THE USE OF EFFICIENCY INDEXES IN
TESTING FOR SCALE ECONOMIES IN THE
MOTOR CARRIER INDUSTRY

By Edward R. Bruning* and Richard E. Olson?

INTRODUCTION

Whether there are long-run efficiencies in the motor carrier industry has been the
subject of debate and empirical research for the past three decades. The most
appropriate generalisation on the results is that scale economies, if they exist, are not
of great significance. The methodologies used in testing for scale economies show vast
differences in model specifications, variable definitions, sample sets, and periods of
analysis.! But in nearly all studies the empirical work is based on least squares
regression analysis. In this paper we discuss the appropriateness of that framework
and, in view of the limitations imposed by the technique, introduce an alternative
estimating methodology. The frontier production function model allows efficiency
indexes to be calculated for each carrier in a sample, and therefore serves as a basis
for testing the relationship of size and efficiency in the regulated motor carrier
industry. '

The plan of the paper is as follows. The next section discusses the general regression
approach and identifies its limitations for testing relationships involving technical and
allocative efficiency. The third section discusses the frontier production function
technique and describes the manner in which it is used to test for the existence of scale
economies. The fourth section presents the statistical results. The final section
discusses and interprets these results.

THE REGRESSION APPROACH

The most serious criticism of regression analysis in assessing efficiency concerns the
use of “average” production and/or cost functions. The “averaging” aspect of the
method becomes evident once the nature of regression analysis is understood. To
begin, observe Figure 1, where a set of points is expressed in two-dimensional space.
In describing the relationship between the two variables, X, and X,, through
regression analysis, the analyst evaluates the distribution of points representing one
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! For a thorough coverage of research on scale economies in the motor carrier industry see Bruning
(1981).
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variable when another is held fixed at specified values. Suppose one wishes to make a
statement on the general underlying pattern connecting two variables, say unit costs
(X,) and output (X,). In two-dimensional space various types of curves can be fitted
to data, but the most commonly used is a straight line. The line intersects the set of
points so that the summation of the squared distances from all the points to the line is
minimised. The mathematical statement that expresses this relationship is:

X, =d+ BX, 1)

where B expresses the functional relationship between X, and X,. In the example, the
value for B explains the changes in unit costs that result from changes in output.?

In scale economy studies the existence of long-run efficiencies is determined by the
elasticity coefficient associated with the independent variable in the regression
equation. Recall, however, that the elasticity coefficient (i.e., the Beta value in the
regression equation) reflects only the “average” relationship between unit costs and
output. But there are firms more efficient (i.e., with lower unit costs at a similar level of
output), and the slope of the function connecting the most efficient firms may differ
from the slope expressed via the Beta value in the estimating equation. An ‘“averaging”
technique such as regression analysis may distort the efficiency concept. Can an
average measure of the average efficiency of an average firm convey any impression of
the true long-run level of efficiency when carriers that are more efficient are actually
used in the calculation of the average? The regression approach operates under the
assumption that the data are generated according to a model with a given set of
parameters. Our standpoint is that the assumption is untenable because there are
variations in the efficiency of carriers. In Figure 1 the efficient carriers are those
connected by the broken line, which reflects, in this case, the long-run average cost of
production (i.e., LRAC,,). Firms that lic on the LRAC,, curve are clearly the most
efficient, since they form the boundary of firms in the population set that incur the
lowest unit cost at each level of output.

FRONTIER FUNCTION

The chief aim of the frontier production function is to dispense with average measures
of efficiency for an industry. Boles has developed a system which is based on the
theories presented by Farrell (1957) and extended by Farrell and Fieldhouse (1962).
The programming system computes an index of technical and allocative efficiency for
each observation of a set of firms, using the simplex method to provide rankings for all
observations within the data set.

The concept of technical efficiency relates to the optimal allocation of factor inputs
to produce maximum output. The boundary of the set of points in Figure 1 represents
the technical efficiency frontier, and serves as the basis for calculating relative
measures of technical efficiency for points located away from the frontier and towards
the northeast. The measurement of relative technical efficiency initially proposed by

2 Of course, equation (1) must be specified in loglinear form before the regression coefficient can be
interpreted as an elasticity coefficient.
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x,|

FIGURE 1
Average and Maximum Efficient Long-run Cost Relationships

Farrell and expressed mathematically by Boles (1967)* compares the performance of
a firm with that of all others in the data set. The usual assumptions of a deterministic
model (linearity, additivity and divisibility) are invoked.

The basic unit of analysis is the regulated motor common carrier. The technique
entails observing n motor carriers employing m factors of production in producing Q,
units of output. In order to determine the technically efficient unit isoquant, each
carrier’s factor inputs are standardised to yield one unit of output, i.e.,

Fu  h=123.

=k 2
Sni 0, i=123,...,n @

3 Boles specified the notions embodied in Farrell’s model.
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where f;; = factor utilisation per unit of output of the Ath input for the ith carrier;
F,; = hth factor input for the ith carrier;
Q; = output for the ith carrier.

The objective is to determine an efficiency index for each of the i carriers based on the
efficient unit isoquant. Formally, therefore, there are n distinct problems in linear
programming, and the objective function is then:

. ,
Max. X, = > X,
i=1
subject to

n
12: JuiXj <Si X; 20,
=l

h=12,....mi=12,....n,7=12,...,n

where X, = maximum output that is possible by selecting output values for the i
carriers composing the solution vector of the simplex alogrithm;

X, = the output level that results from reallocating inputs from the zth carrier
to the efficient carriers forming the solution vector of the simplex
algorithm;

Jfn = hth factor input utilisation per unit of output for the ith carrier included in
the solution vector;

Jy.= hth factor input utilisation per unit of output for the zth right hand side
(RHS) carrier.

Each individual carrier is described in the formulation in terms of a single
standardised observation based upon the Ath input it employs to produce a single unit
of output. However, in terms of its relation to the most efficient set of carriers, the
essential question to be asked about the ithcarrier is: given all the firms included in the
set, and considering the amount of each input used by each firm in producing a unit of
output, what is the maximum output that can be produced? In short, can the system of
production be improved by reallocating production inputs from a given carrier under
observation to other carriers in the set and thereby producing more output? If so, the
carrier under observation is inefficient.

The following simplified example describes the operation of the linear programming
model. Assume that six firms produce output, using three inputs. Assume also that the
efficient firms included in the basis of the simplex algorithm are firms 1, 2 and 3. Allow
firm 5 to serve as the right-hand side firm. The problem can be stated in the following
manner:

Max. Xy=X,+ X, + X5+ X, + X, + X,
subject to
JuXy + f12 X + 13X + [1Xy + [15X s + [16X6 <J1s

SXy + [ X + [53.X5 + fou Xy + fosXs + 26X 6 <os
SarXy + [32 X + 33X + [34 Xy + 35X s + [36X6 <35

Since firms 1, 2 and 3 compose the basis, by definition, they alone are used to
determine the maximum value for X, that is, the maximum output that could be
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produced if the output of the carrier under observation were reallocated to the most
efficient firms forming the basis of the solution vector. Therefore,

JiuXi + X, + 13X, +0+ 0+ 0 <fj,
JuXi + X, + 3 X3+ 0+ 0+ 0 <f5s
[ X+ X, + 53X, +0+ 0+ 0 <f..

Thus, X; values are calculated subject to the constraint that the combination of factor
input utilisation ratios multiplied by the output weights cannot exceed the value of the
factor input utilisation ratio for the firm serving as the RHS. When all constraints are
met the resulting X; values are summed together to give the maximum value for X,.

To begin the computations, a carrier is selected that uses a minimum quantity of
some factor. That carrier becomes the first RHS carrier, and the simplex algorithm is
used to obtain the optimum solution. At this point any carrier in the optimum basis is
classified as 100% efficient. If the carrier serving as the RHS carrier is less than 100%
efficient, the efficiency index is computed. Each of the remaining carriers is
represented in terms of the current optimum basis. If the current basis is also the
optimum basis for other carriers, then they are immediately classified as efficient or
inefficient, and their efficiency index is calculated.

The composition of carriers forming the optimal basis will change, but only efficient
frontier carriers are allowed to enter. For example, as indicated in Figure 2, the
efficiency index for carrier A is calculated as the ratio OB/OA. Carriers included in
the optimal basis are efficient carriers B, C and D. Similarly, to calculate the index for
carrier H, carriers E, F and G form the optimal basis. Thus the programming problem
is to define, first of all, the efficient frontier segment (determined by the carriers
included in the optimal basis), and then to calculate the efficiency index for all carriers
included in the sample. It is important to reiterate that, in every case, the optimal basis
of the linear programming problem is composed of efficient carriers, and that all
segments of the efficient frontier are used

The Index of Technical Efficiency of the tth carrier is defined as follows:

1

ITE = — 3)
T Xo* (
where X,* is the maximum value of X|,. If X* is greater than 1, the implication is that
the set of factors for the 7th carrier can be allocated to an efficient set of carriers to
produce Xy* (more than 1) units of output. As mentioned before, the indexes of the
efficient set of carriers are given by the indexes of the optimal basis of the linear

programming problem.

From the estimated production function and the Index of Technical Efficiency
(ITE) ratings we calculate the Index of Allocative Efficiency (IAE). The concept of
allocative efficiency is expressed in terms of the efficient unit isoquant depicted in
Figure 2. Recall that the measure of technical efficiency is equal to the ratio OB/OA.
The measure of allocative efficiency, on the other hand, is equal to the ratio OJ/OB.
Productive efficiency is simply the multiplication of the technical and the allocative
efficiency ratios (the ratio OJ/OA in Figure 2). Thus the concept of productive
efficiency includes the rates of factor input utilisation and factor prices, and is
expressed mathematically as follows:
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I

FIGURE 2
Technical and Allocative Efficiency

m
" feP
hz‘lfhr h h=12,....m
IPE;=—— 12 m 4
hZImeh

where f,; = hth factor input utilisation ratio for the ith carrier;
Jy.= the Ath factor input utilisation ratio for the least cost firm at given levels of
output;
P = price of the hth factor.

The unit cost for each carrier is divided into the minimum unit cost at the scale of the
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carrier being rated. Given values for the Index of Technical Efficiency (ITE) and the
Index of Productive Efficiency (IPE) for each of the i carriers, it is a simple matter to
determine the corresponding Index of Allocative Efficiency (IAE) values. The IPE is
expressed as the multiplicative combination of the ITE and the IAE.

That is, (ITE,) IAE,) = IPE,. (5)
Therefi IAE, = FEr (6)
erefore, = ITE,

With this information it is possible to compare motor carriers of various sizes to
determine the relative efficiency of each with respect to the most efficient carriers
included in the sample.

DATA

The following tests are designed specifically for Class I general commodity common
motor carriers receiving 75% or more of their operating revenues from intercity
transport. The sample includes a total of 213 carriers, of varying sizes and from each
of the nine ICC operating districts. The data are taken from U.S. Interstate
Commerce Commission operating reports. All carriers are subjected to ICC reporting
provisions and are required to submit annual reports of financial and operating
performance. The reports include the income statement and balance sheet, schedules
of amortisation and depreciation, schedules of operating property and revenue
equipment, operating costs by productive activity, and numerous operating statistics
(e.g., operating ratio, total miles travelled, total tons hauled, and the percentage of
LTL to total traffic).

The tests cover the period 1972 through 1976. A five-year period is used in order to
account for random variations in production and therefore to offer a more accurate
portrayal of the relationship between size and efficiency.

Further restrictions are imposed on the sample to reduce the likelihood of sample
bias. First, no carrier is included in the sample if it has organisational relationships
with other carriers in the sample. Second, each carrier must be represented in the
sample for each of the five years of the test period. Both restrictions reduce the
probability of systematic errors in the data set.

VARIABLES

The variables that are included as arguments in the frontier production function model
are labour, capital and fuel. Ideally, the most appropriate measure for the labour input
is labour time expressed as a continuous variable. Regulated motor carriers are
required to submit to the ICC annual reports which specify the total number of hours
worked by job classification: supervisory personnel are separated from drivers and
platform workers, clerks, maintenance employees, and so forth. Thus, the total
number of hours worked for all employees represents the measure for the labour
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variable. An alternative measure which is used in calculating the IAE is defined as the
summation of total salaries, wages, fringe benefits, and miscellaneous paid time off.
As, because of the Teamster’s Master Contract, the price of labour is not expected to
vary significantly among Class I regulated motor carriers, this alternative measure is
expected to reflect the true consumption of labour services in providing transport
output.

The capital component of input is much more intractable to assess. The capital
which enters into the productive process is capital services, and those relate neither to
time nor to performance as typically measured in accounting reports and labelled as
depreciation and normal use. While data on the output and labour variables are
generally available, data on the capital variable either are not available or are of
questionable validity. Thus, enormously complex problems arise. First, capital
generally represents an aggregation of very diverse components within the motor
carrier industry, as in most industries. The concept of capital would encompass
various types of machinery, plant and terminal facilities, component parts for
maintenance, and so forth. To compound the problem, it may not be appropriate to
aggregate even machines of the same type if they are of different vintages, as each
vintage has different technical characteristics. Second, the greater part of the capital in
the Class I Common Carrier segment of the motor carrier industry is owned, though
some capital is rented. The rented portion of the capital stock provides an accurate
measure of the market value of capital services. For the capital that is owned,
however, it is necessary to impute rental values to take account of these capital
services. Imputation depends, in part, on the rate of depreciation of capital.
Depreciation figures within the industry are generally unrealistic, partly because of tax
avoidance by carriers and partly because of government incentives to invest via
accelerated depreciation. Third, there is the problem of capital utilisation. Only capital
that is used should be treated as an input, so care has been taken to include only that
portion of capital that is employed in producing output. It is important to point out,
however, that it is difficult to obtain accurate data on capacity utilisation in the motor
carrier industry. The definition for capital services employed in this study is the total
number of units of motive equipment actually used in producing transport output.

The third input, fuel, is reflected in the summation of the dollar values of fuel, oil
and lubricants. To measure the true contribution of the fuel component in producing
output, it would be ideal to have the actual number of gallons consumed annually for
each carrier in the sample; but the information is not available.

The dependent variable for the frontier model is the total annual output associated
with the provision of transport services for motor carriers. Transport output is defined
as total operating revenues. A wealth of literature in the field of transport economics is
devoted to the limitations of either ton-miles or revenues in representing the output of
a given carrier.’* A common reply to the critics, however, is that a more
comprehensive measure of transport output has yet to be developed. The most
common specific criticism of the use of revenues or ton-miles is that the quality
dimension of output is ignored. The argument may not be well founded, however,
when it is recognised that shippers who use motor carriers are in fact the final
determiners of quality. If a given carrier’s service is deemed inferior to that of other

5 See Wilson (1959) for a discussion of the output unit in transport.
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carriers which charge identical prices, the rational shipper has a strong economic
incentive to reduce the purchase of inferior quality service, and to buy in its place
service of higher quality. Because of the nature of regulated markets, prices may not
reflect service quality differentials; output adjustments can. Therefore, the revealed
behaviour of shippers in the volume of traffic tendered to particular carriers signals, to
a large extent, the higher quality services. Furthermore, this choice behaviour is
reflected in either higher revenues or a higher output for the carriers producing quality
transport service. For purposes of this analysis the presumption is that shippers have
valued the quality aspects of transport output with respect to their individual
preference sets, and have expressed these preferences in their purchases of transport
service.

Carriers from the sample are grouped by size according to output as measured by
operating revenues:

Group Output Range
1 3 <Revenues < 10
2 10 < Revenues < 25
3 25 < Revenues < 50
4 50 < Revenues < 100
5 Revenues > 100

Carriers are classified as Class I if operating revenues equal or exceed $3 million. The
tests are conducted exclusively with Class I motor carriers, so the threshold for Class
I designation establishes the lower limit for size-group 1. Output ranges for the
remaining size-groups are arbitrarily determined; but it is thought that the carriers in
the sample are separated into groups that are approximately homogeneous in
operating conditions and organisational structure. -

The final element in the methodology is to present the results of the frontier
production function model. The distribution of Indexes of Technical and Allocative
Efficiency is examined, and the carriers that attain maximum technical and allocative
efficiency are identified. Furthermore, the 10% most efficient and the 10% least
efficient carriers are isolated from the sample for separate analysis. The discussion
focuses on the relative size of the carriers that account for the highest as well as the
lowest technical and allocative efficiency ratings. Attention is also centred on the
stability of the size-efficiency relationships over the five-year test period.

EMPIRICAL FINDINGS

Index of Technical Efficiency (ITE)

The ITE ratings calculated for the frontier model with revenue as the measure of
output range from a maximum of 1 to approximately 0.335 of maximum technical
efficiency over the test period. Table 1 presents the distribution of ITE ratings for each
year of the test period.

Over the span of the five-year test period approximately 4% of the carriers attain a
maximum ITE rating of 1. Approximately 60—70% of the carriers in the sample
obtain an ITE rating ranging between 0.600 and 0.800. About 20% attain ratings
greater than 0.800, and another 15-20% attain ITE ratings falling below 0.600 over

285



September 1982 JOURNAL OF TRANSPORT ECONOMICS AND POLICY

TABLE 1

Distribution of ITE Ratings for 1972—1976: Frontier Production Function Model
(Revenue as Output)

1972 1973 1974 1975 1976
Rating f % f % f % f % f %
1.000 8 4 11 5 12 6 9 4 8 4
0.999-0.900 5 2 8 4 10 5 11 5 7 3
0.899--0.800 18 8 13 6 16 8 26 12 18 8
0.799-0.700 39 18 47 22 54 25 64 30 70 33
0.699-0.600 100 47 72 34 77 36 87 42 95 45
0.599-0.500 43 21 57 27 43 20 14 7 13 6
0.499-0.400 0 0 4 2 1 0 2 0 2 1
0.399-0.300 1 0 0 0 0 0 0 0 0 0
0.299-0.200 0 0 0 0 0 0 0 0 0 0
0.199-0.100 0 0 0 0 0 0 0 0 0 0
0.099-0.000 0 0 0 0 0 0 0 0 0 0

the five years. The distribution of ITE ratings throughout the five-year period,
therefore, follows a rather stable pattern. Additional evidence of the stability of the
distributional pattern is the extremely large correlation coefficients which measure the
degree of association of the arrays of individual ratings for any paired set of ratings
during the test period. The values of the correlation coefficients range from
approximately 0.72 to 0.89; with most of them are round about 0.85.

Basing the ITE ratings on revenues as the measure of output, a total of three
carriers maintain the maximum ITE rating of 1.000 for the entire five-year period.
Only the very largest and the very smallest carriers within the test sample attain that
standard throughout. A significant number of carriers are able to attain the maximum
technical rating for one or more years of the test period, but are not successful in
maintaining it for the entire five years. In order to account for the carriers which
attain an ITE rating of 1.000, and therefore to define the frontier set for at least one
year, the most efficient set of carriers for each of the five years is defined as the 10%
of the sample attaining the highest ITE ratings. For example, the 22 carriers attaining
the highest ITE ratings in 1972 are defined as the most technically efficient set for that
year. Similarly, the 22 carriers attaining the highest ITE ratings define the technically
most efficient set for 1973, and so on for 1974, 1975, and 1976. In this way the
technical efficiency frontier is made stochastic over the test period, and the most
efficient carriers are therefore identified.

Inspection of the reported ITE ratings shows that in each of the five years
approximately one-half of the efficient carriers attain an ITE rating of 1.000. Those
efficient carriers that fall short of the maximum rating for any given year nevertheless
attain a rating of 0.833 or better. Further observation reveals that the efficient set is
distributed among all the size-groups. The relative importance of each size-group in
the composition of firms within the efficient set, however, is not shown in Table 1.

Table 2 identifies the contribution of each size-group to the composition of the most
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TABLE 2 o
Percent Technically Most Efficient to the Total Number of Carriers in Each
Size-Group:
1972-1976
(Revenue as Output)
Number Number %
Most in Most
Year Size-Group Efficient Group Efficient*
1972 1 10 92 10.9
2 6 61 9.8
3 1 25 4.0
4 0 25 0.0
5 5 10 50.0
1973 1 10 78 12.8
2 6 69 10.1
3 2 24 8.3
4 1 30 3.3
5 3 12 16.7
1974 1 9 74 10.8
2 5 71 8.5
3 2 24 8.3
4 2 25 8.0
5 4 19 21.1
1975 1 11 76 14.5
2 5 72 6.9
3 2 24 8.3
4 0 26 0.0
5 4 15 26.7
1976 1 10 66 15.2
2 6 70 8.6
3 2 26 7.7
4 0 28 0.0
5 4 23 17.4

* A Chi Square analysis indicates significant differences in the distribution of efficient firms at the
0.01 level for each of the five years. Furthermore, analyses of the differences in means of the percentage
most efficient for each group indicate that size-groups 1 and 5 differ statistically from all other
size-groups at the 0.01 level.

efficient set. The criterion used in evaluating the relative contribution of each
size-group is the number of efficient carriers within that size-group as a percentage of
the total number of carriers within that size-group. The hypothesis that is tested is that
carrier size and measures of efficiency are positively related. The hypothesis is
accepted if large size-groups account for the most technically efficient carriers in the
sample. If, on the other hand, the technically efficient carriers are among the smaller
size-groups, then the hypothesis is rejected.

Table 2, for 1972, shows that the smallest and the largest size-groups (size-groups 1
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and 5) have the greatest percentage of efficient carriers with respect to the total
number of carriers within their size-groups. A total of 10.9% from size-group 1, and
50% from size-group 5, are represented in the most efficient set for 1972. A similar
pattern occurs in 1973: more specifically, 12.8% of the carriers from size-group 1 and
16.7% from size-group 5 are among the most technically efficient carriers in the
sample during 1973. Again the very smallest and the very largest carriers tend to
dominate all others in their proportional contribution to the most efficient set. Table 2
indicates that this pattern is consistent throughout the five-year test period.

An analysis of the 10% least efficient carrier set throws additional light on the
relationship between carrier size and efficiency. Throughout the test period the ITE
ratings for the least efficient set range from a high of 0.616 to a low of 0.326. The
majority of the least efficient carriers, however, attain ITE ratings approximating
0.550. Thus the implication is, on average, that a carrier which falls within the least
efficient set is approximately 55% as technically efficient in the production as one in
the frontier set of carriers.

Like the most efficient set, the least efficient carrier set is composed of carriers from
each of the five size-groups. Table 3 presents the relative contribution of each
size-group to the set of least efficient carriers. For year 1972, it shows that the greatest
percentage of carriers composing the least efficient set are members of size-groups 2,
3 and 4. In size-group 2, 16.4% of the carriers are members of the least efficient set; in
size-group 3, 20%; and in size-group 4, 12.0%. Size-groups 1 and 5 account for the
smallest percentages of least efficient carriers among all the size-groups (4.3 and 0.0,
respectively). Furthermore, this pattern is consistent throughout the five-year test
period.

For the majority of carriers the standard deviation from the mean ITE value
employing revenue as output is extremely small. This suggests that the frontier
technique is accurately depicting the relative production behaviour of the carriers in
the sample. In only a few cases does the standard deviation take a value in excess of
10% of the mean of the ITE ratings over the five-year period.

In the composition of the efficient and the inefficient sets over the five-year period,
approximately 75% of the carriers for both sets are represented consistently
throughout the period. Thus the evidence supports the view that the frontier
production function model is indeed providing a rather stable depiction of the
production behaviour of the carriers relative to a defined frontier set. Carriers that
attain maximum productive efficiency tend to be among the 10% most efficient
carriers in each of the five years. Likewise, carriers that are extremely inefficient (i.e.,
among the 10% most inefficient carriers) tend to be among the 10% most inefficient
carriers for each year of the test period.

Index of Allocative Efficiency (IAE)

In general, the IAE ratings tend to be higher than the ITE ratings; this reflects the
fact that carriers tend to be more allocatively than technically efficient. Table 4
presents the distribution of IAE ratings, with revenue defined as output, for each year
of the test period. From Table 4 it is observed that approximately 3% of the carriers in
the sample attain maximum IAE ratings of 1. On the other hand, throughout the
period approximately 70% of the carriers have an IAE rating between 0.500 and
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TABLE 3
Percent Technically Least Efficient to the Total Number of Carriers in Each
Size-Group:
1972-1976
(Revenue as Output)
Number Number %
Least in Least
Year Size-Group Efficient Group Efficient*
1972 1 4 92 4.3
2 10 61 16.4
3 5 25 20.0
4 3 25 12.0
5 0 10 0.0
1973 1 3 78 3.8
2 7 69 10.1
3 5 24 20.8
4 6 30 20.0
5 1 12 8.3
1974 1 2 74 2.7
2 6 71 8.5
3 5 24 20.8
4 6 25 24.0
5 3 19 15.8
1975 1 2 76 2.6
2 11 72 15.3
3 3 24 12.5
4 5 26 19.2
5 1 15 6.7
1976 1 3 66 4.5
2 11 70 15.7
3 3 26 11.5
4 4 28 14.3
5 1 23 4.3

* A Chi Square analysis indicates significant differences in the distribution of efficient firms at the
0.01 level. Furthermore, analyses of the differences in means of the percentage least efficient for each
group indicate that size-groups 1 and 5 differ statistically from all other size-groups at the 0.01 level.

0.800. It is evident that the distributions are rather stable over the test period.
Correlation coefficients which measure the degree of association of the array of
ratings throughout the period range from a high of 0.87 to a low of 0.76. This
evidence suggests that the IAE ratings are highly associated for each year of the
sample.

As in the test of the relationship between carrier size and efficiency, the primary
hypothesis states that the most efficient carrier set is composed of larger rather than
smaller carriers. Table 5 presents the percentage of allocatively efficient carriers to the
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TABLE 4

Distribution of IAE Ratings for 1972—1976: Frontier Production Function Model
. (Revenue as Output)

1972 1973 1974 1975 1976
Rating f % f % f % f % f %
1.000 8 4 7 3 4 2 3 1 6 3
0.999-0.900 29 14 19 9 33 15 25 12 21 10
0.899-0.800 38 18 31 14 46 22 40 18 19 10
0.799-0.700 56 25 74 35 87 40 56 26 66 31
0.699-0.600 60 28 64 30 37 17 65 30 60 28
0.599-0.500 23 10 20 9 9 4 25 12 31 14
0.499-0.400 3 1 1 0 1 0 2 1 7 3
0.399-0.300 1 0 1 0 0 0 0 0 2 1
0.299-0.200 0 0 0 0 0 0 0 0 1 0
0.199-0.100 0 0 0 0 0 0 0 0 0 0
0.099-0.000 0 0 0 0 0 0 0 0 0 0

total number within each size-group. The evidence indicates that very small and very
large carriers are proportionately more allocatively efficient than are the medium-
sized carriers. Thus, the primary hypothesis is rejected. This finding is consistent with
analysis of relationships of the size-groups in technical efficiency.

Table 6 presents the percentage of allocatively least efficient carriers for each
size-group. The evidence supports the view that size-groups 2, 3 and 4 account for the
greatest percentage of allocatively least efficient carriers among the carriers included
in the sample.

RESULTS AND CONCLUSIONS

The results of this study can be assessed on two lines of thought. First, if we accept
the premise that the differences between the most efficient and least efficient carriers
are due to the lack of incentive of medium-sized carriers to adjust their organisation to
the demands of the market, one possible solution is to reduce or eliminate regulatory
controls on entry. Ease of entry effectively increases market competition, which tends
to motivate managements to organise themselves to monitor effectively the use of
resources for increased short-run profitability and long-run survival. Liebenstein
(1966) has presented evidence which indicates that “organisational slack” is reduced
by increased market competition.® Though competitive pressures may become
intense, the cost structure appears to reduce the likelihood of prolonged destructive
competition. Within this scenario production would be allocated to the carriers most
efficient in production and distribution.

6 Leibenstein’s (1966) work in this area suggests that inefficiencies can be eliminated by increasing
competition.
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TABLE 5
Percentage of Allocatively Most Efficient Carriers in Each Size-Group:
19721976
(Revenue as Output)
Number Number %
Most in Most
Year Size-Group Efficient Group Efficient*
1972 1 11 92 12.0
2 3 61 49
3 2 25 8.0
4 2 25 8.0
5 4 10 40.0
1973 1 9 78 11.5
2 6 69 8.7
3 1 24 4.2
4 1 30 3.3
5 5 12 41.7
1974 1 11 74 149
2 3 71 4.2
3 0 24 0.0
4 3 25 12.0
5 5 19 26.3
1975 1 9 76 11.8
2 4 72 5.6
3 3 24 12.5
4 2 26 7.7
5 4 15 26.7
1976 1 9 66 13.6
2 6 70 8.6
3 0 26 0.0
4 1 28 3.6
5 6 23 26.1

* A Chi Square analysis indicates significant differences in the distribution of efficient firms at the
0.01 level for each of the five years. Furthermore, analyses of the differences in means of the percentage
most efficient for each group indicate that size-groups 1 and 5 differ statistically from all other
size-groups at the 0.01 level.

A second line of thought is based on the premise that the technical differences in
conditions of production between carriers of different sizes are real (that is, that the
largest and smallest carriers are technically more efficient than medium-sized
carriers). As in the first scenario, reducing entry controls would tend to increase
efficiency in the motor carrier market by providing competitive pressures for the
medium-sized carriers to approach a technically efficient size. Medium-sized carriers
might merge with other carriers into larger operating units (or grow under market
protection to the optimum size) and effectively shift into a transport market
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TABLE 6
Percentage of Allocatively Least Efficient Carriers in Each Size-Group:
1972-1976
(Revenue as Output)
Number Number %
Least in Least
Year Size-Group Efficient Group Efficient*
1972 1 1 92 1.1
2 11 61 18.0
3 7 25 28.0
4 3 25 12.0
5 0 10 0.0
1973 1 5 78 6.4
2 10 69 14.5
3 4 24 16.7
4 3 30 10.0
5 0 12 0.0
1974 1 4 74 5.4
2 7 71 9.9
3 7 24 25.0
4 4 25 16.0
5 1 19 5.3
1975 1 3 76 4.0
2 12 72 16.7
3 4 24 16.7
4 3 26 11.5
5 0 15 0.0
1976 1 3 66 4.6
2 12 70 17.1
3 4 26 15.4
4 3 28 10.7
5 0 23 0.0

* A Chi Square analysis indicates significant differences in the distribution of the efficient firms
at the 0.01 level. Furthermore, analyses of the differences in means of the percentage least efficient for
each group indicate that size-groups 1 and 5 differ statistically from all other size-groups at the 0.01
level.

established at a greatly increased size. On the other hand, greater competition gained
through freedom of entry effectively reduces the share of an individual carrier market
and forces the inefficient medium-sized carriers to either leave the market or reduce
their absolute size of operation. Thus eliminating entry restrictions would serve to
propel carriers towards the extreme ends of the size continuum. In either case,
relaxing regulation on entry would tend to reduce the inefficiencies in motor carrier
markets.

The frontier production function technique, unlike production function techniques
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based on the regression framework, allows the analyst to identify the efficient among a
sample of carriers. On the basis of the standard of the most efficient carriers, indexes
of technical and allocative efficiency can be calculated for all other carriers included in
the sample. In this study the authors find that the most efficient carriers are carriers
earning less than ten million dollars in revenue per year and those earning over one
hundred million dollars in revenue per year. The conclusion, therefore, is that
economies of scale are not evident throughout the range of output levels. Instead,
threshold efficiencies are exhausted at a relatively small carrier size, and become
evident once again at the largest carrier size.
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