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1. Introduction

In recent years the subject of returns to scale has been investigated in an increasingly
sophisticated manner in various transport industries. This body of literature has contrib-
uted to an increased understanding of the complexities of measuring returns to scale in the
transport sector. The fundamental problem has revolved around the issue of defining what
is meant by an increase in the output of a transport firm. Cost function analysis has
advanced in recent years with the inclusion of network variables, output characteristics
and firm effectsin addition to the “primary” measures of output (for example, revenue ton-
miles or revenue passenger-miles). These more complex specifications make the basic
definition of what is meant by an increase in output more difficult.

The inclusion of network variables (for example, points served in the airline industry,
track miles in the railroad industry) by various researchers (Harris, 1977; Caves,
Christensen and Tretheway,1984) has given rise to the concept of returns to density.
Network variables allowed the effects of increases in output (revenue passenger-miles or
revenue ton-miles) to be measured when holding or not holding the network size fixed.

The inclusion of output characteristics (for example, stage length and 1oad factor in the
airline industry, average length of haul in both the railroad and trucking industries)
similarly allows a more careful definition of what is meant by an increase in output. For
example, Caves, Christensen and Swanson (1981) reported two different measures of
returns to scale for two alternative assumptions regarding changes in the output charac-
teristics in their study of the railroad industry. One measure of returns to scale was defined
as the increase in costs for an equiproportional increase in ton-miles and passenger-miles,
holding length of haul and length of trip fixed. The other measure of returns to scale was
defined as the increase in costs for an equiproportional increase in ton-miles, passenger-
miles, length of haul and length of trip.

The inclusion of firm effects in cost function regressions employing panel data was
suggested by Mundlak (1978), in order to avoid biased coefficients. Caves, Christensen,
Tretheway and Windle (1985) noted that when firm effects are included in the cost
function it may be inappropriate to hold these firm effects fixed over time when measuring

*  University of Maryland.

275



September 1994 Journal of Transport Economics and Policy

returns to scale. They found that the firm effects were correlated with output and output
characteristics. This leads to a more careful definition of returns to scale where the effect
on costs of an increase in output allows for changing firm effects over time.

This paper attempts to explore further the issue of the appropriate measure of returns
to scale. In general, previous studies have computed returns to scale either assuming that
output characteristics are held fixed or that they change in some arbitrarily defined
manner. In other words, they address the question of what happens to costs when output
rises, but all other variables are held constant. At the same time, some output character-
istics (such as length of haul and average shipment size in trucking, average stage length
and load factor in the airline industry) have been shown to lower costs. This paper argues
that these output characteristics are positively correlated with and influenced by firm size.
As aresult, when firm size increases, output characteristics also change in a direction that
lowers unit costs. In this situation, holding output characteristics fixed may be inappro-
priate and lead to erroneous conclusions regarding the impact of firm size on unit costs.

Using the trucking industry as an example this paper examines the correlation between
output characteristics and the level of output. Recent studies of the less than truckload
(LTL) portion of the trucking industry have largely endorsed the notion that no scale
economies are present. Studies by McMullen (1987); McMullen and Tanaka (1992);
Grimm, Corsi and Jarrell (1989); and Winston, Corsi, Grimm, and Evans (1990), all
employing translog cost functions, found constant returns to scale among the LTL carriers
in the environment formed by the Motor Carrier Act of 1980. Other recent studies of
specialised motor carrier industry segments in the post-Motor Carrier Act (MCA)
environment have also concluded that noscale economies exist (Grimm, Corsi and Jarrell,
1989; Thomas and Callan, 1989 and 1992; and Callan and Thomas, 1992). Although some
studies have found evidence of non-constantreturnstoscale (Ying, 1990a, and Harmatuck,
1992, find some evidence of increasing returns to scale; and Ying, 1990b, finds slight
diseconomies of scale), the general consensus is that the industry faces constant returns
to scale. This paper shows that allowing output characteristics to change as firm size
increases indicates that economies of scale may well exist in the US trucking industry
despite previous evidence to the contrary.

The remainder of the paper is organised as follows: Section 2 discusses the data and
methodology employed in this study; Section 3 reports the results; and Section4 provides
conclusions.

2. Data and Methodology

The data used in this study include all those LTL Class I and Class II motor carriers
reporting data to the ICC in the years 1988, 1989 and 1990. The sample includes a total
of 116 observations. The starting point of this study is to utilise this new data set along with
methodology from previous studies to provide a baseline estimate to compare with the
alternative specification described below. Following closely a number of previous
researchers (Christensen and Huston, 1987; Daughety and Nelson, 1988; and Grimm,
Corsi and Jarrell, 1989), the following variables are included in the cost function.
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Table 1
Means of All Variables in the Sample

Variables Means

Purchased Transport Price 0.8102 ($/rented mile)

Labour Price 30353 ($/employee)

Fuel Price 0.8435 ($/gallon)

Capital Price 1.4059 (Cost/dollar of net operating property)
Output Volume — Ton-miles 129.33 (million ton-miles)

Average Length of Haul 374.72 (miles/vehicle trip)

Average Vehicle Load 10.97 (tons/vehicle trip)

Total Costs 22.06 ($ million)

Ton-miles is taken as the primary output variable of a trucking firm. The elasticity of
costs with respect to ton-miles will be used to determine the existence of scale economies.
In addition two output characteristics, average length of haul (ALH) and average load
(AVLOAD) per vehicle, will be used to assess the impacts of average trip length and
average load size on total costs. ALH is calculated by dividing total ton-miles by the total
tons carried. AVLOAD is calculated by dividing total ton-miles by the total vehicle miles.
Input factor prices (or price indices) are calculated for fuel, 1abour, purchased transport
and capital.

The variable for gallons of fuel consumed was estimated by taking the number of miles
driven and dividing by an assumed average fleet efficiency of five miles per gallon. The
fuel price was then computed using total gas, diesel and oil expenses and dividing by the
gallons of fuel consumed. The labour price was computed on a per employee basis by
taking total salaries, wages and fringe benefits and dividing by the total number of
employees. The price of purchased transport was computed by taking total purchased
transport expenses and dividing by the purchased transport miles.

Following the procedure used by Christensen and Huston (1987) and Grimm, Corsi
and Jarrell (1989), capital costs are estimated by summing depreciation and maintenance
of capital items and ten per cent of net operating property. Depreciation and maintenance
of capital items are estimated as total cost minus the cost of fuel, purchased transport and
labour. The price of capital is then calculated by dividing estimated capital costs by net
operating property.

All variables are normalised around their respective sample means (geometric mean
in our methodology) to ease the interpretation of the results. The means for our variables
are included in Table 1.

The widely accepted translog functional form is used to estimate the total cost function:
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where CT = total cost, P;’s are input prices, and Q;’s are outputs. The typical symmetry
restrictions and homogeneity of degree one in the factor prices are imposed through
parameter restrictions. Applying Shephard’s Lemma to the cost function allows us to

specify cost share equations that can be jointly estimated with (1):
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Following standard practice, we will assume classical disturbances for (1)and (2) and
estimate the equations as part of a multiple equation system using a modification of
Zellner’s estimation technique (Zellner, 1962) where one of the share equations is
dropped prior to the second stage of the estimation. Results from this procedure, which
closely follows past practice, will first be presented. Then, evidence regarding the
relationship between ton-miles, average length of haul and average vehicle load will be
provided and the degree of scale economies will be re-evaluated in a second set of results.

3. Results

Complete regression results for the LTL carriers in 1988-90 are presented in the
Appendix. Table 2 reports the first order terms for output and the output characteristics.
Ton-miles and average load both have significant coefficients with the appropriate sign.
Average length of haul has the expected sign, although it is insignificant at the 95 per cent
confidence level. The first-order coefficient on ton-miles represents the cost elasticity of
output at the sample mean. A value greater than one indicates decreasing returns to scale.
Our results indicate that for a 1.00 per cent increase in output, costs increase by 1.08 per
cent. The coefficientis significantly different from one at the 95 per cent confidencelevel.
The results of modest diseconomies of scale from the baseline specification is largely
consistent with previous findings regarding economies of scale in the motor carrier
industry. The decreasing returns to scale finding is based on the assumption that all other
variables (specifically, the two output characteristics) remain unchanged as firm size
increases.

In order to investigate the possibility that the output characteristics are positively
correlated with the size of the firm, we first looked at the correlation between these
variables. Table 3 presents the correlations between ton-miles, average length of haul and
average load. These correlations support the hypothesis that larger firms have a higher
averagelength ofhaul and ahigher averageload. This pattern is further confirmed in Table
4, where firms are divided into four groups according to their output levels relative to the
overall average output (ton-miles). Ingeneral, average length of haul and average load size
increase as firm size increases (the one exception being the case of average load from
Group III to Group IV).
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Table 2

First-Order Output Coefficients*
(Number of Observations = 116)

Variable Estimate Standard Error
Constant -0.0130 ' 0.0387
Ton-miles 1.0800% 0.0317
Labour Price 0.4366% 0.0099
Fuel Price 0.0695% 0.0032
Capital Price 0.3350% 0.0069
Price of Purchased Transport 0.1589% 0.0116
Average Length of Haul -0.0713 0.0745
Average Load -1.3998% 0.0891

* Second-order coefficients are included in the Appendix.
+ Indicating 95 per cent confidence level.

How are large firms able torealise alonger average lengthof haul and/or higher vehicle
loads? Some possible explanations are that larger firms gain advantages from more
extensive geographical coverage, better on-time performance and more sophisticated
information systems (Harmatuck, 1992). The larger carrier’s more extensive geographi-
cal coverage provides the shipper with a more inclusive product (Rakowski, 1988). This
more inclusive product will, in turn, attract firms with complex, long-haul distribution
patterns seeking to minimise the number of carriers they deal with on a regular basis.
Better information systems, available to the largest firms because of their cost and
complexity, might provide more opportunities for consolidationof freightand in turnraise
vehicle load size. To date, systematic studies of these correlations have been lacking.

The positive correlations of average length of haul and average load with ton-miles
suggest that holding these output characteristics constant while calculating economies of
scale may be inappropriate. In order to determine the impact of ton-miles on the output
characteristics it is necessary to specify the relationship between ton-miles and the output
characteristics. More specifically, equation (3) specifies that the output characteristics are
determined by ton-miles, the other output characteristic and the input prices:

In Qi =a;+ Zk Bik (In Pk) + 2] Clj (In Q])’ 3)
where Q, is output characteristic i (i = 1 for ALH, i = 2 for AVLOAD), Q; are other output
characteristics (ton-miles, and square of [logged] ton-miles), and P, are factor input
prices.

The joint estimation of equations (1), (2) and (3) acknowledges that these variables are
simultaneously determined by the firm. The Appendix presents the full results of this
regression.
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Table 3

Correlations Between Output and Output Characteristics

Ton-mile Average Length of Haul Average Load Size
(T™) (ALH) (AVLOAD)

™ 1.0000
ALH 0.4947 1.0000
AVLOAD 0.2103 0.7147 1.0000

log (TM) log (ALH) log (AVLOAD)
log (TM) 1.0000
log (ALH) 0.6195 1.0000
log (AVLOAD) 0.4853 0.6048 1.0000

Table 4

Group Averages of Output and its Characteristics

Group 1 /i m v
™ 81.46 313.09 47295 2832.74
ALH 335.58 546.23 71393 1109.41
AVLOAD 10.56 12.75 25.53 21.06
No. of Firms 76 2 6 12

The overall average of ton-miles (TM) is TMO = 430.25. The overall sample is divided into four groups
according to the following criteria:

Group I M <=12 TMO

Group I 12 TMO < TM <= TMO
Group IIT TMO < TM <= 32 TMO
Group IV M > 32 TMO

Table 5 presents the first-order coefficients of output and the output characteristics
with respect to total cost, as well as the first-order coefficients of ton-miles with respect
to the output characteristics. The results with respect to the effect of output and the output
characteristics on total costs are similar to those presented in Table 2, although there are
some significant changes. The coefficient on average length of haul is now significant at
the 95 per cent confidence level. The coefficient on outputis evenlarger, indicating larger
diseconomies of scale.
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Table §

First-order Output Coefficients® with Output Characteristic Equations Included
(Number of observations = 116)

Variable* Estimate Standard Error
Constant -0.0156 0.0447
Ton-miles 1.1327¢ 0.0355
Labour Price 04367t 0.0125
Fuel Price 0.0696t 0.0043
Capital Price 0.3339% 0.0078
Price of Purchased Transport 0.1598+ 0.0133
Average Length of Haul -0.5517% 0.0737

Average Load -0.9395+ 0.0878

Output Characteristics Relationships: Linear Regressions
(Standard Error in Parentheses)

Log [ALH] = —0.0754 + 0.2708 *log[TM] + Others?
(0.0513) (0.0349)
Log [AVLOAD] =-0.0138 +0.1899 *log[TM] + Others?!
(0.0478) (0.0320)

“Full” cost elasticity of output = 0.8049 (0.0513) at the sample geometric means.

§  Second-order coefficients are included in the Appendix.
*  All variables are in natural logarithm and are normalised at the respective geometric means.
+ Indicating 95 per cent confidence level.

The results with regard to the impact of ton-miles on the output characteristics verifies

our previous findings. Larger firms have a higher average length of haul and a higher
average load size. In order to take into account these second order effects we calculate the
full cost elasticity as applied in different context by Gagne (1990) and Ying (1992):
d 10g[C] / d 10g[TM] = 010g[CV/ A10Z[TM] |y eise constant

+ {9log[Cl/d10g[ALH] }*{dlog[ALH]/dlog[TM]}

+ {0log[C]/dlog[AVLOAD] }*{dlog[AVLOAD)/dlog[TM]} (4)
While Ying (1992) specifically proposes a full cost elasticity measure as the appropriate
way to calculate the effect of any variable on cost, neither he nor Gagne (1990) utilise the
concept to address the issue of economies of scale. Computing the full cost elasticity for
our sample indicates that for a 1.00 per cent increase in ton-miles, costs rise by only 0.80
per cent. This result is consistent with significant increasing returns to scale at the 99 per
cent confidence level. In other words, by allowing average length of haul and averageload
size to change as a result of changing firm size, firms face increasing returns to scale.
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This partial cost €lasticity can be viewed as a short-run elasticity that measures the
impact of increasing ton-miles assuming that the network over which services are
provided and the characteristics of that network are held fixed. The full cost elasticity more
accurately reflects the long run impact of firm size on costs where network characteristics
are allowed to vary.

This is a similar argument to the one made by Caves, Christensen, Tretheway and
Windle (1985) regarding the correlation between firm effects and the other regressors in
the cost function. They suggested that returns to density was primarily a short-run
phenomenon and was thus appropriately measured using the regression results from a
model with the firm effects held fixed (that is, the within estimator). On the other hand,
they argued that returns to scale is primarily a long-run phenomenon and that it would be
inappropriate to hold the firm effects fixed in the long run. As a result returns to scale
should be computed with data averaged over time for each firm (that is, the between
estimator). The between estimator takes account of the correlations between the firm
effects and the other regressors.

4. Conclusion

This study illustrates that post-deregulation motor carriers do not have increasing returns
to scale if output characteristics are held constant. In fact, during the three sample years
(1988-1990), an average firm would end up with higher average cost (per ton-mile) by
increasing its output level (ton-miles) if output characteristics remained unaltered. This
paper shows that the source of lower costs originates with the ability to attract longer haul
shipments and increase loads per vehicle. Larger firms appear to have a distinct advantage
in increasing their length of haul and their average load size compared to smaller firms.
As a result, it is inappropriate to hold these output characteristics constant as firm size
increases. Previous econometric investigations of size effects have failed to allow output
characteristics to vary as firm size increases. This investigation has demonstrated that
such restrictions mask the effects of size on costs. Taking account of the improvement in
output characteristics as firms become larger indicates that firms do face increasing
returns to scale in the LTL trucking industry.

These results have important implications for the measurement of returns to scale for
other transport modes. Our results indicate that larger firms do not have a cost advantage
due to size directly, but that size indirectly influences the operating characteristics of the
carriers in such a way that their unit costs are lowered. Both the airline and railroad
industries have witnessed increasing firm size and industry concentration over the past
decade. Industry concentration has risen at the aggregate level, though not necessarily at
the route level (see Morrison and Winston, 1990). Yet econometric cost studies of these
industries have almost unanimously found constant returns to scale (see Caves, Christensen
and Tretheway, 1984; Caves, Christensen, Tretheway and Windle, 1985; Caves,
Christensen, Tretheway and Windle, 1987; and Barbera, Grimm, Phillips and Selzer,
1987). In all of these studies returns to scale are measured holding all operating
characteristics constant (including density, length of haul, load factor, and so on).
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The methodology as presented here for motor carriers could be extended to the airline
and railroad industries. The research cited above has found large economies of density in
both industries. To the extent that firm size is correlated with density, it may be thatlarger
firms are able to generate lower costs through higher densities. The failure to recognise
the relationship between firm size and density could result in an errant finding of constant
returns toscale. Levine (1987) has presented anumber of arguments as to why larger firms
may have an advantage over smaller firms in the airline industry. Other operating
characteristics, such as length of haul in railroads, and stage length and load factor in
airlines, may also be enhanced by firm size. As a result returns to scale may be further
underestimated when standard methodology is used.

Appendix

Cost Function Estimates for Motor Carriers of General Commodities (1988-1990)

Total Cost Function Total Cost Function
with Output
Characteristics Equations

Coefficient  Std. Error Coefficient Std. Error

Constant -0.013 0.039 -0.016 0.045
Ton-Miles 1.080 0.032 1.133 0.035
Labour Price 0437 0.010 0.437 0.013
Fuel Price 0.069 0.003 0.070 0.004
Capital Price 0.335 0.007 0.334 0.008
Price of Purchased Transp. 0.159 0.012 0.160 0.013
Ave. Length of Haul -0.071 0.075 -0.552 0.074
Ave. Load -1.400 0.089 -0.939 0.088
Labour * Labour 0.085 0.015 0.103 0.020
Fuel * Fuel 0.061 0.004 0.062 0.004
Labour * Fuel -0.035 0.004 -0.030 0.005
Capital * Capital 0.032 0.013 0.044 0.016
Capital * Labour -0.021 0.013 -0.036 0.016
Capital * Fuel -0.024 0.004 -0.027 0.004
Ton-Miles * Ton-Miles -0.009 0.022 0.002 0.022
Haul-Length * Haul-Length 0.097 0.087 0.088 0.085
Ave-Load * Ave-Load -0.076 0.132 -0.096 0.128
Haul-Length * Ave-Load -0.014 0.083 0.002 0.081
Ton-Miles * Labour Price 0.020 0.009 -0.026 0.010
Ton-Miles * Fuel Price -0.004 0.003 -0.016 0.004
Haul-Length * Labour Price -0.020 0.021 0.105 0.019
Haul-Length * Fuel Price 0.005 0.007 0.069 0.007
Ave-Load * Labour Price -0.135 0.023 -0.071 0.022
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Appendix continued

Cost Function Estimates for Motor Carriers of General Commodities (1988-1990)

Total Cost Function Total Cost Function
with Output
Characteristics Equations

Coefficient  Std. Error Coefficient Std. Error

Ave-Load * Fuel Price 0.020 0.008 -0.017 0.008
Haul-Length * Ton-Miles -0.038 0.040 -0.041 0.039
Ave-Load * Ton-Miles 0.059 0.048 0.049 0.047
Capital Price * Ton-Miles -0.006 0.007 0.017 0.007
Capital Price * Haul-Length -0.012 0.015 -0.089 0.014
Capital Price * Ave-Load 0.053 0.017 0.054 0.017
- Labour Price * Purchased Transp. -0.030 0.010 -0.037 0.013
Fuel Price * Purchased Transp. -0.002 0.003 -0.005 0.003
Purch-Transp * Purch-Transp. —0.020 0.012 -0.022 0.013
Haul-Length * Purchased Transp. 0.027 0.023 -0.085 0.022
Ave-Load * Purchased Transp. 0.062 0.027 0.034 0.026
Ton-Miles * Purchased Transp. -0.010 0.010 0.025 0.010
Capital Price * Purchased Transp. 0.012 0.008 0.019 0.009

Output Characteristic Equation 1:
Haul-Length as Dependent Variable

Constant -0.075 0.051
Ton-Miles 0.271 0.035
Ton-Miles * Ton-Miles 0.065 0.019
Labour Price 0.086 0.108
Fuel Price -0.327 0.087
Purch. Transp. price 0.090 0.052
Capital Price 0.164 0.087

Output Characteristic Equation 2:
Average-Load as Dependent Variable

Constant -0.014 0.048
Ton-Miles 0.190 0.032
Ton-Miles * Ton-Miles 0.008 0.025
Labour Price 0.144 0.124
Fuel Price 0.015 0.117
Purch. Transp. Price 0.005 0.054
Capital Price 0.257 0.098
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