs; as is explained carefully by Fuss and
Waverman (1981), there is no unambiguous way to measure returns to scale for
individual products in a joint production process.

A straightforward means of determining the returns to scale in a multiproduct
technology is first to test for constant returns to scale, and then, if constant returns to
scale are rejected, to investigate the output ranges for increasing and decreasing
returns to scale. The hypothesis of constant returns to scale for a multiple-output
production process is that a proportional increase in all outputs increases cost
equiproportionately. The practical implication is that a larger firm has no cost
advantage over a smaller firm producing the same product mix. This means that, with
the fraction of each service and passengers per bus-mile held constant, the cost
elasticity with respectto total bus-miles is unity at all output levels and input prices.
The necessary restrictions for the output elasticity to be identically one are that the
translog-type cost function has the linear form and that

o,=1,a,=0,6,=0,and 4, = Ofor all j, k.

The F statistics for testing the hypothesis of constant returns to scale are given in
part A of Table 2. Clearly the hypothesis cannot be rejected for firms in the output
range of the Class I carriers. The finding is robust. With the restrictions of separability
and unitary elasticity imposed, the hypothesis of constant returns to scale is significant
at only the 39 per cent level. Although these restrictions have been shown to be valid,
relaxing them does not affect the results. With neither restriction imposed the
hypothesis of constant returns to scale for firms in the output range of the Class I
carriers is significant at less than the 50 per cent level. Even if the cost equation is
assumed to be Cobb-Douglas, the hypothesis cannot be rejected. In addition, whether
the linear or nonlinear form of the translog-type model is tested does not affect the
results. (The reason for estimating the nonlinear model is to make certain that the
natural logarithm metric on total bus-miles is itself not an invalid restriction and
responsible for the failure to reject constant returns to scale.)’

Identical marginal cost

If the marginal costs of all services are identical, total cost depends only on the
number of bus-miles and not on the mix of services. For the translog-type functional
form this means that the coefficients of the terms involving the fraction regular-route
or charter bus-miles are zero. Part B of Table 2 lists the F-statistics for this restriction.
The hypothesis of identical marginal costs for all services is rejected, regardless of the
restrictions on the technology. With the assumptions of separability and unitary
elasticity imposed, identical marginal cost is rejected at the 5 per cent significance level.

Since one carrier, Greyhound Lines Inc., accounts for approximately 54 per cent of the total
industry output of bus-miles, the regressions were also run with this carrier omitted from the sample.
The results are unchanged. The hypothesis of constant returns to scale cannot be rejected at even the 10
per cent significance level; the hypothesis of identical marginal costs for all types of service is highly
significant, and the passenger variables are insignificant. Each of the estimated coefficients of the model
showing constant returns to scale and without any passenger variable for the data sample with
Greyhound Lines Inc. omitted is within a 5 per cent confidence interval of the estimated coefficient for
the analogous model with Greyhound included in the sample.
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Regardless of the restrictions on the technology, the hypothesis is rejected. The
hypothesis of identical marginal cost is rejected at 1 per cent significance level for both
the translog-type and Cobb-Douglas models.

Passenger variable

The hypothesis that the coefficients of the passenger variable term are zero was
also tested. As the F-statistics in part C of Table 2 indicate, the passenger variable is
insignificant. Note that the result does not depend on whether the hypothesis of
separability or of unitary elasticity of substitution is imposed. The straightforward
interpretation of this result is that the variation in costs across firms is attributable
primarily to differences in the total number and type of bus-miles and not to
differences in the number of passengers.

Quality of passenger terminals

A potential difficulty in estimating the cost function for intercity bus services is the
often-mentioned differences in quality of passenger terminals. Despite the lack of
quantifiable evidence on passenger services, differences in station facilities are
frequently noted as the primary quality difference between firms. In particular, larger
carriers are reputed to offer station facilities which are more expensive and of higher
quality. If this is true, the output of the firms is not homogeneous, and the finding of
constant returns to scale might be a statistical artifact. The finding of constant returns
to scale might be attributable to a combination of higher quality stations for larger
carriers and increasing returns to scale in the production of services of a uniform
quality. However, the evidence does not support the claim.

The cost function was re-estimated using cost net of station expenses as the
dependent variable. If the conjectures that there are increasing returns to scale in the
production of intercity bus services and that larger firms have higher quality
passenger facilities are valid, the hypothesis of constant returns to scale should be
rejected. This does not happen. In fact, the only change in results is the failure to reject
the hypothesis that the translog-type cost function has the Cobb-Douglas form. The
hypotheses of separability, unitary elasticity of substitution, and insignificance of the
passenger term are accepted. The hypothesis of identical marginal costs for all services
is rejected. The hypothesis of constant returns to scale is accepted, whether or not any
of the restrictions that the cost function is separable, has unitary elasticity, or is
Cobb-Douglas are imposed, and whether the linear or nonlinear functional form is
estimated.

Estimated cost function

The hypotheses of constant returns to scale and zero coefficients for the passenger
variables were also tested jointly. Part D of Table 2 gives the F-statistic. Neither
individually nor together are the restrictions significant. Table 3 lists the estimated
coefficients of the cost equation with the hypotheses of separability and unitary
elasticity of substitution, constant returns to scale, and zero value for the coefficients
of the passenger terms imposed.
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TABLE 3

Coefficients of the Cost Function—Class I
(Hypothesis of Separability and Unitary Elasticity of Substitution, Constant Returns
to Scale, and Zero Coefficient on Passenger Terms Imposed)

Variable Coefficient
Constant 0.42
(0.45)
Ing 1.000F
L ~-1.97
(1.35)
fe —2.61*
(1.34)
12 0.76
(1.13)
Ve 1.86*
(1.91)
fife 2.21
(1.04)
c 0.10*
(0.05)
f 0.35%**
(0.11)
w 0.56%**
(0.10)
F=234.78 * 10% significance level
R2=0.9636 ** 5% significance level
Standard errors in parentheses **% 19 significance level

q = total bus-miles
JroJorfy, = fraction regular-route, charter, and local bus-miles
¢, f, w = natural log of capital, fuel and labour price.

+ The hypothesis of constant returns to scale cannot be rejected and is imposed in estimating the cost
function. Accordingly the coefficient on In g is forced to be one.

The estimated cost function satisfies the regularity conditions in input prices
globally. Also, the constant-returns-to-scale property implies that it increases
globally and monotonically for a proportionate change in all services. To determine
whether it is monotone-increasing in each of the outputs individually, the marginal
costs of the three types of services were computed for each observation in the sample.
Of the 207 marginal costs, 12 are negative. Eight of the negative numbers are for the
marginal cost of local service by firms offering no local service. Seven of these eight
firms produce charter only, and the remaining firm produces over 96 per cent charter.
There are no firms in the sample producing almost 100 per cent charter service and a
positive, but small, fraction local service. Consequently there is no information about
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the marginal cost of a local bus-mile for a firm producing all or almost all charter
service. Computing the marginal cost of a local bus-mile for such a firm is analogous
to evaluating the estimated cost function outside the sample range. It is known to be
difficult to represent the technology in such a region by using flexible functional forms
(Caves and Christensen, 1978).

Individually the coefficients of the terms involving the fractions of regular-route and
of charter bus-miles are not highly significant. As a group the coefficients are
significant at the 0.05 per cent level. This means that the cost of producing intercity
bus services depends on the mix of services offered, and that the hypothesis of
identical marginal costs for all services is strongly rejected.

Two important properties of the relationship between total cost and the product mix
can be seen by examining the estimated cost function. First, it can be shown that the
estimated cost function is a convex function of the numbers of regular-route, charter
and local bus-miles. This implies that there is a cost advantage in joint production of
the three services. In particular, firms paying identical input prices but producing
different product mixtures could lower total firm costs by producing a convex
combination of their outputs. There is no cost advantage for any firm in specialising in
the production of only one service. This does not mean that it is necessarily socially
efficient for all three services to be produced, but rather that the services offered can be
produced at lower firm cost through joint production. Even if the regulations tying
regular-route and charter services are eased, there is a cost incentive for firms to
produce the services jointly rather than separately. The work of Panzar and Willig
(1981) suggests that the explanation for this complementarity of products is the
presence of shared inputs.

The second property of the relationship between cost and the product mix concerhs
the relative marginal costs of regular-route, charter and local bus-miles. Which service
has the highest or lowest marginal cost depends on the mix of services offered. The
exact relationship is given by Figure 1. The graph shows the isocost curves for the
production of the three services with total bus-miles held constant. The origin of the
graph represents a product mix consisting of all-local service; the unit points on the
horizontal and vertical axes represent product mixes consisting of all regular-route and
all charter service, respectively. Any feasible mix of the three services can be
represented by a point in the triangle formed by the origin and the two unit points. An
isocost curve, denoted /,, consists of product combinations all of which have the same
total cost per bus-mile. Larger subscripts for the isocost curves represent higher costs.
Since the cost function exhibits constant returns to scale, the shapes of the isocost
curves are independent of the total number of bus-miles. As Figure 1 shows, all
regular-route service is the lowest cost product mix, and all local service is the highest
cost product mix.

The three straight lines in Figure 1 (L., Lg,, and L, ) show the relative costs of
the three services. Above L, the marginal cost of a regular-route bus-mile is less than
the marginal cost of a charter bus-mile. Below L. the relationship is reversed. For
firms producing no local service (product mixes on the diagonal line) regular-route
service has lower marginal cost than charter service, regardless of the split between
regular-route and charter bus-miles. Similarly, above the line L, the marginal cost of
a regular route bus-mile is greater than the marginal cost of a Iocal bus-mile; above L,
the marginal cost of a charter bus-mile is greater than the marginal cost of a local
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FiGURE 1

Isocost Curves for Medium and High Output Levels
(Based on Estimated Cost Curve for Class I Sample)

The isocost curves, I, I,, I,, and I, show fractions of regular route, charter, and local bus-miles for
which total costs are identical. Costs are lowest on curve I, and highest on I,. Lines L, L, and L,,
separate the product mixes according to the relative marginal cost of each service. Above Ly the
marginal cost of a regular-route bus-mile is less than the marginal cost of a charter bus-mile; below L RL
the marginal cost of a regular-route bus-mile is less than that of a local bus-mile; and below L, the
marginal cost of a charter bus-mile is less than that of a local bus-mile.

bus-mile. Only for product mixes with less than 10 per cent local and less than 40
per cent regular-route services is the marginal cost of regular-route service greater than
local service. Most Class I firms in the sample produce product mixes for which the
ranking from highest to lowest marginal cost is local, charter, and regular-route.
Seventy-four per cent of the carriers in the sample produce no local service. For all
these carriers the marginal cost of a charter bus-mile is more than the marginal cost of
a regular-route bus-mile.

The differences in the cost levels among various product mixes are significant in
magnitude as well as being statistically significant. The estimated cost per bus-mile for
all local service is 2.1 times the cost per bus-mile for all charter service and 3.4 times
the cost per bus-mile for all regular-route service. The cost per bus-mile for half
regular-route and half charter service is 0.71 times the cost per mile for all charter and
1.1 times the cost for all regular-route service.
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TABLE 4

Test Statistics for Model with Identical Marginal Cost Imposed a Priori—Class I

Restriction Form of the Unrestricted Model F-statistic
Constant returns to scale Separate and unitary elasticity of substitution,
identical marginal cost

Nonlinear model F(4,60) = 2.38*
Constant returns to scale Translog-type, identical marginal cost

Nonlinear model F(13,40) =2.07**
Constant returns to scale Cobb-Douglas, identical marginal cost

Nonlinear model F(2,63) =4.05**

*10% significance level, **5% significance level, ***1% significance level.

Estimated cost function with identical marginal cost assumed

Since previous studies of the intercity bus industry implicitly assume identical
marginal costs for all services, the estimated cost function with hypothesis of identical
marginal cost imposed provides the most direct comparison with them. We have
already explained that we strongly reject the hypothesis of identical marginal costs for
all services. An examination of the estimated cost function with the hypothesis of
identical marginal costs imposed provides further evidence against it. The properties of
the estimated cost function are both misleading and inconsistent with economic
theory. The estimated average cost function with identical marginal costs imposed
attains both a maximum and a minimum in the output range of the Class I carriers.
The average cost curve initially decreases, then increases, and finally decreases again.
The shape of the curve is statistically different from the horizontal shape implied by
constant returns to scale. As Table 4 shows, imposing the assumption of identical
marginal costs results in the hypothesis of constant returns to scale being rejected,
regardless of the restrictions on the technology.

Earlier studies imposing the assumption of identical marginal costs do generally
report constant returns to scale, because they also impose the assumption that the
output elasticity is the same at all output levels. With both assumptions imposed a
priori, this study also finds that the hypothesis of constant returns to scale cannot be
rejected.

Financial status and cross-subsidy

The difference between revenue per bus-mile and the estimated marginal cost of a
bus-mile was computed for each type of service and for each firm in the Class I
sample. The results are consistent with claims by the industry that switching from
regular-route to charter service would increase profits. The comparisons also indicate
that the level of profits is more important than the cross-subsidy between regular-route
and charter service.
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The average difference between charter revenue per bus-mile and the estimated
marginal cost of a charter bus-mile is 8.5 cents for the 69 firms offering charter
service. The comparable average difference for the 59 firms offering regular-route
service is 1.6 cents. Thus the average difference between revenue and the estimated
marginal cost per bus-mile is substantially greater for charter than for regular-route
service. Yet of the 59 carriers offering both services only 30 (approximately half) find
that the difference is greater for charter than for regular-route service. For the
remaining half (29 out of 59) the difference for regular-route is greater than for
charter. There are only ten firms in which charter cross-subsidises regular-route
service to the extent that revenue per bus-mile is above marginal cost for charter and
below marginal cost for regular-route service. There are more firms (13) in which
regular-route cross-subsidises charter service to this extent.

The striking aspect of the industry’s financial status is not the relative degrees of
profitability of charter and regular-route service, but the level of profits. For most
firms revenue per bus-mile is below the estimated marginal cost of a bus-mile for both
services. The median difference between the revenue and the estimated marginal cost
per bus-mile is —7.2 cents for charter-service and —6.8 cents for
regular-route service. The financial status of local service is no better. The average
difference between the revenue and the estimated marginal cost of a local bus-mile is
—49 cents for the 18 firms offering local service, and revenue is the larger for only
three firms.

4. ESTIMATED COST FUNCTION FOR THE CLASS II AND III
CARRIERS

The methods described in the previous section are again used in estimating the cost
function for the Class II and III carriers. Thus, discussion of the results focuses on the
comparison between the properties of the estimated cost functions for the Class I and
for the Class II and III output ranges.

The output measures for the Class II and III carriers are bus-miles by
type—regular-route, charter, local and school—and passengers by type—regular-
route, charter and local. The carriers do not report the number of school passengers.
However, since school passengers require little ticketing, baggage-handling or terminal
services, the effect of the number of school passengers on costs is undoubtedly small,
and it is unlikely that omitting the variable causes a significant bias. The annual forms
filed by the Class II and III carriers do not provide enough information to enable us to
compute firm-specific input prices.® State averages are used as the input prices for
labour and fuel. No price index for capital is available.

The quality of the data is an admitted problem in estimating the cost function for
the Class II and III data sample. Apart from the lack of firm-specific input prices, a
large fraction of the Class II and III carriers could not be included in the sample.
Approximately 40 per cent of the Class II and III carriers did not file annual ICC

¢ The carriers report the total number of employees and the total wage expense, but do not report
full-time employee equivalents on the MP-2 form. If it is assumed that all employees work full time
(2,000 hours a year of 40 hours per week for 50 weeks a year), the resulting wage is below the 1975 -
federal minimum wage by an unrealistic margin for many of the carriers. )
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TABLE 5

Test Statistics for Separability and Unitary Elasticity
of Substitution—Class II and 111

Restriction F-statistic

Separability F(14,216) = 2.383***

Unitary elasticity of substitution F(3,216) =0.451

Separability and unitary elasticity of F(17,216) = 2.14***
substitution

Cobb-Douglas F(45,216) = 1.608***

*10% significance level. **5% significance level. ***1% significance level.

TABLE 6

Test Statistics for Constant Returns to Scale, Identical
Marginal Cost, and Significance of the Passenger Variables—
Class II and III (Unitary Elasticity of Substitution Model)

Restriction F-statistic

Constant returns to scale F(10, 219) = 2.44***
Identical marginal cost F(27,219) = 3.13*%**
Zero coefficient for passenger terms F(27,219) = 2.30***

*10% significance level.  **5% significance level. ***1% significance level.

reports in 1975. Approximately 55 per cent of the forms filed were incomplete or had
obvious errors or inconsistencies. Despite the deficiencies of the Class I data sample,
the properties of the estimated cost function are similar to and consistent with the
properties of the estimated cost function for the Class I sample.

Table 5 reports the F-statistics for testing the hypotheses of separability and unitary
elasticity of substitution.” The hypothesis of separability is rejected at the 1 per cent
level. The hypothesis of unitary elasticity of substitution cannot be rejected; it is
imposed in the remainder of this section.

The primary results of estimating the cost function are related to the hypotheses of
identical marginal costs, insignificance of the passenger variables, and constant
returns to scale. As is indicated in Table 6, the hypothesis of identical marginal costs
of regular-route, charter, local and school bus-miles is rejected at the 1 per cent level.
The relative marginal costs of the four services depend on the level and mix of output.

"The hypothesis of homoskedasticity of the residuals is rejected at the 5 per cent significance level.
All regressions on the Class II and III data use generalised least squares.
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For each carrier in the sample the estimated marginal cost of a bus-mile of
regular-route, charter, local and school services was computed. The rankings in pairs
of the marginal costs reveal that for most carriers offering non-zero amounts of the
services the marginal cost of a school bus-mile is less than the marginal cost of a
regular-route, charter or local bus-mile; the marginal cost of a regular-route bus-mile
is less than the marginal cost of a charter bus-mile; and the marginal cost of a charter
bus-mile is less than the marginal cost of a local bus-mile. (There are too few carriers
offering regular-route and local service to make a meaningful comparison.) The
general order ranging from lowest to highest marginal cost is: school, regular-route,
charter, and local. Note that this agrees with the ranking for the three services
produced by the Class I carriers.

As is also indicated in Table 6, the hypothesis that the coefficients of the passenger
variables are zero is rejected at the 1 per cent level. However, the effect of a change
in the number of passengers on total cost is small. A proportional increase in the
number of regular-route, charter and local passengers, with no change in the number
or type of bus-miles, increases cost by an average of 0.025 per cent for the 271 firms in
the sample. This means that for practical purposes the passenger variables have little
effect on cost. In this respect the properties of the estimated cost functions for the
Class I and the Class II and III samples are the same.

The F-statistic for testing the hypothesis of constant returns to scale is also given in
Table 6. As can be seen, the hypothesis is rejected at the 3 per cent significance level
for the Class II and III sample. Clearly, the finding on scale economies for the Class IT
and III carriers is different from that for the Class I carriers. However, the difference
in the results for the two samples is more a difference in the output range for which the
estimated coefficients are relevant than in the properties of the production process.
The average number of bus-miles for the Class II and III carriers is 552,548. In
comparison the average for the Class I carriers is 11.7 million bus-miles, or 21 times
as large. There is some overlap between the two samples, but even the smallest Class I
carrier produces more bus-miles than any of 75 per cent of the Class IT and III
carriers. Essentially the estimated cost function for the Class II and III sample is
applicable at low levels of output levels, and the estimated cost function for the Class I
sample is relvant at higher output levels.

The estimated ray average cost curve in Figure 2 shows how the cost elasticity
varies with output at the mean product mix and at mean input prices for the sample. It
shows that there is a region of increasing and then of decreasing returns to scale. The
economies of scale at low output levels are more pronounced in magnitude, and more
sensitive to total bus-miles, than the diseconomies of scale at high output levels. The
cost elasticities for an equiproportionate increase in all bus-miles at the average output
level and at one half and one quarter of the average output level are 0.98, 0.94, and
0.90 for the mean product mix. At the output level of the smallest carrier in the Class
IT and III sample the cost elasticity for proportional increases in all outputs is less than
0.80. The ray average cost curve has an upward-sloping region, but the diseconomies
of scale at above-average output levels are smaller in size and less responsive to
changes in output than the economies of scale below the average output level. At twice
the average output level the cost elasticity is 1.01; at three times the average output
level the elasticity is 1.03. The properties of the cost function for a product mix with
relatively more or less regular-route service are qualitatively and quantitatively similar.
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FIGURE 2

Ray average cost curve for Low Output Levels
(Based on Estimated Cost Curve for Class II and III sample)

In brief, the cost function exhibits substantial scale economies at the output level of
the smallest carriers in the sample; the extent of the scale economies falls rapidly as
output expands. The diseconomies of scale at output levels above the mean are small,
and change only gradually with total bus-miles. Together with the results for the Class
I carriers, this is evidence that there is little if any cost advantage or disadvantage in
increased firm size at output levels above the mean of the Class II and III firms.

Table 7 lists the estimated coefficients of the translog-type cost function with the
hypothesis of unitary elasticity of substitution imposed. Given the large number of
interaction terms, the tests of hypotheses described above give more information
about the properties of the cost function than do the individual coefficients.

The estimated cost function satisifies the regularity conditions for the output
measures at most observations in the sample. The cost elasticity for a proportional
increase in outputs is positive at all observations. The individual cost elasticities of
regular-route, charter, local and school bus-miles were computed for firms offering
positive amount of the service. Of the 560 elasticities only 23, or 4 per cent, are
negative. As might be expected in the absence of firm-specific input prices, the
regularity conditions for the factor prices hold for a smaller fraction of the sample. the
cost elasticity for wages is negative for approximately one-tenth of the firms; the cost
elasticity for the fuel price is negative for approximately one-third of the firms.
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TABLE 7

Coefficients of the Cost Function—Class II and IIT
(Hypothesis of Unitary Elasticity of Substitution Imposed)

Constant 6.26 Ingf; 0.14 JrW —1.48 Siw —4.76%**
(7.87) (0.13) (1.43) (1.56)
Ing 0.39 Ing-p, —0.35 SfE —0.70 Dk —0.11%*
(0.66) 0.27) (0.55) (0.05)
£ —6.15 Ing-p, 0.14 fofy 323 prpc 024
3.91) (0.10) (3.88) (2.59)
fe —3.69 Ing-p, —0.009 JeDr 11.95 DPrP1 2.34
(2.82) (0.05) (8.69) (10.98)
i —10.39* Ing.f —0.24 SePe 0.58* Prf 8.70
(5.79) (0.56) 0.31) (7.98)
D 0.59 Ing-w —0.28 Jfebr 0.75 DWW 2.18
(14.47) 0.22) (2.20) (2.25)
Pe —2.92 [ —3.35 I f —4.65 pé —0.02
(2.01) (2.08) (3.05) (0.07)
D 0.05 Sefe —3.95* Sow —1.48 pcp,  —0.26*
(3.15) 2.27) (1.46) (1.05)
f 8.27 Solo 0.46 [} —1.56 pef —2.95
(7.93) (9.00) (3.50) (1.99)
w 5.25 JSrPr 11.14 fiPr 6.63 DPcW —1.03
(3.32) (8.61) (18.26) (1.34)
(In ¢)? 0.02 SrDe 043 SiPe 2.32* p2 —0.02
0.02) 0.62) (1.29) (0.03)
Ing:f; 0.43***  f.p; —2.67 fips 0.27 Pef 5.66*
(0.13) (5.36) (2.08) (3.02)
In g:f,. 0.17 Sof —5.92* pf —11.50***  pw 3.68%**
0.11) (3.38) (5.63) (1.20)
F =4646.28 * 10% significance level
R*?=0.9991 ** 5% significance level
Standard errors in parentheses **% 19 significance level

q total bus-miles

JfroJor f;—fraction regular-route, charter, and local bus-miles

Dy» Po» P,—Tegular-route, charter, and local passengers per bus-mile
Jf, w—natural log of fuel and labour price.

5. REGULATION

The traditional arguments for entry and pricing regulation are that the production of
the good supplied by an industry has increasing returns to scale at a substantial
fraction of the total output of the industry. In this case, a few firms can produce the
industry output at lower cost than a large number of firms, and in the extreme case of
a natural monopoly one firm can produce the industry output at lower cost than any
combination of two or more firms (Baumol, 1977). The presumed purpose of entry
and pricing regulation of these industries is to limit the number of firms without
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allowing collusive or monopoly pricing.? This and previous studies of the intercity bus
industry provide little evidence in favouring regulation based on returns to scale in the
production of intercity bus-miles. The results reported here indicate that the scale
economies in the production of intercity bus-miles are exhausted at a low fraction of
the total output of the industry. In particular, there are significant scale economies for
equiproportionate increases in all services at output levels below 600,000 bus-miles
(0.07 per cent of total industry output) and constant or near-constant returns to scale
at higher output levels. The finding of constant returns to scale at higher output levels
is robust. As noted previously, the estimated cost function in the output range of the
Class I carriers (800,000 to 440 million bus-miles) exhibits constant returns to scale
for equiproportionate increases in all services, regardless of the restrictions on the
technology. Clearly these results indicate that the production of intercity bus-miles is
not a multi-product natural monopoly, and that output levels in the range of current
industry output can be produced at equal cost by one or many firms.

The questions (1) whether an industry is a natural monopoly, (2) whether one firm
can produce the current industry output at lower cost than two or more firms, and (3)
whether economies of scale are exhausted at the level of current industry output are
related but distinct issues. An import distinction is that (1) concerns a property which
holds at all output levels, and (2) and (3) concern properties which hold at particular
output levels. The necessary and sufficient conditions for a multiproduct natural
monopoly (Baumol, 1977, and Panzar and Willig, 1977a) are that one firm can
produce any output level at lower cost than two or more firms. However, even if an
industry is not a natural monopoly, it may be possible for some output levels to be
produced at lower cost by one firm than by two or more more firms. Suppose, for
instance, that the economies of scale for a single-product industry are exhausted at an
output level equal to 75 per cent of current industry output, and that there are constant
average costs at higher output levels. The industry is not a natural monopoly, since
some output levels (for instance, twice the current industry output) could be produced
at the same cost by one or by two firms. Yet one firm could produce the current
industry output at lower cost than two or more firms. (For more discussion see
Seneca, 1973.)

In evaluating the arguments for regulation of a passenger transport industry,
however, we must examine the production processes both for passenger trips and for
the good supplied by the carriers. The complicating factor is that trips (or
passenger-miles) are the final product, and that both consumers and firms supply
inputs for the trips. Travellers provide their time input while aboard and waiting for
the vehicle, and their time and possibly other resources for gaining access to the
vehicle and for obtaining information about service. Transport firms supply the inputs
for vehicle operation and terminal facilities. The inputs of the passengers and carriers
together produce the final consumer good (trips).

8 Both pricing and entry regulation of a natural monopoly industry may be required to achieve the
efficiency of monopoly production at zero-profit prices. Pricing regulation by itself may not be
sufficient. Competitors may find it profitable to enter a natural monopoly muitiproduct industry, even
though a monopolist firm is operating efficiently and earning zero economic profits. (See Baseman
(1981), Baumol, Bailey and Willig (1977), Panzar and Willig (1977b), and Sharkey and Telser (1978)
for examples and a discussion of the conditions under which a natural monopoly industry is sustainable
against entry at zero-profit prices.)
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Models of the production of passenger trips from inputs supplied by firms and
passengers (e.g., Mohring, 1972) have the property that, if passenger waiting time is
inversely related to the frequency of vehicle service (or if the time cost of gaining
access to the vehicle is directly related to the distance between vehicle routes), then the
production process for trips has increasing returns to scale, even though the
production of vehicle-miles might have constant returns to scale. Passenger waiting
time for intercity bus service includes not only the actual waiting time at a bus stop or
terminal, but also the inconvenience of not having scheduled regular-route and local
service or charter tours at a time which coincides closely with desired times of travel.
Certainly both types of waiting time costs would be reduced by more frequent bus
service. This theoretical result, combined with the finding that the production of
intercity bus-miles exhibits constant returns to scale at relatively low output levels,
implies that there are economies of scale in the production of passenger trips at all
output levels. By classical welfare economics, marginal-cost pricing of intercity
passenger trips would therefore generate a deficit for the carriers, and in the absence of
other market imperfections a socially efficient level of trips requires a subsidy.

Whether the social cost of raising the revenue to provide these subsidies is greater
or less than the social cost of non-marginal-cost bus fares is an unanswered empirical
question. But we do not need to answer that question in order to judge the merits of
economic regulation. Regardless of the level of subsidy provided (possibly zero), the
crucial point in evaluating the efficiency arguments for entry and pricing regulation is
whether a few large firms can provide passenger trips at lower cost than a number of
small firms. If the transport firms supplied all the inputs for the production of trips, the
conclusion would be clear. In that case, increasing returns to scale in the production of
passenger trips would imply that a very few (perhaps one) large firms have a cost
advantage over smaller firms.® The question is whether this conclusion is valid for the
production of passenger trips, given that passengers supply inputs for the production
of trips and that the economies of scale in the production of bus-miles are exhausted at
a relatively low output level.

In considering the relationship between total cost and firm size, note that a very few
firms could produce trips at a lower average cost (passenger plus firm) than a system
of small independent firms with no shared facilities. A large network enables a
passenger to obtain all trip information from one source, to purchase one ticket and
check baggage once for an entire trip, and to avoid a walk or taxi trip between the
terminals of different carriers for connections. Pricing and entry regulation is one
means of obtaining the efficiency of large-scale production without monopoly pricing.
However, since a few large firms cannot produce the industry output of bus-miles at
lower cost than a number of smaller carriers, there may be other means. An
alternative is to allow free entry and competitive pricing while fostering service
cooperation among firms in giving information on fares and schedules, interlining for

9 1In a single-product industry, strictly increasing returns to scale implies that one firm can produce
any output level at lower cost than two or more firms. In a multiproduct industry, as has been
demonstrated by Baumol (1977), strictly increasing returns to scale for proportionate increases in all
outputs does not necessarily imply that one firm can produce all output levels at the lowest cost. There
may be cost advantages in having firms producing different product mixes. Increasing returns to scale
does imply that the lowest-cost number of firms for any output level is no greater than the number of
different products.
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tickets and baggage, and using common terminals. This limits the ability of-a large
carrier to monopolise the market but retains the total cost advantages of a large
system. The government’s role is to facilitate cooperation into service rather than to
set fares and control entry. The current U.S. policy for the airline industry is similar.
The federal government is reducing the direct control of air fares and routes, but
maintains a tax on air tickets to provide revenues for common airport facilities. In
addition, both the federal and some local governments continue to provide direct
assistance to airports.

6. CONCLUSIONS

The primary findings of this study are as follows. First, the economies of scale in the
production of intercity bus-miles are exhausted at an output level which is a very small
fraction of the total output of the industry. This means that to increase firm size
through an equiproportionate expansion in all services would offer a cost advantage
only for the smallest firms (less than 0.07 per cent of industry output). Second, the
marginal costs of regular-route, charter, local and school bus-miles are not identical.
The relative costs depend on the level and mix of output, but the general order from
lowest to highest marginal cost is: school, regular-route, charter, and local. Third, the
different types of services can be produced at lower cost jointly than separately.
Fourth, there is some basis for government intervention in the intercity bus industry
for the sake of economic efficiency. However, government help to encourage service
cooperation among firms may achieve the same goals as entry and pricing regulation.

APPENDIX

Sources of Data

The data on revenue, expenditure, output levels and input prices for the Class I firms
were obtained from the 1975 MP-1 annual reports and the QPA quarterly reports
submitted to the ICC by the carriers and from the summary statistics available in
Statement No. 750, Financial and Operating Statistics of Class I Motor Carriers of
Passengers, 31 December—1 January 1975, prepared by the ICC Bureau of
Accounts. The data for the Class II and III carriers were obtained from the 1975
MP-2 annual reports submitted to the ICC and from the summary tables prepared by
the National Transportation Policy Study Commission. Both samples include those
carriers whose forms have no missing values and satisfy the following properties:

(1) The expense figures are consistent in that reported total cost equals the sum
of operation, maintenance, depreciation and tax expenses, and operation and
maintenance expenses are greater than the wage bill.

(2) Bus-miles, passengers and revenue were reported consistently for each type
of services. For example, forms that report no passengers but positive
passenger revenue were discarded.
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(3) The firm leased no more than 20 per cent of its vehicles.

(4) The firm had at least one employee for every month reported. (A firm that is
in operation for only part of the year does not have the same cost structure
as a firm in continuous operation.)

(5) There were no obvious errors in bus-miles per employee, bus-miles per
vehicle, or the hourly wage for non-salaried employees.

Of the 120 Class I carriers filing MP-1 forms in 1975, 69 remained in the sample; and
of the 624 Class II and III carriers filing MP-2 reports in 1975, 271 remained in the
sample.

The input prices for the Class I sample are the hourly wage, a fuel price, and a
capital price measure. The hourly wage is the total annual hourly-basis expenditure on
wages divided by total man-hours for hourly employees. The fuel price was computed
by dividing total annual fuel expenditure by four times the number of gallons listed on
the quarterly report submitted at the end of the year. A capital price variable was
created by subtracting the sum of total wage expense, total fuel expense, expenditure
on purchased transport, and net operating rents from total expenditure, and then
dividing by the value of the firm’s total tangible property at the year’s end. (See Spady
and Friedlaender, 1978, pp. 164-5.)

The annual reports for the Class II and III carriers do not provide enough
information to enable us to compute firm-specific input prices. The hourly wage
assigned to a firm is the state average hourly wage of workers in nondurable
manufacturing for the firm’s reported state of operation. (See B.L.S. Employment and
Earnings, 1979.) Since few of these firms are unionised, and since many of the firms
employ a high proportion of part-time workers, the nondurable manufacturing wage is
probably more representative of the wage paid by Class II and III firms than the
durable manufacturing wage or the overall manufacturing wage. The fuel price
assigned to a firm is the 1975 average retail price per gallon of variable distillate fuel
sold to commercial users for the firm’s reported state of operation. (See US
Department of Energy, 1979.) No relevant index of capital price is available.
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