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1. INTRODUCTION

The partial deregulation of motor carriers in 1980 generated renewed interest in the
costand production structure of this diverse industry. Most analyses focus on general
freight common carriers, but studies of specialised carriers have begun to emerge in
the transport economics literature. See, for example, McMullen (1987), McMullen
and Stanley (1988), Thomas and Callan (1989), and Grimm, Corsi and Jarrell (1989).

An interesting economic issue is the structure of one such group of specialised
firms, the household goods motor carriers. Despite the 1980 deregulation, carriers in
this industry continue to be highly diverse. The most common operational structure
is the van line, which is actually a complex system of many carriers contracted as
agents to conduct business under the operating rights of the “parent” van line. This
co-operative arrangement evolved as a means to avoid the cost-prohibitive empty
back hauls which were associated with the unpredictable routeing of the moving
industry.

The van line is the predominant internal structure, yet there are other carriers
which operate independently without the support of an agency system. Theoretically,
the relaxation of government-controlled price and entry constraints in 1980 should
have enabled the van lines to exploit any agency-related cost advantages and in effect
to price their smaller counterparts out of the market. Since this has not happened,
there must be some advantage accruing only to these smaller, independently-
operating firms which gives them countervailing market power. One possibility is
that they serve different segments of the marketplace and enjoy some cost economies
specific to their segments.

Investigation of this interesting phenomenon is the primary objective of this
research. The approach is to estimate cost conditions for the industry empirically and
to analyse any cost differentials between van lines and independently-operating
firms. A generalised cost function is specified to allow for both output heterogeneity
and size differences across firms. Output heterogeneity is captured by the operating
characteristics and shipment composition of each firm. These variables define the
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target market or niche of each carrier. Firm size is measured through two dimensions,
the conventional measure of output and some spatial dimension of size deemed the
“network”. According to recent writers on transport economics (Caves, Christensen
and Tretheway, 1984, Chiang and Friedlaender, 1984, and Caves, Christensen,
Tretheway and Windle, 1985), distinguishing between these two size dimensions is
critical for industries that provide services over a geographically determined
network of points. The distinction is particularly relevant in a deregulated market
where controls over operating rights, and therefore over spatial market size, have
been relaxed.

The two elements of network employed in this study are supported by the research
of Caves et al. (1984), Daughety, Nelson and Vigdor (1985), and Caves et al. (1985),
among others. The first is the length of the network “link”, the path or distance
emanating from the firm's base of operations. For all carriers in this industry, the
network link is measured by the average length of haul in miles. The second
component is the number of “nodes” in the network, or potential points served by a
firm. This element is used to capture the size of each van line. A van line is effectively
a“multi-node” system, measured by the number of contracted agents operating from
various locations under its authority. In contrast, a non-van line operates from a
single node. Thus, each firm's network is measured both by the number of nodes from
which it operates and by the length of the link or path emanating from each of these
nodes.

If indeed the van line realises a per-unit cost advantage solely because of its
agency system, this is quantified by van line-specific economies it gains by
expanding its spatial market through hiring more agents, that is, adding nodes to its
network. Alternatively, all firms can exploit spatial economies associated with
longer hauls, as well as output economies due to higher production levels. Moreover,
any advantages of a market niche are measured through the value of the cost
elasticities associated with other operating characteristics and shipment types.

The presentation of the research is as follows. Section 2 gives an overview of the
household goods carrier industry. Section 3 presents the theoretical specification of
the cost function employed. A description of the sample set and the source of the
economic data are provided in Section 4. Section 5 presents the empirical results, and
concluding remarks are made in Section 6.

2. THE HOUSEHOLD GOODS MOTOR CARRIER INDUSTRY

The industry is defined as the transport activities of all Class I, II, and III interstate
household goods carriers as classified by the Interstate Commerce Commission
(ICC). This definition excludes revenues from general freight hauling and from non-
transport services such as storage, packing, and other accessorial activities. Classes
I, II and III are distinguished by reference to total annual operating revenues from
carrier activities over a three-year period. For Class I carriers these revenues are over
$5 million; for Class IT over $1 million but less than $5 million; and for Class III under

$1 million. All dollar values in this context are measured in real terms, using 1980
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as a base year. For 1984 the deflation factor is 0.8691 using a 1980 producer price
index for trucking as a base. »

As noted, a distinctive feature of this industry is the van line agency system, an
integral part of its structure and development.! Unlike general freight hauling, routes
for household goods carriers are highly variable, non-repetitive, and unpredictable.
Since this greatly increases the potential for costly empty back hauls and severely
constrains market size, the establishment of interfirm relationships to circumvent
these problems was a natural evolution. This required co-operation by participating
carriers, and some central control through which activities could be co-ordinated.
Thus, the van line system evolved to accommodate larger geographical markets
through contractual arrangements with hundreds of agents positioned throughout the
national market. This is the primary structure of the industry today. The ten largest
van lines have approximately 83.6 per cent of total transport and accessorial revenues
for the industry (American Movers Conference, 1985).

Technically, a van line is a Class I or II “parent” entity representing the collective
activity of all agents operating under its authority. If the agent is in Class III, its
interstate moves fall completely under the van line's authority and are reported to the
ICC ssolely by that van line as part of its aggregate operations. Conversely, if the agent
is a Class I or Il carrier, it may have its own ICC operating rights. Consequently, any
van line-authorised move conducted by one of these larger agents is reported both
by the van line and by the agent; this results in double-counting of financial data.

To model this structure properly and to correct for double-counting, this study
specifies three classifications of carriers: van lines, agents, and independents. A van
line is the aggregation of all van line-authorised interstate activity conducted by its
Class III agents, but only its share (on average 17.3 per cent) of the shipments
involving its Class I and IT agents. Firms referred to as agents are strictly those Class
I and II agents which have their own ICC authority. Data for these firms are
analogously adjusted to include only their share of any van line-authorised move plus
all shipments conducted under their own authority. Finally, an independent is a firm
with its own operating rights and with no contractual affiliation with any other carrier
in the study.

The industry is defined for the US marketplace, and many of the carriers,
particularly the van lines, are described as national firms. However, conversations
with industry officials indicate that carriers actually compete on a much smaller
scale. Even the van line systems function as groups of individual agents operating
within well-defined regions, as opposed to corporate entities competing from a
remote home office. These regional territories are determined by several factors,
including migration patterns, access to interstate highways, and population density.
Thus, corporate officers of van lines and industry analysts typically define marketing
regions on the basis of metropolitan statistical areas (MSAs) and consolidated
metropolitan statistical areas (CMSAs).

1 The uniqueness of the industry is further evidenced by the Household Goods Transportation Act

of 1980. This sets forth the deregulation rulings specific to household goods carriers in addition to those
given in the Motor Carrier Act of 1980. It directly addresses the industry's unusual characteristics,
including the presence of the van line network systems, which set it apart from the rest of the motor
carrier industry. See US 96th Congress (1980b).
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Following this convention, this research acknowledges the regional aspect of the
industry's market by forming territories derived through a two-step procedure. First,
the national market is defined as the area encompassed by all 20 US CMSAs and all
MSAs with populations greater than 500,000. (See Statistical Abstract of the US,
1986.) Second, regional territories are formed from the national market definition by
grouping contiguous CMSAs and MSAs to accommodate an even distribution of
population across all territories. This methodology implicitly acknowledges the
aforementioned importance of population density in definition of territory. For a
complete description of these territories and various descriptive statistics on each,
see Thomas and Callan (1989).

Each Class I and Class II agent and independent firm is modelled as operating
within that multi-state territory where its home office is located. The regional
assignment of van line activity is more complex. Clearly, to model each van line as
a single observation operating in one region is incorrect, since each is an aggregation
of Class III agents operating from various locations throughout the US. However,
since firm-level data on these small agents are not available, some allocation of the
aggregate data is necessary. Using records obtained from confidential van line-
agency directories and from consulting with industry officials, the following
methodology is employed. The total number of Class III agents represented by each
van line system and their associated financial data are allocated over the regional
territories in proportion with population. The result is a realistic operational repre-
sentation of each van line system as a distinct territorial group of smaller carriers.?

3. THE THEORETICAL COST SPECIFICATION

Following the transport literature, a long-run cost function is assumed. The general
form of this function is specified as follows:

C=C(Q,H LS N,w), D

where:

C is total operating costs,

Q is quantity of ton-miles produced,

H is average length of haul in miles, the network link variable,

L is average shipment load in tons,

S is shipment composition,

N is the number of nodes in a carrier's network, and

w is a vector of labour (/), capital (k), fuel (f) and materials (m) prices. i

Note that this specification explicitly incorporates the heterogeneity of output
found to be significant to carrier costs. This is captured in part by two operating
characteristics: average length of haul in miles, H, and average load per shipment in
tons, L. Costs are expected to be inversely related to each of these. That is, carriers -

whose shipments are on average hauled longer distances are expected to face lower
per unit costs. Similarly, firms moving larger average loads operate more efficiently

2 Inearlier research on this industry, we empirically verified that this disaggregation procedure does

not bias the estimate of scale economies, a key measure of the industry's technology (Thomas and
Callan, 1989).
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and should incur lower costs per ton-mile. Another cost determinant that captures
output heterogeneity is the measure of shipment composition, S. This variable is
defined as the ratio of “first proviso” revenues to total operating revenues, where the
first proviso classification refers to shipments of personal effects and property used
in a dwelling. Thus, S measures the proportion of conventional shipments of
household goods, as opposed to shipments of unusual commodities such as museum
displays or art objects (American Movers Conference, 1985). Defined in this way,
S should be inversely related to costs.

Finally, in accordance with recentresearch, two size dimensions are specified: the
conventional measure of output, and measures of spatial market size or network. As
in most land transport studies, output in this industry is the quantity of ton-miles, Q.
Modelling the spatial network is more complex, since it is a multi-dimensional
phenomenon dependent upon both structural and operational attributes of the
industry. For example, Caves et al. (1984) use “points served” as the network
measure for airlines; each airport served constitutes a“point”. Chiang and Friedlaender
(1984) use measures of connectivity and terminal density to capture the network for
LTL (less than truckload) trucking.

This model incorporates two network variables. The first is the number of
network “nodes”, N, measured by the number of carriers operating under the
jurisdiction of each observation. Accordingly, the nodes of a van line network are the
number of agents located within a given territory, as each agent location is a “point
served” by the van line. Activities of non-van lines, by definition, are conducted only
under their own authority. At a point in time, these firms operate from a single
location or node and are unable to exploit economies associated with adding nodes
to their network. These economies would be available to these firms only if they were
to enlarge their markets through a multi-agent system, that is, to become van lines;
then the expected economies would be as defined above. The second network
variable is the network “link”, or distance from each node. Recent studies in transport
economics recognise that the operating characteristic, average length of haul,
captures this element of spatial market size. McMullen (1987) asserts that longer
average hauls are indicative of a well-developed network. Note that this variable
measures a component of network size for all three carrier classifications.

To distinguish between the cost effects of the two size dimensions, output and
network, the literature defines decreasing (increasing) unit costs associated with
output increases (holding all else constant including network size) as economies
(diseconomies) of density, and those due to simultaneous proportional increases in
both output and all measures of network size as economies (diseconomies) of scale
(Caves et al., 1985).

4. THE DATA

The data set is a 1984 cross-section of all motor carriers classified by the ICC as
interstate household goods carriers.3 The 1984 date allows for a four-year adjustment
3 These data have been used in several previous studies (Thomas, 1989, Thomas and Callan, 1989,

and Thomas, 1990. Specific detail about the data set and the construction of economic variables is given
in Thomas and Callan (1989).
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period after the impact of the 1980 deregulation. The primary source for the revenue
and cost datais a financial publication prepared by American Trucking Associations,
Inc. (1985). This document is a synopsis of the annual reports filed with the ICC by
all Class I and II household goods carriers. Other firm-level and industry statistics
are obtained from various industry publications (Household Goods Carriers' Bureau,
1985, 1986; American Movers' Conference, 1985).

The sample includes 18 van line systems, 68 agents, and 18 independents, which
accounts for approximately 74 per cent of the entire industry.* Data for the 18 van
lines represent the combined activity of up to 4,493 Class III agents. Since firm-level
data on these Class III carriers are not available, van line data are disaggregated by
allocating each system's operations over the constructed regional territories, forming
270 van line territorial groups. For each van line, the number of agents operating
within a given region and the associated data are determined by multiplying the total
number of its agents and its aggregate costs and revenues by the relevant proportion
of the population in each territory, adjusting for double-counting. Operating charac-
teristics and shipment composition for each van line are reported to the ICC as
national averages. In keeping with this methodology, these averages are assumed
consistent for each of a van line's regional territorial groups.” The 270 van line
groups, added to the 68 agents and 18 independents, yield a total of 356 observations.

The data are adjusted as necessary to correct for the double-counting of costs and
revenues mentioned above. The required procedures involve interpretation, de-
composition, and reconstruction of the raw data, a methodology which, while
possible, is nonetheless complex.® This complexity probably explains the absence in
the literature of any sophisticated empirical cost analyses of this industry, despite its
growth rate of 36.9 per cent over the period 1982-1984 (Trinc's Transportation
Consultants, 1983; American Trucking Associations, Inc., 1985).

5. EMPIRICAL RESULTS

The long-run total cost function is given the translog functional form (Christensen,
Jorgensen and Lau, 1973). The literature confirms that the flexibility afforded by this
function best represents the underlying production technology of motor carriers. In
particular, the translog imposes no restrictions upon returns to scale, the substitut-
ability among factors of production, the magnitudes of the elasticities of substitution,
or separability in output and factor prices. Homogeneity of degree one in factor prices
isimposed to ensure that the function corresponds to a well-behaved cost relationship.
The cost function is estimated along with the cost share equations to obtain
consistent parameter estimates. The complete system of equations is as follows:

4 Muchof the excluded portion represents revenue generated intrastate and locally by Class III agents
and owner-operators who are not required to report to the ICC, and thus for whom data are not available.
Some observations are omitted because of incomplete or erroneous data which could neither be
supplied from other sources nor imputed without risk of seriously biased results.

5> The complete methodology for this data generation is highly complex. Detailed information on all
procedures employed is available from the authors upon request.

6 Detail of the various adjustment procedures employed to adjust for double-counting is available
from the authors upon request.
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BisInLInS + B, yInLInH + B;yDInLInN +

BsyInSInH + BoyDInSInN + ByyDInHInN + u, )
where:
i,j represents labour, fuel, capital and materials,
Bij = ﬁji’

D is a' dummy variable equal to 1 for all van lines and O otherwise,” and

u represents the disturbance term.

s;= 0; + BiglnQ + BiyInH + By InL + BiInS + ByDInN + 3 B;lnw;+v;  (3)

J

where:

s;= the ratio of expenditures on the ith input to total costs, and

v;is the disturbance term for the ith share equation.
Since all four share equations are dependent, their disturbances sum to zero, making
the matrix of their covariances singular. Accordingly, the cost share for materials is
dropped from the system estimation (Barten, 1969).

The translog represents an approximation of firms' costs evaluated at the point of
means. For convenience, all right-hand side variables are normalised by their
respective overall sample means before logs are taken. The variable means for the
overall sample, as well as for each of the carrier groups, are givenin Table 1. Zellner's
(1962) iterative seemingly unrelated regression technique is used to estimate the
system. Given the variable normalisation, the first-order parameter estimates are
interpreted as cost elasticities. These are given in Table 2 along with their associated
standard errors. Table 3 shows the second-order parameter estimates and their
standard errors.

All estimated first-order coefficients have the expected algebraic sign, and all
except the average haul coefficient are significant at the 99 per cent level. The
magnitudes of the first-order factor price terms indicate that the predicted cost shares
for labour, capital, fuel and materials for the representative firm are 0.2976, 0.5201,
0.0215, and 0.1608, respectively. In addition to positive input cost shares, the cost

7 The dummy variable correctly constrains the node network effect to zero for all non-van lines. It

is implicitly assumed, however, that the production technology is the same across all carriers.
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TABLE 1

Mean Values for Cost Variables by Institutional Classification

Variable Overall Sample Van Lines Agents Independents

C 6,088,709.4942 6,633,278.0825 4,390,532.5229 4,335,515.8950
o 12,790,939.1209 14,060,014.9740 8,115,700.4572 11,416,814.0533
H 1,086.0962 1,228.9922 519.6837 1,082.4372
L 5.0584 5.2022 4.5172 4.9461
S 86.1194 83.7833 92.7853 95.9778
N 12.8624 16.6407 1.0000 1.0000
D 0.7584 1.0000 0.0000 0.0000
w; 21,685.2290 22,050.6017 20,420.5444 20,982.3361
wy 0.4109 0.3909 0.4378 0.6100
wyr 1.3018 1.2985 1.3108 1.3174
Wy, 110.1649 110.3533 110.0794 107.6611
s; 0.3024 0.2796 0.4004 0.2733
Sk 0.5082 0.5335 0.4017 0.5303
s¢ 0.0218 0.0196 0.0290 0.0272
K 0.1676 0.1673 0.1689 0.1692

function is found to be concave in input prices when evaluated at the overall sample
mean.

The coefficient on average load is estimated to be —0.3442. As expected, the
negative sign suggests that per-unit costs of specialised carriers decline with heavier
shipment load, other things being equal. Similarly, the coefficient on shipment type
also has the expected negative sign, and is estimated at —1.6736. Collectively, these
highly significant estimates support the contention that the attributes of the service
provided, which help to define a firm's target market, are important determinants of
carrier costs.

Of particular interest is the interpretation of the first-order coefficients associated
with the size variables. The cost elasticity with respect to output captures the effect
of producing more ton-miles within the existing spatial market. For the representative
carrier, this elasticity has an estimated value of 0.8337 and is statistically less than
unity. This suggests that the average carrier is operating in the region of economies
of density.

Economies (diseconomies) with respect to network size can be determined by
examining the first-order cost coefficients associated with H and N. In this case, 0
isnot significant, suggesting that the network link is not an important cost determinant
for the representative firm in the full sample. Researchers assert that average haul
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TABLE 2

Translog Cost Function First-Order Parameter Estimates

Coefficient Asymptotic Standard Error
o 15.7303 0.0364*
0y 0.8337 0.0531*
oy . -0.0910 0.0726
oy -0.3442 0.0679*
O -1.6736 0.2067*
oy 0.2131 0.0769*
O + Oy + Oy 0.9558 0.0833*
oy 0.2976 0.0072*
o ' 0.5201 0.0096*
oy 0.0215 0.0012*

* significant at the 99% confidence level.

captures more than one aspect of carrier operations. Referencing the work of
Daughety et al. (1985), McMullen and Stanley (1988) suggest that this variable
probably captures two effects, a terminal expense phenomenon and a network effect.
Thus, the insignificance of o; may reflect the absence of major terminal costs, a
likely possibility for a full truckload (TL) industry such as this one. It may also be due
to the presence of the other network variable in the model, which, it turns out, is
- highly significant for the average firm. Specifically, the network node elasticity, oy,
is estimated to be 0.2131 and is significant at the 99 per cent level. This magnitude
implies that a 10 per cent increase in the number of contracted Class Il agents would
increase operating costs by proportionately far less, approximately 2.1 per cent for
the given output level.

Whether or not the representative carrier exploits economies with respect to
simultaneous proportionate changes in all size dimensions is determined by analysing
the sum of the output and network cost elasticities — that is, economies of scale.
Operationally, this measure captures the effect of expanding production to a market
not previously serviced by the firm. For this industry, this sum is equal t0 0.9558 with
an asymptotic standard error of 0.0833. Clearly, the representative firm has exploited
all available scale economies by expanding output through the simultaneous growth
of its network.

Note that the preceding analysis of parameter estimates for the representative firm
involves an averaging across the three carrier types. Consequently, the results do not
reveal the cost differentials across these carrier classifications. Furthermore, the
generalised concept of firm size may be more closely associated with the spatial

27



January 1992

TABLE 3

JOURNAL OF TRANSPORT ECONOMICS AND POLICY

Translog Cost Function Second-Order Parameter Estimates

Coefficient Asymptotic Standard Error
Boo 0.1278 0.0547¢
Bun -0.0064 0.0408
B 0.0592 0.1541
Bss -6.2089 0.8563*
Ban 0.3243 0.1811
By 0.0310 0.0084*
Bk -0.0232 0.0122
By 0.0116 0.0040*
Bow 0.1446 0.0346*
BoL -0.0352 0.0637
Bos 0.9526 0.2645*
Bow -0.2560 0.0931*
By -0.1844 0.0688*
Bsy -0.4321 0.3015
Ban -0.0417 0.1131
Bis -0.3588 0.2414
Biv -0.0640 0.1233
Bsn —1.3343 0.3361*
Bio -0.0239 0.0080*
Bro 0.0380 0.0107*
Bo —-0.0007 0.0013
B -0.0379 0.0076*
Berr 0.0427 0.0101*
Bas —-0.0039 0.0012%
B 0.0285 0.0118+
Be -0.0397 0.0158%
B 0.0027 0.0019
Bis 0.0178 0.0256
Bis 0.0389 0.0341
Brs -0.0287 0.0042*
By 0.0477 0.0112%
By -0.0671 0.0148*
B 0.0028 0.0019
Bu 0.0186 0.00897
By -0.0219 0.0023*
By 0.0057 0.0017*
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TABLE 4

Comparison of Cost Elasticities Evaluated for the Representative
Van Line, Agent and Independent Carrier*

Institutional Classification Cost Elasticities with respect to
(0] N L H S
Van line 0.7682 0.3063 -0.3728 -0.0849 -1.8215
(0.0571) 0.0717) (0.0662) (0.0893) (0.2079)
Agent 0.7478 — -0.2299 -0.1584 -2.2096
(0.0416) — (0.0701) (0.0418) (0.3122)
Independent 0.9388 — -0.3966 -0.1320 -2.4302
(0.0488) — (0.0628) (0.0620) (0.2790)

* Asymptotic standard errors in parentheses.

network than with the ton-mileage produced over that network. If so, a van line's per
unit cost may be materially different from that faced by an agent or independent
carrier. This hypothesis suggests that the findings of economies of density and
constant returns to scale for the average firm may nothold true at amore disaggregated
level. To test this hypothesis, cost elasticities are evaluated at the respective means
for each of the three carrier groups. These elasticities and their associated standard
errors are given in Table 4. ‘

Consider first the magnitudes relating to operating characteristics and shipment
commodity type. Estimates of the cost elasticity with respect to average load are
—0.2299 for agents, —0.3728 for van lines, and —0.3966 for independents, all of which
are significant at the 99 per cent confidence level. These estimates suggest that
independents are best able to exploit potential unit cost savings associated with
average load, other things being equal. The institutionally-specific estimates of
shipment type elasticity are also significant at the 99 per cent confidence level; they
are equal to—1.8215 for van lines, —2.2096 for agents, and —2.4302 for independents.
These results imply that non-van lines can achieve a relatively larger per-unit cost
reduction through targeting their services to a particular market segment, and that the
independents have the greatest potential for cost economies.

The elasticities with respect to haul for van lines, agents and independents are
—0.0849, —0.1584 and —0.1320 respectively. It is interesting that these values are
significant only for the representative independent and agent; this implies that only
the non-van lines can realise lower costs through increases in average haul. This
finding provides strong support to the hypothesis that anetwork effect exists for these
carriers. Specifically, the non-van lines can realise a per unit cost reduction by
lengthening the network link emanating from their point of operation, other things
being equal.
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Overall, these carrier group estimates provide important evidence about the
ability of agents and independents to compete effectively with the van lines. Clearly,
there are greater potential cost savings associated with each of the operating
characteristics and shipment types for non-van lines than for their larger counterparts.
The combined effect of these variables is measured by the cost elasticity of a
proportional simultaneous change in all these variables. Evaluated at the mean for
van lines, agents and independents, the resulting values are —2.2792, —2.5979 and
—2.9588, respectively; this validates the greater potential for unit cost savings for
non-van lines, with independents best able to capture these types of economies.

Next, we examine the van line-specific network effect associated with increasing
the size of the agency system. Recall that this translates to the cost effect of changing
the number of network nodes, if output level, network link, and all other factors are
held constant. The relevant elasticity evaluated at the mean for van lines is estimated
to be 0.3063 and is significant at the 99 per cent level. Since this magnitude is
statistically less than unity, we reject the hypothesis that van lines have fully
exploited cost economies with respect to the number of nodes in their system, other
things being equal.® Note that, since the network node elasticity is van line-specific
and the network link elasticity is significant only for non-van lines, there is evidence
that the expansion of spatial market size in this industry is sensitive to the carrier's
internal structure.

Finally, the extent of economies (diseconomies) of density and of scale are
determined at a disaggregated level. The cost elasticity estimates with respect to
output for the three carrier groups indicate that each operates with some degree of
economies of density. The magnitudes for the representative van line, agent and
independent are 0.7682, 0.7478 and 0.9388, respectively, and again all are highly
significant. Note that these estimates imply that a proportional change in output has
a different and distinct impact on each group's costs, indicating that each operates at
a different point on the relevant long-run average cost curve.

Estimates of scale economies for each carrier group are obtained by summing the
respective output and network elasticities. For van lines this sum, which includes
both network components, equals 0.9896.° This result gives important evidence that
van lines strategically monitor their size along both dimensions to achieve lower per-
unit costs and, as a result, operate in the region of constant or slightly increasing
returns to scale. Consider this estimate vis @ vis the comparable magnitude for agents,
0.5894, and for independents, 0.8068. Note that these latter estimates incorporate the
output elasticity and the network link elasticity absent any effect associated with
increasing the number of network nodes. Both values suggest the presence of scale

economies, implying that non-van lines have not fully exploited available cost
savings associated with size increases. Conversely, the van lines' well-developed

8 Morash (1981) examines the relationship between the institutional market structure of this industry

and various measures of profitability. In general, his findings support the existence of a profit advantage
for carriers operating within a van line structure. Note that the results of the present research suggest
that this profit advantage is likely to be a direct consequence of the cost economies associated with
network nodes.

9  Note that the magnitude of this estimate relative to unity cannot be statistically determined, given
that the covariances among the output and network elasticities are unknown.
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agency systems have afforded them the opportunity to reduce per-unit operating
costs more effectively.

In addition to this investigation of potential unit cost savings, we also conduct a
comparative analysis of total cost levels incurred within each institutional classifi-
cation. This is achieved by first determining the percentage difference in predicted
total cost between the van lines and each of the other carrier groups evaluated at each
mean. Not surprisingly, van lines incur higher predicted total costs than agents and
independents. The magnitudes of these institutional differences are 51.67 and 27.34
per cent respectively.

Then, following Caves et al. (1984), the Torngvist (1936) index is used to
decompose these fitted cost differentials into the proportions attributable to output
level, network size, operating characteristics, product mix, and factor prices. For
example, the proportion of the total cost differential associated with some charac-
teristic X between two groups of firms, groups 1 and 2, is equal to:

1/2[(@InC / dInX), + (dInC / dInX),] (InX; — InX). @)

Table 5 gives the results of this decomposition exercise applied to each of the
fitted cost differentials. Comparison across both sets of results reveals that Q, that is,
density of service, explains 41.67 per cent of the total cost difference between van
lines and agents, whereas only 17.78 per cent of the differential between van lines
and independents is explained by density. This is a reasonable outcome, given the
relative production levels across the three carrier groups. A particularly important
result is found in the contribution to costs associated with shipment type, S. This
variable accounts for 20.57 per cent of the higher van line costs relative to agents and
28.89 per cent of the cost differential relative to independents. This further supports
the contention that shipment composition is a strategic decision variable. Note that
the mean value of shipment type for van lines is 83.78, while it is 92.79 and 95.98
for agents and independents, respectively. Clearly in order to remain viable in the
marketplace these latter groups rely, at least in part, on a product mix that is less
expensive to ship.

Conversely, there are cost savings to van lines associated with having achieved
relatively higher levels of the two operating characteristics. For example, average
haul, the network link, accounts for —10.47 per cent of the cost difference between
van lines and agents, but only —1.38 per cent of the difference between van lines and
independents. This result does not contradict the interpretation of the relative cost
elasticities with respect to average haul. What it does signify is that, while there is
the potential for greater per-unit cost reduction to agents and independents relative
to van lines for the same percentage change in average haul, the actual level of this
variable is so much higher for van lines as to give the existing per-unit cost advantage
to them.

With regard to predicted cost differences attributable to factor price differentials,
it appears that on average van lines pay more for labour and materials than either
agents or independents. Yet van lines seem to have a significant cost advantage with
respect to capital services. Cost differences associated with fuel prices are negligible
across classifications.

Finally, the number of network nodes accounts for 7.31 per cent of the higher van
line costs relative to agents and 4.86 per cent relative to independents. Note that since
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TABLE 5

Torngvist Decomposition of Institutional Cost Differentials

Variable Van Line to Agent Van Line to Independent
Cost Differential Cost Differential
[51.67%]* [27.34%]*
% %
Q 41.67 17.78
H -10.47 -1.38
L -4.26 -1.94
S 20.57 28.89
N 7.31 4.86
l 2.44 1.52
f -0.02 -0.03
k -5.60 -22.74
m 0.04 0.40

* Sum of percentages shown may not equal total cost differential because of rounding.

the number of nodes is positively related to total costs, and since this cost component
is incurred only by van lines, the multi-node agency system should generate a
comparative cost disadvantage to van lines when evaluated on the basis of total cost
levels. However, the corresponding estimate of cost elasticity confirms that the use
of an agency system nonetheless gives van lines the opportunity to exploit network
node economies and lower their per-unit costs, other things being equal.

6. CONCLUSIONS

The empirical findings associated with this research provide new and important
evidence about the post-1980 cost structure of the household goods motor carrier
industry. The results dealing with the representative carrier generalise the findings
of existing research in other segments of the motor carrier industry. In particular, this
study has validated the significance of operating characteristics and shipment type
to production costs. Moreover, the fact that the average carrier operates in the region
of constant returns to scale four years after its deregulation suggests that firms are
able to exploit scale economies fully in the absence of regulatory constraints.
More significant to this research are the results dealing with the sensitivity of
carrier costs to shipment composition and size dimensions. The presence of van line-
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specific cost economies associated with an agency system strongly suggests that the
activities of agents and independents must vary operationally if these carriers are to
remain competitive. Indeed, the results show that both agents and independents have
a significant advantage over the van lines in terms of potential unit cost savings tied
to shipment composition, that is, product mix, and average length of haul, the
network link. .

The significance of these particular findings is twofold. First, the presence ofa
network effect in this industry helps to generalise the theory that spatial market size
is important to operating costs, atleast in transport industries. Secondly, the potential
for some type of cost savings available to firms without agency systems gives
credence to the effectiveness of deregulation in this industry. Clearly, firms of
varying size, measured by output level as well as by span of operations, can function
effectively and efficiently. Indeed, smaller firms can remain competitive by stra-
tegically targeting market niches that are cost-efficient and by expanding their
market size through the network link. Their doing so not only achieves a more
competitive environment, but also ensures that a more diverse range of services is
offered as firms move toward the cost-minimising levels of each decision variable.

Date of receipt of final typescript: January 1991
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