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INTERMODALISM AND INTEGRATED
TRANSPORT COMPANIES IN THE
UNITED STATES AND CANADA

By Alan F. Friedlaender and Ian Harrington*

I. INTRODUCTION AND OVERVIEW

Any freight shipment involves three distinct operations: pick-up and delivery,
terminal, and line haul. Railroads can perform the linehaul operation relatively
cheaply and efliciently, but they are not particularly well suited to the pick-up and
delivery and terminal aspects. Sidings are expensive and require large volumes of
shipment, and, in spite of recent developments in switching and hump yards, the
consolidation and breaking of trains is expensive and time-consuming. In contrast,
trucks are well suited to the pick-up and delivery and terminal aspects of the freight
movement, but are relatively expensive for the linehaul portion.!

These cost differentials between rail and truck suggest that big economies should
result from efforts to coordinate movements between the two modes, so that trucks
provide the pick-up and delivery and terminal services and railroads provide the
linehaul service. Indeed, it was precisely these considerations that led to the develop-
ment of piggybacking and similar intermodal movements in the early 1950s.

In spite ofits early promise and growth, however, piggybacking has not flourished
as much as expected in the United States; its inability to capture a larger portion of
the intercity freight market for high-value manufactured goods is puzzling. One
explanation may be that the additional handling and loading costs associated with
piggybacking as opposed to ordinary truck or rail operations may be so great that
piggybacking operations are not, in fact, as efficient as its early proponents believed.?

Another explanation may be that ICC regulations inhibit the use of intermodal

*Center for 'Transportation Studies, Massachusetts Institute of Technology. Work on this paper was
supported by the National Science Foundation, Office of Technology Assessment, Grant #PRA76-
17394.

"However, Wyckoff (1975) has estimated that in some cases trucks can even be competitive with
railroads on linehaul.

2In this paper we use “piggybacking” and “intermodal traffic’ as generic terms for rail-truck
movements using either Trailer-on-Flatcar (TOFC) or Container-on-Flatcar (COFC) equipment
and facilities. In TOFC the entire truck trailer (including wheels) is loaded on to a railroad flatcar;
in COFC only the container is loaded on to the flatcar. For a discussion of the differences between
TOFC and COFC see Samuelson and Roberts (1977).

3For a discussion of the potential economies of piggybacking, see Friedlaender (1969), pp. 36-43,
and Reebie Associates (1976). For an argument that piggybacking is more expensive than generally
believed, see Samuelson and Roberts (1977).

247



September 1979 JOURNAL OF TRANSPORT ECONOMIGS AND POLICY

operation in the United States.* Indeed, railroads are not allowed by law to acquire
trucking firms or to perform any but the most limited trucking operations.’ Since
piggybacking requires substantial intermodal cooperation, it is entirely likely that
the present division of ownership, together with the long-standing rivalry between
rail and truck operations, precludes the full exploitation of intermodal service in the
United States. Thus, it seems reasonable to ask whether intermodal ownership
would encourage the use of intermodal freight operations.

Because Canada permits transport companies, Canadian experience in inter-
modal operations should provide some insights into the impact of intermodal
ownership upon the use of piggybacking. If, in fact, the existing division of owner-
ship discourages the use of piggybacking in the United States, there should be
relatively more intermodal traffic in Canada. If, however, the basic cost of piggy-
backing limits its attractiveness, there should not be a substantial difference in the
use of piggybacking in the two countries.

Of course, it is extremely difficult to identify the determinants of technological
change and innovation. One cannot simply compare the rates of innovation in two
industries or two countries and infer that since A experienced more innovation it is
in some sense more progressive than B. Opportunities for innovation may differ,
and so may the structure of the industries and so forth. Thus, simple comparisons
of rates of innovation or the adoption of innovation may be extremely misleading
if all other things are not equal.

This problem is particularly acute in comparing piggybacking in Canada and the
United States. In addition to the regulatory restriction on multi-modal ownership,
the use of piggybacking in the United States is inhibited by several other factors.
First, rail and trucking firms in the United States are subject to regulatory restric-
tions upon rates. Thus, rates often do not fully reflect the cost differentials between
different types of services. Moreover, rail and trucking firms are generally forbidden
to charge different rates for the front haul and the back haul; this discourages full
use of equipment. Second, most teamsters’ agreements prevent truckers from using
piggybacking (Plan I) unless the equipment and drivers are not available for the
over-the-road truck haulage. Third, the virtual completion of the Interstate High-
way System has enabled trucks to take larger shipments and to maintain higher
average speeds, thus making over-the-road haulage more competitive than formerly.
Fourth, a continued dispersal of economic activity has made consolidation of
piggybacking trains more expensive than expected, because of the increased pick-up
and delivery costs associated with a dispersed number of shippers. Fifth, the growth
of owner-operators, who use equipment intensively and have low factor costs, has
made over-the-road trucking rates lower than expected.®

Canadian transport is quite different with respect to most of these factors. First,
ever since the Canadian regulatory reform of the late 1960s, Canadian transport
has experienced virtual rate freedom.” Thus, Canadian railroads have much more

4 For a recent discussion of this point see General Accounting Office (1978).

3Strictly speaking, railroads have rights to own trucking firms and perform trucking operations
under grandfather clauses.

5See Wyckoff (1975) for an analysis of the costs associated with owner-operator trucking.

"This is not true for certain agricultural commodities, which are subsidised or have rates set by
Parliament. Canadian trucking firms are also regulated by the individual Provinces.
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freedom than their U.S. counterparts to set rates that discriminate between the
front haul and the back haul, and rates that discriminate between shippers. Second,
Canadian trucking firms are subject to less severe teamster restrictions on Plan I
piggybacking. Third, Canadian manufacturing and industrial activity is geo-
graphically much more concentrated than in the United States. Fourth, the
Canadian highway network is less developed than the U.S. system, so that Canadian
over-the-road truck haulage is less competitive with rail.® Finally, the Canadian
National and Canadian Pacific railroads are transcontinental systems, and thus
are not subject to the costly and time-consuming interlining experienced by most
U.S. railroads.

All these factors indicate that we should expect to see more piggybacking opera-
tions in Canada than in the United States. Although it is admittedly difficult to
determine whether regulatory restrictions upon intermodal ownership and rates
have a significant impact on intermodal usage, we believe that, with a judicious
use of economic and empirical analysisy it may be possible to disentangle from other
factors the effects of regulation on the use of intermodal operations in the United
States. This paper represents a first effort to quantify these effects.

The paper takes the following form: Part II presents an economic analysis of the
impact of vertical and horizontal integration upon the use of piggybacking, and
Part II1 relates it to the empirical evidence concerning intermodal use in the United
States and Canada; Part IV then considers the more general determinants of the
use of piggybacking and presents an econometric analysis of the determinants of
the use of piggybacking in the United States. Part V presents a brief summary and
conclusions.

II. JOINT OWNERSHIP AND INTERMODAL FREIGHT

A multi-modal transport company can be viewed as a form of vertical or horizon-
tal integration in which firms in two competing modes, each independently maxi-
mising its profits, merge to maximise joint profits. Thus, if we compare the structure
of rates and outputs in the case in which no joint ownership exists with the case in
which joint ownership exists, we should be able to obtain some idea of how joint
ownership would affect the levels and rates of different types of services.

Piggybacking is not a homogeneous service, but represents a number of different
services that vary in the scope of pick-up and delivery operations, ownership of
equipment, and the nature of intermodal cooperation. Under Plan I piggybacking,
the trucking firm purchases the piggybacking service from the railroad. The shipper
negotiates with the trucking firm, and the shipment moves under the tracking rate.
Thus, in this plan, the trucking firm treats piggybacking as a factor of production,
the use of which depends upon its costs relative to those of the factors of production
required to make over-the-road haulage. In this case, therefore, intermodal owner-
ship would represent a form of vertical integration.

In contrast, under the remaining piggybacking plans II-V, the shipper deals

8However, Professor David Maister claims that owner-operators are used more in Canada, mainly
because of the higher proportion of truckload traffic.
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independently with the railroad and with the trucking firm for their relevant por-
tions of the journey. For example, under Plan II}, which currently is the most
popular piggybacking plan, the railroad provides the linehaul service for the trailer
under a freight-all-kinds (FAK) rate, and the shipper must either provide the
pick-up and delivery service itself or obtain it from a trucking firm.? Thus, in this
case, intermodal ownership would represent a form of horizontal integration.

Because the implications of intermodal ownership are different with respect to
Plan I piggybacking and the remaining piggybacking plans, it is useful to analyse
these two cases separately and consider whether increased use of piggybacking
could be expected to result from vertical integration (Plan I) or from horizontal
integration (Plans II-V).

A. Vertical Integration and Intermodal Freight

Because small trucking firms are much more numerous than the railroads offering
Plan I service, it seems reasonable to assume that the trucking firms are price takers
in the product and input market and that the railroads set their rate for piggy-
backing service to maximise their profits.

To simplify the analysis, we begin by considering the case in which there is a
single railroad selling piggybacking services to a single trucking firm. While un-
realistic, this example permits us to focus the discussion, which will be made some-
what more realistic later.

Since trucking firms can either purchase piggybacking services for the linehaul
journey or use their own trucks with their associated capital, fuel, labour and mater-
ials, it seems reasonable to assume that the production functions of firms are separable
between piggybacking (B) and a composite factor (X), which is comprised of the
labour, capital, fuel, and materials needed for own-truck haulage. Thus, the
production function of the trucking firm is given by

T = T(B, X) ()

where T = trucking output
B = piggybacking services purchased by the trucking firm
X = a composite factor required for own road haulage.
The trucking firm’s profits are then given by

M; = Py T(B, X) — PgB — PyX (2)

where Py, Py, and Py represent the prices respectively of trucking output, piggy-
backing services, and the composite factor. Since the trucking firm is assumed to
be a price taker with respect to outputs and inputs, maximisation of the profit
function with respect to piggybacking service yields the following demand function
for piggybacking services:

°Plans III and IV differ from Plan II% in that the shipper must additionally provide the trailer
under Plan IIT and the trailer and the flatcar under Plan IV. Plan II represents a full rail shipment
in which the railroad provides the pick-up and delivery service in addition to the linehaul service
and the shipment moves at the commodity rate. Since, however, the railroad’s pick-up and delivery
operations are restricted to its terminal area, the scope of this plan is severely curtailed in the United
States. Finally, Plan V represents a true joint rail-truck shipment in which the trucking firm picks
up and delivers outside the rail terminal area and the railroad performs the linehaul movement.
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oT

PB=PT@. (3)

Forsimplicity, let us assume that the railroad only produces piggybacking services.
While highly unrealistic, this assumption permits us to focus on the trucking firm’s
use of Plan I.

The railroad’s costs depend on its output, the piggybacking service (B), and
its input prices. We denote the input prices by W (which can either be interpreted
as a vector of relevant factor prices or as a scalar representing the cost of a composite
input). Thus, the railroad cost function is given by

Cr = Cr(B, W). (4)
Railroad profits equal piggybacking revenues less costs:
II; = PgB — Cx(B, W). (5)

Since Py is determined by Eq. (3), we substitute this expression into the railroad’s
profit function and maximise rail profits with respect to its output of piggybacking
services. We obtain the following expression:

0T 0T 9G4

— + =
Pr 0B 3682 OB (6)

By substituting the appropriate expressions for the marginal products of trucking
with respect to piggybacking (07 /0B and 6*T/0B*) and the marginal costs of
rail service (0Cg/0B) we can solve for the optimal amount of piggybacking service
produced by the railroad.

Suppose the railroad undertakes forward vertical integration and buys the
trucking firm. The joint profit function is now given by the following expression:

I, = P, T(B, X) — PyX — Cg(B, W). (7)

Maximisation of this expression with respect to piggybacking output yields the
following:

0T  3C, .
"8 0B ©

If railroad marginal costs are constant, comparison of Equations (6) and (8)
indicates that joint profit maximisation will always result in more use of piggy-
backing services than separate ownership. This follows because 0> T/0B? is negative
and Pp and 0CR/0B are constant. Thus to satisfy Equation (6) 07/0B must be
higher than it need be to satisfy Equation (8), and less piggybacking will be employed
under independent ownership than under joint ownership.

If rail marginal costs are not constant, then (0 7/0B); > (0T/0B); and B; > B;

(&), - ()] g

B<62T> . 1 [
oB*), " P,
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where the subscripts / and ¥ refer to independent and joint ownership respectively.
The inequality in Equation (9) will generally be satisfied unless rail marginal costs
fall very sharply (which is unlikely and inconsistent with profit maximisation) or
costs are rising so slowly that there is no benefit to joint ownership (which is agam
unlikely). Thus, we would generally expect to see trucking firms use more piggy-
backing (Plan I) under joint ownership than under independent ownership.

Of course this example is highly unrealistic, since it assumes that we can describe
the world by one railroad and one trucking firm. In reality, however, there are a
multitude of trucking firms, and, even if transport companies were permitted, it
is extremely unlikely that railroads would own all of them.!® Therefore, even if
the railroad owned some trucking firms, it would still have to consider the price
it would charge for piggybacking services to the other firms.

Let us assume that all trucking firms have the same technology and face the same
input and output prices. Thus, by following the same argument we made above
in the case of independent ownership, it is straightforward to show that the rail-
road will sell piggybacking services to each trucking firm according to the following

Condition:
(a ’1 i 62 Tl) aCR 2 10)
T (3Bl : aBlz 6B a : (

where ¢ ranges over all trucking firms. This expression is precisely equivalent to
Equation (6), which we obtained in the case of the railroad and the trucking firm.

Suppose the railroad purchases the first trucking firm and jointly maximises its
profits with respect to piggybacking output and the output of the first trucking
firm. Then its profit function is given by:

I, = PrT,(By, X,) — PyX + ), PyB, — Cg(B, W) (11)

i=2

where B = Y"_; B,. Its profit maximising output of piggybacking is now given by:

0T, _ 3Gy (122)
TéB, 0B
pp 2Ty g OT _ % (12b)
TeB,  "'oB2 0B

where: = 2,...,n

Equation (12a) is equivalent to the joint ownership case above, while Equation
(12b) is equivalent to the independent ownership case above. This indicates that,
with respect to its own trucking firm, the railroad will follow Equation (12a),
while with respect to the other firms the railroad will follow Equation (12b). Thus
the trucking firm owned by the railroad will have more piggybacking services
than those not owned by railroads. Moreover, the railroad will set its piggybacking
rate on the basis of Equation (12b). The trucking firm will have to pay this rate to

1%For example, in Canada there are two major railroads, the Canadian Pacific (CP) and the Canadian
National (CN), which respectively own 12 and 13 trucking firms. These trucking firms in turn respec-
tively accounted for 6.3 percent and 3.6 percent of the for-hire intercity trucking revenue in 1974.
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the railroad, but only as an internal accounting procedure, and its managers
should be told to allocate piggybacking usage on the basis of Equation (12a),
which treats the price of piggybacking as the railroad’s marginal cost of piggy-
backing service. Thus, under joint ownership, trucking firms owned by railroads
should use more Plan I than trucking firms that are independently owned.

B. Horizontal Integration and Intermodal Usage

As indicated above, in the bulk of piggybacking plans the railroad sells piggy-
backing services directly to the shippers. In this case, intermodal ownership repre-
sents a form of horizontal integration under which the railroad takes the inter-
dependencies of demand into account.

To analyse this case, we assume that there are four modes:

Rail (X)), Piggybacking (X,), For-hire-Truck (X3), and Private Truck (X,).

The demand for each mode is assumed to be influenced by the price of all other
modes, while the costs of each mode are assumed to be independent of the output
of the other modes.!! Since it is analytically more convenient to treat output as the
firm’s control variable, we can write the demand, cost, and revenue function of
each mode as:

P, = P,(X;, X,, X5, Xy) demand (13a)
R, = P, X, revenue (13b)
C;, = C,(X)) cost. (13c)

In the absence of transport companies, we assume that railroads jointly maximise
profits with respect to rail and piggybacking services, (X;) and X,); that for-hire
trucking maximises profits with respect to trucking output (X3); and that private
trucking (X,) is competitively organised and priced at marginal cost.!? In this
case, the equilibrium outputs of each mode can be determined by the following
system of equations:

P, + X,0P,/0X, + X,0P,/dX, =y
P, + X,0P,/0X, + X,0P,/0X, = ¢} 14)
P, + X,0P5/0X, = C}
P, = C,

where C| represents the marginal cost of mode ¢ with respect to its output, and is
assumed to be constant.

If the railroads own the trucking firms, profit maximisation requires that the
transport firm take the interactions of trucking output, rail demand, and piggy-

'1Since railroads produce piggybacking and ordinary rail services, this assumption is equivalent
to the assumption that rail production is non-joint. For a discussion of the implications of this, see
Hall (1973). Although this assumption is highly unrealistic, we maintain it for analytical simplicity.

!2Since private carriers are owned by manufacturing or retailing firms and are restricted to carrying
commodities for their parent firms, it scems reasonable to assume that the parent firms price their
services at marginal cost. Itisin this sense that we treat private carriers as being competitively organised.
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backing demand into account. Thus the equilibrium outputs of each mode will
now be determined by the following relationships:*?

Pl + Xlapl/aXl + Xzapz/aXl + X36P3/6X1 = Cll

P2 + XlaPI/aXZ + XZaPz/aXZ + X36P3/6X2 = Cz’

P3 + X16P1/6X3 + Xzapz/aXs + X36P3/6X3 = C3’

P4 = C4’0

In the absence of specifying specific demand functions, very little can be inferred
from a comparison of Equations (14) and (15). If we assume that the actual demand
function can be approximated by linear demand functions, we can reach several

conclusions concerning the relative utilisation of the two modes in each case. Thus,
let us assume that the demand function for each mode can be given by the following :

4
Pi=ag + Y a,X, i=1,...,4 (16)

=1

(15)

By making the necessary differentiations and substitutions, we obtain the following
systems of equations in the case of independent ownership (Equation (17)) and
transport companies (Equation (18)):

2aq, a1y tazy a1z aa || X Aoy
ayy t+ay 2a3, a3 agq || X, - Ao, (17)
asq a3z 2a33 az4 || X3 Aos
Q41 a4z a43  Ggq || Xa Aoa
2a44 ayy tay a3 taz a|| X Aoy
ayy T ay 2a;, a3 tas; au||dX; Ao,
= (18)
a1z taz; az3 taz, 2a33 azs || A3 Aos
41 42 Q43 asa | [ X4 Aoa

where X; represents output of mode ¢ under independent ownership, X, represents
output of mode ¢ under transport companies, and 4y, = C; — ay;.

Since we are interested in examining whether intermodal ownership increases
or reduces the use of each mode, it is useful to consider whether X; — X/ is positive
(indicating less use with transport companies) or negative (indicating more use
with transport companies). In matrix notation, this can be written as

X— X = (Bf'— B;Y)4 (19)

13As in the analysis of vertical integration, it is obviously unrealistic to assume that the railroads
purchase all trucking firms. Thus we should really expand the analysis to include 5 modes, in which
we differentiate between for-hire trucking owned by railroads and for-hire trucking independently
owned. As in the case of vertical integration, this additional realism would add considerable complexity
to the analysis, without changing the basic results.
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where X and X’ respectively represent the vector of modal outputs before and
after the introduction of transport companies, B; and B, respectively represent the
matrix of demand derivatives before and after the introduction of transport com-
panies, and A4 represents the vector of C; — ay;.

Elementary algebra indicates that this expression can be written as

Bi{et Bikt :I

X—X’z[ (20)

det B, det B,
where B} and B#' represent the transpose of the matrix of cofactors associated
with the relevant B matrices and det B, and det B, represent the determinant value
of these matrices. With further manipulation, this can be written as

1
X—X = [X (det B, — det By) + (B} — B#'")A]. (21)
det BZ

Det B, is a scalar, as is (det B, — det B;). Hence their signs determine the sign
of the first term. Expansion of these determinants indicates that it is likely that'*

det B, < 0
det BZ - det Bl < 0.

Hence the first term in Equation (21) should be positive. (Bf* — B¥") is a matrix,
whose elements can be denoted by B. Hence,

deth - detB1> 1
X — X =X, + B*A,.
‘ : ( det B, det BZZ 0 (22)

J

Because a; represents the intercept of the demand function and C; represents the
constant marginal cost of modej, 4o; = €] — ao; < Oaslongaseach mode operates.
Hence 4y;(det B,) > 0. Hence if all B¥; > 0 for mode ¢, X; — X} > 0 and there
is less use of mode ¢ with the introduction of transport companies. If, however, all
B < 0, the sign of (X; — X]) is ambiguous.

Calculation of each of the terms of [B%] indicates that its elements can be signed
as follows.?

'4In calculating the sign of these and related expressions, we assume that the demand functions are
downward sloping with respect to their own price and that each mode is a substitute for the others.
Hence, a;; < 0 and q;; > 0 for all 4, j. In addition, we assume that markets are stable and hence that
ayia5; — agjay; > 0. Using these assumptions, it is straightforward (although somewhat tedious) to sign
the relevant determinants. These calculations will be made available to the interested reader upon
request.

3 These calculations will also be made available to the interested reader upon request.
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Thus we can only infer unambiguously that X3 — X3 > 0, and that there is less
use of independent trucking after the introduction of transport companies. While
it is likely that there is also a switch away from ordinary rail operations toward
piggybacking with the introduction of transport companies (see rows (1) and (2)
of [B}]), this conclusion rests on somewhat restrictive assumptions concerning the
relative magnitudes of the demand derivative coefficients and the relative sizes of
the Aoj coefficient.

III. EMPIRICAL EVIDENCE

A. Integrated Transport Companies and Plan I

Although integrated transport companies are not allowed by law to exist in the
United States, a number of trucking firms are wholly owned railroad subsidiaries.
These companies were railroad subsidiaries before the Motor Carrier Act of 1935,
and have continued operating under grandfather rights. In contrast, Canada has
always permitted common ownership of railroads and trucking firms, and the Cana-
dian National and Canadian Pacific own a total of 25 trucking firms to complement
their railways. Thus the comparison of the U.S. and Canadian experience should
be instructive and should yield some insights into the intermodal behaviour of
integrated transport companies.

1. The U.S. Experience. Trucking firms owned by U.S. railroads first concentrated
on local transport. During the 1920s several U.S. railroads formed trucking com-
panies to perform localised services, particularly of less-than-carload freight, which
could be handled more effectively on the highway than by boxcar service. After
the 1935 Motor Carrier Act extended regulation to highway carriers, rail-owned
trucking subsidiaries were required to receive ICC authorisation to expand their
rights, just as non-rail-owned carriers were required to do. At that time there was
extensive concern that the big rail companies would use their market power to
limit highway operations, which had the potential for competing for the higher-
value merchandise most profitable to the rail companies. Consequently, less than
20 railroad-owned trucking firms operated under grandfather rights.®

In recent years, what the U.S. rail-owned truckers do has varied considerably
between firms. Many concentrate on drayage to and from piggyback terminals,
while others solicit intercity freight on highway routes parallel or supplementary
to rail lines. Some move traffic under Plan I agreements with their parent railroad,
maintaining the full contact with customers on long intercity moves. In other cases,
they move Plan II traffic in accordance with tariffs issued by the railroad. These
captive truckers, all in all, rarely have the freedom to manage a complete trucking

16See Sloss, Humphrey and Krutter (1975) for a full discussion and A. T. Kearney (1975) for a
detailed account of two railroad-owned motor carriers, Penn Truck Lines and Reading Transportation
Company, subsidiaries of the former Penn Central and Reading Railroads.
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service as do other highway carriers, and are often run by managers transferred
from the parent railroad.

Table 1 shows that the use of rail and water service by the railroad-owned trucking
affiliates has grown steadily from 1966 to 1976, accounting for 19.2%, of their total
mileage and 229, of their total ton-mileage in 1976. In contrast, the trucking firms
that are independently owned use considerably less purchased rail and water
services: these accounted for 3.6%, of their total mileage and 2.79%, of their total
ton-miles in 1976.'7 Since most purchased rail or water transport is in the form of
Plan I Trailer-on-Flatcar (TOFC) or Container-on-Flatcar (COFC) shipments,
thisindicates that railroad ownership of trucking firms leads to more use of intermodal
operations. In addition, Table 1 indicates that the rail affiliates provide a dispropor-
tionate amount of the revenues from “local” operations.!® This suggests that the
local trucking firms owned by railroads are used extensively for pick-up and delivery
functions, either independently or in conjunction with the Plan II operations of the
parent railroad.!®

2. The Canadian Experience. The two main Canadian transport companies,
Canadian Pacific Ltd. and Canadian National, began acquiring trucking firms in
the 1940s and 1950s, much later than did many U.S. firms. However, their justifica-
tion was the same—to be able to shed certain local rail services as well as to achieve
better service coordination. Both companies credit their joint ownership of major
trucking firms and railways with making much more practical the inception of
piggybacking services in the 1950s. Intermodal coordination could be mandated
for the corporate offices. Today, Canadian Pacific Ltd. has nationwide and inter-
national trucking operations performed by its subsidiaries, Canadian Pacific
Transport Company Ltd. and Smith Transport Company Ltd., which also operates
in the United States. Similarly, Canadian National carries out 13 non-integrated
trucking operations under the aegis of Canadian National Transportation Ltd.
The CTC recently reported that the two companies’ firms perform about 149, of
Canadian for-hire trucking, amounting to about 109, of the revenues in 1974 (see
Table 1).

Although the Canadian rail affiliates clearly perform a more dominant role than
their U.S. counterparts, there are not enough data to determine whether these
affiliates use relatively more Plan I services than the Canadian independent trucking
firms. However, Table 2 clearly indicates that Canadian railroads provide con-
siderably more Plan I services than their U.S. counterparts, and hence that Plan I
plays a more important part in Canada than in the United States. Given the rela-
tively dominant position of the Canadian rail affiliates, we can infer from this that

7In analysing the use by trucking firms of purchased transport, it is important to distinguish between
two types: purchased trucking services, and purchased rail, water, and air services. Purchased trucking
services means the use of owner-operators, who contract out their services to regulated common
carriers; the second type generally implies the use of Plan I, since trucking firms use virtually no water
or air services. In this paper, the term “purchased transport” refers to the second type.

'8Trucking operations are usually presented in terms of “local” (pick-up and delivery) and “inter-
city’’ (linehaul) activities.

191t is also interesting to note that “local” rail affiliates provide virtually no intercity service.
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TaBLE 1

1966 1974 1975 1976
000 000 000 000

U.S. RAIL AFFILIATES

Miles

Total 140 133 112 132

Rail, water and air 10 15 15 25

Purchased as %, of total 7.4%, 11.59, 13.89%, 19.29;

Ton-miles

Total 1,070 1,291 1,105 1,329

Rail, water and air 121 191 193 292

Purchased as 9, of total 11.39, 14.89, 17.49, 22.0%,

Tons 8 7 5 6

Total revenue 173 320 290 351

Local revenue 55 119 94 108
U.S. GENERAL FREIGHT CARRIERS

Miles

Total 6,426 7,930 7,010 7,875

Rail, water and air 201 170 175 287

Purchased as 9, of total 3.1% 2.1% 2.5% 3.6%

Ton-miles

Total 76,837 104,326 88,522 100,842

Rail, water and air 2,459 2,073 2,247 2,706

Purchased as 9, of total 3.29, 2.09%, 2.59, 2.7%

Tons 243 275 230 255

Total revenue 6,347 12,947 12,319 14,386

Local revenue 506 654 859 926
U.S. RAIL AFFILIATE SHARE

OF TONS 3.49%, 2.6%, 2.2%, 2.39,
U.S. RAIL AFFILIATE SHARE

OF TOTAL REVENUE 2.7% 2.5%, 2.49%, 2.49,
U.S. RAIL AFFILIATE SHARE

OF LOCAL REVENUE 10.89, 18.29, 11.09, 11.79%,
CANADA RAIL AFFILIATES

REVENUE — 230 240 254
CANADA RAIL AFFILIATE SHARE

OF TOTAL REVENUE — 9.99, — —

Sources: The Financial Post Special Report, 24 September 1977. Trinc’s Blue Book of the Trucking Industry,
1967, 1975-77. Canadian Transport Commission: Report of Investigation and Decision, No. MV-27-32,
June 1976. Canadian National Railways: Annual Report, 1976. Canadian Pacific Ltd.: Annual Report,

1976.
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these firms are using substantial Plan I services. However, in view of the gaps in
the data, we must stress the tentative nature of these conclusions.2°

B. Integrated Transport Companies and Plans II-V

Although piggybacking Plans II-V differ in the services provided by the railroads
(e.g., pick-up and delivery, containers, cars, etc.), they are all similar in that the
railroad deals directly with the shipper. These plans offer direct competition to
trucks, and an integrated transport company would take into account the cross
elasticities of demand between rail, truck, and piggybacking in setting its profit
maximising rates and output, while an independent transport company would not.

Although rational joint profit maximisation by an integrated transport company
would use the various modes (rail, truck, and piggybacking) according to the
relative own and cross elasticities of demand, there has been general concern that
under joint ownership the railroads would use their market power to limit highway
operations. Nevertheless, our previous analysis indicates that integrated transport
companies should use more piggybacking than independent rail and trucking firms.
Thus, we would expect more use of multi-modal shipments in Canada than in the
United States.

To examine this question, we have developed a list of commodities that are
readily containerisable and determined the percentage of the shipments of those
commodities that actually go by TOFC or COFC in Canada and in the United
States.?! The analysis of the U.S. railroads proceeded in a relatively straightforward
manner, but the Canadian analysis was made somewhat difficult by the fact that
Canadian railroads do not report Plan II traffic specifically, but list it along with
the commodities carried. Hence, we were only able to make comparisons for 1974,
the year in which we were able to obtain data for all piggybacking shipments on
the CP and the CN.

Table 3 presents the available data on the use of TOFC and COFC by the U.S.
and the Canadian railroads. It indicates that there is somewhat more use of TOFC
and COFC operations in Canada than in the United States. In 1974, TOFC and
COFC represented 3.99, of all rail tons in the United States, and 4.49, of all rail
tons in Canada. However, since U.S. railroads also had a somewhat higher propor-
tion of containerisable traffic than Canadian railroads (19.29, as opposed to 16.3%,),
the percentage of containerisable traffic carried by TOFC and COFC in each coun-
try is probably the most relevant figure. In this case, TOFC and COFC accounted
for 20.19, of the containerisable traffic carried by the U.S. railroads, and 27.49,

20Tt is interesting to note that a profit centre structure has evolved in the Canadian National and
Canadian Pacific in which the highway, express, and railway intermodal groups function as indepen-
dent agencies whose profitability is individually determined. See Romoff (1970), Bandeen (1970) and
Howard (1977) for a good summary of the Canadian rail managements’ view on the intermodal
experience.

21 Although it is possible to place almost any commodity into a container of some sort, there are
some which are thought to be more conducive to transport in standard containers than others. These
would probably be the first commodities shipped via TOFC or COFC by a railroad with a developing
intermodal system. Included in the list of containerisable traffic are commodities in the following
SIC categories: 012, 013, 09, 19, 20, 21, 22, 23, 25, 26, 27, 30, 31, 35, 36, 37 (5 of group), 38, 39, 41,
44, 46.
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TABLE 3

Rail and Truck Total, Containerisable, and TOFC|COFC Traffic, U.S. and Canada, 1974

TOFC| TOFC|
TOFC/ Cont. as COFC as COFC as
Total  Containerisable COFC % Total % Total % Cont.

UNITED STATES

Rail

Carloads (000) 25,838.6 6,904.0 1,312.5 26.7 5.1 18.9
Tons (millions) 1,207.3 231.9 46.7 19.2 3.9 20.1
Ton-miles (billions) 827.7 184.2 32.3 22.3 3.9 17.5
Truck

Truckloads (000) NA NA 260.8 NA NA NA
Tons (millions) 395 163.1 3.7 41.3 0.9 2.3
Ton-miles (billions) 104.1 NA NA NA NA NA
Total

Tons (millions) 1,246.8 395.0 50.4 31.7 4.0 12.8
Ton-miles (billions) 931.8 NA NA NA NA NA

CANADA

Rail

Carloads (000) 3,310.0 1,014.0 215.7 30.6 6.5 21.3
Tons (millions) 172.8 28.1 7.7% 16.3 4.4 27.4
Ton-miles (billions) 91.5 NA 5.5 NA 6.0 NA
Truck

Truckloads (000) NA NA NA NA NA NA
Tons (millions) 101 27 NA 26.7 NA NA
Ton-miles (billions) 21.6 5.3 NA 24.7 NA NA
Total

Tons (millions) 273.8 55.1 NA 20.1 NA NA
Ton-miles (billions) 113.1 NA NA NA NA NA

*Intermodal traffic totals supplied by Canadian National and Canadian Pacific Railroads.
Source: U.S.: Interstate Commerce Commission: Transport Economics, Table 8. Canada: Statistics
Canada: For-Hire Trucking Survey, 1972, Table 8.

of all containerisable traffic in Canada. This indicates that Canadian railroads are
using more intermodal shipments than their U.S. counterparts.

Finally, our economic analysis of the impact of horizontal integration indicated
that we should observe a mode split in favour of piggybacking and against for-hire
trucking in a world in which integrated transport companies were permitted. Table 4
presents the distribution of tonnage among rail, piggybacking, for-hire truck and
private truck in Canada and the United States in 1974.22 While the differentials

22We chose 1974 because it was the only year for which common data could be obtained. Tons were
used because they represented the only common measure.
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TAaBLE 4

Modal Split, Containerisable For-Hire Intercity Freight, U.S. and Canada, 1974

UNITED STATES CANADA*
Million % of Billion % of Million % of
Tons Total Ton-miles Total Tons Total
Total 395.0 100.0 252.7 100.0 55.1 100.0
Rail 231.9 58.7 184.2 72.9 28.1 51.0
TOFC/COFC (Total) 46.7 11.8 NA NA 7.7 14.0
Plan I 3.9 1.0 NA NA 2.1 3.8
Plan I1 6.2 1.6 NA NA 1.9 3.4
Plan IT4 26.6 6.7 NA NA — 0
Plan III 3.3 0.8 NA NA 0.05 0
Plan IV 3.3 0.8 NA NA — 0
PlanV 1.1 0.3 NA NA — 0
Other 2.4 0.6 NA NA 3.7 6.7
For-hire truck 163.1 41.3 68.5 27.1 27.0 49.0

*Plan breakdown estimated from statistics provided by Canadian National and Canadian Pacific
Railroads.

Source: U.S.: Interstate Commerce Commission: Transport Economics, Table 9. Canada: Statistics
Canada: For-Hire Trucking Survey, 1972, Table 8.

are not substantial, they indicate that more piggybacking and less for-hire trucking
is used in Canada than in the United States.

IV. THE DETERMINANTS OF USE OF PIGGYBACKING

Although the theoretical and empirical analyses of the previous sections have
indicated that integrated transport companies make more use of intermodal services
than non-integrated transport companies, it is important to stress that intermodal
usage may also be influenced by other factors, such as differences in the structure
and dispersion of economic activity, traffic characteristics, labour restrictions, and
so forth. Consequently, it would obviously be a mistake to attribute all the differences
in intermodal usage in the United States and Canada to differences in regulatory
practices concerning intermodal ownership.

In an effort to take these various factors into account, a simple regression analysis
was performed, relating the percentage of containerisable traffic carried by inter-
modal shipment to the following factors:

® whether the railroad was part of an integrated transport company, denoted

by the dummy variable TC = 1 for Canadian railroads; 0 otherwise
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® whether the U.S. railroad owned a local truck line, denoted by the dummy
variable TFL = 1 if the railroad owned a local truck line; 0 otherwise

e whether the U.S. railroad owned an i‘ntercity truck line, denoted by the
dummy variable TFI = 1 if the railroad owned an intercity truck line; 0
otherwise??

® the size of the railroad in millions of tons carried annually, denoted by the
variable GSIZE

® the miles of superhighway per square mile of the rail service area (hundredths
of mile/sq. mile), denoted by the variable HPSM

® the value of manufacturing output per square mile of rail service area ($10,000/
sq. mile), denoted by the variable VPSM

® railroad average length of haul in miles, denoted by the variable LOH.

The first three variables attempt to capture the impact of intermodal ownership
upon the use of intermodal service. The dummy variable TC attempts to measure
whether full intermodal ownership increases the use of piggybacking, while the
variables TFL and TFI attempt to capture the effect of limited ownership of trucking
lines by railroads. Since, however, large railroads are more apt to own trucking
subsidiaries, and are apt to provide more piggybacking services, an effort was made
to distinguish between the size and ownership effects by introducing the variable
CSIZE into the analysis.

The variables HPSM and VPSM attempt to reflect the industrial structure of
the region. Since a region with substantial manufacturing activity and a well
developed highway network should attract piggybacking service, we would expect
its signs to be positive.

The regression analysis used a cross section of 44 railroads in each of two years,
1972 and 1974. Covariance analysis indicated that it was permissible to pool the
two samples, and Table 5 presents a representative regression. Since highways per
square mile and the value of manufacturing output per square mile proved to be
highly collinear, the latter variable was dropped.

The variable HPSM, denoting the structure of industry in the railroad’s service
area, was statistically significant (7 statistic greater than 1.7 in absolute value) and
positive, consistent with a priori expectation. This indicates that economically
developed regions with high concentration of manufacturing activity and a developed
highway network use relatively more intermodal rail service.

The variable CSIZE was positive and statistically significant, indicating that large
railroads tend to employ more piggybacking. Large railroads have several advantages
which are particularly important for intermodal operations. The size and coverage
of their marketing staffs aid them in locating and soliciting traffic. Large railroads
are more likely to have the sizable capital resources and traffic volumes which sup-
port the use -of high speed intermodal dedicated trains and terminals. Unlike that
of many small carriers, much of the large carriers’ traffic remains on-line, so that
an individual railroad can offer complete point-to-point service for a wide range of
shipments. Since potential intermodal shippers have the option of over-the-road

23Note that, since intercity truck lines can also perform local service, intercity truck lines were also
treated as local truck lines.
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TAaBLE 5

Regression Analysis of Percentage of Containerisable Traffic Carried by Intermodal Service

Variable Coefficient T-Statistic
c —2.2753 —0.88
TC 12.977 4.43
TFL 2.4154 1.25
TFI —2.7895 —1.40
HPSM 1.1252 2.50
LOH 0.0106 1.95
CSIZE 0.0204 1.86

R? = 0.3522

Standard Error of Regression = 5.0948

Mean of Dependent Variable = 6.4205

Value of Snedecor F statistic for base case of dependent variables equalling zero = 7.3387

transport, they will not be attracted by a service that cannot compete with the
speed, dependability, and convenience of truck. The division of responsibility and
the delays at classification yards, which accompany interlining and mixed trains,
contribute substantially to the long and highly variable travel times that plague
conventional rail operations. Large railroads are generally in a better position to
provide frequent run-through service, so they have a greater opportunity to exploit
the advantages of intermodalism.

The variable LOH (length of haul) is positive, as expected, and is statistically
significant. This effect illustrates the need to view intermodal services in the context
of competing boxcar and motor carrier services. In terms of pick-up and delivery
time and cost, truck is most efficient and boxcar least. For linehaul operations, long
hauls are unfavourable to trucks. Since drivers are restricted on hours that can be
worked in a single day, trips over 500 miles require a second driver, or relay drivers,
or layovers. Problems with the high tare weight and wind resistance of intermodal
equipment also become more pronounced as trip length increases. Thus, as length
of haul increases, intermodal operations become more competitive with truck, but
boxcar also gains advantages over both intermodal and truck.

The variables reflecting ownership of trucking firms by railroads are somewhat
contradictory. The positive sign associated with TFL indicates that ownership of
local trucking firms encourages use of intermodal service, presumably by simplifying
the intermodal transfers at the piggybacking ramp. However, the coefficient associ-
ated with TFI is negative, and virtually equal in magnitude to TFL. This indicates
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that railroads with intercity trucking firms use essentially the same proportion of
intermodal service as those without trucking firms.?# Thus, ownership of a purely
local trucking firm appears to encourage intermodal use, while ownership of an
intercity trucking firm does not. This may be a misleading conclusion, however,
as the use of the Plan I rates, normally encouraged by possession of an intercity
trucking firm, is restricted by the teamsters’ limitations.

Finally, the variable TC is both large and highly significant, indicating that
Canadian transport companies use their intermodal services more substantially
than their U.S. counterparts. This result is consistent with our previous analysis,
and certainly supports the hypothesis that fully integrated transport companies
would use relatively more intermodal service.

V. SUMMARY AND CONCLUSIONS

This paper has explored the question whether intermodal ownership has encour-
aged the use of intermodal operations in Canada as opposed to the United States.
While the evidence is admittedly inferential, it is sufficient to permit us to answer
a tentative ‘“‘yes”’, indicating that, if regulatory restrictions on intermodal ownership
were removed in the United States, there would probably be an increase in inter-
modal service.

Nevertheless, before we lobby vigorously for the removal of existing restrictions
upon intermodal ownership, it is important to make a number of caveats. Of these,
the most important has to deal with the ceteris paribus nature of the analysis. In
particular, if the institutional, competitive, and regulatory structures were identical
in Canada and the United States except for the question of intermodal ownership,
we could probably attribute differences in intermodal service to this difference
alone. In fact, however, regulatory restriction upon intermodal ownership is just
one of many differences between transport in Canada and transport in the United
States. Consequently, even though we have attempted to control for these differences
in our analysis, our conclusions regarding the effect of intermodal ownership upon
intermodal usage should be viewed with considerable caution.

Nevertheless, the fact remains that there is more intermodal freight in Canada
than in the United States, and it is encouraging to note that this is consistent with
both intuition and economic theory. Hence there is a strong presumption that
whatever else may encourage intermodal freight in Canada more than in the
United States, permitting U.S. railroads to own trucking firms should encourage
U.S. intermodal freight and improve the efficiency of transport operations.

The fear of intermodal ownership arose in a period when the railroads were the
giants of the transport industry, threatening to devour their weaker competitors.
These giants are now rather feeble at best, and it seems highly unlikely that much
restraint of competitive practices would ensue if intermodal ownership were per-
mitted. Since intermodal operations clearly provide substantial economies on a
number of shipments, it would appear that efforts to encourage them are desirable.

24Since railroads owning intercity trucking firms were assigned values of 1 for TFL and TFI.
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Obviously, no policy change is ever entirely unambiguous. This case is no
exception, for we must weigh the possibility of reduced competition in the transport
industries against the possibility of increased efficiency as a result of intermodal
ownership. If, however, we can view Canada as a model, it would appear that the
benefits outweigh the risks and that intermodal ownership should become a topic
of serious policy debate.
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