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Multi-Mode Intercity Freight Transportation
Planning for Underdeveloped Regions'

by Paul S. Jones® and Gunter P. Sharp®

UCH OF TODAY'’S intercity freight
and passenger transportation plan-
ning is based on the same deficiency ap-
proach that is used to identify urban
transportation needs. This approach is
supported by recent work by and for the
U. S. Department of Transportation. A
set of passenger and commodity flow
data and projections has been prepared
and is partially documented (4). Network
models (1,3) and model split equations
(2) are also available. This approach is
appropriate for highly developed re-
ons where traffic congestion is a prob-
em and where the pattern of future
growth can be easily discerned.

_In underdeveloped regions, the plan-

ning problem is very different. Present
traffic levels are low because economic
activity is limited and highways, rail-
roads, and waterways are often of sec-
ondary quality. In these regions, the pat-
terns of economic activity cannot be pre-
dicted from past trends because past
trends lead nowhere. If the region is to
grow economically, new breakthroughs
are needed. New industry must be estab-
lished in locations that were not hereto-
fore possible. Future growth depends on
the ability to identify, locate, and ex-
ploit these new opportunities.
. A trigger of some sort is needed to
initiate sound development. This trigger
might take many forms: discovery og a
new mineral deposit, availability of a
new energy resource, development of a
new market, or the construction of a
new or improved transportation facility.
The last trigger, transportation, has
been effective in many ways for many
years. New transportation services have
played a key role in the development of
this country. Most recently, the Inter-
state and Defense Highway System has
triggered new growth in newly served
regions.

Several efforts have been made to re-
lated economic If-rowth to transportation
improvement. Harris (5) has developed
an input-output based model that relates
growth to highway improvements. He
considers a variety of economic factors
together with a set of marginal trans-
portation costs that describe the effects
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of highway improvements. He treats
transportation costs in terms of origin-
destination pairs and hence treats inter-
mediate improvements in terms of ap-

arent shortest routes. He does not treat
intermodal shipments. Coyle et al (6) de-
veloped an input-output based model that
considers multi-mode transportation.
However, this model does not consider in-
termodal transfers as part of a shortest
route. The different modes are kept sep-
arate. Wendt (7) has developed an input-
output based model that uses accessibil-
ity and attractiveness indices to relate
land use to the quality of transportation.
This model also bases its analysis on the
preselection of routes between origins
and destinations so that transportation
cost and time can be inputs to the de-
velopment decision. Each of these mod-
els is too deeply imbedded in convention-
al assumptions to effectively evaluate ei-
ther extensive intermodal transportation
development or radically new transporta-
tion services.

MULTI-STATE TRANSPORTATION
SYSTEM

Although the techniques Eresented in
this paper are believed to be generally
applicable to underdeveloped regions,
they have been designed for application
to a particular multi-state corridor. The
multi-state corridor of interest includes
parts of eight states and extends from
Brunswick on the Georgia coast to Kan-
sas City. The study area is approximate-
ly 1200 miles long and 100 miles wide.

Interest in this region has been stimu-
lated by the Multi-State Transportation
System Advisory Board, a group of pub-
lic and private officials that was formed
in 1972. It is the objective of this Board
to stimulate the economic development
of the Multi-State corridor through im-

roved inter modal transportation. The

ulti-State Board has been very active
in generating support for corridor de-
velopment. Several studies (8,9,10) have
been performed; others are underway.
All point to the need for the research
described here.

MULTI-STATE AREA

The Multi-State study corridor con-
tains four large urban areas—Jackson-
ville, Birmingham, Memphis, and Kansas
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City—but it is otherwise underdeveloped.
The population is
the lowest average income of any com-
parable group in the United States. The
principle rural economic activity is mar-
ginal farming. Several Interstate High-
ways cross the area but none travels its
length, nor is there a south-east to
north-west Interstate Highway anywhere
in the Southeastern United States. The
Multi-State corridor is served by a main
line of the Frisco Railroad between Kan-
sas City and Birmingham, but otherwise
it is served by only secondary rail lines.
The corridor is crossed by a number of
major waterways including the Missis-
sippi, Tennessee, Alabsma, and Apala-
chicola/Chattahoochee rivers and the Ten-
nessee-Tombighee waterway. Transpor-
tation opportunities abound but they are
not put together into a network that can
serve the Multi-State corridor. Service
to the corridor is, in most instances, inci-
dental to other areas. Existing facilities
have been primarily designed to cross the
corridor as a means to serving other
areas. The challenge of Multi-State devel-
opment is to identify and build the new
transportation links that are needed to
make the existing facilities more produc-
tive to the economic growth of the area.
The transportation facilities of interest
will not constitute a massive public
works program. Rather, facilities will be
tailored to economic opportunities as
they are identified. Existing and planned
facilities will be incorporated into the
systems with such modifications as are
needed. Facility ownership will be public
but users—carriers, shippers, and others
—will be private. Users will pay for the
use of the new facilities through exist-
ing or new fee structures.

The new facilities will be designed to
serve both new and existing industry.
Some traffic will both originate and ter-
minate inside the study corridor. How-
ever, the vast majority of traffic will
originate or terminate outside the cor-
ridor or both. To the extent that new
highway and rail facilities tie into exist-
ing networks, traffic can take advantage
of new high quality links for a variety of
trips. Modal interchange terminals will
be also considered so as to make maxi-
mum economic use of intermodal com-
binations.

THE ANALYTICAL PROBLEM

The analytical problem is to jointly
identify development opportunities and
the transportation facilities needed to
assure their economie viability. The an-
alysis is of necessity money based. To be
successful, a new facility must be able
to produce and deliver its products to a
sngcient number of markets at a cost
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that is comparable to the costs of other
facilities with which it must compete.
The costs of delivering competitive prod-
ucts to a market place include the costs
of (1) raw materials, (2) direct labor,
(8) indirect labor, (4) energy, (5) capi-
tal, (6) taxes, and (7) transportation, as
well as others. Six of the seven cost ca-
tegories enumerated above exhibit geo-
graphical differences. The seventh. capi-
tal cost, is a measure of the mobility of
an industry. The measure of ecormomic
viability for a new industrial facility is
whether it can compete in a sufficient
number of markets to support a financi-
ally viable facility size.

The objective function used in the an-
alysis combines amount of labor em-
ployed in the corridor, the gross prod-
uct or corridor industry and transporta-
tion cost savings in the U. S. markets
as a whole. Attractive development pro-
grams will show high values for the ob-
i’ective function. The research will not
ead to an optimal value.

When testing new facility types and
locations, the raw material costs, labor
rates. energy costs, and taxes are char-
acteristics of the selected locations.
Transportation costs depend on the soure-
es of raw materials, on the locations of
the markets to be served, and the amount
and quantity of the services available
between the new facility and its poten-
tial markets. Transportation cost and
service are subject to change by the con-
struction and operations of new trans-
portation services or by the facilitation
of advantageous intermodal transfers.

THE ANALYTICAL FRAMEWORK

The analytical framework selected for
study is somewhat simpler than those se-
lected by Harris (5), Coyle (6), and
Wendt (7). In particular, the input-out-
put analysis has been ommitted. By
omitting the input-output analysis. a
complex analytical structure with many
uncertain coefficients has been avoided.
The price for this simplification has been
the tacit acceptance of an important as-
sumption. For purposes of analysis, the
total volume of goods moving in com-
merce is assumed to remain unchanged
throughout the U. S. The relative con-
tributions of competing services will
change. This assumption is necessary
because there is, at present, no mechan-
ism for estimating or evaluating the im-
pacts of shifts in industrial location short
of input-output analysis. This assump-
tion is acceptable as long as the objee-
tive of the research is to identify devel-
opment opportunities within the present
industrial environment. When one seeks
to measure the full impact of these de-
velopments, it will be necessary to take
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shifts into account. However, that more
detailed analysis can focus on more spe-
cific industrial sectors than is now pos-
sible.
The analytical framework is expressed
in terms of commodity flow between
pairs of network zones. Commodities, in
turn, are amalgamations of more or l2ss
homogeneous groups of industries that
roduce the different commodity groups.
ach group is identified in terms of the
Standard Industrial Classification (SIC)
Codes.l Each industry/commodity group
is described by an industry profile that
identifies the key cost components for
a typical facility. Network zones are
connected by arcs that represent the dif-
ferent transportation facilities that are
available. Separate arcs have been pre-
pared for highway, rail, and water
modes. Additional arcs can be added for
postulated new facilities. Nodal imped-
ances reflect transfer time and cost.
Figure 1 illustrates the analytical pro-
cedure which is divided into two parts.
The first part establishes the analytical
framework and prepares the necessary
data. The second part is an iterative

ANALYTICAL PROCEDURE
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process by which different development
opportunities are explored. The process
is described below in terms of the Multi-
State Corridor.

PART I: MODEL PREPARATION

The first part consists of eight princi-
;sﬂe steps: (1) Select network zones, (2)
elect network arcs, (3) Define com-
modities, (4) Prepare industry profiles,
(6) Prepare commodity flow data, (6)
Prepare mode split equations, (7) Pre-
i)‘are market share equations, and (8)
oad commodities on the network and
test the result. Note that steps 1 and 2
and 3 and 4 can be performed concur-
rently. Steps 6, 7, and 8 involved sub-
stantial interaction. The entire procedure
need be followed only once for each
study area or corridor. Each step is
described below.

Network Zones

Each zone designation consists of a
boundary and a representative city or
centroid. Figure 2 shows the zones used
in the analysis of the Multi-State cor-
ridor. All zones include an integer num-
ber of counties. Within the corridor,
zones include about ten counties and
ﬁenerally conform to the districts that

ave bezn formed for comprehensive
planning. Adjacent to the corridor,
zones consist of the input-output sectors
developed by the Office of Business Eco-
nomics (BEA2) that include twenty to
thirty counties. The choice of BEAs was
based on their individual homogeneity
and the availability of commodity flow
data. The major disadvantage of BEAs
is that many cross state boundaries. As
zones become more remote from the cor-
ridor, BEAs are combined to form large
zones. In all, there are 111 zones in the
network. Zone centroids are generally the
largest city in each zone. Where the
choice of a centroid is not obvious, loca-
tions of major transportation routes are
taken into account.

Network Arcs

Network arcs constitute the major
routes for each mode over which inter-
zone traffic is carried. Intrazone traffic is
not included in the analysis. Arc desig-
nations are related to zone size. Arcs
connecting the small zones in the Multi-
State corridor consist of almost all inter-
city cargo routes. As zones get larger,
more intercity routes are omitted because
they are not carrying significant inter-
zonal traffic. For example, the highway
network (Figure 3) includes Interstate,
Federal Aid Primary and some state
routes between the small corridor zones.
In contrast, the network between large
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TABLE 1
COMMODITY CLASSIFICATIONS

NO. | DESCRIPTION SIC CODES

011 [Crain 288

01) {Field Crops 013,016,018,019

021 |Livestock [ ]33

024 |Datiry 024

023 {Poultry & Egge 025

080 |Forastry 08

090 {Commercial Fishing 09

10L [Iron Ore 101

102 |Non Ferrqus Ores 102,103,104,105,
106,108

110 {Coal 11,12

130 |0114 Gas Extraction 13

140 |Non-Metallic Minerals 14

201 |Meat 201

202 |balry Products 202

20) |Canned & Preserved Food 203

204 )Graln Products 204

20% : #aaury Products 205

206 )Confectionary ne

207 (Fate & Oils 207

208 ! Beveragos 208

209 |Misc Food 209

210 | Tobacco 21

220 | Textile M{11 Products 22

230 |Apparel 23

240 |Lumber & Wood 24

230 | Furniture & Fixtures 25

260 | Paper 26

270 | Printing & Publishing 27

281 | Tndustrial Inorganlc Chemicals 281

TABLE 2

INDUSTRY PROFILE — 250 FURNITURE
& FIXTURES
1972

Industry Size: 8,482 Companies, 9,232 es-
tablishments

461,600 Employees
$11.4 Billion cost of goods sold
Mean Establishment Characteristics
Raw Material Needs

207 Fats and Oils 17 tons
240 Lumber & Wood 662
220 Textile Mill Products 6
260 Paper
285 Paint 2
302 Rubber & Plastic Products
321 Stone, Clay, &
Glass Products 87
331 lron & Steel 233
333 Non-Ferrous Metals 9
342 Fabricated Metal
Products 94
Employees
Direct
Number 46
Man Hours 82,000/year
Hourly Wage $3.08
Indirect Labor $95,000/year
Energy 1.9 Million BTU Equiv./year

Capital Investment

Google

$1.56 Million .

wo.| oEscrpTION STC.CODES
282 | Plascics 282

283 | Drugs 18)

284 | Soap 284

285 | Paine 285

286 | Industrial Organic Chemicals 286

287 | Agricultural Chemicals b1}

289 | Miscellaneous Chemicals 289

290 | Petroleum Refining 29

301 | Tires & Tubes 301

302 | Rubber & Plastic Products 302,308,304, 3

307

310 | Leather & Leather Products n

324 | Cemont 324

321 | Stone,Clay,GlasséConcrete Prod. 321,322,323,325

326,327,328,329

331 | Iron & Steel 331,332

333 | Non Perrous Matals 333,334,335,336
33

341 | Metal Cane & Shipping Containarsi 34l

342 | Fabricated Metsl Products 342,343,344,325,

346,347,348, 349

350 |m:hinnry. Except Electrical 35

362 . Electrical Industrial Apparatus | 362

361 | Electrical Machinery 361,363,364, 365,

371 | Hotor Vehfcles & M.V. Zquip. :::'”7'“,

372 | Transportation Lquipment 372,373,374,375,

376
J80 ; Measuring Instruments 38 N
390 |mmuumm Manufacturing 3

the complete fabric poses many prob-
lems. Three principle data sources were
used: the CTS (4), the Census of Trans-
portation (12), and the Census of Manu-
facturers (11). These sources were aug-
mented with additional data collected at
the State and local levels. The CTS data
as compiled by U. S. DOT were the prin-
ciple source. These data are nearly com-
plete and provide BEA to BEA move-
ments. However, they are divided into
only 20 commodity groups which mask
many potential development opportuni-
ties in the Multi-State corridor. Both
Census sources are available in finer
commodity detail. However, both suffer
from disclosure problems. In addition,
the Census of Transportation is incom-
plete and only sampled movements long-
er than 256 miles, While this omission
would not affect the analysis it prevents
a reconciliation between the two sources.$
Considerable effort was expended in
using Census and other data to break
down the CTS into 53 commodity groups
and to further divide them into the
smaller corridor zones. The method
became rather involved, but it was not
very sophisticated. In essence, state to
state data were assembled for the 53
commocz:jy groups. Individual zones were
associa with the states or groups of
states insofar as was possible and the
Census commodity breakdowns were ap-
plied to the BEA zones. Spot checks were
made for some commodities using em-
ployment data. In other instances, trade
association data were used to modify the



INTERCITY FREIGHT TRANSPORTATION PLANNING

statistical procedure. This process fo-
cused on identifying principle commodity
flows that would match the industry pro-
file data. Small movements were as-
signed to a miscellaneous category that
was used to load traffic on the network,
but that lacked specific industry iden-
tity. The resulting origin-destination
data leave something to be desired but
they are probably the best that are avail-
able today. Substantial improvements
can be made when the 1977 Census data
are available.

Mode Split

Freight modal split work has been
rather limited. Perhaps the most com-
prehensive study has been that made at
the Pennsylvania State University (13)
which confirms the conviction that flow
impedances on the transportation net-
work should be measured in terms of
cost, transport time, and transport time
dependability. As of this writing, the
mode split model is still under investi-
gation. The two models that appear most
promising are:

Siykm = aa + o1iCyxm + artyxm
+ 03108 yxm

and

Sukm = exp (a0 + a11Cyxm
+ atabixm + 3102ikm)

where:

Sipm = fraction of traffic in commod-
ity i moving between origin j and desti-
nation k that used mode m

Cyxm = cost to move a unit of com-
modity i from j to k via mode m

tyxm = transport time to move from j
to k via mode m :

O%m = variance in transport time
between j and k for mode m

Qykm = coefficients of correlation for
commodity i

These models are preferable to the more
conventional multiplicative model
cause the terms, or the natural loga-
rithms of the terms, are additive from
arc to arc. It is also desirable to use co-
efficients that are mode abstract—that
is, the same coefficient can be used for
all modes.

The modal split models are being test-
ed and compared using modal split in-
formation contained in the CTS and Cen-
sus of Transportation data.

Google
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Market Share

In practice, commercial firms achieve
market share for a variety of reasons
other than low price. Reasons include
customer service, product quality, adver-
tising, and others that are not amenable
to direct analysis. To circumvent the non-
quantitative market attributes, the re-
search took the approach that each in-
dustry group markets to its joint cost
advantage.4 Following this approach the
market share that a producer enjoys in
each market that he serves will be a
function of the relative costs with which
he and other producers can deliver prod-
ucts to the market.

My = 2{(py + Cygxm + Butipom
+ B210%m)»(Pie + Ciuxm + Baititim
+B210%ekm) » - - }

where:

M, = market share of commodity i in
market k furnished by a producer at j.

Py = production cost for commodity i
at location j.

Biv B = coeflicients

Market share data are taken from the
commodity flow data which give the
amount of each commodity shipped from
to k and the total amount shipped to
Using this information and a specific
function, regression techniques are used
to evaluate the coefficients 8y and B
Most market share functions depend on
the cost differentials between alternative
supplies.
ere is a close relationship between
the variables in the mode split model and
those in the market share model. The
final versions of the two functional forms
are expected to be similar.

Network Loading and Testing

Before potential opportunities for new
jndustry can be explored, it is necessary
to load all of the production, transporta-
tion, and commodity flow data on to the
network and confirm that it is consistent
with observed facts and relationships.
The problem is modeled as an uncapaci-
tated, multi-commodity network flow
problem. All origin and destination flow
requirements are with conservation of
flow at each node.

Sy - 2wy = Dy
k h

where:

fy = flow in commodity i from j to k
Dy = demand of commodity i from
node j.

T3y yepe e seee——— ? |
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The first summation represents the flow
of commodity i from node j. The differ-
ence is the net outbound demand from
j. The second summation is the flow of
commodity i into node j.

Traffic is assigned to network ares us-
ing a tree-building algorithm for multi-
modal flows. ITnasmuch as present mode
splits and market shares are included in
the commodity flow data, these need not
be calculated here.

The product of this step is a network
loaded with today’s traffic. This is tested
by comparing assigned traffic with pres-
ent traffic levels. The comparison is not
very precise because of our inaccurate
knowledge of freight traffic. However,
gerecise rePresentation is not necessary

cause this assignment merely provides
a background for Part 2 of the analysis.

PART 2: EXPLORING
OPPORTUNITIES

The Part 2 analysis consists of a sys-
tematic exploration of development op-
portunities with different combinations of
transportation improvements. The three
principle steps are (1) postulating trans-
portation improvements, (2) adjustin
normal commodity movements, and (38
testing for new development opnortuni-
ties. This set of steps is typically per-
formed many times.

Transportation Improvements

Although transportation improvements
are the desired output of the research,
there is no proven method to develop im-
provements analytically for the case of
uncongested networks. It would be pos-
sible to develop a heuristic for changing
transportation impedance, however, ar-
bitrary changes not related to specific
technology would have little meaning.

Transportation improvements can be

gostulated for any of the corridor ares.
ome improvements are based on appar-

ent deficiencies, others are keyed to spe-
cific improvement ideas. The entire proc-
ess is based on careful analysis of past
results and speculation about future op-
portunities.

Each new are is described in terms of
cost, travel time, and travel time vari-
ance. Cost calculations are initially based
on exfaected usage and later corrected to
actual usage. Costs are sufficiently insen-
sitive to small increments in volume that
one correction is normally sufficient.
Travel times are based on uncongested
flow as are other arc travel times.

Intermodal transfer opportunities are
also postulated by including node trans-
fer delay times and node transfer costs.
As with arcs, costs are corrected to con-
form to actual volume.

Google
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Adjusting Commodity Movements

New transportation improvements will
benefit existing traffic as well as traffic
originating at new facilities. It is there-
fore necessary to consider beneficial
changes to existing traffic before explor-
ing developmental opportunities. New
transportation improvements can provide
low cost arcs that will modify the short-
est path followed by a fraction of com-
modity flow assigned to a particular
mode. These improvements are identified
as part of the routine shortest path cal-
culation. New transportation improve-
ments also provide mode change oppor-
tunities by which single mode shipments
are changed to intermodal shipments. In-
asmuch as no optimizing technique has
been developed to identify intermodal
shipments, these are treated with a heu-
ristic that explores intermodal oppor-
tunities for shipments that cross or
paralle] the new improvement. The heu-
ristic first checks the change in route
length necessary to use the new facility.
If the change does not exceed an arbi-
trary limit, intermodal routes are
checked. For some types of transfer fa-
cilities only specified commodities are
checked.

Revised shortest route change costs at
which some facilities deliver to affected
markets. This in turn upsets the market
share calculations. It is therefore neces-
sary to revise the market shares. Some
zones or facilities lose output; others
gain. The product of the commodity flow
adjustments is a new equilibrium that
represents adjustments due to the new
trangortation improvement or improve-
ments.

New Development Opportunities

New development opportunities are ex-
plored in an exhaustive fashion. In the
extreme case, each of the 53 industries
is tested in each of 40 zones of the Mul-
ti-State Corridor, resulting in 2120 de-
terminations. Generally, there are good
reasons for excluding some commodities
and some zones so that the actual num-
ber of determinations is somewhat
smaller. However, the procedure is the
same regardless of the number of de-
terminations.

Given a commodity and a zone, a min-
imum economic sized facility is postu-
lated for the zone and production costs
are estimated. Then shortest path single
or intermodal routes are calculated from
the new facility to each of the markets
for that commodity. A market share is
computed for each market and extended
by the size of the market. If the total
market identified for the new facility
exceeds the minimum economic size, then
an opportunity has been found. If the
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total market does not equal the minimum
economic size, then an opportunity has
not been found and the commodity and
zone are discarded. In this latter case,
the next likely zone is postulated for the
commodity and the analysis is repeated.
When all likely zones and commodities
have been explored, a set of development
opportunities will have been identified. A
heuristic procedure is used then to select
those opportunities that will have the
greatest impact on the overall objective
function while meeting zonal constraints
regarding labor and land. More detailed
development grograms can be investi-
gated by combining development oppor-
tunities into sets and investigating their
market viability. As opportunities are
combined, more traffic is produced for the
new transportation facilities and cost
s down. The ultimate outcome is a
Joint set of transportation improvements
and development opportunities.

CONCLUSION

A procedure has been devised and de-
veloped for identifying economic devel-
opment opportunities in underdeveloped
areas. The procedure can measure the im-
pact of new transportation facilities in-
cluding intermodal movements on these
new development opportunities. Finally,
the procedure can be used to structure a
joint transportation and industry devel-
opment program.

The procedure depends on the use of
commodity flow data that are unavail-
able today without a great deal of work
and many approximations. However, data
improvements expected in the near fu-
ture will enhance the value of the pro-
cedure.

Additional work is needed on modal
split and market share models and on the
hearistic for exploring intermodal oppor-
tunities. However, the results to date are
sufficiently promising to full justify the
additional work.

FOOTNOTES

Use is also made of the Standard Transporta-
Commodity Classification (8TCC).
Basic Economic Aresa.
1977 Census of Transportation will sam-
all shipment distances and it will be
c with the Census of Manufacturers.
This is an important improvement.

4 In fact, several industries, e.g., petroleum re.
fining, do market in in this fashion. An energy
short future may require more industries to do so.
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