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The Status of Economies of Scale
in Regulated Trucking:
A Review of the Evidence and Future Directions
by Garland Chow®

INTRODUCTION

197 WAS A BANNER YEAR for

empirical work on the issue of
economies of scale (EOS) in trucking.
The results of three empirical studies by
Chow, Friedlaender, and Klem respec-
tively were presented at the Workshop
on Motor Carrier  Economic Regulation
(April, 1977) and the results of a fourth
study by Koenker were published earlier
in the year.!

Despite this abundance of evidence, it
is the contention of this paper that the
controversy over the existence of EOS
in trucking remains. This paper reviews
the studies cited. It seeks answers to the
following questions.

(1) What differences in methodologies
exist?

(2) What conclusions on the issue of
EOS can reasonably be made from
this eviderice ?

(3) What are the strengths and weak-
nesses of each work?

(4) What improvements can be made
by future work in this area of
study?

METHODOLOGICAL APPROACHES

The major studies on EOS in trucking
presented in 1977 are summarized in
Table 1.2 All of the studies seek to esti-
mate the long run cost function through
multiple regression techniques. lLog
transformations are generally utilized to
linearize the regression functions. Care
is taken to reduce the heterogeneity of
the carriers studied by focusing_on in-
tercity general freight carriers. Finally,
each study sought to account for dif-
ferences in costs due to traffic charac-
teristics rather than size of the firm.

The Chow and Klem studies are ex-
tensions of the log linear model used
by Warner and subsequently by Law-
rence.3 The coefficients associated with
each independent or explanatory wvari-
able are interpreted as elasticities. The
regression coefficient (B,) - associated

with the scale or output variable is the

* Agsistant Profeuor of Transporta-
tion, University of Maryland.
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elasticity of total cost to output. A one
percent increase in scale, holding the
effect of other independent variables con-
stant, results in a B, percent increase

in total cost. If B, is statistically less

than one, statistically significant EOS
exist; if B, equals one, constant returns

to scale are implied: and if B, is greater

than one, diseconomies of scale are im-
plied.

A major difference between the earl-
ier work of Warner and the recent ex-
tensions is that Warner utilized a time
series of cross-section data (ie., data
for a given set of carriers for a given
number of years) while the recent stud-
ies relied on single year’s cross-section.
This resulted in a much larger set of
carriers being available for analysis in
the Chow and Klem studies.

The major innovations of the Chow
work is the exploration of non-scale
variables affecting cost and the empha-
sis on segmenting the trucking industry
into more homogeneous groups. In addi-
tion to accounting for the effect of the
size of shipment and length of haul on
costs as pioneered by Warner, the effects
of the following factors were also mod-
eled and tested:

(1) the amount of single line (versus
interline) traffic,

(2) differences in pickup and delivery
conditions,

(3) differences in the use of rented
and owned equipment,

(4) percentage of traffic moved by
owner operators,

(6) the effect of peddle operations,

(6) geographic differences in conges-
tion, terrain and input costs.

Many persons familiar with trucking
readily recognize that the trucking in-
dustry is an amalgamation of many dif-
ferent types of carriers. The legal dis-
tinction between common and contract,
general freight and special commodity,
or regular versus irregular route car-
riers initially comes to mind. It is fur-
ther asserted that the distinction be-
tween long haul and short haul (and
possibly regional) carriers, between Less
than Truckload (LTL) and Truckload
(TL) carriers, and between limited cov-
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THE STATUS OF ECONOMIES OF SCALE

erage and broad coverage carriers are
important.4 On the demand side. these
classifications represent completely dif-
ferent types of service. On the supply
side, these rlassifications potentially rep-
resent different operating techniques,
terminal and fleet configurations, and
cost characteristics because different
services are being produced. These non-
revelations have two implications. First,
the results of a study of a set of car-
riers residing primarily in one classifi-
cation of carriers cannot be easily ex-
trapolated to apply to another group.
Second. a study should seek homogene-
ity in the carriers under study through
segmentation of carriers or the appro-
priate inclusion of explanatory variables
in the estimating functions.

In the Chow studv, the segmentation
approach was used. The industry was ini-
tially segmented into TL and LTL
groups, further classified by length of
haul class, and finally divided into high
and low coverage groups.

Klem’s extension of the Warner mod-
el also involves exploring additional
non-scale effects on cost, limited indus-
try seementation, and the testing of a
variable elasticity model. The additional
variables used by Klem represented in-
terlining and geographic cost differ-
ences.5 Segmentation involved the anal-
ysis of a separate group of LTL car-
riers. The testing of a variable elasticity
model represents the greatest departure
in the Klem analysis. It has been hypo-
thesized that the extent of EOS (or
diseconomies of scale) may be different
depending on the size of the firm.6 That
is, the true elasticity of cost to output
could change for different levels of out-
put. Klem concludes that the inclusion
of a second order term is the best way
to allow EOS to vary with firm size.

The Friedlaender study differs sub-
stantially from the two preceding stud-
ies in three respects. First, a different
functional form, the translog approxi-
mation, is used to estimate the cost
function. Second, factor share equations
are estimated simultaneously with the
cost function. Third, factor prices are
explicitly included in the model. The
value of the translog approximation is
that it permits the evaluation of a wide
range of hypotheses concerning the
structure of technology through its sec-
ond order terms. Like the Klem model,
the translog approximation allows for
changes in elasticity of cost to output
as output levels change. In addition,
hypothesis about the separability of the
cost function can be tested by coefficients
representing the interaction between
output and price of specific factors of
production,
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The inclusion of factor prices, i.e., the
price of labor, capital, purchased trans-
portation and fuel, is a methodology
used to isolate the technological as op-
posed to pecuniarv economies of scale.
Technological EOS arise from produc-
tion relationships only; that is, truck-
ing has EOS if a carrier can double its
output of shipments or ton-miles (haul
and shipment weight held constant)
without having to double the number of
employees, number of trucks, gallons of
fuel and other inputs needed to produce
service. Pecuniary EOS arises when a
large carrier can buy inputs (i.e.. trucks
or fuel) more cheaply than smaller car-
riers because of their bargaining
strength, quantity discounts and lower
transaction costs.?

The major innovation of the Koenker
study is the inclusion of a distributed
lag mechanism. Management does not
always forecast demand accurately so
that actual costs are actually a func-
tion of & planned level of activity and
the unanticipated deviation from that
planned level. The lag variables allow
for the effect of unanticipated year to
year increases or decreases in demand.
To compute the output differences,
Koenker’s study utilizes a time series
of a given cross-section of carriers. As
with Warner, this sets some limitations
on the maximum number of carriers that
have complete data. Koenker also in-
cludes a second order output variable to
allow EOS to vary with firm size.

VARIABLES USED

Each study sought to isolate the effect
of scale on cost through the inclusion of
non-scale variables as explanatory fac-
tors. Such variables can be classified in-
to three types; output or service quality
variables, utilization variables, and oper-
ating condition variables.

Most obzervers of trucking operations
have found that a long haul ton-mile
or a TL ton-mile is considerably cheap-
er to produce than a short haul or LTL
ton-mile. Average length of haul is con-
sistently included as a non-scale vari-
able. A variable representing the effect
of shipment size on cost is less consist-
ently used. Chow, Klem, and Friedlaen-
der utilize average shipment weight and
the latter also utilizes the percentage of
tons shipped in LTL lots. Both Chow
and Klem recognize that the degree of
interlining can seriously affect the total
cost incurred by a firm and Chow tests
several additional “traffic” quality vari-
ables.

Both the Friedlaender and Koenker
analysis included average vehicle load
as an explanatory variable in their mod-
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els. The inclusion of a capacity utiliza-
tion variable in such analysis is inap-
propriate because such measures do not
represent a product dimension nor oper-
ating condition that is exogenous to the
firm. If one supposes that better utiliza-
tion is achieved because of size per se,
then the inclusion of such factors serves
to hide the benefits of size.8 The oppo-
site view is that average load does rep-
resent an exogenous characteristic of a
carrier’s traffic because it represents the
effect of entry regulation for which the
carrier has little short run control over.
The view deserves a more critical look.

Friedlaender asserts that “. . . it is
generally believed that size and diversity
of operating rights permit large firms to
enjoy high load factors, . . . Fried-
laender’s own empirical research shows a
positive relationship between the aver-
age load and average length of haul. In-
deed. any inspection of carrier statis-
ties indicates that long haul carriers ex-
hibit heavier loads. However, there is
no reason to believe that longer hauls
per se cause heavier loads. It is a basic
tenet of location theory that the flow of
products decreases with distance since
distance related transport costs and
transfer costs mitigate differences in
relative prices for a commodity between
two points. Consequently, it is more dif-
ficult to build heavier loads between two
specific points that are farther apart
than between two points that are closer
together, all other factors equal. How-
ever, all other factors are not equal;
many larger carriers are also broad cov-
erage carrirs who serve numerous
origin-destination pairs over a large
network of terminals and take advan-
tage of consolidation and reconsolida-
tion opportunities to achieve maximum
vehicle loads.

Herein lies the real controversy. A
variable accounting for the effect of in-
creased geographic coverage is lacking
in all of the analyses. What would the
potential effect on cost and firm size of
the inclusion of such a variable be? It
may mean higher average loads but it
also suggests increasing the minimum
size of the carrier as well since a mini-
mum amount of traffic would be neces-
sary to efficiently serve any particular
point especially if the traffic is primar-
1lly LTL. One must question the feasi-
bility of a small carrier serving more
origins and destinations and decreasing
their costs without increasing the
amount of traffic moved. Carrier growth
cannot be attributed to capturing a larg-
er share of the market in its present
route structure alone, it also involves to
a significant degree expanding that route
structure.l® The consequence is greater
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minimum carrier size, somewhat differ-
ent operating techniques and essentially
a different or higher quality service than
their smaller counterparts.

The inclusion of factor input prices
serve to eliminate interfirm cost differ-
ences due to differences in the cost of
labor, capital, purchased transportation,
and fuel in the Friedlaender analysis. In
the Chow and Klem analysis, dummy
variables representing spatial variations
in cost and operating conditions between
ICC defined regions were used. Koen-
ker’s study sample was limited to Cen-
tral States carriers so that the same
control of regional cost differences is
achieved. It is duly recognized that
even within ICC defined regions la-
bor cost will vary, particularly wages
for hourly employees in different eit-
ies. A possible solution would be the
use of finer geographic definitions,
perhaps the format defined in TRINCS.
Consequently, Friedlaender’s underlying
assumption is that the prices of in-
puts faced by each carrier may dif-
fer within a region while the other stud-
ies assume input prices are competitive-
ly determined, exogeneous, and identical
for all firms within a geographic region.
The latter assumption is not completely
true. Short haul carriers have to cope
with more hourly and guaranteed com-
pensation plans (i.e., minimum pay for
a turnaround) while long haul carriers
pay more on mileage basis. However, if
this is true, the effect on cost should be
captured by the variable representing
length of haul and the same principle
would apply for other wage differences
due to the type of service provided. A
reasonable a priori assumption is that
region-wide Teamster contracts apply to
all carriers insuring that all carriers are
paying uniform wages for the type of
work performed in each region.

Friedlaender’s work weakly suggests
that wages do vary.!l There are, how-
ever, potential explanations for these
contradictions. The firm specific price of
labor is measured by total labor com-
pensation divided by average number of
employees. Such a measure reflects both
the contracted prices (i.e., mileage or
hourly rates) and the productivity of the
carrier. If productivity were associated
with the increasing (decreasing) size of
the carrier, one would expect that the
larger (smaller) carrier could produce
a larger (smaller) output with a propro-
tionately smaller workforce and smaller
total labor cost. This may not be the
case in trucking where the workforce
represents many individuals who are
gaid according to outf)ut as measured
y hours worked or miles driven. A car-
rier can simply utilize its labor force



THE STATUS OF ECONOMIES OF SCALE

more or less intensively rather than
change the size of its workforce, lead-
ing to variations in annual wages. A re-
lated explanation is the substantial cor-
relation between types of carriers and
wages. Synthetic cost studies suggest
that potential vehicle and driver utiliza-
tion (annual miles per year) increases
with the length of haul characteristic
of carrier service.l2 Line haul drivers,
paid the same mileage rates, can thus
earn higher annual wages by driving
more miles. These contentions need to be
explored further.

The rationale for assuming that the
cost of capital and cost of fuel are com-
petitively determined and uniform for
all carriers in a region rests on shakier
grounds. Larger carriers may be able
to obtain lower prices for trucks be-
cause of their bargaining power or
through quantity discounts. Capital may
be obtained more cheaply by larger car-
riers because of reduced transaction
costs and their exposure to the investing
public. Larger carriers potentially have a
stronger ability to hedge against fuel
shortages and increased prices through
long term contracts for fuel and direct
bulk purchases of fuel. These possibili-
ties mean that observed EOS may re-
flect pecuniary as well as technological
EOS unless explicit recognition of these
price differences is made.

The view that only technological
sources of EOS are relevant is severely
questioned on public policy grounds. One
of the ultimate questions for EOS re-
search is directed to whether larger car-
riers will have a significant cost advan-
tage over its smaller competitors. One
should not ignore any source of EOS
that would continue to persist whether
regulation continues or not. Finally,
some of the pecuniary EOS may truly
represent production economies to so-
ciety. For example, the quantity dis-
counts available for large fleet purchas-
es may reflect the production economies
resulting from longer production runs of
a specific vehicle type.

Few would question the contention
that the cost models used to date remain
underspecified. The quality of truck serv-
ice has many dimensions beyond size of
shipment and length of haul. What is
necessary is the collection and use of
data measuring carrier performance
with regards to:

(1) Loss and damage,

(2) Transit time,

(3) Variability of transit time,

(4) Availability of equipment,

(6) Tracing and other information or
advisory services,

(6) Geographic coverage,

(7) Special equipment and services.

Google

369

The bias resulting from exclusion of
some of these quality characteristics can
be deduced. With regards to geographie
coverage, a higher level of coverage is
afforded by larger carriers and extra
cost is expended in increasing coverage.
Consequently, a cost model without a
coverage variable tends to understate
EOS. The availability of equipment can
be analyzed in a similar manner. The
vehicle fleet can be viewed as an inven-
tory held to meet uncertain demand. A
larger carrier would require less reserve
equipment to guard against equipment
shortages because the random peaks and
valleys of each individual customer’s de-
mand tend to cancel out as carriers serve
a larger number of shippers. On one
hand, the larger carrier could reduce
costs for a given level of equipment
availability by holding a smaller fleet
than its smaller counterparts. However,
as Lawrence suggests, many carriers
have opted for a high quality of service
strategy whereby a larger fleet could be
maintained to provide a greater avail-
ability of equipment. The appearance of
constant returns (or even diseconomies
of scale) may simplv reflect the higher
quality levels provided by larger car-
riers.13

For other quality of service charac-
teristics, the bias is less clear because it
is not at all evident that the quality of
service is positively correlated with car-
rier size though many observers have
supported the contention that there are
economies of service.l4

The data required to measure these
additional service dimensions will not be
easily obtained. True measures of car-
rier performance are refiected in shipper
satisfaction. This means that a degree
of openness and cooperation in devel-
oping satisfactory quality of service
data is necessary from both shippers and
carriers. Shippers and carriers differ a
great deal in their perceptions as to what
constitutes good service and neither par-
ty can develop such information with-
out cost.!15 Nonetheless, some data on
loss and damage performance and cov-
erage is presently available. Route miles
are available from the carrier’s annual
report to the ICC and terminal infor-
mation is available from a variety of
carrier guides and these may provide
rough measures of a carrier’s coverage.
Loss and damage information is like-
wise reported to the ICC.

Finally, a word should be said about
improving the quality of the measure-
ment variables now used. Whereas Chow
and Klem used number of shipments as
a measure of scale, Friedlaender and
Koenker used ton-miles. Both shipments
and ton-miles are closely correlated par-
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ticularly when the effects of average
shipment size and length of haul are
taken out. However, one is inclined to
choose the number of shipments over
ton-miles because the shipment measure
is an exact number resulting from the
aggregation of bill of lading statistics
while ton-miles are generally esti-
mated.1¢ Consequently, the measurement
errors associated with the most impor-
tant explanatory variable are reduced if
shipments are used. Secondly, we can-
not continue to depend on time honored
definitions of the variables consistently
used in econometric studies. Average
shipment weight and average haul are
what they are averages. One might con-
sider the average weight of TL ship-
ments and LTL shipments separately or
use a ‘welghting scheme to account for
the distribution of traffic by weight
groups. Much of the problem lies in the
reliance on easily available data but part
of it rests on the lack of clever meth-
ods of data manipulation.

THE INTERPRETATION OF
THE EMPIRICAL RESULTS

The studies by Klem, Koenker and
Friedlaender all suggest that the optimal
size of the general freight motor ecar-
rier is quite small. To properly interpret
these quantitative assessments, it is im-
portant to consider the size of the trans-
port market and the quality of service
variables not considered explicitly in
their analysis.

EOS are not significant if the output
level at which declining costs are fully
exploited is small relative to the size of
the market. In such a case, many sellers
can achieve minimum cost and many car-
riers can successfully compete for the
trafic. The problem is that the defini-
tion of the relevant market is vague. If
the market is the demand for transport
services between two specific points,
there are many markets where the vol-
ume of traffic would support a large
number of carriers of the size envisioned
by the .studies cited. However, at the
same time, there are many point to
point markets that do not satisfy this
criterion. In a Department of Transpor-
tation sponsored study, surveys con-
duc!:ed in the nine state Rocky Mountain
region by the Federation of Rocky
Mountain States and separate surveys
by the Wyoming and North Dakota Pu
lic Service Commissions indicate that:

(1) a significant number of carriers
did not serve towns that they were au-
thorized to serve,

. (2) the quality of service particularly
in terms of schedules per week is low,

(3) the number of carriers serving 25
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percent of the locations in the region is
two or less. Sparse population and scarce
traffic are cited as contributing factors.17

The existence of pooling agreements
also suggests the existence of geographic
freight markets that cannot support a
competitive number of carriers. One sve-
cessful pooling agreement began in 1971
when Graves Truck Lines asked to aet
as pooling agent for P.LLE., Consolidated
Freightways, and Eastern Express by
picking up and delivering LTL shipments
for these companies to and from 107
communities in Kansas.18

Abstracting from the issue of market
demand, what type of service can a car-
rier of the optimal size (determined in
quantitative studies) produce? We have
already indicated that the models are
underspecified so that one really does
not know what quality of service the
optimal carrier provides. However, one
can develop clues by synthetic analysis.
Koenker’s optimal size firm is used as a
starting point. In Table 2, various as-
sumptions about length of haul, average
load and number of days that the car-
rier operates per year are combined to
determine the average number of ve-
hicle trips taken per day by the optimal
size firm defined as one that moves 6,-
891,000 ton-miles per year. Focusing on
a specific length of haul of 750 miles,
such a carrier would move 595 loads a
year or about 2.3 loads a day assuming
260 days worked in a year. This exam-
ple assumes daily service is provided. In
this case, balanced movements would
allow the production of 1.15 round trips
per day.19 Clearly this size carrier can-
not serve more than one origin-destina-
tion pair given the level of service pa-
rameters indicated.

If the carrier provides service to addi-
tional geographic destinations, it cannot
remain at the size indicated given the
frequency of service, length of haul, av-
erage load, and lane balance assump-
tions. Instead, it must increase by al-
most a multiple of the optimal firm size,
the multiple being equal to the number
of new lanes the carrier wishes to serve
(i.e., each new lane requires 1,500 miles
per round trip X 16 tons per load X 260
trips per year = 5,860,000 ton-miles per
year).

One can conclude that increasing the
coverage dimension of service increases
the minimum size of a carrier. Similarly,
the coverage aspect of a carrier can be
held constant and another aspect of serv-
ice can be varied. It is easy to deduce
that holding other factors constant:

(1) an increase in the frequency of
service (i.e., daily as opposed to twice
a week) increases minimum scale and
vice versa,
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TABLE 2

POTENTIAL CHARACTERISTICS OF OPTIMAL SIZE MOTOR CARRIER!

Number of Potential Or(zin-’
Optimal Size Average Average Truckloads Destination
Ton-Miles aul 1 Load Tons Per (TL) Moved TL's Pairs Served
Per Year Miles Tons Year Per Year Per Nav? Per Pay
n 2) (&) (4) (5) () (€3]
(1)+(2) (6)+(3) (5)=260 (£)-2
6,691,000 150 8 L4606 .6 5575.R 21.4 10,70
6,691,000 200 1n 33455.0 313455 12.9 .45
€,691, 000 350 1% 9117.0 1274.5 L9 2.45
6,691,000 750 15 8921.1 594.R8 2 11
6,691,000 1,000 15 6€91.0 446.0 1.7 85

1 From Koenker, p. 62 for 150-350 miles: assumed for other haul groups.

2 Assumes 260 working days a year.
8 Assumes daily service and balanced loads.

(2) an increase in the length of haul
increases minimum size and vice versa.

This exercise highlights the dangers
of extrapolation. The small optimal size
determined in some studies may be ap-
plicable to carriers providing one type
of service but not for another type of
service. It appears that the carriers ob-
served by Friedlaender and Koenker are
principally small and regional so that
any inferences of their results to larger
and longer haul carriers are to be made:
with caution.20

CONCLUSIONS: SOME STRENGTHS
AND WEAKNESSES OF CURRENT
APPROACHES

The studies reviewed in this paper
present a variety of approaches to esti-
mating the relationship between carrier
size and long run costs. The strengths
and weaknesses of each provide valuable
lessons for future research and inter-
{)tetation of the results. The principal
essons appear to be:

(1) Segmentation of the industry into
more homogeneous service groups re-
flects the view that the industry is real-
ly a number of subindustries with sig-
nificantly different features. The lack of
such segmentation may produce results
that do not really reflect the true cost
structure of the subindustries. Extrap-
olation of empirical results from one
subindustry to another should be taken
with great caution.

(2) The inclusion of second order
terms in the output variable, to allow
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for variable elasticity of cost to output
is necessary in order to estimate at what
level of output all economies of scale are
exhausted. .

(8) The inclusion of utilization vari-
ables such as average load is a poten-
tially serious mis-specification of the
cost model.

(4) The use of a distributed lag me-
chanism reduces the bias potentially pro-
duced by unexpected changes in quanti-
ty demand in a regulated environment.

(6) Variables measuring differences in
operating conditions (such as spatial
differences in input costs, congestion,
etc.) are appropriate non-scale vari-
ables and should be included if they are
accurate measures of what is supposed
to be measured. :

(6) Number of shipments rather than
ton-miles is & superior measure of scale
when potential measurement errors are
considered.

(7) The inclusion of input prices may
or may not be necessary depending on
one's viewpoint. Their inclusion in
econometric studies of cost has a num-
ber of precedents.2l They also allow the
testing of additional hypotheses about
the underlying technology of trucking.
The accuracy of measuring these prices
adequately, however, is questionable.
Furthermore, it was argued that pecu-
niary economies of scale are never the
less an important competitive factor in
the real world. If the objective of the
research is to measure the extent of de-
clining costs, the inclusion of input
prices could potentially disguise actual
competitive advantage. )
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(8) Further work is needed in devel-
oping measures for quality of service
characteristics in order to properly spe-
cify a true cost model.

It is clear from these lessons that no
single study in 1977 is faultless. The
weak and strong points of each study
can be appraised from Table 1. One can
only make guarded conclusions from such
analyses.

A great amount of new and original
evidence on the issue of EOS in truck-
ing was presented in 1977. These stud-
ies have brought the state of the art in
measuring long run trucking costs a
great deal forward but not to the end
of the road. Future studies on the sub-
ject should recognize the strengths and
weaknesses of these studies such as
those listed in this section. It should al-
so be noted that differences in data as
well as approaches are probably respon-
sible for the different results of each
study. An important benefit of publicly
funded research should be to dissemi-
nate a common set of data that is avail-
able to all interested parties. In this man-
ner, the variance in the statistical re-
sults of different research efforts will
be reduced and we will find ourselves a
bit further down the road to consensus
on the issue of EOS in trucking.
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