TRANSPORTATION RESEARCH RECORD 668

Freight Movement
and

Demand

TRANSPORTATION RESEARCH BOARD

COMMISSION ON SOCIOTECHNICAL SYSTEMS
NATIONAL RESEARCH COUNCIL

NATIONAL ACADEMY OF SCIENCES

WASHINGTON, D.C. 1978



Transportation Research Record 668
Price $3.00

subject areas

15 transportation economics

54 traffic flow

83 urban land use

84 urban transportation systems

Transportation Research Board publications are available by order-
ing directly from the board. They may also be obtained on a regular
basis through organizational or individual supporting membership in
the board; members or library subscribers are eligible for substantial
discounts. For further information, write to the Transportation Re-
search Board, National Academy of Sciences, 2101 Constitution
Avenue, N.W., Washington, D.C. 20418.

Notice

The papers in this Record have been reviewed by and accepted for
publication by knowledgeable persons other than the authors ac-
cording to procedures approved by a Report Review Committee
consisting of members ol the National Academy of Sciences, the
National Academy of Engineering, and the Institute of Medicine.

The views expressed in these papers are those of the authors
and do not necessarily reflect those of the sponsoring committee,
the Transportation Research Board, the National Academy of
Sciences or the sponsors of TRB activities,

To eliminate a backlog of publications and to make possible
earlier, more timely publication of reports given at its meetings,
the Transportation Research Board has, lor a trial period, adopted
less stringent editorial standards for certain classes of published
material. The new standards apply only to papers and reports
that are clearly attributed to specific authors and that have been
accepted for publication after committee review for technical con-
tent. Within broad limits, the syntax and style of the published
version of these reports are those of the author(s).

The papers in this Record were treated according to the new
standards.

Library of Congress Cataloging in Publication Data
National Research Council. Transportation Research Board.
Ireight movement and demand.

(Transportation research record; 668)

Reports for the Board’s §7th annual meeting.

1. Freight and freightage—United States—Congresses. 2. De-
livery of goods—Congresses. 1. Title. II. Series.
TELHS no. 668 [HE199] 380.5°08s
ISBN 0-309-02808-6 79-249

(380.5°1]

Sponsorship of the Papers in This Transportation Research Record

GROUP 1-TRANSPORTATION SYSTEMS PLANNING AND
ADMINISTRATION

E. Wilson Campbell, New York State Department of Transportation,
chairman

Social, Economic, and Environmental Factors Section
Clarkson H. Oglesby, California, chairman

Committee on Passenger and ['reight Transportation Characteristics
W. Bruce Allen, University of Pennsylvania, chairman

Peter M. Montague, Federal Railroad Administration, secretary
Douglas C. Birdsall, Don Bourquard, H. W. Bruck, Leland S. Case,
Roberta Cohen, David J. deBoer, Allan C. Flotr, Steven W. Fuller,
Jerome Gilbert, Arthur F. Hawnn, Lloyd Henion, I. Bernard Jacob-
son, Frank L. Jarema, Dayton P. Jorgenson, Damian J. Kulash,
William A. Lesansky, idward Margolin, Edward K. Morlok, Howard
E. Olson, Robert G. Rhodes, Paul O. Roberts, Thomas W. Smith,
Douglas R, Webb, Marcus Ramsay Wigan

Committee on Urban Goods Movement

Arnim H. Meybury, Cornell University, chairman

Garrison P. Smith, Jr., North Central Texas Council of Governments,
secretary

H. W, Bruck, Ernest R. Cadotte, Harrison S. Campbell, Michael J,

Demetsky, Walter Diewald, David S. Gendell, David Goettee, Arthur

F. Hawnn, Charles A. Hedges, B, G. Hutchinson, Stephen MacD Kelsey,

Michael J. Kendrick, Conrad R. Kiebles, Carl J. Knecht, Jr., Richard

deNeufville, John L. Reith, Paul 0. Roberts, Louis D. Rubenstein,

Charles A. Taff, Peter 1. Watson, David A. Zavattero

Floyd I. Thiel, Transportation Research Board staff
Sponsorship is indicated by a footnote at the end of each report.

The organizational units and the officers and members are as of
December 31,1977,



Contents

LINEAR SYSTEMS MODEL OF FREIGHT DEMAND WITHIN
A COMPREHENSIVE PLANNING APPROACH (Abridgment)
Kang-Won Lim and Arnim H. Meyburg . ... .. .. ... oo uusasn 1

URBAN GOODS CONSOLIDATION TERMINAL INVESTMENT
AND LOCATION DECISIONS (Abridgment)
Gordon M. Clark and W. Bradford Ashton . . ................ 4

SPACE ALLOCATION GUIDELINES FOR OFF-STREET
LOADING FACILITIES (Abridgment)
Philip A. Habib and Kenneth W, Crowley . .......... wol R S 7

OFF-STREET TRUCK-LOADING FACILITIES IN DOWNTOWN
AREAS: REQUIREMENTS AND DESIGN
Dennis Christiansen . . . . ... ... ... .. 10

DETERMINANTS OF FREIGHT MODAL CHOICE (Abridgment)
MaTYk:S, JEIAVICH u. v ¢ o ¢ wovive s ais 5 wis ¢ 0 5 6 5 5 5 » w08 & g musite spm 3 14

ESTIMATING EFFECTS OF RAILROAD ABANDONMENT
Herbert Weinblatt, Donald E. Matzzie, and John E. Harman. ... .. 17

USE OF MOBILE COMMUNICATIONS IN THE TRUCKING
INDUSTRY (Abridgment)
Arnim H. Meyburg and Russell H. Thatcher. ................ 21

ESTIMATING SERVICE-DIFFERENTIATED TRANSPORT
DEMAND FUNCTIONS
Andrew F. Daughety and Fred S. Inaba . . .................. 23

EFFECT OF INCREASED MOTOR-CARRIER SIZES AND

WEIGHTS ON RAILROAD REVENUES
Edward B. HYMSON. 5 s v i 5w « 55 i 5 5 ¢ w5 ¢ 05 5 5 Qe 88 5 Vi §88 30

iii



Abridgment

Linear Systems Model of Freight Demand

Within a Comprehensive
Planning Approach

Kang-Won Lim, Graduate School of Environmental Studies, Seoul National

University, Korea
Arnim H, Meyburg, Cornell University, Ithaca, New York

The problems of urban freight transportation today can
be identified as follows: (a) poor analytic concepts
and lack of a methodological framework; (b) increasing
proprietary ownership of private trucks and the lack
of coordination or cooperation among carriers, ship-
pers, and receivers; (c) increasing and continuous
freight transportation demand with strong temporal
and spatlal preference for small shipments; (d) ne-
glect of planners and public officials in providing
and managing freight transportation facilities; and
(e) lack of public policy on urban goods movements.
The purpose of this paper is to develop a new meth-
odology for urban goods movement studies.

STRATEGY FOR URBAN GOODS MOVEMENT STUDIES

The conventional freight urban transportation planning
(UTP) process has been characterized by the exclusive
use of the truck trip as the unit of analysis. This
convention has allowed the freight study to proceed
in close analogy with the standard UTP process, ne-
glecting the cause-effect hypothesis in demand models,
Recently, the analyst's attention has been directed
toward the development of an urban goods movement
study approach (1,2,3). So far, however, no specific
and explicit model has been developed in this area
that is readily applicable to the freight UTP process.

Problems involved in the conventional approach
will be reviewed briefly, First, the indiscriminate
use of friction factors for the truck trip distribu-
tion, a standard procedure in the UTP process, has
been inadequate. Subsequent studies have attempted
to stratify the truck trips themselves for the purpose
of deriving a distribution (4). Second, the tradi-
tional gravity-type trip distribution rationale has
questionable validity when applied to multistop ve-
hicle movements. Third, the usefulness of the re-
gression method for truck trip-generation analysis is
severely limited, not only on a regional basis but
also on a selected area basis. The general regres-
sion method on a regional basis would be far less
valid than that on a selected area basis because of
the large between-zone variation of unincluded impor-
tant variables. Finally, a recent attempt to attack
the problem through the urban goods movement approach
shows almost the same shortcomings as does the stan-
dard method. As a measurement technique, the
carrier-oriented freight survey cannot provide suf-
ficiently reliable data on urban goods movements to
serve the needs of the urban goods movement study (5).
Moreover, the results of a carrier-oriented survey
tend to be severely limited for freight demand anal-
ysis because mode choice in goods movement, coupled
with double-counting by modal interface, may signif-
icantly mislead the analyst (6). The only way to
solve this problem 1s to get freight information di-
rectly from the shippers or consignees.

It is argued that economies can be achieved by
combining the freight UTP process with other studies,
This paper, therefore, concentrates on developing a
freight UTP process within a combined regional plan-
ning framework. The basic inputs for the proposed
process can be provided by regional social accounting

studies and truck traffic surveys. The latter are
comparable in basic design to those in the Tri-State

Study (7).

OBJECTIVES AND SCOPE OF FREIGHT
UTP PROCESS

The rather superficial treatment of freight UTP to
date conflicts with the goal of developing the study
of urban transportation as a branch of science. Both
for the direct relationship of freight movement with
economic and business activity and for the strategy
of the planning process, the objective of freight de-
mand analysis need not be limited to a transportation
facilities plan,

Forecasts must be made of commodity movements as
well as of the movements of vehicles hauling the com-
modities, i,e., their relation to regional development
(8). Goss also identifies four major categories for
urban goods movement study areas:

. Regional goods movement,

. Area or subregional goods movement,
. Facility goods movement, and

. Waste goods movement.

Lo =

For the purpose of the urban transportation plan-
ning process, it is necessary to define the scope of
an urban freight transportation study so that it is
complementary to that of a passenger transportation
study and a total transportation facilities plan (1).
Freight flow can be classified broadly according to
fundamental motives of flow and direct channels of
shipment.

Classification by motive or purpose for commodity
flows is necessary to enable the development of de-
mand analysis that conforms to economic theory through
the social accounting system. Commodities flow for
the purpose of capital formation, consumption, or
disposal at an ultimate destination (9).

SOCTAL ACCOUNTING SYSTEMS APPROACH

The adoption of the commodity classification of the
social accounting system seems necessary. It is a
prerequisite not only for regional economic and bus-
iness analysis but also for freight analysis. It
seems to be impracticable or uneconomical to establish
a single homogeneous classification scheme of commod-
ities, given the multiple aspects of physical and
economic characteristics of goods and the behavioral
characteristics of shippers and consignees (10).

The idea of multiple classification in a social
accounting system, originally proposed by Stone (11)
and recently adopted by the United Nations Statisti-
cal Commission, seems to be extremely useful for
freight demand analysis. One procedure developed to
interconnect the multiple classification systems with
the linear systems model is described here.

Tables 1-3 show how multiple classifications
could effectively be used in freight transportation
analysis in line with the social accounting system.
According to any specific attribute desired, such as



Table 1. Commodity flow coefficient matrixes.

Consuming Distributing Establishment
Establishment
Wholesaler
Commodity  Intermediate® Final® Warehouse® With Stock® Retailer’
1
| M. M, M.,
m
Total q y* s s sr

Notes: M=merchandise goods flow, matrixesinmonetary terms; s= M’ u: columnvector of sales; * = transpose
throughout this study unless otherwise specified; u = unit column vector throughout this study unless
otherwise specified; g = column vector of outputs by industry of commodity; y* = Y'u: column
vector of categorized final demand

2By industry classification
®By category of final consumer.

Table 2. Commodity-industry flow matrixes.

To
From Industry Commodity Final Consumer Total
Industry Kas Xee Y. qa
Commodity Koo Xes Y. qe
Final
consumer Z4 % 0 y*

Notes: X = matrixes of product flows in monetary terms; Y = matrixesof final demand either
by industry or commodily and by category; z = column vector of primary inputs into
industries or commodities; and y = Y, u

Table 3. Commodity-industry input coefficient matrixes.

To
Industry Commodity Final Consumer
From Yoo 5n d sl ates 1 IR §
1
Industry 5 0 Adc 0
d
1
Commodity * Acq 0 F.

physical or chemical state of commodities (e.g.,
liquid, gaseous, bulky), the incidence matrix can be
defined in terms of elements that are either zero or
uiilty accoiding to the proper attribute of im terms
of shares of the total, if the commodity itself is
aggregated. Thus, they can be combined with each
other for integration, whenever necessary.

Table 2 describes how the freight demand analysis
could proceed under the social accounting scheme for
intermediate and final consumption establishments by
combining the classification schemes for industry and
commodity. Using the industry outputs (q4), the com-
modity outputs (q.), and the consumer expenditures by
category (y*), the input coefficient matrixes (see
Table 3) can be defined by Equations 1 through 5.
[Throughout this paper, capital letters refer to ma-
trixes; lower-case letters refer to vectors; hatted
letters refer to diagonal matrixes obtained from vec-
tors; -1 equals inverse, otherwise specified; I equals
identity matrix.]

Age = Xgcqd N
Acg = Xea§d 2)
F. =Y y*! 3)

By definition,

“By type of equipment for warehousing.
9By kind of business classifications

Qa = Adc Qe (4)

From accounting properties,

dc = AcaGa T Yeu (5)
Qe = AggAgeqe * Yeu (6)
Qe = (I - AcgAg)? Yeu (@)
Therefore,

9a = Age(l - AgAg)" Yeu (8
Qi = (- AgeAcg)”! Age Yeu €
Aa = (I - AgeAcg)" AgcFoy* (10)

which gives q¢ or q4 in terms of y* with a matrix mul-
tiplier of order equal to the number of commodities

or the number of industries. The procedures are valid
whether matrixes Ay, and A q are square or rectangu-
lar, The number of commodities (size of commodity
classification) is most likely much larger than that
of industries (size of industry classification) in
empirical studies,

The multiple classifications not only provide a
unified scheme for production and consumption anal-
ysis with the input-output framework for regional
economic and business analysis as such, but also di-
rectly relate the results with freight demand anal-
ysis by translating the monetary outputs into the
physical quantities by commodities. This can be done
by using the value-ratio matrix and then the commodity
density matrix to determine the vehicle-loading capac-
ities in terms of weight or volume as shown in Equa-
tions 11 and 12.

n
Q= ?3 QiSii /D1 an
Vi = Q/d; (12)
where

Qi = weight of the ith commodity,

Vi = volume of the it commodity, and

q; = products of commodity i in monetary terms.

The estimation of inbound freight at intermediate
consumption establishments has to be made on the basis
of commodity-to-commodity input coefficients rather
than either on the commodity-to-industry input coeffi-
clents or on the industry-to-industry input coeffi-
cients. Thus, problems related to intraindustry com-
modity mix in establishing coefficients must be
solved (5).



In summary, once the output commodities comprised
of products and sales in monetary terms and thus activ-
ity intensity are projected on a zonal basis, the
zonal input commodities and waste flow can be consis-
tently estimated by the linear models as follows:

Pt ge (13)
é E~E (14)
t' Lo’ (15)
v Vv (16)
and

P'E,Ageu—q, a7
Age 1, (18)
Wea+ Wyq,~>d, forg=1,...,h (19)
CV,>Z, (20)
where

a = number of households in zone
gs

9 = zonal output vector by com-
modity (¢ x 1);

r. = zonal input vector by com-
& modity (¢ x 1);

d_ = zonal waste vector by type
. (wx1);

Zg = zonal sales vector by com-

modity (¢ x 1);

e = regional employment vector by
industry (a x 1);

v = regional sales vector by kind
of business (b x 1);

q = regional output vector by
commodity (e x 1);

t = regional sales vector by com-

modity (c x 1);

E = employment share matrix
(s xh), i.e., Eig is the
proportion of zone g of the
regional employment for indus-
try i'-g[Eig =1, for all 1];

V = sales share matrix (b x h),
i.e., Vig is the proportion
of zone g of regional sales
by kind of business i--
g[vig =1, for all i];

L,C = sales merchandise coefficient
matrixes based on fixed-row
and fixed-column assumption
respectively (c x b);

Ages Ages Wg, Vg = as shown in Table 2;
p = employment productivity vector
(s x 1); and
Eg, Vg = vectors made of gth colum of
zonal employment matrix E
(s x h) and zonal sales matrix
V (b x h) respectively.

CONCLUSION

As an alternative to solving the problem involved in
urban freight demand analysis, this study has dis-
cussed the linear systems model according to the
social accounts approach and completely separate from
the passenger travel demand model., At first glance,
it would seem this alternative method would impose an
enormous burden, but the magnitude of economies that
can be achieved by combining the freight UTP processes
with other studies within a comprehensive urban-
reglonal planning process can be demonstrated (5).

In developing a methodology for the freight UTP
process, this paper attempts to demonstrate that the
basic freight UTP process may be designed within a
combined comprehensive planning approach., The freight
UTP process developed here is characterized by the
spatial-general-equilibrium Iimplementation of regional
aggregate analysis, locational analysis for allocation
of activities, and commodity (goods and services) and
freight demand analysis.
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Abridgment

Urban Goods Consolidation Terminal
Investment and Location Decisions

Gordon M., Clark, Ohio State University, Columbus
W. Bradford Ashton, University of Missouri, Columbia

The goods movement industry has become aware of sig-
nificant diseconomies in the goods movement system,
particularly for small shipments in urban areas (1,2).
One reason for these diseconomies is that pickups and
deliveries (P/Ds) made by any given truck in urban
areas tend to be small in size and relatively few in
number, Many trucks are used, but few of them utilize
their full load capacity (3,4,5). Also, because these
trucks are operated by a large number of independent
freight caerriers, extensive duplication in routing
occurs,

In addition, external diseconomies are generated
by the urban goods movement system. Inefficient truck
utilization causes increased traffic congestion, air
pollution, noise pollution, and energy consumption.
Moreover, these envirommental effects occur in the
central business district (CBD) where environmental
conditions are frequently at undesirable levels.

Goods movement planners have suggested that car-
riers organize and coordinate their activities in
order to increase the efficiency of P/D operations
and thereby reduce their urban operating costs. One
means of achieving this coordination would be to route
all small shipments—that is, those less than 453.6
kg (L0000 1b) —going to or from the urban area through
one or more consolidation terminals serving all car-
riers. Then P/Ds for all carriers can be consolidated
to make effective use of vehicles. To eliminate over-
lapping routes the urban area would be divided into a
number of P/D zones, each containing shippers and con-
signees; each zone would be assigned to a specific
consolidation terminal for all small-shipment P/D op-
erations. In addition, the consolidation terminals
would operate trucks to deliver shipments to carrier
terminals and to pick up shipments from the carriers
destined for consignees in the urban area,

The benefits of a consolidation terminal can be
determined by comparing the total terminal and P/D
costs expected if one or more consolidation terminals
were in operation with the total costs incurred by the
pregent system, Terminal coste depend on the through-
put volume through each terminal, the timing of cap-
ital expansion investment, the location of each ter-
minal, and the terminal design or the material-handling
system employed., Total P/D costs depend on the re-
quired number of truck trips, the distances trucks
must travel, and the amount of time drivers must expend
picking up and delivering goods at the shipper, car-
rier terminal, consignee, and consolidation terminal
locations. 1In turn, these variables are directly re-
lated to the spatial and temporal distributions of de-
mand for P/Ds. Moreover, P/D costs are related to the
spatial relationships among consolidation terminals,
carrier terminals, shippers, and consignees. These
relationships are certainly dependent on the charac-
teristics of the urban area served and the design of
the consolidation terminal system, However, what is
good for one urban area may not be desirable for an-
other,

Consequently, this paper presents a model, called
the Urban Terminal Investment Model (UTIM), that can
be applied in diverse urban areas to evaluate the eco-
nomic feasibility of the consolidation terminal concept
and to determine the following preferred system design
variables based on a least-cost criterion:

. Number of terminals;

. Terminal locations, e.g., sites selected;

. Timing of terminal capacity investments; and
. Terminal zone assignments,

NP

Moreover, iterative application of UTIM for alterna-
tive variable sets will yield preferred values of
these system design variables: limitation on shipment
sizes consolidated and urban zonal boundaries,

Least cost is the basic criterion for selecting
preferred system designs because the terminal system
will not be implemented without economic benefits.
Also, social benefits are directly correlated with
economic benefits because the savings in truck utili-
zation will result in reduced congestion, air and
noise pollution, and energy consumption.

COMPARISON OF SINGLE- AND MULTIPLE-
TERMINAL SYSTEMS

The structure of UTIM is dependent on whether multiple
terminals offer potential cost savings over a single
terminal. This is true because a single-terminal sys-
tem can be located and analyzed by a relatively simple
model; but situations permitting two or more terminals
present a very large number of possible alternatives
(e.g., location, terminal-zone assignments, and con-
struction plans) that require a mathematical optimi-
zation model to determine the least-cost system design,
Accordingly, a simple but representative system is ana-
lyzed to indicate the potential for two terminals in-
stead of one,

Comparison of a single-terminal system with a
two-terminal system is essentially a trade-off between
terminal costs and truck travel costs, One terminal
is cheaper to build than two; however, truck travel
costs should be less for a properly located two-
terminal system. The terminal costs should dominate
for a small urban area, whereas the truck travel
cost savings will make a two-terminal system more

The interaction

among these variables 1is analyzed using the system
depicted in Figure 1 where the distance between all
system components is proportional to the distance D.
The single-terminal systems have a terminal located
at site S2, and the two-terminal systems have termi-
nals located at sites S1 and S3, For analytical pur-
poses, the carrier terminals are grouped into carrier
clusters containing carrier terminals located near
each other., Sl and S3 are colocated with carrier
terminal clusters Cl and C2, The performance measure
of interest is the distance D* where two-terminal
systems with D > D% become less expensive than single-
terminal systems.

Figure 1 depicts a system assumed to have a total
goods movement volume approximately equal to the
small-shipment consolidatable freight volume—362 874
kg/d (800 000 1lb/d) —for the CBD of Golumbus, Ohio (6).
That 1is, the flow between each carrier cluster and P/D
zone is 45 359 kg/d (100 000 1b/d); half reflects
pickups in the zone and the other half, deliveries.
Other system characteristics are presented in Table 1
(7). Note that the total truck cost includes both
the hourly and the distance costs. Also, terminal
fixed costs consist of site acquisition, terminal con-

economical for a larger urban area,



Figure 1. Metropolitan area example.
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Table 1. System cost data.

Variable Value

Truck length 8.5-m semitrailer

Maximum truck load 7711 kg
Average truck load 4534 kg
Truck cost/kilometer $0.18

Truck cost/hour $13.19

Terminal fixed cost
181 437 kg/d
362 874 kg/d
Terminal operating cost

$0.005 952 /kg
$0.004 630/kg
$0.011 02/kg

Note: 1 m=23.3 ft; 1 km= 0.6 mile; and 1 kg = 2.2 Ib.

struction, and administrative costs; operating costs
include billing, platform labor, loss, and damage.

The value of D* where two-terminal systems be-
come less expensive is dependent on the average speed
assumed for truck travel. Robeson and McDermott (6)
recorded an average speed of 8 km/h (5 mph) in the
Columbus CBD; however, Blatner (8) estimated the av-
erage speed to be 21,2 km/h (13.2 mph) for all classes
of trucks in Chicago. The value of D* is 10,8 km (6.7
miles) for an average speed of 8 km/h (5 mph), 19.5
km (12,1 miles) for an average speed of 16.1 km/h
(10 mph), and 26.9 km (17.7 miles) for an average
speed of 24,1 km/h (15 mph), Thus, multiple terminals
may be preferred by even moderately sized metropolitan
areas,

URBAN TERMINAL INVESTMENT MODEL (UTIM)

The investment model for the purpose of determining
the least costly design of a terminal system is de-
scribed in this section. Cost here means the present
value of all operating construction, and P/D costs
are those that occur during a planning horizon of T
years, e.g., 12 years. All costs are discounted to
reflect the lower value of a dollar expended in the
future as opposed to an immediate expenditure; more-
over, a constant inflationary rate is assumed to ac-
count for higher future costs for identical items.

For the purpose of computing transportation
costs, assume that there are I possible sites selected
for consideration in locating consolidation terminals.
Also assume that there are K total truck clusters and
J total P/D zones containing shippers and consignees.
Let

e;; = present value of truck costs to transport all freight to and from
P/D zone j through terminal site i, for T time periods

These costs are determined from the number of round
trips trucks must make between site i and zone j in
addition to the round trips between site i and all
k carrier clusters.

In addition to the transportation costs, termi-
nal operating and construction costs must be deter-
mined as a function of the throughput volume through
each terminal and the goods-handling capacity pur-
chased for each terminal, The throughput volume
through a given terminal is determined by the zones
assigned to the terminal and the P/D volume fore-
casted for these zones. Let

g 2 {1 if zone j is assigned to site i
U0 if otherwise

Wy = daily P/D volume forecast between cluster k and P/D zone
jinyeart

d;; = daily throughput volume for site i in year t
Then
K

1
die = E E WiijtZij

k=1 j=1

For the entire planning horizon, the vector Dj is
used to represent the throughput volume for a termi-
nal at site i, where

Di i (dil , dig, di3, w7 x ay diT)

In addition to the throughput volume, the present
value of terminal costs is determined by the amount
of capacity purchased for the terminal and the year
in which the investment is made. Let

y;¢ = terminal capacity alternative selected in period t at site i
Yit=152s-~>>Mt
M; = maximum number of capacity alternatives available in period t

Also, the capacity investment decisions at site i are
represented by the vector Y;, where

Yi = (Yins Yizs - - «» Yir)

Each value of yj: has a throughput capacity (which is
site independent) associated with it., That is,

S¢(yie) = freight-handling capacity available in period t with
alternative y;;

S((1) =0

The present worth of terminal costs is given by the
function

f;(Y;, D;) = present worth of terminal investment and operating
costs at site i over the planning horizon of length T
years given the throughput volume vector D; and
investment vector Y;

The transportation and terminal costs can be
combined to give the overall P/D cost, which is

-

1
C= % ez + 2, fi(Yi, D)ry

I
i1 j=1 i=1

It

i

where

J
~_{ 1ifsite i has terminal, i.e., ifz 2;>0
' |0 otherwise =1

C = present worth of the total P/D costs



Figure 2. Carrier clusters and
potential terminal sites,
Columbus, Ohio.
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Figure 3. Central business district zones, Columbus,
Ohio.
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C is the criterion function for UTIM,

This criterion function is subject to a number
of constraints., First, a P/D zone is assigned to
exactly one terminal, Thus,

i
Dzj=1forj=1,2,...,7

=1

Also, a terminal must have adequate capacity to han-
dle its throughput volume in each year of the plan-
ning horizon. Thus,

'
E Sp(Vip)1i =d;y  for

L2,
p=1 1,2

i= s I
t=1,2,...,T

A partial enumeration algorithm (7) is used to
find the minimum value of the criterion function

while satisfying the constraints,

APPLICATION TO COLUMBUS, OHIO

To illustrate UTIM capabilities, the CBD of Columbus
was analyzed with forecasts for a 12-year period from
1974 to 1985. The forecasts were based on the 1973
estimates of zonal volumes for shipments of less
than 453.6 kg (1000 1b) that could be consolidated
as specified in Robeson and McDermott (6). A 4.86
percent annual volume growth was assumed to apply
during the planning horizon, along with an annual
inflation rate of 7 percent and an annual discount
rate of 10 percent. Figures 2 and 3 show the loca-
tion of carrier clusters, potential terminal sites,
and CBD zones.

A single terminal at S5 was identified as the
preferred system., The optimal solution cost break-
down is shown in the following table:

1974-1985
Cost Component  Present Value ($)
Terminal 15972 000
Stem travel 3214 000
CBD zone P/D 6 158 000
Total 25 344 000

These results indicate that a consolidation terminal
would reduce the P/D cost of small shipments by ap-
proximately 40 percent since the present value of
P/D costs for unconsolidated freight is estimated to
be $41 940 000.

Examination of the geometry of the metropolitan
area in Columbus may explain the superiority of
single terminals. The CBD is highly concentrated, but
the carrier clusters are dispersed; thus, multiple
terminals do not offer savings in stem transportation
costs with respect to the CBD zones. However, consol-
idation of small-shipment P/D operations in a more
widely dispersed area such as the entire Columbus
urban area or Chicago may be efficiently performed
with multiple terminals,
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Abridgment

Space Allocation Guidelines for Off-Street

Loading Facilities

Philip A. Habib, Department of Transportation Planning and Engineering,

Polytechnic Institute of New York

Kenneth W. Crowley, Bureau of Highway Traffic, Pennsylvania State

University

This report summarizes the results of the third and
final year of a study related to the facilitation of
urban goods movement. The first year of study dealt
with data acquisition, the second year developed and
validated the methodology, and the third year sought
to develop guidelines for the efficient allocation of
curbside and off-street space for urban goods move-
ment, Brief descriptions of the data sources and the
developed methodologies (1,2) and a detailed descrip-
tion of the guidelines with application examples for
off-street loading requirements, primarily in down-
town areas, are presented here.

DATA SOURCES

The source of information used to develop pickup and
delivery (P/D) descriptions, such as generation, ar-
rival temporal distributions, parking patterns, and
dwell times, was data collected in downtown Brooklyn
and in lower Manhattan in 1974 and 1975. Approxi-
mately 2500 samples were collected from 74 typical
downtown land use sites. These sites included office
buildings, department stores, light industrial estab-
lishments, and many retail and commercial establish-
ments characteristic of downtown areas (3,4).

For each P/D operation sampled, information was
obtained on carrier and vehicle type; time of arrival
and time components of the stop; parking patterns;
shipment size, weight, and commodity; mode of trans-
portation from vehicle to destination; delays in the
operation; and engine-idling time.

Using attributes of the data generators, various
models were developed for describing P/D operations,
Such models include trip generation (5), temporal
distribution, and parking models (1,2).

SPACE ALLOCATION METHODOLOGY

The procedures used allocate space for goods move-
ment in such a way as to minimize societal costs,
These societal costs include traffic delays, car-
rier's delays, developer's costs, parking costs,
health-related costs, and environmental costs, de-
pending on whether the arsa of interest is at the
curb (on-street) or at a loading dock (off-street).
The total cost of allocating S spaces, on-street or
off-street, for goods movement can be expressed in
the following general form:

C(s) =cy) tCa) TCa) T - T Cags)

where G(s) is the total societal cost and ci(s) is
the cost to interest group i of allocating S spaces
to urban goods movement.

The objective is to find the number of off-street
berths that minimizes some total cost function. There
are costs to the several components of the moving
traffic stream that can be adversely affected by a
blockage of a moving lane (lines at loading docks
and backing-in maneuvers); carrier costs are included
as each vehicle waits for its turn to use the off-
street berths. This, in turn, means that developer's
costs go up as traffic and carrier costs go down.
Developer's costs go up because rentable space is

assigned to goods-vehicle loading and unloading,

which does not produce revenue, The procedure in this

space allocation model is to find the number of off-
street berths that minimizes total annualized cost in
dollars for all impartial groups,

Further detailed description of the analysis, as
well as the sensitivity of the methodology, is found
in Crowley and Habib (4). It should be noted, how-
ever, that no problems identified that would affect
application of the standards are presented here,

DEFINITIONS

There are two basic on-street traffic flow patterns,
an arterial pattern and a city street pattern, The
arterial pattern has the severe peaks in the morning
and evening work-travel periods, The city street
pattern reflects the relatively high off-peak (local)
traffic flows., These different patterns also affect

the guidelines for off-street loading. It should also

be noted that there is a different effect on traffic
depending on whether a disruption occurs in the up-
stream, mid-block, or downstream sections of a block,
These differences are reflected in Tables 1-3,

Three different land uses were considered with
respect to off-street vehicle space requirements.
They are office building, department store, and light
industrial and warehousing.

APPLICATION OF STANDARDS

In referring to Tables 1, 2, and 3, the street and
traffic characteristics on which a facility is to be
developed must be considered. The size and use of
the generator are determined, and then the estimated
rentable value of the space slated for off-street
facilities is computed. The planner may enter the
variables defined on the appropriate table in order
to retrieve the number of docks required to minimize
societal costs using method 6-—the recommended method
—and assuming that all goods-vehicles generated use
the off-street facility. In certain land uses, such
as department stores, this assumption is rational,.
In others, such as office, assuming that no goods
will be delivered across the curb—even though off-
street facilities are provided—can be inaccurate.
To consider a particular percentage utilization
of off-street dock facilities, the planner should
either (a) conduct selected surveys in the central
business district (CBD) to determine percent utiliza-
tion of existing off-street facilities or (b) make
rational assumptions on the basis of experience,
The research discussed in this paper indicates:

1., TFor department stores, 90 percent compliance
can be assumed;

2. TFor light industry, 80-90 percent compliance
can be assumed; and

3, TFor office buildings, 70-90 percent compli-
ance can be assumed,

Of course, 100 percent compliance might be achieved
by strict enforcement of parking regulations in the
vicinity of the generator. However, considering some

noncompliance appears to be a more practical approach.



Table 1. Recommended number of off-street berths for office buildings.

Upstream Access
Effective

Mid-Block Access

Downstream Access

Size (m?) $10 $15 $20 $25 $30 $10 $15

$20 $25 $30 $10 $15 $20 $25 $30

Arterial
streets
18 600
37 200
55 800
74 400
93 000
111 600
130 200
148 800

Downtown

streets
18 600

37 200
55 800

74 400
93 000
111 600
130 200
148 800
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Table 2. Recommended number of off-street berths for a department store.

Number of
Vehicle
Arrivals

Upstream Access

Mid-Block Access

Downstream Access

per Day $10 $15 $20 $25 $30 $10 $15

$20 $25 $30 $10 $15 $20 $25 $30

Arterial
streets
20
30
40
50
60
70
Downtown
streets
20
30
40
50
60
70
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Example 1

Consider a 74 322—m2 (800 OOO—ftz) office building
to be constructed on a four-lane downtown street with
the expected access point in the downstream third of
the block, Evidence indicates that 25 percent of
all goods-vehicles serving this type of building
will not utilize the constructed off-street facility.
To find the required number of off-street berths,
the planner should calculate the effective building
size (or effective generation) of the subject, In
this case it is approximately 55 742 m? (600 000 ftz).
Table 1 shows a range from six to five in the
number of berths recommended for the various rental
values given. From the developer's viewpoint, if
the proposed office building is at the highest value
location in the downtown area, the highest annual
rentable value should be used., The lowest would be
used for a building on the fringe of the CBD or pos-
sibly even outside the downtown area,

Example 2

Consider a department store to be developed on a
six-lane arterial where the access point is expected
to be at mid-block., It is calculated that the docks
will have an effective (after noncompliance) genera-
tion of 40 goods-vehicles daily (4,5). Table 2
shows a range from five to three in the recommended
number of off-street berths, The planner should con-
sider where the site would be located with respect to
the peak commercial activity center in the downtown
area, This refines the selection of a recommended
dock size, Light industrial buildings may be treated
similarly to department stores as outlined in example
2.

To compare the findings of the examples shown here
to actual standards now in use in selected downtown
areas, the following text table was developed.
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Off-Street Truck-Loading Facilities in .
Downtown Areas: Requirements and Design

Dennis Christiansen, Texas Transportation Institute, Texas A&M University

The city of Dallas, the Dallas Central Business District Association,
and the Texas Transportation Institute undertook a project designed
to develop alternative solutions to the goods and services distribution
problem in the Dallas central business district. As a part of that
project, the adequacy of existing off-street truck-loading require-
ments and their design were evaluated. Several major U.S. cities
were queried about their requirements for off-street loading facilities.
In addition, operations at existing off-street loading facilities in
Dallas were observed.

The delivery of goods and services in downtown Dallas
is a large-scale, intense activity. Cordon counts (1)
indicate that, in the 12-h period between 6:30 a.m.
and 6:30 p.m., more than 12 000 trucks enter the
Dallas central business district (CBD), representing
approximately 10 percent of all vehicles entering

this area. Due to the availability of a freeway loop
around the CBD, it is assumed that virtually all of
these vehicles make at least one stop in the CBD.

During an average day, an estimated 9000 delivery/
service truck stops occur in the core of the Dallas
CBD as part of the goods and services distribution
process (2). Because Dallas has few alleys, these
stops occur either at the curb or in off-street load-
ing facilities. Of the approximately 1300 available
loading spaces in the core, only about 200 (or 15
percent) are located in off-street facilities (2).
Therefore, a substantial portion of the truck parking
occurs at the curb, and delivery is made across the
sidewalk, This activity contributes to both vehicular
and pedestrian conflicts in an already congested area,

Interviews with trucking firm personnel in down-
town Dallas (2) indicate that locating a loading space
is the greatest problem experienced by the trucker in
the CBD.
loading docks include an inadequate number of dock
spaces, a lack of maneuvering space, and poorly de-
signed loading spaces (3).

One of the more disturbing aspects of trucking
activity in downtown Dallas is that much of the more
severe trucking congestion occurs in the immediate
vicinity of some of the larger new buildings., Further
observation indicates that the design of many of these
off-street spaces is inadequate and places limitations
on their use,

Apparently, an evaluation of the zoning code is
appropriate. A code that requires an adequate supply
of well-designed off-street loading spaces serves both
public and private interests and contributes to a
long-range solution of the goods distribution problem
in the downtown area.

LOADING SPACE REQUIREMENTS

In designing off-street loading facilities for new
buildings, guidelines are needed to determine the num-
ber of loading spaces to be accommodated in the build-
ing., This issue is examined here based on the results
of a survey of several U.S. cities. A theoretical de-
termination of space requirements is also presented.

Survey of U.S. Cities, 1974

Cities have long recognized the need for off-street
loading facilities; zoning ordinances requiring such
facilities have existed since 1927 (4). As a part of
this study project, several major U.S. cities were
queried in 1974 about their requirements for off-

Specific problems encountered with off-street

street loading facilities. Of the cities contacted,
only Houston had no requirements pertaining to off-
street loading,

Because more than 65 percent of the floor space
in downtown Dallas is either office or retail, this
study focused on these two land uses. Off-street
loading requirements for office buildings and retail
department stores in various cities are compared in
Figures 1 and 2 respectively. Because certain codes
overlap, the individual code for each city is not
plotted. Rather, the bands in which the different
codes fall are plotted, and the cities represented by
each band are identified.

Survey results indicate that a wide disparity ex-
ists concerning off-street loading requirements., Ap-
parently no general base has been accepted by cities
for determining the need for off-street loading fa-
cilities. Variations that exist in the codes suggest
that either (a) some of the codes are grossly inade-
quate or (b) others require the provision of too
many off-street truck-loading spaces.

Theoretical Determination of
Loading Space Requirements

The bold lines on the upper portions of both Figures
1 and 2 are recommended off-street loading require-
ments based on theoretical analyses, Methodology
and supporting data for these analyses are briefly
described in this section.

Office Buildings

Two different design objectives were evaluated for
typical office buildings. One is a minimum design
level that provides sufficient spaces to yield an
hourly capacity equal to the number of trucks ar-
riving during the peak hour of an average day. The
other is a desirable design level that provides suf-
ficient capacity so that an arriving vehicle seldom
has to wait for a space (probability < 0.,25) even
during the peak hour,

The initial step in determining the number of
loading spaces required for a specific building is
to estimate the number of daily truck stops needed
to serve the building. Several research studies
have related daily truck stops to gross floor area,
Other data suggest that factors such as gross sales
or number of employees are better indicators of the
number of truck stops. These variables, however,
may be difficult to identify during the building de-
sign process, Thus, floor area appears to be the
preferred indicator for planning purposes,

Daily truck stops generated by office buildings
as determined in eight gifferent studies ranged from
16,14 to 25.82/10 000 m“, Truck-stop generation
rates identified in these studies are reasonably
consistent; the mean value (22,73) is used in these

Nearly all GBD deliveries to off-street facilities
are made during the 9+h period between 8:00 a,m., and
5:00 p.m, Studies of trucking activity (2) indicate
that the peak delivery hour generates approximately
25 percent more truck stops than the average hour.
Interviews suggested that office buildings do not ex-
perience a significant seasonal variation in the
level of trucking activity. Hence, the number of
peak-hour truck stops occurring at a building housing



Table 3. Recommended number of off-street berths for a light industrial or warehouse building.

Number of
Vehicle Upstream Access Mid-Block Access Downstream Access
Arrivals
per Day $10 $15 $20 $25 $30 $10 $15 $20 $25 $30 $10 $15 $20 $25 $30
Arterial
streets
20 3 3 2 2 2 3 2 2 2 2 3 3 3 2 2
30 4 4 4 4 2 4 3 2 2 2 4 4 4 4 4
40 4 4 4 4 4 4 4 4 3 3 4 4 4 4 4
50 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
60 4 4 4 4 4 4 4 4 4 4 6 4 4 4 4
70 6 4 4 4 4 4 4 4 4 4 6 6 4 4 4
80 6 6 5 5 4 5 5 4 4 4 6 6 6 5 5
90 7 7 6 6 5 8 5 5 4 4 T 7 7 6 5
100 7 ki 7 T ki ki ki 17 6 6 7 7 7 7 ki
Downtown
streets
20 3 3 3 3 3 3 3 3 3 2 3 3 3 3 3
30 4 4 4 3 3 4 3 3 3 3 4 4 4 4 4
40 4 4 4 4 4 4 4 4 3 3 5 5 4 4 4
50 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
60 5 5 4 4 4 5 4 4 4 4 6 6 5 5 5
70 6 5 5 5 4 6 5 5 4 4 6 6 6 6 5
80 6 6 6 5 5 8 (] 5 5 ] [} 6 6 [ 6
90 7 i 7 5 5 7 5 5 5 4 1 7 7 7 7
100 T 7 i(f 7 7 7 7 7 7 6 T T 7 7 7
Notes: 0,09 m? = 1 ft?
Dollar values refer to annual suitable value per square meter of space.
Values REFERENCES
From
Source Examples ~ Cincinnati  Pittsburgh ~ Atlanta 1., ©P. Habib and K. Crowley. An Economic Approach to
Office building 56 4 6 10 the Allocation of Space for Urban Goods Movement.
74 322 m? ! TRB, Transportation Research Record 591, 1976,
(800 000 ft2) g, L8-0k, , ,
Department store  3-5 5 5 3 2, P, Habib and K., Crowley. Economic Rationale for

(40 vehicles/d)
[assumed size:
13 935 m?

(150 000 ft?)]

The examples indicate that the procedure results in
standards that are within the range of values now in
use, This range, as presented here, is certainly a
wide one, and the availability of applicable stan-
dards should improve the process of accommodating
goods-vehicles in off-street facilities.

STIMMARY

The basic premise in the space allocation guidelines
is that goods movement is a part of a total trans-
portation system., Space allocation for goods move-
ment must recognize and accommodate other urban
transportation needs.

We have tried to develop the guidelines in ready-
to-use form., The planner requiring detailed informa-
tion should refer to Crowley and Habib (7) because it
contains guidelines for on-street space allocation,
in addition to the off-street recommendation presented
herein.

Establishing Off-Street Loading Requirements in
the City Center, TRB, Transportation Research
Record 591, 1976, pp. 25-31.

3. K. Crowley and others, Facilitation of Urban
Goods Movement: First Year Final Report., Poly-
technic Institute of New York, Brooklyn, 1974,

4. K, Crowley and P, Habib. Facilitation of Urban
Goods Movement; Second Year Final Report. Poly-
technic Institute of New York, Brooklyn, 1975,

5. S. Loebl, Aspects of the Demand for Urban Goods
Movement, Polytechnic Institute of New York,
Brooklyn, PhD dissertation, 1975.

6. P. Habib. Accommodating Goods-Movement Vehicles
in the City Center. Polytechnic Institute of
New York, Brooklyn, PhD dissertation, 1975.

7. K, Crowley and P. Habib, Urban Goods-Movement
Space Allocation Guidelines, Third Year Final Re-
port, Polytechnic Institute of New York, Brook-
lyn, 1977.

Publication of this paper sponsored by Committee on Urban Goods
Movement.



Figure 1. Off-street loading requirements for downtown office
buildings.
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Figure 2. Off-street loading requirements for downtown
retail department stores.
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office space only can be estimated as follows: peak-
hour deliveries = [gross office area (m2)/10 000 7] x
(22,73/9) x 1.25.

Other studies (8,12) indicate that an average
truck stop lasts approximately 22 min, Assuming
that an additional 3 min are required for the first
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vehicle to leave the loading space and a second ve-
hicle to enter the space, a space can serve one ve-

hicle every 25 min, or 2.4 vehicles/h.

Using the "minimum design' approach, the number
of off-street loading spaces needed by an office
building was calculated as follows: number of loading
spaces = peak-hour deliveries/2.4, This procedure re-
sults in the relationship depicted by the line (Rec-
ommended Minimum Design) in Figure 1.

The minimum design approach provides sufficient
spaces to serve the average peak-hour demand in a 1-h
period. If all trucks arrived at a uniform rate,
such a design would function satisfactorily on most
days. However, trucks tend to arrive in a random
manner, so a lineup of trucks probably will develop
during the peak hour. Time spent waiting in a lineup
is costly to the truckers, and when the line extends
into the street it creates other traffic problems,
Hence, the minimum design approach yields a design
that may be considered less than optimum,

Economic considerations tend to prohibit provi-
sion of sufficient spaces to ensure that a lineup
will never develop. However, a desirable design
level might provide sufficient off-street spaces so
that the demand for facilities does not exceed the
available supply of facilities during the average
peak hour for at least 75 percent of the time, A
multiple-channel lineup theory was used to determine
space requirements under these assumed conditions,

If such time is reduced, then the cost of the de-
livery is also reduced and the efficiency of downtown
delivery is improved, However, the provision of a
sufficient number of spaces to reduce waiting time
also results in a higher probability of having some
unused spaces. For example, at the desirable design
level depicted in Figure 1, only an average of about
70 percent of the available loading spaces will be
used at any one time during the peak hour.

The space requirements estimated in this report
are in basic agreement with those proposed by Whitlock
and Schoon (13). That research recommendation is mid-
way between the minimum and the desirable level shown
in Figure 1.

Retail Department Stores

The level of retail activity in the CBD of most U.S,
cities has been declining since World War II. How-
ever, retail department stores with floor areas in the
the range of 46 468 m2 (500 000 ft2) of gross usable
space are still operating successfully in downtown
Dallas,

Truck-stop generation rates were also utilized to
estimate off-street loading requirements for retail
These rates ranged from 15.06 to 39.81 daily truck
stops/10 000 m? gross floor area, i,e,, floor area
assigned a specific use, The mean value (25.53) de-
rived from these analyses was assumed to represent
the average number of truck stops generated on an
average day,

Criteria associated with evaluating off-street
loading needs of retail department stores include
those itemized below.

1. Virtually all truck stops are assumed to oc-
cur between 8:00 a.m., and 5:00 p.m., providing 9 h/d
of available delivery time.

2, At a typical Dallas department store, approx-
imately 50 percent of the vehicles using the loading
space are owned by the store, Retail store manage-
ment can reduce the magnitude of the peak hour by
controlling arrival times of their vehicles. Conse-
quently, the peak hour associated with retail store
trucking activity is assumed to be only 10 percent
greater than the average nonpeak hour.
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3. A 25-min average service time is assumed for
truck spaces at retail department stores, even though
the variability is much greater than at office build-
ings. For example, numerous tractor-trailers serve
retail stores, and their dwell time may easily exceed
1 h., On the other hand, smaller vehicles, partially
as the result of centralized recelving, require less
time per stop at a retail store than at an office
building (13).

4. Significant seasonal variation in trucking
activity is associated with retail stores. Horwood
(14) found that the average daily volume of goods
handled in the last 12 weeks of the year is about
twice that of the annual daily average. Interviews
with retailers in Dallas substantiate that such a
peak does exist, although it may occur somewhat ear-
lier in the year. Thus, for the last 12 weeks of the
year, downtown Dallas department stores were assumed
to generate approximately 51,06 stops/10 000 mZ (4.8
stops/10 000 ft2),

Retail department stores might consider either
(a) design level 1, which provides sufficient spaces
during the average peak hour at the "average" time of
the year so that demand for loading spaces will not
exceed available supply more than 25 percent of the
time, or (b) design level 2, which provides sufficient
capacity to serve the average condition during the
average peak hour at the ''peak" time of the year.

Design level 1 addresses operation during the av-
erage time of year. If arrival and service rates are
not altered during the peak time of year, this design
level will result in severe congestion during that
12-week period. At that time, a city may find it ad-
vantageous to take strong steps to assure that lining
up on city streets does not occur, e.g., possibly im-
plementing strict enforcement of curb regulations
during that time period, This approach will not nec-
essarily hinder the operation of the department store,
since a store can take several actions to assure that
a line will not develop during the peak time of year,

Design level 1 results in a nonlinear relation-
ship between off-street loading spaces required and
gross floor area, It was developed using multiple-
channel queueing analysis., Due to the nonlinearity
of this design level, it closely approximates design
level 2 for stores with floor areas of less than
27 800 m? (300 000 £t2), as shown in Figure 2, Using
design level 1, about 9 off-strest loading spaces
would be required for a 46 468-m> (500 000-f£t?) de-
partment store.

Design level 2 addresses the average condition
during the peak 12 weeks of the year, This approach
might be considered economically undesirable because
some excess capacity will result during the other 40
weeks of the year, Even at this design level, some
congestion and lining up can be expected during the
peak time of the year. However, the magnitude of this
congestion wiil be less than that which might occur if
design level 1 were utilized.

Design level 2 yields a linear relation between
gross building floor area and off-street loading space
requirements, A design level of 129,12 spaces/500 000
m2 (12 spaces/500 000 ft2) results. Observed opera-
tion of an off-street loading facility at a downtown
Dallas department store suggests that this is a rea-
sonable design level.

PHYSICAL DESIGN OF LOADING SPACES

Providing the required number of loading spaces does
not ensure satisfactory operation of these spaces,

In several Dallas buildings, the existing off-street
loading facilities function in a less than desirable
manner because their design is inadequate, In plan-
ning the loading space, consideration should be given

to vertical clearance, depth of space, width of space,
depth of dock, and height of dock,

Type of Delivery Vehicle

The type of vehicle to be accommodated is a major con-
sideration in the design of an off-street loading fa-
cility. The following table shows the distribution
of delivery vehicles by type of vehicle operating in
the Dallas CBD:

Percentage of Total Cumulative
Vehicle Type Shipments Carried Percentage
Passenger car 18 18
Pickup truck 10 28
Van 27 55
Single-unit truck 40 95
Tractor-trailer truck 3 98
Other 2 100

Except for moving tenants, there is little need
for tractor-trailers to deliver goods to office build-
ings, Many building policies require major tenant
moves to occur in the evening or on weekends, during
which time the tractor-trailer is able to park at the
curb. As a result, it is suggested that off-street
loading facilities for offiece buildings need not be
designed to accommodate tractor-trailers, However,
it appears that facilities designed to serve retail
department stores need to be designed to accommodate
the tractor-trailer. Between 25 and 50 percent of
the off-street loading spaces at department stores
are occupied by tractor-trailers.

Dimensions of Loading Spaces

Table 1 presents the design standards stipulated in
the 1974 zoning ordinances of a sample of various
cities. Considerable variation exists among the dif-
ferent codes, and some cities do not specify any cri-
teria for certain design parameters,

Loading spaces must have adequate vertical clear-
ance, depth, and width if they are to function prop-
erly; thus, it seems appropriate for a city zoning
code to specify minimum values for these parameters.
Design details of the loading dock are also important
factors in the overall functionality of an off-street

Table 1. Minimum dimensions of downtown loadina spaces in selacted
cities,

Vertical
Clearance Depth  Width
City Description (m) (m) (m)
Chicago All spaces 4.27 7.62 3.05
Cincinnati All spaces NS 7.62 3.05
Dallas First space NS 12.20 3.05
All other spaces NS 6.10 3.05
Dernver All spaces 4,27 10.67  3.06
Detroit First office space NS 10.67  3.66
Other office spaces NS 16.77 3.66
First three retail spaces NS 10.67 3.66
Other retail spaces NS 16.77 3.66
Houston All spaces NS NS 3.66
Jacksonville All spaces NS NS 3.66
Milwaukee Existing, all spaces 3.66 12.20 3.66
Proposed, office 4.27 10.67  3.66
Proposed, retail 4.27 16,77  3.66
New Orleans All spaces 4.42 10.67  3.66
New York City Office spaces 3.66 10.06  3.66
Retail spaces 4.27 10.06 3.66
San Francisco First space 3.66 7.62 3.05
All other spaces 4.27 10.67  3.05
Toronto, Canada  All spaces 4.27 9.15 3.66
Range 3.66-4.42 6.10- 3.05-

16.77  3.66

Notes: NS = not specified,
1m=328ft,



loading area; however, significantly different dock
designs can function just as well, Accordingly, it
appears more appropriate for a city to require a re-
view of the proposed dock design rather than to spec-
ify design details in the code, The design criteria
suggested herein are based on the standard design ve-
hicles established by the American Association of
State Highway Officials (15). The design values pre-
sented in this paper should be considered as minimum
requirements,

Vertical Clearance

Vertical clearance should be provided to serve the
maximum height of vehicles that are expected to reg-
ularly use the off-street loading facility. To ac-
commodate the typical single-unit delivery vehicle,
an absolute minimum vertical clearance of 3.66 m

(12 ft) is needed, but a clearance of 3,96 m (13 ft)
is a more desirable standard, To accommodate a
tractor-trailer, a minimum vertical clearance of 4,27
m (14 ft) should be provided. Adequate clearance
must be provided throughout the off-street area that
trucks are required to use, and this clearance should
also be considered in relation to changes in grade at
driveways,

Depth of Space

Depth of space is also a function of the type of ve-
hicle that is expected to use the space. A 7.62-m
(25-ft) space depth is sufficient to serve smaller
vehicles such as an automobile, pickup truck, and
panel truck. A 10.67-m (35-ft) space can accommodate
the single-unit truck, and a 16,77-m (55-ft) space
can serve a tractor-trailer,

In designing space depth for an off-street loading
facility, a variety of space depths might be provided
based on the vehicle distribution expected to use the
facility. If all spaces have the same depth, the con-
trol in design will be the depth necessary to serve
the largest vehicle expected to regularly use the fa-
cility.

Width of Space

A minimum width for each space should be stipulated,
even though factors such as column spacing may also
influence space width, Width of vehicles varies some-
what; smaller vehicles such as automobiles are about
2,13 m (7 ft) wide and trucks 2.44-2,59 m (8-8.5

ft) wide., For two reasons, a desirable space width

is one that leaves approximately 1,22 m (4 ft) between
parked vehicles. First, many vehicles are side-
loading units, If the shipment to be delivered is
most accessible from the side of the vehicle, suffi-
cient space should be available to allow convenient
unloading, Second, some delivery vehicles during
peak periods may find it convenient to stop behind
vehicles parked at the dock and deliver their ship-
ment between these vehicles to the dock. Thus, it is
desirable to have sufficient space between vehicles

to allow movement of a hand-cart.

Therefore, a minimum width of 3,66 m (12 ft)
should be provided to serve single-unit and tractor-
trailer trucks, A 3.35-m (11-ft) width is adequate
to serve smaller vehicles.

Loading Dock Design

An adequate dock depth provides a loading and unload-
ing area as well as space for travel along the load-
ing dock., A minimum dock depth of 4,57 m (15 ft)
appears needed, However, a deeper dock area will be
required if goods are to be stored on the dock for
extended periods of time (16,17,18).
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Table 2. Suggested minimal design criteria for off-street loading spaces.

Type of Vehicle to Be Accommodated

Automobile,
Pickup, Single-Unit Tractor-Trailer
Design Criterion Panel Truck Truck
Vertical clearance (m) - 3.96 4.27
Depth (m) 7.62 10.67 16.77
Width (m) 3.35 3.66 3.66
Dock height (cm) 61-76 89-127 122-132

Notes: 1 m=3.28 ft; 1 cm = 0.39 in,
®Generally not a controlling design feature.

Since vehicle design is not standardized, no dock
height can satisfactorily accommodate all vehicles.
One design approach might be to provide several dif-
ferent dock heights in the facility, basing the design
on the expected distribution of delivery vehicles,
Another approach could be to provide one continuous
dock height to serve all vehicles, recognizing the
need to possibly provide some type of adjustable dock-
height equipment, A tractor-trailer requires a dock
height of 1.22-1.32 m (4-4.33 ft); a single-unit
truck requires one of 1.02-1,27 m (3.33-4.16 ft); and
smaller vehicles such as automobiles and pickups re-
quire a dock height of about 0,76 m (2,5 ft),

Table 2 suggests minimum design criteria for off-
street loading spaces,

CONCLUSION

Provision of an adequate supply of off-street truck-
loading facilities is, perhaps, the optimum long-
range solution to the truck loading and unloading
problem in major downtown areas. Implementation of
an adequate zoning ordinance is a major move toward
solving this problem. This paper suggests some
guidelines that can be used in formulating zoning
ordinances to address the issues of space require-
ments and design. In addition to the ordinance,
cities may find it desirable to review plans for off-
street loading facilities to ensure that the maneuver-
ing requirements associated with these facilities do
not unnecessarily interfere with on-street traffic.
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Determinants of Freight Modal Choice

Mark S, Jelavich,* Peat, Marwick, Mitchell and Company, Inc.,

Washington, D.C.

In studying the transportation of commodities, the
objective of any particular research effort should be
kept in mind, A researcher may be interested only in
some general notion of the overall demand for freight
transportation (e.,g., the annual cost of shipping
goods), in which case the demand for freight services
will be closely tied to the level of national output.
However, this procedure starts to collapse when in-
terest centers on the demand for freight services by
particular modes (e.g., rail and truck) and becomes
rather unworkable., This is true especially from the
viewpoint of policy analysis—i.e., when the research
effort addresses questions related to the movement of
particular goods by certain modes.

Input-output analysis, as well as econometric
models, allows an economist or transport planner to
forecast disaggregate components of national output
(e.g., output by industries). This disaggregation
has not been extended to direct madeling of freight
demand, because a complete data base on modal char-
acteristics is lacking—especially among unregulated
carriers, Individual shipper data are also sparse.
Thus, freight forecasting lags behind urban and in-
tercity passenger modal split modeling methodologies.
For example, Morton (2) has studied the demand for
transport by mode by broad commodity groups, while
Nazem (3) has focused on the macro-level approach.

In addition, Watson and others (5) and Roberts and
others (4) have emphasized individual shipper behavior.
Morton found that shipment size and average haul length
(AHL) were important determinants of modal choice.

Modes of freight transportation cannot be neatly
dichotomized into public and private transport, as is
sometimes done in passenger studies, While other re-
searchers have confined their examination of freight
haulage to two modes, e.g., Kullman's thesis on rail-
truck competition (l), any broad study of freight must
deal with more than two modes. If there are n modes
for any particular commodity (good f) examined, then

*Mr. Jelavich was with Jack Faucett Associates, Chevy Chase,
Maryland, when this research was performed.

(1)

n
2:1%f=1
i=1

where pjf is the probability that a quantity of good
f will move by mode i. Dividing both sides of Equa-
tion 1 by a nonzero pijfs 1 =1,...,3,.0.,0, so that

z (pie/pjs) = (1/pyr)

2)
i=1
Since pjf/pjf = 1, then
2 (/o) = (Upy) - 1 ®3)
ifj
Assuming strict inequalities, so that 0 < p;¢ < 1 for
all i and f, then the ratios p;j¢/p:s are all positive,

llpjf is greater than one, and pjf 1s greater than
Zern

Because of the first equation, there will be only
n-1 modal choices in an n-mode case that can be made
freely; therefore, there will be only n-1 equations,
While the choice of the base mode, p:g, is arbitrary—
and, thus, the results possibly sensitive to the base
mode choice—it is desirable that the ranking of modes
(in terms of lowest to highest probability of choice)
remains invariant to the choice of base mode. If
three modes—e.g., rail, truck, and "all else" (in-
cluding water and air freight)—are being studied,
with probabilities pyk, Ptks and pok of hauling
good k, then three ratios could be formed: Prk/Pok»
Ptk/pok, and 1/pok. Such an approach would waste in-
formation, however, in that comparatively good data
on a commodity-detail basis are available for rail
and truck, whereas poor information is available for
the remaining modes. Three alternative ratios could
be examined: pyk/Poks Ptk/Poks and 1/pok. Note that
as (prk/pPek) (Ptk/Pok) = prk/Pok: one can still use

the "all else" mode as a base. This model can be
summarized as follows:

In(pex /Pex) = Lot (e Trics Ar) @
In(Pik /Dox) = fro (Teic ek Ar) (%)



(Pric/Pok) (Pk /Pok) = Pek /Pok (6)

(Pric/Pok) + (Pric/Por) + 1= 1/poy (7

where rik and ryk are the truck and rail ton-mile
rates vrespectively (derived below), and Ay is a
vector of attributes of commodity k. In Equation 5,
since rate data for other modes are not readily avail-
able, the "all else" rate term has been suppressed.
Data used to estimate the model's equations ap-
peared in the 1972 Census of Transportation, the
1972 Gensus of Manufactures, and the 1972 Interstate
Commerce Commission's Freight Commodity Statistics
reports on rail and regulated trucking. The data in
the transport census cover only the 48 contiguous
states and shipments to Alaska and Hawaii. The
transport census covers only manufactured goods, and
pipelines are not included in the modal coverage.
Still, the transport census covers a wide number of
manufactured goods, and eventually 86 products were
selected for the model's data that had either '"one-
to-one'" or easily recognizable Standard Transporta-
tion Commodity Code-Standard Industrial Classifica-
tion (STCC-SIC) concordance, at the three-digit level.
While the manufacturing census does not report
physical output in any standardized customary units,
the transport census does include an estimate by
STCC group of intercity tons and ton-miles shipped
over 30 miles, While the distance cutoff excludes
local and urban goods movements, it may also exclude
local intraurban, interplant shipments that are really
related more to the local production process than to
the transportation process. Value per ton of a com-
modity was thus calculated as the ratio of the manu-
facturing census' value-of-shipments number to the
transport census' tonnage number. Rates for truck
and rail were based on the 1972 Freight Commodity
Statistics reports for rail and common carrier truck;
these reports contain estimates, at the three-digit
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STCC level, of tonnage and gross revenue for the two
modes, One major problem concerns the truck rate:
since most trucking is done by private carriers, the
calculated rate (revenue divided by tonnage) should
be considered as an upwardly biased proxy for the
private cost of trucking (the bias is due to common-
carrier profit margins). The transportation census
contains a breakdown of percentage of tonnage hauled
by weight blocks, captured in the variables RLBS and
MLBS, described below. Finally, three dummy variables
were constructed to reflect production differences of
commodities, measured by their value-added from the
manufacturing census, (Data in the preceding sources
appear only in customary units; thus the model con-
structed here was calibrated only in customary units.
However, 1 1b = 0.45 kg, 1 mile = 1.6 km.)

Thus, the equations contain the following inde-

pendent variables:

RRTA = rail rate per ton-mile of a commodity;
TRTA = truck-rate per ton-mile;
COSTDF = RRTA-TRTA;
AHL = average length of haul over all modes
(in miles);
percent of shipments weighing over
90 000 pounds;
MLBS = mean of weights of shipments under
90 000 pounds;

DA = dummy variable, equal to unity if the
commodity's value added per ton equals
or exceeds $500/ton but is less than
$1500/ton;

DB = dummy variable, equal to unity if the
commodity's value added per ton equals
or exceeds $1500;

DC = dummy variable, equal to unity if over
one-half of the goods shipments weigh
in excess of 30 000 pounds; and

VALSV = value per ton of the shipment.

RLBS =

Table 1. Ordinary least-squares

estimates of modal split equations. Equation No.

1 2 3 4 5 6
Dependent Variable
Independent
Variable In{p./pt) In(p./pe) In(p:/p.) In{(p./p.) In(pe/po) In(pe/po)
RRTA -0.015 92 0.020 52 0.030 73
(0.009 04) (0.027 25) (0.029 72)
In(RRTA) -0.679 34 -0.491 12 -0.206 82(W)
(0.349 83) (0.926 04) (1.011 40)
TRTA 0.022 05 0.023 22(W)
(0.018 85) (0.020 57)
In(TRTA) 0.637 75* -0,136 91(W) -0,607 86
(0.302 98) (0.802 03) (0.875 95)
MLBS 0.000 04* 0.000 10% 0.000 08
(0.000 02) (0.000 04) (0.000 05)
In(MLBS) 0.174 72 1.221, 59* 1.257 17*
& (0.221 80) (0.587 13) (0.641 24)
RLBS 3.936 H4* 5.068 84* 1.748 71
(0.825 47) (2.265 59) (2.472 54)
In(RLBS) 0.020 02* -0.135 01 -0.155 80
(0.064 77) (0.171 46) (0.187 26)
VALSV -0.060 92* -0.117 10 -0.034 78
(0.029 40) (0.080 69) (0.088 06)
In{VALSV) -0.715 92* 0.052 24 0.588 43
(0.158 72) (0.420 16) (0.458 89)
AHL 0.449 82 1.17%3.:39* 0.550 60
(0.230 38) (0.632 31) (0.690 07)
In(AHL) 0.780 94* 1.249 98 0.341 96
(0.357 15) (0;945 42) (1.032 57)
COSTDF 0,002 49(W)
(0.006 87)
DA 0.704 95 0.130 09 -1.148 33 0.462 87 -1.4317 36 0.220 42
(0.443 04) (0.307 41) (1.172 78) (0.843 71) (1.280 87) (0.920 78)
DB 0.993 86* 0.591 23* 0.634 88 1.408 67* -0.295 79 0.666 71
(0.305 66) (0.245 58) (0.809 13) (0.674 03) (0.883 71) (0.735 60)
DC 0.825 82* -0.054 10(W) 1.568 44 0.442 55 0.775 90 0.503 91
(0.317 95) (0.342 66) (0.841 63) (0.940 46) (0.919 21) (1.026 37)
Constant -3.455 99 -2.595 23 -7.425 14 -3.451 93 -5.499 67 -0.998 64
R? 0.593 92 0.672 59 0.365 66 0.450 16 0.219 97 0.324 91
F 17.346 B2 4.867 64 6.913 64 2.381 33 4.064 15

12.350 76

*Coefficient significant at 95 percent confidence (t-statistics appear in parentheses).
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The specifications of the equations are

In(p,/ps) = f(RRTA, TRTA, RLBS, MLBS, VALSYV,
DA, DB, DC) (8)

In(p/po) = g(TRTA, RRTA, AHL, RLBS, MLBS, VALSYV,
DA, DB, DC) 9

It is hypothesized that f and g are linear in their
independent variables, and that COSTDF replaces one
of the rate variables in some cases, Table 1 pre-
sents estimates of these equations, along with some
logarithmic transformations of the independent var-
iables,

The general form of the equations can also be
modified by dropping the variables DA and DB and sub-
stituting the following value dummy variables:

DAA = unity if the value of shipments per ton
for a commodity is between $1000 and
$3000 inclusive, zero otherwise;

Table 2. Alternative estimates of modal split equations
under new value format.

Equation No.

1 2 3
Dependent Variable
Independent
Variable Inp./p:) In(p./p.) In{p./ps)
RRTA -0.016 59* 0.022 35(W) 0.031 20
(0.009 17) (0.027 32) (0.029 68)
TRTA 0.018 20 0.021 22(W)
(0.018 88) (0.020 52)
MLBS 0.000 04* 0.000 09* 0,000 07
(0.000 02) (0.000 04) (0.000 05)
RLBS 3.814 42* 4.892 75* 1.563 34
(0.874 86) (2.359 51) (2.563 68)
VALSV -0.062 50* -0.112 76 -0.029 52
(0.031 87) (0.085 95) (0.093 39)
AHL 0.461 81 1.140 06 0.510 01
(0.249 18) (0.671 82) (0.730 06)
COSTDF 0.003 99(W)
(0.007 00)
DAA 0.007 27(W)  0.241 87 0.009 61(W)
(0.354 50) (0.955 98) (1.038 70)
0.368 51(w) 1.212 13 0.505 65(W)
DBB (0.252 43) (0.680 74) (0.739 64)
DC -0.065 25(wW)  0.518 38 0.525 38
(0.354 44) (0.955 81) (1.038 52)
Constant -2,321 77 -2.897 55 -0.621 07
R* 0.856 64 0.443 34 0.322 55
F 16.149 31 6.725 47 4.020 AR

* Coefficient significant at 95 percent confidence (t statistics appear in
parentheses)

Table 3. Summary of best regression results.

DBB = unity if the value of shipments per ton
for a commodity is over $3000, zero other-
wise.

Table 2 gives the parameter estimates of the modified
equations.

Table 3 gives the results, in summary form, of
those equations with multiple correlation coefficients
("R-squares") above 0,4, The determination of the
correctness of sign was based on a priori speculation
as to the sign of each particular coefficient., What
is most apparent is that rate variables do not play
much of a role in this model; rather, value of ship-
ment, weight, and, to a lesser extent, average haul
length variables are the major determinants of modal
choice.

This research implies that, in order to forecast
freight commodity flows accurately, it is necessary
to take individual commodity characteristics such as
shipment size and value into account. The type of
mode chosen by a shipper will depend greatly on the
commodity to be transported; in turn, this will help
determine modal choice. Input-output models provide
commodity-group output forecasts that can be used as
a starting point to forecast demand for transportation
by mode at a commodity level; an appropriate modal
split algorithm can—after converting value of output
to tons—estimate the tonnage carried by each mode.
This methodology is preferable to more macro-related
methodologies when research is focusing, for example,
on the effects of energy or regulatory policies; it
may be that in many cases government actions will not
alter shipper choice because of a shipper's percep-
tion of transport.
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Estimating Effects of Railroad Abandonment

Herbert Weinblatt,* Jack Faucett Associates, Chevy Chase, Maryland
Donald E. Matzzie, CONSAD Research Corporation, Pittsburgh

John E, Harman, U.S. Department of Transportation

Estimates were developed of the potential for rail-service termina-
tion and of the probable transport-related effects that such loss of
rail service would have on the freight-transport system, transport
costs of affected rail users, resulting public- and private-sector in-
vestment requirements, and energy consumption. All estimates
were developed for lines on which service either had been recently
terminated or might be terminated in the future. A survey was con-
ducted of a sample of users of these lines. Estimates of the overall
effects of abandonment were developed by a computer program
from an analysis of survey responses and from waybill data for ship-
ments originating or terminating on the lines under study. About
80 percent of present rail shipments to or from facilities that lose
rail service would continue to be made to or from these facilities by
another mode, with most of these made entirely by truck or by a
combination of truck and rail. About half of the remaining ship-
ments would continue to be made to or from other locations in the
general area. The average increase in transport-related expenditures
of affected rail users would be about 17 percent of present railroad
charges. It was also estimated that abandonment of the lightest
density lines under study would generally result in a small reduction
in fuel consumption, while abandonment of uneconomic lines with
more moderate traffic densities would result in increased fuel con-
sumption.

The Railroad Revitalization and Regulatory Reform

Act of 1976 (4R Act) and other recently enacted leg-
islation contain provisions that can result in in-
creased rates of abandonment of unprofitable branch
lines by railroads and that will permit subsidies for
continued service on many of these lines. The purpose
of this legislation, of course, is to improve the fi-
nancial health of the currently ailing railroad indus-
try. However, any increase in the rate at which
branch-1line service is terminated can be expected to
have side effects on the rest of the transport indus-
try, on the present users of affected lines, and on
the local economies of the predominantly rural areas
served by these lines.

This paper presents the methodology used in a
recently completed study (1) designed to produce in-
formation about the extent of some of these effects.
In particular, estimates were developed of the po-
tential effects of railroad abandonment on traffic on
the remainder of the freight transport system, trans-
port costs of affected rail users, resulting public-
and private-sector investment requirements, and energy

*Mr. Weinblatt was with CONSAD Research Corporation, Pittsburgh,
Pennsylvania, when this research was performed.

consumption., Some of the major results of the study
are presented here. Additional data may be found in
Weinblatt and others (2) and in the complete report

@.
METHOD OF ANALYSIS

For this study, four sets of lines, which had either
recently lost rail service or could lose service in
the future, were identified:

1. Excluded lines: 8500 km (5282 miles) of line
in the Northeast excluded from the Final System Plan
(FSP) for Consolidated Rail Corporation (Conrail) (3);

2. Abandoned lines: approximately 4200 km (2600
miles) of line in the Northeast excluded from FSP on
which service was discontinued on April 1, 1976;

3, Lines with petitions pending (PP): 9752 km
(6060 miles) of non-Conrail lines located throughout
the country on which abandonment petitions were pend-
ing as of July 23, 1976; and

4, Apparently uneconomic (AU) lines: 48 900 km
(30 400 miles) of non-Conrail lines located through-
out the country that appeared to be uneconomic on the
basis of a computer analysis of traffic data.

For each of the four sets of study lines, estimates
of the annual volume of shipments originating or
terminating on these lines were obtained for seven
regions and 16 commodity groups. For the abandoned
and excluded lines, shipment data were acquired from
the United States Railway Association waybill files
for 1973; for lines with petitions pending and uneco-
nomic lines, data were obtained from the Federal Rail-
road Administration One-Percent Waybill Sample for
1972, 1973, and 1974. Kilometer and shipment data
for the PP and AU lines have been detailed in Wein-
blatt (4), along with a description of the procedure
used in determining the apparently uneconomic lines.
Preliminary estimates of the volume of shipments gen-
erated by the portions of these two sets of lines in
31 southern and western states were also included in
the Transportation Secretary's Report to Congress,
mandated under section 904 of the 4R Act (5,6).

Due to space limitations, the results in the
latter part of this paper will be presented only for
a fifth set of lines, consisting of the apparently
uneconomic lines plus those excluded lines that had
not already been abandoned. Thus, this fifth set
consists of those lines in service in the summer of
1976 that could lose service in the next few years.,
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The 53 000 km (33 000 miles) of line in this set rep-
resent about 16.5 percent of the nation's total rail-
road system (7). However, only about 2.5 percent of
the nation's railroad traffic (8) originates on these
lines, and only about 1.1 percent of all traffic ter-
minates on them.

Rail-User Survey

Users of lines in any of the four sets studied were
selected by quota sampling in order to obtain appro-
priate representation of shippers and receivers of
commodities in each of the 16 commodity groups. A
sample of 364 rail users was selected for the survey
using telephone and mail methods. Usable responses
to an eight-page questionnaire were obtained from
310 affected or potentially affected facilities.
This information included

1. Present use of rail and of alternate modes
(commodities, annual volumes, origins, and destina-
tions),

2, 'Transport capabilities (equipment owned,
availability of rail siding),

3, Size (annual sales volume, employment), and

4., Expected effect of abandonment on operation
(volume, modal usage, new or modified facilities and
equipment).

Survey Analysis

Analysis of the effects of abandonment on each rail
user began with the grouping of similar shipments
and the estimation of the cost to the rail user of
the transport alternatives for each group, Five al-
ternatives were considered: transshipment by rail
and truck; truck (directly from present origin to
present destination); barge (with transshipment by
truck and, possibly, rail); trailer-on-flat-car
(TOFC); and truck (to a closer market or from a
closer source of supply). For each group of ship-
ments that could be affected by future abandonments,
cost estimates were developed for those alternatives
that appeared to be realistic possibilities. These

rail-user costs consist of transport and trans-loading

costs (or charges) as well as amortization of invest-
ment costs required for new or modified facilities
and equipment,

Rail-user transport costs used in this analysis
were derived from a review of several retrospective
studies of the effects of previous abandonments (9,

14) and approximately 20 other sources (for a compiete

list, see 1, pp. 38-41). Charges for rail and barge
movements were estimated on an individual basis from
data in the 1974 Carload Waybill Statistics (8), in

Baumel, Miller, and Drinka (15), and in Kearney (16).
Average rail-user costs for other means of transport
and for transloading are summarized in the following
table (1 Mg-km = 0,685 ton-miles; 1 Mg = 1,102 tons):

Cost Cost
(cents/ (dollars/
Mode Mgskm) Mode Mg)
TOFC 2.40 Transloading
Trucking Bulk 1.65
Direct 3.42 commodities

Rail access 5.48
TOFC access  4.79
Barge access 479

Non-bulk 3.86
commodities

On the basis of these cost estimates and other
available information, it was determined which trans-
port alternative or alternatives would most likely be
used for each group of similar shipments if present
rall service were to be discontinued, This determina-

tion was based on several factors, including alterna-
tives already in use for similar shipments, handling
characteristics, likely availability of equipment for
transshipping, estimated cost of the alternatives,
value of the commodity, and the alternative which the
rail user thought would be selected. For the 15 sur-
veyed rail users who had already lost service as a
result of exclusion from the FSP, the transport al-
ternative that was in use or that would eventually be
used was already known and was obtained directly from
the survey. Information from these respondents was
used to aid in the analysis of other surveyed rail
users,

Subsequent steps in the analysis of the effects
on individual rail users were performed similarly.
These steps involved the

1. Probability of relocating part or all of the
affected facilities and the expected cost of such re-
location,

2, Probability of a facility being closed or of
certain lines of business being terminated, and

3. Expected decline in business volume at the
affected location,

These steps included a comparison of the estimated
sales volume of the affected products with the ex-
pected increase in transport costs for continued op-
eration at the affected facility, as well as an eval-
uation of the ability of the firm to pass these
increased costs along to its customers or suppliers,

Expansion of Survey Results

Estimates of the overall effects of abandonment as-
sociated with each set of potentially affected ship-
ments were developed by applying the results of the
survey analysis to the waybill data for the shipments
and by incorporating supplementary data from other
sources as appropriate, Supplementary data values
for transport costs and fuel consumption are discussed
in subsequent sections of this paper.

The general procedure for estimating the overall
effects of abandonment from this information is sum-
marized as follows:

1. Obtain the total number of affected megagrams
or megagram-kilometers of each commodity group in each
region;

2. Multiply by one or more response factors ob-
tained from the survey results (these factors are
usually a function of the commodity group);

3. Sum, in certain instances, over two or more
responses obtained in step 2 above;

4, Multiply, in some instances, by a supple-
mentary parameter value (e.g., diesel fuel consumed
per megagram-kilometer for each mode); and

5. Sum over all commodity groups to produce
results by region, or over all regions to produce
results by commodity group.

RESULTS

Transport Alternatives

Table 1 shows estimates of how abandonment would af-
fect shipments that presently originate or terminate
on the 53 000 km (33 000 miles) of line that could
lose service. About 72 percent of these shipments
are expected to continue to be made between the
present origin and destination. Most of this traffic
is expected either to be shipped by truck directly
from origin to destination or to move by conven-
tional rail service with trucks used for transport
between the affected rail users and another rail line,
About 1.5 percent of affected shipments are expected



Table 1. Total traffic potentially affected by modal conversion.

Volume of
Shipments Percentage
Category (Mg 000 000s) of Total
Change in transport mode
1. Rail/truck 14.7 31.6
2. Truck 17.5 37.7
3. Barge/truck 0.7 1.5
4. TOFC 0.8 1.6
Change in origin or destination
5. Change of supplier or market 3.6 7.8
6. Readjustment within area 4.8 10.3
7. Loss from area 43 9.3
Total 46.6

Notes: 1 Mg= 1.102 tons.
Detail may not add to totals due to rounding.

to be transported by TOFC and a similar amount by
barge (with trucks used for transport between the
rail users and barge-loading points).

Another 8 percent of affected shipments would
continue to be made to or from affected facilities
but would be made (by truck) to a closer market or
from a closer supplier.

Approximately 20 percent of affected shipments
would no longer be made to an affected facility (see
response categories 6 and 7 in Table 1), Such ship-
ments would be the result of lost business volume,
partial or complete relocation of an affected facil-
ity, termination of a line of business, or the clos-
ing of an affected facility., Of these shipments,
however, about half will continue to be made to other
locations within commuting distance of the affected
facilities, including locations to which an affected
rail user might relocate., Thus, it is estimated that
about 10 percent of affected shipments would no
longer be made to or from the areas presently served
by these lines.

Although seven response alternatives are shown
in Table 1, analysis of the transport implications
of the last two alternatives was generally beyond
the scope of this study. Therefore, unless other-
wise stated, subsequent results do not reflect data
for the 20 percent of present shipments that would
no longer be made to or from an affected facility,

Effect on Modal Usage

The following table shows estimates of the expected
change in use of the four transport modes under con-
sideration as a result of adoption of the transport
alternatives summarized in Table 1:

Billions

Mode of Mg-km
Rail

Conventional -9.01

TOFC +1.22
Truck

Direct +6.47

Rail access +0.38

Barge access +0.02

TOFC access +0.05
Barge +0.42
Total rail shipments potentially affected, 37.2

Mg-km

The figures in the above table represent changes in

megagram-kilometers (1 mg:km = 0.685 ton-mile) carried

by the specified mode and reflect differences in
circuity among modes,
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Fuel Consumption

Overall, railroads represent a fuel-efficient mode for
hauling freight. However, their overall efficiency

is a result of combining very fuel-efficient line-haul
operations with less efficient distribution and col-
lection service. Fuel efficiency of the latter ser-
vice is particularly low on the branch lines of least
density., Abandonment of such lines, combined with the
use of trucks for pickup and delivery services, will
result in reduced fuel consumption. However, to the
extent that abandonment results in the use of trucks
for direct service from origin to destination, fuel
consumption will be increased., Use of TOFC as an
alternate mode will also generally result in increased
fuel consumption, while bimodal movement by truck and
barge will normally result in a fuel saving.

Estimates of the overall effects of abandoning
the study lines were developed from the above estimates
of change in modal usage and from the estimates of fuel
consumption by mode and type of service shown in Table
2, The results indicate that abandonment of all
53 000 km (33 000 miles) of line would result in a 5
percent increase in fuel consumption., In terms of
diesel fuel, this increase would be about 2200 m” (8
million gal) annually,

Because of the relative fuel inefficiency of
light-density operations, present fuel consumption
per megagram-kilometer for shipments generated by
these lines is somewhat higher than the national aver-
age for railroad operations, This is particularly
true for the lines with the lightest traffic densities.
Indeed, if only the lines with petitions pending were
abandoned, an 11 percent saving in fuel consumption
would result,

Transport Costs

Estimates of the change in rail-user expenditures for
shipments that would continue to be made to or from
an affected facility were derived from the estimated
changes in modal usage, waybill data for railroad
charges of potentially affected movements (adjusted
to 1976 dollars using the U,S. Bureau of Labor Sta-
tistics' Railroad Freight Price Index), the average
costs to rail users noted earlier in this paper, and
average barge transport charges of 0.52 cents/Mg:km
(0.76 cents/ton-mile) obtained from the survey anal-
yeis.

Increased transport costs are estimated to aver-
age about $3.00/Mg ($2.70/ton), which represents 17
percent of the average railroad charges currently in-

Table 2. Fuel consumption data by mode and type of
service.

Approximate

Energy Consumption Consumption of
per Net Mg-km Diesel Fuel
Mode® (J/Mg-km) (m®/Mg-km)
Rail
General 0.97 1.95
TOFC® 1.11 2.23
Local service® - 6.0°
Truck
Rail access 3.87 7.7
All other 2.63 b3
Barge 0.69 1.39

Notes: 1J/Mg-km = 0,001 384 Btu/ton~mile, 1 m¥Mg-km = 386 gal/ton-mile,
1 m%km = 425 gal/mile,

2Except where noted, data obtained from Leilich, Prokopy, and Ruina (17).

bSee Rice {18).

¢ Estimated by linear regression {1, pp, 51-52} on Harbridge House estimates of
local-service fuel consumption on 10 abandonable lines in Wisconsin, New
Hampshire, and Massachusetts (19, 20).

9Plus 183 m*/km annually.
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curred by these shipments, Except for increased
handling (transloading) costs, these estimates do not
include any changes in the nontransport components

of operating costs; for many medium- and higher-
valued commodities, reduced inventory costs will do
much o balance the increased expenses for direct
trucking., No estimate of increased expenditures was
made for shipments that would no longet be made to or
from an affected facility.

Capital Investment

Estimates of capital investment and related effects
that would result from loss of rail service were de-
rived from the results of the analysis of the rail-
user surveys and supplemented by data on motor-
carrier capital requirements (1, pp. 42-45; 2) and
on highway construction and maintenance costs (1,
pp. 45-49; 22, 23).

If all 53 000 km (33 000 miles) of line were to
be abandoned, it is estimated that approximately 320
firms would relocate part or all of their facilities
at a total cost of $130 million (an average of about
$400 000/facility). Another $120 million would be re-
quired by rail users to purchase vehicles and other
equipment and to modify existing facilities, Motor
carriers and firms that either supply or purchase
from affected rail users would be expected to invest
$320 million in vehicles and in expanding related
facilities. Annual costs for road and bridge con-
struction would increase by an estinated $5.8 million,
and those for road and bridge maintenance by $6.5
million.

Abandonment and Subsidy Costs

From the estimates generated during this study, it is
possible to develop further estimates indicating that
the cost of subsidizing continued operation of all
53 000 km (33 000 miles) of line will be appreciably
higher than the total private- and public-sector
costs of abandoning these lines (see 1, pp. 73-78).
Subsidy costs, however, will tend to be greatest (per
carload or per megagram) for the lines with the
lightest traffic densities, while the benefits of
subsidy (i.e., avoidance of abandonment costs) will
tend to be greatest for the abandonable lines with the
heaviest densities. Thus, there are undoubtedly some
lines for which the transport-related costs of aban-
donment would exceed the cost of subsidization. Dis-
crimination among the lines in gucstion cam only be
made after detailed and specific studies,

This study has focused on the transportation eco-
nomics of shipments on light-density lines rather
than on social, economic, or envirommental impacts on
individual communities. Consideration of these factors
would increase the number of lines for which the ben-
efits of subsidy would exceed the cost of subsidy.
However, it would still appear that, for most uneco-
nomic lines, an assistance program enabling rail users
and local communities to adjust to the loss of rail
service would be more cost-effective than continued
operation under subsidy.
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Use of Mobile Communications in the

Trucking Industry
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Incorporated, Hyannis, Massachusetts

Mobile radio use has become a widely adopted compo-
nent of modern transportation systems. Communication
and transportation may serve as substitutes for or
complements to transportation systems. As a substi-
tute, communication can often replace a trip by ac-
complishing the trip's objective without direct per-
sonal contact. The telecommunications industry is
developing extensive technology for information
handling and transmitting. Thus, when the purpose of
a trip is to move information rather than goods or
persons, electronic communication may be substituted,.
Transportation and communication can also be comple-
mentary. As in most of the areas to be described in
this paper, communication is used to increase the ef-
ficiency of vehicle operations, Routing and sched-
uling changes can reduce mileage, increase load fac-
tors, and bypass inclement weather or delaying traffic
conditions,

However, the difference between the substitutive
and complementary relationships of communication and
transportation is not always clear-cut, For example,
through the use of mobile communication, a freight
vehicle can be dispatched to make a nearby pickup or
delivery that was not requested in the original dis-
patch,

DEFINITION

Mobile communication has been defined as voice or sig-
nalling communications services between base stations
and mobile units, either hand-carried or vehicular.
This definition can be expanded slightly by adding

that information transmission can occur between
humans, between machines, or between humans and ma-
chines, The use of electronic signalling for auto-
mated control purposes, often encountered in the
transportation area, could thus be included. Also
included in this definition are mobile communications
in the area of safety and special radio services.

This area covers aviation; marine and land mobile
radio use by state and local governments (e.g., police,
fire, forestry, highway departments); industrial (e.g.,
in-plant manufacturing uses, construction site com-
munications, service and supply vehicle links); land
transportation (e.g., railroads, passenger buses, de-
livery trucks, taxis, automobile emergencies); disas-

ter communications; and other experimental, hobby,
and personal convenience uses.

APPLICATION

Any communication between vehicles or between vehicles
and fixed stations by visual, electronic, or other sig-
nals generated or received by devices within the ve-
hicles can be considered mobile communication. Exten-
sive use of two-way radio communication has signifi-
cantly increased efficiency and service quality. A
reduction in the number of pickups and deliveries,
increased shipment requests, and reductions in fuel
consumption or the number of vehicles required have
all been noted by mobile communications users in the
transportation sector.

REGUIATION

Land mobile radio use is controlled by the Federal
Communications Commission (FCC) as part of the land
transportation radio service sector of the Safety and
Special Radio Services Bureau., Motor freight and
passenger carriers, taxi operators, railroad radio
users, and automobile emergency systems—including
highway maintenance vehicles—are included in this
sector governed under FCC Rules and Regulations (part
93) .

Applications for broadcast frequencies are made
to an officer of the FCC who coordinates them with
existing users and other applicants before forwarding
them for commission approval. The radio spectrum
available for land transportation users is broken
down for different services (e.g., rail, freight,
passenger, automobile emergency). A further break-
down is made to ensure the compatibility of signal
characteristics and message types.

The use of citizen-band radio by trucking com-
panies is greatest where the spectrum is overcrowded.
It is rare to find citizen-band radio used for dis-
patching in low-density urban or rural areas. Fur-
thermore, most companies have one allocated frequency—
and only a few have two or more (in each separate area
of operation)—but frequencies must be shared with
other users in crowded urban areas. Loading is gen-
erally high, i.e., 20-200 units/frequency, although
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this is low by police or fire standards. 1In all,
there are 6000 licenses in the industrial radio ser-
vices sector operating a total of 75 000-80 000
vehicles.

ASSESSING NEW TECHNOLOGIES

With the allocation of the 900 MHz band to land mo-
bile radio use, as specified in FCC docket 18262,
two new mobile communications technologies have been
developed to promote efficient use of this spectrum,
These are known as the multichannel trunked system
and the cellular system,

In the multichannel trunked system with auto-
matic control (MCTS), access to the several channels
assigned to this system is controlled by a central
computer unit. ALl users must request permission to
transmit.

In a cellular system, a large service area is
broken up into cells; within each cell is operated
a subsystem functionally similar to that of the
multichannel trunked system. The cells may be from
1.6 km (1 mile) to about 32 km (20 miles) in diam-
eter, and the MCTS transmitters in adjacent cells
operate on different sets of frequencies. The major
purpose of the cellular system is to increase mobile
communication capacity within a given spectrum alloca-
tion. Short-range transmitters and small cell size
permit reuse of allocated frequencies in cells sepa-
rated by a specified distance from the cell originally
using those frequencies, Moreover, small cell sizes
are naturally compatible with the limited range and
unfavorable propagation characteristic of the fre-
quencies now being made available for mobile communi-
cations. The major advantage of the cellular system
is its vast potential capacity; it can accommodate
millions of users, The capacity is not only propor-
tional to the number of channels assigned, but is also
inversely proportional to cell size. As cell size is
reduced, the number of cells in a given service area
is increased, thus increasing frequency reuse. Ad-
ditional advantages are privacy and virtually unlim-
ited effective range,

COMMUNICATIONS AND THE TRUCKING
INDUSTRY

The freight transportation industry is very diverse
and at the same time highly specialized. That is,
many types of operations exist, although a number of
firms will concentrate on a specific type of operation.
A company can be considered a local or a long-haul
carrier., 1In combination, these distinctions permit
the development of the spiderweb network that permits
complete coverage of a region. Local carriers are
allotted a region to serve, and generally are cen-
tered around one or a few major cities. Each local
carrier is responsible for the pickup and delivery of
goods within its region.

Long-haul carriers link major service areas,
transporting goods between cities for subsequent dis-
tribution locally. Terminals are located in each
local region, and direct service between these termi-
nals becomes the function of these over-the-road
operations.

Routing arrangement also characterizes the di-
versity of the industry. These types of operations
are of major importance in describing the communica-
tions needs of a carrier. The Interstate Commerce
Commission recognizes five distinct types of routing:
regular route/scheduled service; regular route/non-
scheduled service; irregular route/radial service;
irregular route/nonradial service; and local cartage
service.

Carriers can also be classified according to the
following economic criteria:

1. Class 1 carrier, annual gross of a firm in
excess of $3 000 000;

2, Class 2 carrier, annual gross between
$500 000 and $3 000 000; and

3. Class 3 carrier, annual gross under $500 000.

In the United States in 1970, there were 3632 class 1
and 2 carriers and 11 468 class 3 carriers. Because
classes 1 and 2 employ a much larger number of ve-
hicles, however, the difference in terms of total
equipment is much smaller. Approximately 50 percent
(about 1800 companies) of the class 1 and class 2
carriers use radio equipment, whereas only 5-8 per-
cent of the class 3 firms employ mobile technology
(about 700 companies)., Two factors seem to be re-
sponsible for this: the capital expenditure neces-
sary to obtain radio equipment and the reduced prob-
lem of communication when only one or a few trucks are
involved. A stratification of the industry is com-
pleted by considering two other classifications: by
type of "contract arrangement'" that refers to the
ownership of the cargo being transported and by type
of commodity transported. The basic distinction is
between for-hire carriers (providing freight movement
for other businesses and industries) and private car-
riers (fleets owned by a business or industry that
transport the industry's cargo).

The most important need of the long-haul trucker
is one of control, especially in cases where many
terminals are maintained and a large vehicle fleet is
maintained. Control of transferred cargo as well as
knowledge of vehicle arrival time at each terminal
(for more efficient loading) is essential. Because
of the long time that a truck may be out of communi-
cation with terminals, control could also be used to
aid in emergency situations and to monitor the per-
formance of the driver,

Local service, typically serving irregular routes,
relies more on communications for relaying new assign-
ments to drivers. In an ideal situation, a truck co-
ordinates several successive pickups and deliveries
before returning to a terminal. To accomplish this,
some form of communication with the driver is needed.

To meet these communication needs, a wide va-
riety of systems are available and in use. These in-
clude various conventional telephone arrangements,
on-line data transmitting and teletype systems, and
mobile technologies such as two-way radios and digital
equipment.

EFFICIENCIES AND IMPACTS OF
COMMUNICATIONS TECHNOLOGY

The use of mobile radio has two kinds of economic ben-
efit: increased revenue and decreased cost. Imme-
diate relay of incoming requests to an available ve-
hicle enables a larger number of customers to be
served per day (increased revenue). Not only can more
customer requests be handled, but fewer trucks are
needed to service a particular area if they are radio-
equipped. Four radio-equipped trucks may be able to
perform the task of five trucks without radio equip-
ment. Fewer trucks or truck-hours mean that a com-
pany can, for example, decrease driver wages and fuel
consumption.

Besides economic savings, there are a number of
more subtle impacts. Many customers prefer to do bus-
iness with mobile radio users because of the greater
speed and quality of service provided, In cases where
trucks are in the vicinity when a customer phones in
a request, immediate contact with the driver via the
terminal dispatcher can provide service in a matter
of minutes, Any questions arising during business
transactions that cannot be answered by the driver
also can be clarified immediately.



A certain degree of safety is also provided
through the use of radio equipment. In cases of
breakdown, accident, or other emergency, the driver
is able to get aid through the local terminal or from
other company vehicles in the area, if mobile-to-
mobile capabilities exist., Less reliance on outside
help results in greater security for driver and cargo.
Communications can reduce the danger of hijacking.

POTENTTAL MARKET FOR NEW
TECHNOLOGY

A market for new technology in the trucking industry
will depend on one of the following three abilities
of a cellular or multichannel system:

1, The ability to decrease congestion and hence
transmission delays,

2, The ability to provide dispatching service at
a lower cost than present mobile equipment, and

3. Capabilities not now present in dispatch and
communications equipment that would aid trucking firms,

Radio users interviewed for this study did not
view radio congestion as a major problem. Yet in
metropolitan areas, where radio channels are shared
by a number of users, congestion of the airwaves can
mean inefficiency in the trucking industry as in any
other type of dispatch service.

HIJACKING AND MOBILE
COMMUNICATIONS

The U.S. Department of Transportation noted that the
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total cost of cargo theft and pilferage exceeds $1
billion/year—with the trucking industry experienc-
ing the largest percentage of that total. Theft usu-
ally occurs during loading and unloading, in the terminal
minal yard (about 85 percent of stolen cargo goes out
the front gates of transportation facilities during
normal operating hours and in the possession of per-
sons and in vehicles authorized to be on premises
for legitimate reasons), or in transit between
terminals.

Hijacking has recently become more prevalent.
Increased terminal security has reduced the first
two types of loss, but the problem has moved to the
road,

CONCLUSIONS

This paper has attempted to identify the significant
role that mobile communications plays in the opera-
tion of pickup and delivery and over-the-road service
in the trucking industry. A number of specific in-
stances of operational and safety improvements due to
the use of communications devices have been identi-
fied. Very little doubt remains that improved mobile
communications technologies, such as the ones briefly
described in this paper, and a more widespread adop-
tion of available and future devices will further in-
crease the performance of the trucking industry.

Publication of this paper sponsored by Committee on Urban Goods
Movement.

Estimating Service-Differentiated

Transport Demand Functions

Andrew F. Daughety, Graduate School of Management,
Northwestern University

Fred S. Inaba, Department of Economics,
Washington State University

This paper develops a methodology for estimating the demand for
freight transport based on a model of the shipper’s decision-making
process. Conditions of optimality are used to specify a choice
model—subject to some assumptions about the shipper’s response
to the risks incurred by using the transport system. This model is
expanded to allow for testing for imperfection in the goods markets.
If such imperfection exists, a technique is proposed that involves
generating a posterior on shipment size, conditioned on alternative
choice from a prior on shipment size and the estimated choice model.
The resulting expectation of the posterior, when used in combination
with industry supply functions, produces demand equations. Finally,
market equilibria—where demand equals supply—are computed.

Estimating the demand for freight transportation has
been a favorite pastime of many transport economists
(1-12). Approaches have varied from gravity models
to logit analysis (13). A major advantage of a grav-
ity model is that it actually predicts flows. Its
major disadvantage is that it is not based on any
economic theory and thus is generally not sensitive
to microeconomic parameters such as market prices,
transport rates, and service levels., An advantage

of a choice model, such as probit and logit analysis,
has been its responsiveness to microeconomic param-
eters, although its estimation has usually been per-
formed without regard to microeconomic theory (5);
notable exceptions to this are found in Allen (1) and
Beuthe (3). The estimated choice probabilities are
then used to separate some given total quantity to
obtain estimates of shipment size for each alterna-
tive. This method is clearly limited because the
total amount shipped depends on the firm's decisions
regarding alternatives and shipment size.

This paper develops a consistent methodology for
estimating demand equations by starting from a micro-
economic model of a shipping firm, estimating a choice
model dependent on both alternative and shipment size,
and then producing demand equations that reflect
choice of market and mode, prices at the market,
transport rates for the different modes, and service
characteristics of the modes. This paper also pre=~
sents a theoretical analysis of the shipping firm,
develops the basic approach for deriving transport
demand, estimates logit models for market-mode choice,
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and reports the results of the demand estimation and
the estimated market equilibria.

FIRM TRANSPORT DEMAND AND ANALYSIS

Theory

Consider a typical shipper who can sell a product in
various markets and can use several alternative trans-
port modes. Assume that the firm is competitive in
the sense that it takes market prices and transport
rates as given; the firm's location is fixed in
space.

In the following analysis this notation is used:

L]
]

3 price of the product in market j,
i o3 S

tyy = transport rate to market j by mode
m, j=1,..,.,J and m=1,...,M
qjm = quantity shipped to market j by mode
m by the firm
Hjm(qjm) = gervice-induced transport cost of

shipping q; im
C(q) = cost to fu:m of producing q = L3 Dim
jm

Notice that the alternative of not selling in any
market and merely holding inventories can be included
by identifying one of the market-mode pairs with not
selling and not shipping.

Modes are differentiated by their service attri-
butes such as speed and reliability. These attributes
induce certain costs that are central to the theory of
transport demand as a derived demand. Induced costs
and how they relate to service attributes include the
following:

1. Equipment availability costs. Uncertainty
as to the availability of transport equipment when it
is needed induces costs, TFor example, inventory
costs are incurred when a shipment must be placed in
a holding position while waiting for the arrival of
transport equipment. Penalty costs may be levied on
a shipper who cannot make delivery as scheduled. To
the extent that late arrival of equipment exacerbates
on-time delivery, these penalty costs can be associ-
ated with equipment availability, The opportunity
costs that are incurred when a shipment is tied up
because equipment is not readily available is another
category of availability costs, Thus, availability
is a service attribute that imposes costs on the
shipper.

2, Transit costs. Interest and inventory car-
rying costs are incurred on the value of a shipment
during transit. Furthermore, variance in scheduled
transit time increases the risk of incurring pen-
alties due to late delivery of goods and loss of
goodwill, Thus, transit time on each mode is a ser-
vice attribute that induces costs of using a partic-
ular mode.

3, Loading and handling costs., These costs
will vary by mode when different combinations of
labor and capital inputs are required, For example,
spec1a1 facilities may be needed to load rail cars
vis-a-vis trucks.

An important aspect of transport service is re-
liability. In the case of physical reliability, there
are risks associated with loss and damage. 1In the case
of schedule reliability, there are risks associated
with the ability of the shipper to deliver a shipment
on a promised date, These risks are attributable in
part to uncertainty in equipment availability and
transit time variance, Thus, reliability introduces
the notion of risk into the shipper's decision as to
where to ship and by what mode.

In Daughety and Inaba (1l4) the selection of market
and mode was treated as a portfolio problem of in-
vestment in risky assets. Under the assumption of
risk-aversion the service-induced cost function

Jm("{_]m) can be expected to be strictly convex in
qjm- Now, consider the firm's profit function:

My, - Q) = Z E [Piqjm - t = Hjm (qjm)] - C(q)

jm Qjm
The shipper chooses nonnegative q;. 's 50 as to max-
imize ﬂ(qll,...,qJM) The result ng q;y"s are fune-
tions of prices Pj, rates tjm, and the parameters for
the functions HJm( ) and C(-). These constitute the
firm's derived demand for transportation, The first-
order conditions are

Pj & tjn'n - HJ{m (Qjm) -C{(q)=0

=%z 2 M
J MQjm
To clarify the relationships among the modal de-
mand functions, the conditional (inverse) demand
function for alternative n (i.e., mode m and market
j3s m=j,m) is defined as

1,(q,) = P; - C(aq) - Hy(gy,)

(The range of  is 1 to JM. In the sequel, lower-case
Greek letters, such as v, T, etc,, are used to repre-
sent market-mode alternatives,) Note that this is sim-
ply the left side (without ty) of Equation 1 evaluated
for ¢ = qn. Thus, if the only alternative available

to the shipper were m (ship to j by m), then r (qn) is
the maximum per unit rate that the shipper would be
willing to pay to ship qy on mode m to market j, Thus,
it is a demand price for service. It is not the de-
mand function for alternative 7 service since it is
conditioned on being the only available alternative.

It will be shown later that choice models give rise

to rn(q ), while regression models give rise to di-
rect estimation of the demand function implicit in
Equation 1.

If rp(qy) is inverted, T _l(t ) results, Sum-
ming over all firms produces Rp” (t,), the maximum
price shippers would be willing to pay to ship a
total of Q on alternative 7, given that alternative
7 is the only alternative used by all shippers.

Let Q,, be the amount of service provided in al-
ternative 9. Thus, an inverse supply function tn(Qn)
is assumed, which represents rates as a function of
Juantities shipped.
service is the set of ordered pairs (pn,Qn) that be-
long to

Ml Aa—nend £amm alinsemadSarn
1€ Gemana 07 aLciYnavcive ,,

0 ={(B0s QIeR? |2y =Ro(2Q)), 6:€Q) = RZQ,)ren]

In other words, demand for alternative 7 service is
the set of nonnegative demand prices (pp) and de-
mand quantities (Qn) so that Q, is the residual de-
mand left over after accounting for all other alter-
natives, based on a total flow Q = §Qyon all alter-
natives. For given Q, the (Q) is computed for
each alternative. This calls forth Qy service

[=t,"L(Ry(®)]. Thus, Q, = max (0,Q - 2.y is the

residual demand quantity, and p (Q) is the de-
mand price. Varying Q results in tracing out the
demand curve for alternative 7. This is shown for a
two-alternative case in Figure 1, Where uncondi-
tional demand (Dn) equals supply (tn), the equilib-
rium for the transport market, which equilibrates
the goods markets, exists.

The above analysis shows how demand for trans-
port arises from a basic model of the shipper and that,
in order to find demand, goods market characteristics



Figure 1. Market equilibrium using residual demand curves,

|

t2(Qg)

1,(Q))

and service characteristics must be included as well
as rates for service. It should be obvious that
changes in, for example, service characteristics of
one mode affect [via the Rn(-) function] the demand
for alternative modes and, in this case, market selec-
tion as well.

Developing Estimation Models

The use of the first-order conditions does not stop
with the theoretical analysis of demand. This sec-
tion will show that not only can conditions of opti-
mality be used to specify the form of the model to
be estimated, but also that they provide a set of
conditions indicating the applicability of various
techniques (i.e., regression versus quantal choice)
to the estimation problem itself,

As mentioned earlier, it can be shown that,under
the assumption of risk-aversion on the part of the
shipper, the service-induced cost functions Hpy(+)
will be strictly convex and monotonic. Consider the
functions:

Va() =P -ty - H0)

These functions reflect the marginal value of distri-
bution of the good by alternative 7. A restatement
of Equation 1 is

Va(qy) = C'(% Q) ¥ 2

Since the service-induced cost functions are strictly
convex and monotonic, the V,(*) functions are
downward sloping. Figure 2 illustrates the optimal
solution, assuming four alternatives. As can be
seen, the optimal solution is to use more than one
alternative, in other words, to pick a portfolio of
alternatives., Thus, except under special conditions,
the shipper will not choose just one alternative;
rather, the shipper will choose a mix. Thus, quantal
choice models, wherein only one alternative is
chosen, are not appropriate. Again, this is due to
the risk-aversion of the shipper—a very reasonable
assumption. In this case, the appropriate approach
is regression analysis on a system of equations.

This is unfortunate; because both C(-) and Hn(') are
unknown, this approach will be very data intensive.

H, is strictly convex in general, However, for
firms ‘such as those being examined here (country
elevators), a linear approximation to the risk func-
tion is not too inaccurate (4) because elevators
typically ship only a fraction of their holdings at
a time. Thus, in terms of wealth put at risk, these
firms are relatively (compared to terminal elevators)
close to the origin of the risk function and, thus,

a linear approximation to the unknown function is ap-
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propriate., This is not necessarily true for very
large shippers with a multilevel, coordinated
decision-making process such as terminal operators.

If we now approximate Hp(+) by a linear function,
then Vph(+) is a constant since Hyp/(°) will be a con-
stant., The result is shown in Figure 3. The optimal
solution is to pick the maximum V), and use only that
alternative, Now, rather than using regression tech-
niques on a system of equations, we instead should
use quantal choice. For if we take the total mar-
ginal return to be the sum of a measured, non-
stochastic term (Vy) and a random variable (¢y), then
we pose the choice problem as picking the alternative
with highest marginal return, i.e., we want to pick
alternative 1 if

V, te, >V, te, V£M

Define the choice variable y that takes the
value y=n, if the shipper chooses the n-th alterna-
tive. Here the alternatives are defined as market-
mode pairs. Let xy, be a vector of observable char-
acteristics of the shipper and let w be a vector of
unobservable variables. Assume that the shipper's
decision depends on the 's, z, and w. Thus, prob-
ability distribution of y is determined by the vector
x = (x,), z, and the unknown parameters that charac-
terize the distribution of w. Then the most general
choice model [see (15)] can be mathematically repre-
sented by

Prob{y =7 |x,z} = epr,,(x,z,w)/E expF, (x,z,w) 3)
n

Figure 2. Assuming four alternatives, shipper
will choose a mix as is shown by downward-
sloping curves. Risk here is strictly convex.
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Figure 3. Linear risk for shipper is indicated?
thus the optimal solution is to choose only one
alternative.
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where Fy is some function, Considerable effort has
been expended on Equation 3 in recent years by
Amemiya (15), Domencich and McFadden (16,17), and
Nerlove and Press (18). McFadden has shown that if
the €n's are independent with distribution

[-exp(-€n - Qy)] where 0y is a parameter, then, let-
ting F, (x,z,w) = Vy - apy, we have

PR{V, +a, >V, +a, v#n) =Priy =n|x,z)

=exp(Vy - 0,)/2 exp(V, - &)

Therefore, if we approximate Hy with a linear
function, which reflects the fact that country eleva-
tors typically make small shipments (relative to their
total wealth), then a choice model can be used. We
have chosen to use a logit representation of the
choice problem both because of the McFadden results
and computational ease as well as its closeness to al-
ternative choice models (16,17)., The models used

were
Priy =7V} =Prob{V, +e, <V, +te, ¥,.p) (CY)
and
Prliy=n1q,V} =Prob{V,q+e, <V,q+te, ¥yrp ! %)

where unsubscripted V stands for the vector (x,z).
The reason for the second model is that, if it out-
performs Equation 4, there is an indication of im-
perfection in the goods market. As one might ex-
pect, this is what occurred.

ESTIMATING THE CHOICE MODEL

This section deals with modeling a specific type of
shipper—a country elevator that ships corn to vari-
ous markets. In general, such characteristics as
loss and damage and schedule reliability are not
critical to such shippers, although other service
characteristics are important, Specifically, we in-
clude a measure of equipment delay, i.e., availabil-
ity (4). The measure that enters the shipper's
profit function provides an approximate cost asso-
ciated with using a mode. After estimating the two
choice models, we will then show how demand functions
can be derived. The analysis was performed in cus-
tomary units rather than SI units.

Measuring Availability

Shippers form expectations about various service
parameters, Miklius and Casavant (19) found that
such expectations may not reflect reality, Never-
theless, shippers act on their expectations. In this
case, grain elevator operators evaluate the availa-
bility of transport equipment, i.e., how much equip-
ment delay they expect to experience in ordering and
obtaining transportation vehicles (trucks, rail cars,
barges) to fulfill commitments. Delays are often ex-
pected during the harvest period when transportation
use is at its peak and resources are scarce, Then
the availability of a piece of equipment can be crit-
ical. A number of different types of contracts with
various provisions forr delivery times exist and are
used (20). 1In all cases, however, elevator operators
require a high degree of confidence in the availabil-
ity of equipment to make deliveries, Thus, oppor-
tunities may be foregone or responses to bids altered
due to expectations about the availability of trans-
port equipment,

Daughety and Inaba (4) showed how data collected
by questionnaire could be used to construct an avail-
ability measure. The authors defined the O/-expected

delay to be n days where n is the value so that
Pr{T<n} = & with T the number of days' delay in equip-
ment arrival, The following table shows the 0,95-
expected delay times and costs for two groups of
shippers: SCR shippers (those who used only truck or
single-car rail) and MCR shippers (those who used
truck and single- and multiple-car rail),

Cost per Bushel

Shipper Days (8}
Small (Truck, SCR) 7.8 0.0042
Large (Truck, SCR, MCR) 13.6 0.0072

The costs are found by evaluating the delays at the
average inventory holding of 1.6¢/bushel/month. This
table will not be discussed further other than to
note that bigger shippers get poorer service in part
because the railroads are unable to adjust their
rates (4).

Specification of Model for Estimation

The behavioral model of the country elevator takes
risk as linear and thus only one market and one mode
are chosen to maximize the elevator's choice function
(i.e., net price or net profits)., Therefore, the
logit technique is appropriate.

The observable part of the choice index consists
of three types of exogenous variables or attributes:
market variables, market-mode variables, and shipper-
mode variables. Let P(n), t(n), A(n) be the vectors
of exogenous variables observed by the n-th shipper
where

Pj(n) = the price at the j~th market,

tjm(n) = the transport rate of shipping to the
j-th market by the m-th mode, and
the perceived availability cost per
bushel of shipping by the m-th mode.

Ap(n)

Following the theoretical considerations pre-
sented earlier in this paper, the choice index of
the country elevator can be either net price or
profits = net price x quantity. Therefore, the
logit models used in this study are

1. The net-price model

Pr{y = (j,m) | P(n), t(n), A(n)} =expl ey, Pj(n) + &y tjm (n)
tan3An(n)]/Z T explog Po(n) + gy, tox(n) + ayg Ag(n)]
i ¥ K (6)

2. The net=profit model

Pr{y = n | q(n), P(n), t(n), A(n)} = expla;P;(n)q(n)
+ ajm2 tim (n)q(n) + am3 A, (n)q(n)]/E E explag Po(n)q(n)

+ Qgiz tox (N)q(n) + &aA (n)g(n)] N

For SCR shippers, the availability cost for rail is
$0.0042/bushel, whereas for MCR shippers, this var-
iable has the value $0.0072/bushel. Since trucks are
generally readily available (4), the availability
cost is zero for all shippers in the sample.

Data and Estimated Choice Probabilities

In 1976, a survey was circulated to elevator firms in
Indiana, Illinois, and Iowa. The survey asked for
firm-level information (ownership structure, capacity,
modes used, markets traded with, monthly storage
charge, and accessibility to transport system), sub-
jective assessments (the distribution of delay times
in receiving equipment of various modes), and randomly
selected shipment examples for specified times of the



year and for specified crops. The individual ship-
ment records contained information on quantity shipped,
mode, contract price, transit time, transport rate, who
paid the transport, destination, expected travel time,
date of contract commitment, and shipment due date.

For this study, only price, quantity, transport rate,
whether the shipper paid the transport rate, destina-
tion, mode, and the distribution of delay times were
used. Generally, no records are kept that indicate
forgone opportunities, Thus, it was necessary to
construct alternatives for each shipper.

Two major market areas were specified: river
and local. River covers midwest and mideast destina-
tion points on the Missouri, Mississippi, Illinois,
and Ohio rivers, as well as Chicago. All other mid-
west and mideast traffic is typically local, Ship-
ments to the coasts were excluded, Obviously, such
labels are somewhat arbitrary. The aggregation of
the destinations into market areas was made on the
basis of the type of activity associated with the
area as well as the relative distance of a specific
location to the alternative areas,

Two modes were examined: truck and single-car
rail., All data were gathered for the week of October
19, 1975, This week is well into the harvest season
for corn, the selected crop. Answers from those ele-
vator firms that only used trucks to make shipments
were used only to compute some average values. Since
these elevator firms had eliminated other modes from
their choice set, we could not include them in the
overall choice analysis. An examination of why such
firms choose not to even consider other modes will
not be considered here.

As is well known, prices at the different mar-
kets reflect, to some extent, the commodity futures
trading activity in the crop. Corn is traded at the
Chicago Board of Trade., Prices did not vary greatly
(0 = 0.234)., Thus it was felt that the average re-
gional prices from the data base would provide rea-
sonable surrogates for the actual prices at the al-
ternative markets. The regional prices per bushel
were $2.663 (river) and $2,605 (local).

Actual transport rates were not obtained for al-
ternatives not chosen., Rates were predicted from
data collected on shipment sizes, rate paid, aud
distance shipped., Finally, availability costs per
bushel were zero for truck, $0.0042 for single-car
rail when used by shippers who only use single-car
rail at most, and $0.0072 for single-car rail when
used by shippers who also can use multiple-car rail,

Table 1 displays the estimated values of the co-
efficients for both of our logit models. Two models
(truck and single-car rail) and two markets (river
and local) result in four alternatives: truck to the
river (TR), truck-local (TL), single-car to the river
(SR), and single-car local (SL).

Table 1. Net-price and net-profit probability models.

Model
Net-Price Net-Profit
Factor River Local River Local
Price 2.626 3.176 0.0014 0.0013
(1.046) (1.193) (3.412) (2.945)
Truck -33.21 -64.63 -0.0096 -0.0128
(-3.889) (-4.491) (-3.925) (-3.297)
Rail -16.74 -25.29 -0.0048 0.0016
(-3.547) (-3.410) (-3.635) (-3.060)
Availability -457.5 -0.0669
(-2.394) (-1.951)

Note: Asymptotic t-values for coefficients are shown in parentheses
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The first model predicted the correct choice 90
percent of the time and had a likelihood ratio index
of 0.865, while the values for the second model were
82 percent and 0.4028 respectively. The likelihood
ratio index gives a weak measure of the explanatory
power of the model and is defined as one minus the
ratio of the log-likelihood at zero, [For a dis-
cussion of this measure and its relationship to other
goodness-of-fit measures, see Domencich and McFadden
(16).] Asymptotic t-values for the coefficients are
shown in parentheses., It is interesting to note
that the first model has better summary statistics,
whereas the price variables are not very significant.
The theory expressed earlier suggests that, if el-
evators are competitive and have approximately lin-
ear service-induced transport cost functions, then
the net-price model should be a good representation
of market-mode choice, However, as Table 1 shows,

a comparison of the t-values on the price variables
suggests this is not true. The fact that market
prices in the net=price model are insignificant is
inconsistent with the theory, the remarks made by el-
evator operators, and the fact that organized futures
markets exist to amplify and communicate information
on market prices, On the other hand, when net price
is multiplied by quantity, the market price variables
in the net-profit model become significant,

Discussions with country elevator operators clar-
ified the matter., In general, elevators face two
types of buyers. One type—generally the larger
buyers—accepts virtually any shipment size in re-
sponse to its posted bids., These buyers reflect a
perfectly elastic demand for grain, The second type
of buyers poses downward«sloping demand curves. They
issue a bid for grain and, as with the first rvpe of
buyer, the country elevator operator responds with an
amount to ship. This is then negotiated, along with
the bid price itself, either until a mutually satis-
factory bid price and quantity are found or until
negotiations break down. Clearly, the buyers are
seeking points on their demand curve, while the ele-
vators are attempting to stay on their supply (mar-
ginal cost) curve. The result is either a cobwebbing-
in to a negotiated solution (intersection) or diver-
gence (no contract).

The existence of such transactions is easily
confirmed; their extent in the market, however, is
unknown. A test for their effect on shipper choice
is the estimation of Equation 7, the net-profit model.
The t-values on revenues (price times quantity) are
very significant, indicating that market imperfection
in terms of bid negotiation is extensive and invali-
dates the use of Equation 6, the net-price model.

The analysis in the rest of the paper is based on
Equation 7.

Demand Functions and Choice Probabilities

Two ways to predict demand have already been noted.
The first was through aggregating individual demand
functions, If we had been able to use regression,

we could now do this. It is also impossible to
directly find the demand function using quantal tech-
niques. An individual demand function would be rep-
resented as

E(Q, |V)=f qdPriy=2,q<Q[V}

where V is a vector of observed parameter values.

By varying t,,, for example, we could trace out the
demand for transportation for alternative 7. Unfor-
tunately, we do not have an estimate of PR{y=n,q<Q|V}.
This can be seen by the following:



28
Priy=n,q9<Q|V}I=Prig< Qly=mn, V) -Priy=n]|V} 8)

Q _ _
Pr{y=mn,q< QIV)=f Prly =n|qedQ, V} - Pr{qedQ | V)
. (&)

Equation 8 cannot be estimated because it requires
the net-price model, the applicability of which is
precluded by market imperfections. Moreover, Equa-
tion 9 requires additional estimates of the firm's
choice behavior, i.e., Pr{q<Q|V}.

However, aggregate demand functions for each
market-mode pair can be estimated from the net-profit
model by using the method presented in the section
on firm and transport demand theory. Let h(q|n,V)
be the posterior density on shipment size given
that the firm chooses alternative 1) and observes the
vector V of parameter values. Let f(q) be the prior
density on shipment size. Then by Bayes' theorem

h(qln, V)=[Prly =nlq, V}- f(q)]U [Priy=mnliq, V} - f(q)dq]

where Pr[y=n|q,V} is, of course, the selection prob-
ability of the net-profit model. Then

E(QIn, V)= f qh(q|n, V)dq

gives the expected quantity shipped given 1 and V.
Notice that if we only alter ty (in V) and trace out
the expected shipments, we will trace out 1, (tn),
the conditional demand for alternative 7 service dis-
cussed earlier. Using the procedure outlined, we can
thus estimate Rn(Q) functions and, given supply func-
tions, we can estimate demand functions for each
market-mode pair.

DEMAND FUNCTION ESTIMATION RESULTS

Prior Density on Shipment Size

The prior on shipment size, f(q), was taken to be
normally distributed, based on an elementary central
limit theorem argument. Two priors were used, i.e.,
one for small shippers and one for large shippers.
The means and standard deviations for the priors are
shown in the following tabie:

Shipper Standard
§EE___ Mean Deviation
Small 4075 5912
Large 11 835 23 484

Individual rn(qn) and Market Level Ry (Q)

Using the priors shown above, E(Q|n,V) was computed
for both types of shipper, for all four alternatives,
and for various values of t,. Table 2 displays co-
efficients for linear regressions that were fitted to
the computed values.

The regressions in Table 2 represent inverses of
rn{dy) . As can be observed, all are downward sloping
except small shippers, alternative (SL), which is
constant, The computed shipments were then aggre-
gated and scaled upward to represent the region (2500
elevators). Table 3 displays the inverses of Rn(Q).

Supply

Demand for modal service is a residual demand, and
supply functions must be estimated before demand

Table 2. Regression of E(QIn,V) on t,.

Alternative £y Constant R®
Small shipper:
TR -72 875 13 988 0.97
(16.3) (25.5)
TL -51 072 7 748 0.86
(-7.2) (10.5)
SR -32 468 10 682 0.97
(-16.9) (25.2)
SL 51.6 7 757 -
0.2) (145.8)
Large shipper:
TR -314 030 55 439 0.75
(-5.0) (7.2)
TL -241 000 30 515 0.53
(-3.2) (3.9)
SR -44 697 13 359 0.91
(-9.2) (12.4)
SL -197 440 62 839 0.99
(-28.6) (41.1)

Notes: TR = truck-to-river; TL = truck-local; SR = single-car to river; SL = single-
car local.
Asymptotic t-values for coefficients are shown in parentheses,

Table 3. Inverses of Rn(Q).

Alternative t, Constant R’
TR -6.2116-10° 1,1042-10° 0.78
(-5.4) (7.8)

TL -4.734+10° 6.0812+10" 0.56
(-3.3) (4.1)

SR -1.0348-10" 3.1579+107 0.93
(-10.2) (14.1)

SL -3.5937+10° 1.1966+10° 0.99
(-28.7) (43.1)

Notes: TR = truck-to-river; TL = truck-local; SR = single-car to river; SL = single-
car local.
Asymptotic t-values for coefficients are shown in parentheses.

curves are derived. In this study, rate functions

are used as surrogates for supply curves, These ap-
proximations had to be used because supply functions
for truck and rail for the region do not exist in the
literature, and limitations of cost data precluded
estimation of supply curves in the traditional manner,

Rate functions were estimated for the four market-
mode alternatives by regreseing rates on the amounts
shipped by alternative., Assuming that the sample
rates and quantities shipped are representative of
the typical trangport firm, an estimate of the ag-
gregate amount shipped on an alternative mode was
obtained by multiplying the sample quantities by an
estimate of the number of typiecal firms providing the
service, The procedure to estimate the number of
typical firms providing service to each market-mode
alternative is described here,

Assume that a typical firm is represented by the
amount of service supplied during the period svq,
where s is the number of shipments per vehicle during
the period, v is the number of vehicles per firm, and
q is the load per vehicle. Then the amount that a
typical firm can carry on one shipment is Q = vq.

If N is the number of firms providing service on an
alternative, the quantity of service provided during
the period must be T = Nsvq = NsQ.

Estimates of T,s,q, and Q yield estimates of N,
the number of typical firms, and v, the number of
vehicles per firm, To estimate the T's, the sample
totals of the quantity shipped on each alternative
were scaled up to the projected total shipments by
alternative for the region., Estimates of s were ob-
tained from the data on actual transit times reported



in the survey. The average shipment sizes were used
as estimates of the Q's. Finally, average load ca-
pacities for truck and rail hopper cars were used to
approximate the q's, Our procedure yielded these
estimates: the number of typical firms providing
truck service to the river and local was 427 and 128
respectively; the number of typical firms providing
rail service to the river and local was 416 and 416
respectively; the number of vehicles per firm was 6
and 11 trucks, 1 and 3 rail cars respectively,

Clearly, our procedure suffers from the fact
that vehicles are switched and reallocated among
markets on a daily basis. Consequently, our defini-
tion of a typical firm as a grouping of transport
vehicles providing service sufficient to carry the
average load departs considerably from the actual,
However, within this constraint, the implied industry
supply functions as approximated by rate functions
are shown in the following table:

Alternative  Prediction Equation R?

TR t; = 0.189 065q°03" 893 0.69
TL t, = 3.284 - 108 + 0.0531 0.27
SR t3 = 1.0474 - 108q + 0.2087 0.39
SL t, = 1.0474 - 1078q + 0.1828 0.39

These were found by estimating individual rate func-
tions and then scaling up to reflect the implied size
of each alternative "industry."

As shown, all functions are linear except for the
first alternative, which was log-linear. Rates are
predicted as a function of shipment size (in bushels X
10-7y. Again, the reader is cautioned that these are
not aggregate marginal cost functions. They are simply
observed relationships between rates and shipment size,
scaled up by estimated number of firms.

In general, alternative one reflects an essen-
tially horizontal supply function, while the second
alternative is upward sloping., This probably re-
flects the fact that local movements entail search
costs for the next load; movements to the river pro-
vide lower search costs due to higher concentrations
of firms. The fact that the rail-rate functions slope
upward does not conflict with the regulation of rails.
Rates are regulated on a point-to-point basis, while
the rate functions are aggregations over a three-state
region,

Demand Functions and Resulting Equilibria

Elements of Dy ( =1,...,4) were computed and then fit
with a linear equation to summarize their trend. These
equations are displayed below:

Alternative 1

2
tp Constant R?

TR -7.0341- 108 1.1477 - 108 0.99
TL -5.4795 - 108 5.8201 - 107 0.98
SR -1.3673 - 108 2,526 - 107 0.99
SL -3.3604 - 108 1,1122-10° 0.93

Caution is again suggested in using these results.
The high linearity is simply due to the use of linear
functions to derive the demand curves. Future work
must rely on more sophisticated statistical and nu-
merical techniques. Nevertheless, the following ap-
proximate equilibria were computed:

Alternative  t, () g (bushels)

TR 0.108 38 500 000
TL 0.103 1500 000
SR - =
SL 0.289 14 000 000
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For the third alternative, demand was slightly
below supply and thus the model predicts no market
for services, This corresponds reasonably well with
the observation that, for the movements used to esti-
mate the logit function (78 elevators), single-car-
to-the-river accounted for only 6 percent of the
total quantity moved. Statistical and numerical
error probably account for the result indicated in
the preceding table,

The estimates for the first and fourth alterna-
tives seem slightly high (it was generally expected
that total flows would be in the neighborhood of 25
to 35 million bushels). This is also reflected in
the fact that total shipments (£q,) do not equal im-

n

plied total shipments from Rﬁl(tn). This is clearly

a result of the heavy reliance on the estimated linear
relationships among the variables and the size of the
sample used, However, relative magnitudes are gen-
erally reflective of the data observed,

SUMMARY

In this paper we have developed a technique for esti-
mating demand for transport service that is sensitive
to transport rates, market prices, and service levels,
We estimated own-demand functions; clearly a variety
of cross-demand functions could similarly be derived
as well as demand functions parameterized on perceived
service level,

The approach was based on a model of a shipper's
decision-making process, Conditions of optimality
were used to specify a choice model subject to some
assumptions about the shipper's response to the risks
incurred by using the transport system. This model
was expanded to allow for testing for imperfection in
the goods markets, 1In the presence of such imperfec-
tion we proposed a technique that required generating
a posterior on shipment size, conditioned on alterna-
tive choice from a prior on shipment size and the esti-
mated choice model, The resulting expectation of the
posterior, when used in combination with industry sup-
ply functions, produced demand equations. Finally,
market equilibria—where demand was equal to supply—
were computed.

Improvements must occur in at least two areas,.
First, industry supply curves based on cost analysis
must be used rather than the rate functions used
herein. Second, a larger sample of elevator firms is
called for. Both of these problems are presently
under development,
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Effect of Increased Motor-Carrier Sizes and

Weights on Railroad Revenues

Edward B. Hymson, Office of the Assistant Secretary for Policy,

U.S. Department of Transportation

Railroad net revenue is directly related to motor-carrier rates and
costs on all traffic for which motor carriage can be substituted easily
for rail service. Increases in maximum lawful truck sizes and weights
will lead to lower motor-carrier costs. Competition and regulatory
pressure will translate these lower costs into lower rates. Railroads
will have to either match the lower rates or lose traffic to the com-
peting mode. In either instance, railroad revenue will decline as a
result of the increased truck sizes and weights. The amount of loss
depends on the reduction in motor-carrier costs and rates brought
about by the increase in capacity, and by the proportion of existing
rail traffic that will move by motor carrier if the relative rates of the
two modes change. If motor-carrier capacity increases from 33 249
kg to 40 834 kg {from 73 280 Ib to 90 000 Ib), costs of operation
and rates are estimated to decline by 16.8 percent. Potential for di-
version from rail to truck was estimated by examining market shares
of each commodity in each distance grouping. Available market
share data suggest that railroads compete with motor carriers for
traffic accounting for approximately 75 percent of rail revenue.
Thus, a 16.8 percent decline in motor-carrier costs and rates would
force railroads to make competitive adjustments that would cost the
industry up to $2 billion.

An increase in motor-carrier size and weight limits
will lower the cost of carrying goods by motor carrier,

thus increasing the attractiveness of motor carriage
over rail carriage. Lower motor-carrier costs would
permit for-hire motor carriers to reduce rates to at-
tract traffic from railroads and would lower the costs
of private carriage, Where shippers view railroads
and motor carriers as alternative means of shipping
goods, a change in the cost of moving by one mode
rather than another will encourage substantial di-
version of traffic to the mode offering service at
reduced cost. The mode affected by the diversion can
either lose the traffic or lower rates to maintain

its share of market. The amount of diversion that
will result from a given change in relative prices is
a function of the elasticity of substitution between
the two modes, i.,e., the degree to which shippers will
change modes in response to a change in price, Elas-
ticity of substitution will vary among commodities and
over different distances for the movement of a single
commodity.

The 1972 Census of Transportation (l) provides in-
formation about the share of market by mode for each 3-
digit commodity code by distance block. Thus, one can
infer the susceptibility of each commodity to diversion



from the existing market share data., Where motor car-
riers already have a significant share of the market,
they can be expected to substantially increase their
market share if cost of shipping by motor declines rel-
ative to the cost of shipping by rail. 1In such cases,
railroads must either choose to leave rates unchanged
and lose the contribution to overhead such traffic pre-
viously provided, or reduce rates to hold onto traffic
and incur a revenue loss equal to the reduced contribu-
tion to overhead. The sum of the reduction in con-
tribution to overhead from lost traffic and from rate
reductions equals the revenue loss resulting from the
change in motor-carrier costs.

EFFECT OF CHANGES ON COSTS AND RATES

Motor-carrier net revenue is a function of revenue per
45.3 kg (100 1b) of freight carried, amount of freight
carried, and costs of operating the tractor and
trailer(s) over the route, Thus,

NR, = R, (CAP) - TC (1)

If heavier loadings are permitted, then at constant
rates R}, revenue increases by the amount of addi-

tional freight times the rate per 45.3 kg (100 1b),
less any additional costs in operating the tractor

and trailer(s). Thus,

NR, = R, (CAP) + R, (ACAP) - (TC + ATC)

and
NR = R, [(ACAP) - ATC] (2)
where
NR = Net Revenue,
TC = Total Cost,
CAP = Capacity of trailer(s) expressed in 45.3

kg (100 1b) and as constrained by law, and
R = Motor-carrier rate per 45.3 kg (100 1b).

As long as R1(ACAP) >ATC cost per 45,3 kg (100 1b)
falls., For an unregulated carrier, competition will
force down motor rates to levels approaching cost
(including fair return). Regulated carriers are sup-
posed to be regulated in such a manner that they only
earn cost plus a fair return, Private carriers ex-
amine their cost of carriage when determining whether
to use their own fleet or ship by common carrier., If
competition, regulation, or cost per 45.3 kg (100 1b)
determines charges against which railroad rates are
compared when deciding which mode to use, then one
can expect rates to fall as needed to hold net revenue
at the break-even level (the break-even level

permits a firm to earn a market rate of return).
Competitive pressure will force motor-carrier rates
and costs down to a level where net revenue is in«
creased by enough to cover any increase in capital
costs. Thus, a new rate level (cost level for pri-
vate trucking) will emerge equal to the old level
plus any additional costs of the increased size:

R, = [R, (CAP) + ATC] /(CAP + ACAP) 3)

The rate level falls proportionately with the increase
in capacity except as countered by increases in costs
resulting from operating at the additional capacity
limits,

SUBSTITUTING MOTOR SERVICE FOR RAIL
SERVICE

The level of revenue loss to railroads resulting from
declining motor-carrier costs is, to a large extent,
a function of how aggressively motor carriers seek to
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attract traffic previously moving by rail., If the
history of diversion of commodities from rail to

truck in the post-World War II period is prologue,

the motor carriers will take advantage of reductions
in costs brought about by changes in capacity con-
straints to attract traffic from railroads. If rail-
roads continue to act as they have in the past, they
will lower rates as necessary to try to retain traffic
unless the rate reduction would result in out-of-
pocket losses., Since railroad rates are typically
lower than truck rates because rail service is gen-
erally perceived to be inferior to truck service for
most commodities, a reduction in motor-carrier rates
must bring forth a corresponding reduction in railroad
rates that at least maintains the relative rate dif-
ferential in order to maintain market share.

Ideally, one would like to measure the effect of
relative rate changes on modal choice in each market
by examining the change in modal traffic distribution
that occurs as motor-carrier rates and private-
carrier costs fall, The greater the opportunity to
substitute one mode for the other, the larger the ef-
fect of a change in truck rates on diversion, and
thus, the greater the rail rate reduction needed to
hold traffic., Unfortunately, the specific data re-
quired for such an analysis are not normally available.
Examination of market share data, however, can be used
to infer the elasticity of substitution between truck
and rail,

The inherent assumption in such an approach is
that whenever a considerable portion of a commodity
is already moving by motor carrier in a given distance
block, a 16.8 percent reduction in motor rates is
likely to trigger a substantial diversion of existing
rail traffic to truck. The only alternative thesis
would be that the service provided by the two modes
is different and that changes in relative prices will
not affect the distribution of traffic. The trend of
market share data, shown in the Census of Transporta-
tion and in the Fresh Fruit and Vegetable Unload
Data (2), supports the view that the services are close
substitutes. In particular, the evidence shows that
traffic has been shifting from rail to motor carrier
whenever motor-carrier rates or costs fell relative to
rail rates, Additional evidence of the pervasive
nature of competition is found in the numerous hold
downs found in railroad general rate increases and
the scaling down or cancelling of rate increases by
railroads on the grounds that competition would not
permit it (3).

Similar evidence is available on a more geo-
graphically specific basis for grain movements moving
through the Minneapolis-St, Paul area, Again, the
market share of motor carriers has been rising over
the past decade as motor-carrier rates fell relative
to rail rates. Examination of available market share
data collected on a monthly basis demonstrates that
there is a high cross elasticity of demand between
rail and motor services, Rail market share is largest
in those months when truck rates are highest (usually
during harvest or large international grain sale pe-
riods); it drops off sharply as motor-carrier rates
fall. The variation in demand for rail services is
extremely sharp, as truck prices move from levels be-
low to levels above rail rates. Available market
share data on produce demonstrates that the cross
elasticity of substitution for transportation of ag-
ricultural products is very high (2). The general
increase data provide similar support for the thesis
that there is a high cross elasticity of demand for
a broad set of manufactured products., The evidence
on cross elasticity of demand, in turn, supports the
thesis that rail rate reductions implemented to match
motor-carrier rate reductions will generally minimize
revenue loss as long as the resulting rail rate is
above long-range incremental cost.
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The evidence of high cross elasticity of demand
for most manufactured and agricultural products must
be measured for each commodity., Any commodity already
moving by motor carrier to a significant extent is
likely to exhibit high sensitivity in choice of mode
to changes in relative rates, Commodities still
moving completely by rail may be divertible to motor
carriers as motor-carrier rates decline by 16.8 per-
cent relative to rail rates. We have, . however, fol-
lowed the conservative approach of assuming that
traffic currently moving primarily by rail will con-
tinue to move by that mode even if motor-carrier
rates fall. To the extent the assumption is in error,
estimates of diversion, and consequently of rail rev-
enue loss, are understated, The higher the share is
of a commodity already moving by motor carrier in a
given distance block, the higher the amount of diver-
sion that will occur as a result of a relative de-
cline in motor-carrier rates. A 16.8 percent decline
in motor rates will force explicit reevaluation of
modal choice throughout the shipping community., Even
when relatively major changes in packaging or in de-
sign of shipping and receiving facilities become nec-
essary to shift modes, they are likely to be con-
sidered by shippers when relative changes in rates of
this order of magnitude emerge.

For purposes of this analysis, we assume rail-
roads will drop rates to meet truck competition for
traffic currently carried by rail as long as the re-
sulting rail rate remains above the long-range vari-
able cost of moving the traffic involved. Motor .
carriers will seek to divert traffic from railroads
by lowering rates as long as they can earn a market
rate of return on both existing and new traffic.
Specifically, market and regulatory pressures will
cause motor carriers to continue to lower rates un-
til diversion is maximized (because rail will not cut
their rates further to hold onto traffic) or until
competition for rail traffic or for other motor-
carrier traffic forces rates to reach level Ry, the
level that leaves them with the same rate of return
they earned under the old capacity constraints,
Whether railroad competition, intramodal truck com-
petition, or competition with private truckers would
force rates to level Rp is a question that need not
be answered for purposes of calculating the revenue
loss to railroads resulting from changing size or
weight constraints for motor carriers, The cost to
railroads will be the same regardless of the source
of downward pressure on rail rates.

Not all traffic moves at railroad rates suffi-
ciently close to truck rates that a change in truck
cost resulting from a capacity increase will make a
truck movement competitive with railroad movement,
Some traffic moves by railroad because rail rates
are such that even substantial reductions in motor-
carrier costs would not result in rates competitive
with those of the railroads. Movements over any dis-
tance of coal, ores, and gravel are often cited as
examples of commodities that fall into this class.
Finally, for many commodities, trucks are thought to
be competitive over shorter distances, but not com-
petitive over longer distances as railroad average
costs per kilometer tend to drop, while corresponding
average truck costs remain relatively constant. Both
the ability to move by each mode and the effect of
distance on modal choice are tested for each major
commodity group in order to determine how much rail
traffic is divertible to motor carriers.

Other traffic moves by railroad for reasons un-
related to the relative level of long-term costs (at
least within the range of change contemplated here).
For example, a shipper who relies on private trucking
for the majority of a firm's shipments may use rail
services to handle some traffic during peak shipping
periods. In this manner, the shipper can keep the

firm's private truck fleet fully utilized., The ship-
per will use rail carriers for peak load movements
whenever the rail rates are lower than the cost of
maintaining a partially utilized truck fleet. Those
shipping primarily in unregulated trucks may find
times when truck rates rise above the rail rates in
response to short-term changes in market conditions
unrelated to costs of providing service, At such
times, these shippers will shift to rail transporta-
tion for brief periods., Finally, some traffic moves
by rail even at rates higher than motor-carrier rates
because of preference of the consignor, consignee, or
both. A firm set up to handle all incoming shipments
by rail may demand rail service even when, on occa-
sion, rail rates are higher than motor-carrier rates
simply because of the inconvenience associated with
receiving an occasional shipment by truck.

INCREASING MOTOR-CARRIER CAPACITY
AND COSTS

Federal law permits motor carriers to carry up to

36 288 kg (80 000 1b) unless constrained by a lower
limit set by any statc through which the carrier
moves, Many states have imposed such lower limits.
Since lower state limits not only constrain movements
originating or terminating in a state but also move-
ments going through the state, it is impossible to

say what traffic is subject to which weight constraint,
More important, the market share data available from
the 1972 Gensus of Transportation (1) reflect the ef-
fect of the old 33 249-kg (73 280-1b) weight limit on
relative market share. Thus, for the purpose of eval-
uating the effect of an increase in size and capacity
to 40 834 kg (90 000 1b), the analysis is based on a
33 249-kg (73 280-1b) weight limit. Some have as-
serted that the railroads are already suffering di-
version on reduced revenues as a result of the increase
to 36 288 kg (80 000 1b); however, no quantification
of the effect of the change on rail traffic or revenue
has yet appeared.

When weight limits are increased, motor-carrier
costs rise by less than net cargo weight and revenue
(assuming constant tariff rates), This occurs be-
cause some components of motor-carrier costs do not
vary in direct proportion to gross vehicle weight,
Cost components such as driver wages and certain taxes
are independent of vehicle weight, On the other hand,
tire cost is a direct function of weight and will in-
crease 1 percent for every 1 percent increase in
welght, Maintenance and fuel cost are essentially
directly proportional to engine power output. Engine
power output at 88 km/h (55 mph) is, in turn, about
50 percent dependent on weight and 50 percent depen-
dent on aerodynamic drag, Thus, holding speed and
vehicle frontal area constant, maintenance and fuel
costs increase only 0.5 percent for each 1 percent
increase in gross vehicle weight. The relationships
of vehicle purchase price (and, thus, depreciation
and financing costs) and of insurance costs to gross
vehicle weight are less clear. An estimate of a 0.5
percent increase in cost for a 1 percent increase in
gross vehicle weight seems reasonable. [Doubling
this estimate to 1 percent—a directly proportional
relationship—or decreasing it to O percent (no rela-
tionship) produces only a 1 percent change in total
operating cost.]

When applied to an increase in gross weight from
33 249 kg (73 280 1b) to 40 834 kg (90 000 1b), these
parameters, applied to motor-carrier operating costs,
define a 16.8 percent decrease in cost per ton of
cargo. If rail-competitive truckload rates reflect
cost (and competition from private carriage and rail
rates probably force them to this level), railroad
rates would have to decline by at least this same
16.8 percent on truck-competitive traffic to hold



that traffic on rail, To the extent rail rates are
lower than motor rates to reflect a quality of ser-
vice differential, a further decline may be required.

DETERMINING EXPECTED DIVERSION

Market share information by commodity and distance
block is available in the 1972 Census of Transporta-
tion (1) from which inferences may be made about the
intermodal cross elasticity of demand. The evidence
presented here suggests that the higher the motor-
carrier share of the market, the higher the cross
elasticity of demand and the greater the rate ad-
justment a railroad must make to hold onto its traf-
fic, 1In those markets where railroads have a large
proportion of the market, a less than proportionate
rate reduction is needed to hold onto market share,
Alternatively, if the rate reduction does not occur,
the expected amount of diversion to motor carriers
is smaller, As the motor-carrier existing market
share rises, the substitution prospect of motor ser-
vice for rail service is demonstrably greater, and
motor-carrier rate reductions must be more nearly
matched by railroads if they are to hold market share.

Motor-carrier service is generally considered to
be superior to rail service, Thus, shippers will pay
a premium and continue to use motor service. Since
the value of the service differential is different
for different shippers (higher for the shipper not
located on a railroad line than for the shipper lo-
cated on a frequently served industrial siding), the
effect of a given change in relative rates on dif-
ferent shippers will be different., Basically, the
service differential almost always favors the motor
carrier, Thus, the resulting estimate of the cost of
motor rate reductions, if it is in error at all, will
be on the low side.

If rail market share is 80 percent or greater in
a distance block, and in the next shorter distance
block railroads carry over 60 percent of the traffic,
we assume a decline in motor-carrier rates will not
result in diversion of traffic., If the market share
for a given commodity is 80 percent, but the market
share in the preceding distance block is under 60
percent, however, some traffic may well be divertible
as a result of a reduction in motor-carrier rates,
since market share would be partly distance related.
In such an instance, we estimated that either rail
rates would have to be reduced by 25 percent of the
reduction in motor-carrier rates, or 25 percent of
the rail contribution to overhead previously earned
on that traffic would be diverted to motor carriers.
This implies that, either because of rate reductions
or diversion of traffic, the railroads will lose net
revenue equal to one-quarter of the reduction in
motor-carrier rates. This is the least reliable es-
timate of cost presented because the reasoning is
most tenuous., It can, however, be shown that only
a small portion of the railroad traffic that falls
into this category could be carried by motor carrier
over any distance even at substantially lower rates.

If the rail market share is between 50 and 80
percent in a distance block, we estimate that rail-
roads will have to reduce their rates by one-half of
the reduction in motor-carrier rates in order to
maintain their market share., Alternatively, if they
fail to make the rate reduction, the reduction in
revenue will be at least as severe as the reduction
associated with lowering the rates., The estimate is
conservative since it assumes a relatively low cross
elasticity of demand. Thus, while the methodology is
not precise, the diversion estimate is again biased
downward to minimize the possibility of overstatement
of the cost of a motor-carrier rate reduction to
railroads.
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If railroads move less than 50 percent of a com-
modity in a given distance block, we estimate that
the elasticity of substitution is very high and that
all of the traffic is subject to diversion. Thus,
railroads that do not respond to motor-carrier rate
reductions with matching rail rate reductions will
lose most of their traffic in that commodity and dis-
tance block,

The adjustment factors are conservative esti-
mates. If regulatory constraints or inertia of rail-
road management inhibit the adjustment of rail rates
to changed competitive conditions, diversion is
likely to be higher than estimated. While one could
dispute the 50 and 80 percent break points, it is
likely that the dispute would be centered on whether
the adjustment posited would be adequate to hold
market share rather than on whether the adjustment
was too great., In the majority of cases for which
significant additional diversion will result from
lower motor rates, railroads are already competing
against private common and contract motor carriers
who move more than 50 percent of the commodity in-
volved.

The nature of American industry has changed to
the point that relatively few products move over
2400 km (1500 miles). Firms have chosen either to
establish regional production centers servicing
markets relatively close or at least to locate in
the center of the country (as in the case of the
automobile industry). Thus, the length of haul to
most of their markets is reduced. Agricultural prod-
ucts are to a large extent produced in more than one
region of the country. As a result, relatively small
amounts of traffic move over longer distances relative
to the share moving over shorter distanmces. It has
also tended to make railroads compete primarily in
the short-haul markets where the disadvantages of
slowness and unreliability are magnified. Predict-
ably, the result has been that traffic once moved
exclusively by rail is now moving largely by truck.
The prospect that railroads will lose their remaining
market share is substantial if motor sizes and
weights lead to 16.8 percent reductions in rates and
the railroads do not match those reductions. In light
of this, we can estimate that the cost of lower truck
rates to railroads will be high no matter what course
of action the railroads choose to take,

RESULTS OF ANALYSIS

The factors developed above were used to adjust the
gross traffic data by commodity to determine what the
effect of a reduction in motor-carrier costs and rates
would be on rail traffic moving under each circum-
stance, In some instances, we estimated that a re-
duction in motor rates would require a reduction of
lesser magnitude in rail rates if the railroad were

to escape diversion. We also assumed that a failure
to reduce rail rates would result in a diversion of
part of the affected rail traffic to motor. In
either case, the revenue loss estimated for the rail-
roads was about the same. The dispute as to how much
traffic is moving at what cost/brice ratio makes clear
that such measurement precision is not yet available,
at least to the public, Thus, the simplifying as-
sumption is not likely to yield results significantly
less precise than would an examination based on avail-
able cost data,

On the traffic for which the rate reduction must
match the motor-carrier rate reduction, we assumed
that all of the traffic was moving at levels suffi-
ciently above variable cost to make such a reduction
the least cost alternative, Again, it is not clear
that this is always correct. It is clear, however,
that available cost information is sufficiently im-
precise that it is not a good indicator of whether
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carriers choose to continue to carry particular traf-
fic at reduced rates.

Finally, the data themselves are most interest-
ing. The evidence available on market share shows
that railroads face effective competition for the
movement of most goods at the 3-digit Transportation
Commodity Code at distances. The census data pro-
vide market share data for traffic moving in distance
blocks from under 160 km (100 miles) to over 2400
km (1500 miles). Given the propensity to produce
either in regional facilities or facilities in the
center of the country, this means that almost all
commodities are available from at least some producers
at distances less than market. Thus, while available
data include all traffic moving over 2400 km (1500
miles) in one distance block, the effect on this anal-
ysis is not likely to be substantial,

The analysis of the effect of increased sizes and
weights was predicated on both size and weight in-
creasing. The cost of moving a heavier truck was
calculated but the cost of operating a double bottom
was not, However, at the 3-digit level, all of the
commodities moving in truckload lots—and therefore
competitive with railroads—were generally suffi-
ciently dense to permit heavier loadings. If only
an increase in weights were permitted with no increase
in cubic capacity, the estimate of cost to railroads
could be reduced., The low estimate presented here
provides an estimate of cost that assumes some volume
limitations on expansion exist.

The evidence on share of traffic by mode shows

that railroads compete with motor carriers for most
of the traffic they carry. For example, even at dis-
tances over 2400 km (1500 miles), railroads carry
only 54.6 percent of grain mill products; private
trucks carry 16.6 percent, and common carriers carry
26.5 percent, In that same distance block, railroads
carry 29.5 percent of manufactured fiber and silk
broadwoven fabrics, 66.6 percent of the thread and
yarn, 32 percent of household and office furniture,
23 percent of the plastic materials, 56 percent of
the glass and glassware (blown), and 65 percent of
the fabricated rubber products. [The market share
information for all commodities is available in the
Census of Transportation (l).] Thus, even at these
distances, railroads face substantial motor-carrier
competition for the traffic they carry.

Market shares were identified for each 3-digit
commodity at the following distance blocks: under 160
km (100 miles), 160-318 km (100-199 miles), 320-478 km
(200-299 miles), 480-798 km (300-499 miles), 800-958
bsw (500-599 miylaay | 1600-2308. law (1000-17000.milesd. and
over 2400 km (1500 miles)., The market share possessed
by railroads in each distance block was weighted by the
diversion factors discussed here to determine the pro-
portion of traffic subject to diversion. These
factors were then weighted by the total revenue
earned by railroads for each commodity in each dis-
tance block. The resulting estimate of divertable
traffic is summarized in Table 1. Column 1 shows
the percentage of total revenues not subject to di-
version, Column 2 shows gross freight revenues at-
tributable to each commodity (35), and column 3 shows
the revenue earned on traffic not subject to diver-
sion., The sum of the remaining revenue is that which
will be reduced if motor carriers lower rates on the
commodities and force railroads to either post match-
ing rate reductions or suffer diversion. The per-
centage motor-rate reduction multiplied by the rev-
enue earned by railroads on traffic subject to
diversion provides an estimate of the cost to rail-
roads of motor carrier and rate reductions., If
motor carriers reduced rates by 16.8 percent on all
traffic for which they competed with railroads, in
1974 it would have cost the railroads 16.8 percent
of their $12.2 billion in revenues, or $2 billion,

If one assumes that size constraints and market im-
perfections inhibit the decline in motor-carrier
rates, the amount diverted would be reduced. For
example, if one assumed that size conmstraints and
market rigidities caused motor-carrier rates to fall
by only 1l percent, the resulting cost to railroads
would be $1.35 billion. Most traffic for which

Table 1. 1974 railroad gross freight revenues not subject to
diversion.

Gross Revenues
Freight Not Subject
Revenues to Diversion
Commodity Percent ($000 000s) ($000 000s)
Grain-mill products 8.5 504 890 43 015
Sugar (beet, cane) 7.8 123 353 9 560
Cigars 17.2 304 52
Carpets, rugs, textile 33.1 12 056 3 992
Yarn and thread 1.3 4 826 64
Men's, youth's, and boy's clothing 204 931 258
Women's, misses’, girls', and T 508 39
infants' clothing
Miscellaneous apparel and 23.17 8 707 2 064
accessories
Primary forest products 8.9 515 919 44 266
Millwood, veneer, plywood 19.2 228 771 43 855
Miscellaneous wood products 1.0 128 196 1329
Household, office furniture 3.3 86 822 2 891
Partitions, shelving, lockers, 2.9 2617 76
and fixtures
Pulp and pulp-mill products 18.2 146 012 26 529
Paper, except building paper 2.1 335 252 6 973
Paperboard, pulpboard, and 4.8 326 673 15 583
fiberboard
Converted paper and paperboard 17.4 151 682 26 317
products
Drugs 0.2 10 028 180
Tires, inner tubes 46.8 81 986 38 3178
Miscellaneous fabricated rubber 3.7 7 894 293
products
Miscellaneous plastic products 2.1 56 828 1187
Glass and glassware, pressed 1.7 38 898 661
and blown
Structural clay products 0.5 77 492 403
Concrete, gypsum, and plastic 0.4 83 794 335
products
Abrasives, asbestos, and non- 2.8 368 770 10 325
metallic products
Steel works and rolling mill 0.9 696 868 6 132
products
Plumbing fixtures and heating ap- 9 14 452 1136
paratus
Metal stampings 44,5 20 050 4 476
Miscellaneous fabricated metal 2.8 39 584 1097
products
Engines, turbines 2.9 12 189 350
Farm machinery, equipment 14.8 61 837 9 170
Counsiruciion, mining, and wa- 3.7 73 555 2§32
terials handling equipment
Specialized industrial machinery 2.2 9616 210
Office, computing, and accounting 27.0 749 202
machines
Service industry machines 18.0 18 209 3274
Miscellaneous machinery and 2.3 14 708 338
parts
Household appliances 67.8 153 992 104 467
Radio, receiving sets 10.1 17 004 11719
Motor vehicles and motor vehicle 58.9 1199 642 703 829
equipment
Railroad equipment 17.4 52 006 9 065
Photographic equipment and sup- 32.5 1 006 327
plies
Toys, sporting, and athletic 22.9 21 747 4 987
goods
Miscellaneous manufactured 10.9 7173 781
products
Metallic ores 100.0 494 207 494 207
Coal 100.0 1848 352 1 848 352
Nonmetallic minerals 100.0 603 934 603 934
Cut stone, stone products 100.0 327 327
Ashes 100.0 24 724
Containers, shipping, returned 100,0 27 930 27 930
empty
Commodities completely subject 0.0 7 669 378 0
to diversion
Total 25.1 16 353 448 4 108 351




motor carriers compete with railroads is sufficiently
dense to be loaded to 40 834 kg (90 000 1b) in ex-
isting equipment. Further, the truckload motor-
carrier industry is extremely competitive, Thus,
increased weight adjustments are likely to impose net
revenue reductions equal to at least $1,35 billion
on railroads. If both weight and size adjustments
are permitted, railroad revenues are likely to fall
$2 billion or more.

CONCLUSION

This analysis is not designed to provide an argument
against increasing truck sizes or weights, Such
arguments revolve around questions of safety, wear of
the roads, and whether motor carriers receive right-
of-way subsidies or pay their own way. It is de-
signed to show the effect of increasing motor-carrier
sizes and weights on railroad revenues. An increase
in allowable motor-carrier sizes and weights will sub-
stantially reduce railroad revenues. Any societal
problems this creates should be dealt with at the
same time that the motor-carrier sizes and weights
are increased.
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