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PREFACE

The objective of this research was to develop a systematic methodology
for projecting the demand for barge transportation. The methodology

is based upon a general equilibrium model of the supply and demand for
specific commodities, then an analysis of the model share consequences
of the spatial alignment of supply and demand centers. Demand for
transportation is assumed to be derived from the demand for commodities
over space. Division of traffic between transport modes is assumed

to be a function of the rate and service characteristic of competing
modes. Empirical estimates are made of the demand for barge transpor-
tation of coal to three functional economic areas of the Ohio River
Region--Pittsburgh, Cincinnati and Evansville. Demand functions for.
coal in each area were projected, supply functions for coal production
areas competing for these markets were projected, and an equilibrium
allocation of trade flows estimated by linear programming and utilizing
minimum average transport cost from each originating region to each
destination region. Choice of transport mode was estimated by utilizing
discriminant functions based on current (1970) rate and service
characteristics for competing modes.

Certain simplifying assumptions were made possible by the choice of
date of projections (1980). Coal using technology in steel and electrical
production sectors is well defined and known because of the long lead
time required for introducing technological change in these industries.
Longer-run projections would require a much more detailed set of v
analysis of technological trends which influence substitutability of alter-
native fuels. Similar stronger assumptions were made on technological
relationships and pricing policies between transport modes, although
the modal split model permits some exploration of the consequences of
altering existing relationships. This issue will be discussed more
fully in a forthcoming publication by IWR dealing with the division of
traffic between transport modes in the Ohio River area.
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INTRODUCTION

The Federal Government invests enormous sums of money to finance the
construction and the maintenance of a network of various types of trans-
portation lines between spatially separated economic trading centers.'l
One criterion employed by the government to determine whether to initiate
or maintain a transportation project is the demand for such facilities.

This uselof this particular criterion requires understanding of the economic
forces which determine the demand for such transportation modes that utilize
the constructed transportation facilities. Currently, the interrelation-
ship between economic factors and the substitutability of alternative modes
of transportation'as well as observed mode selection behavior is only
partially Qnderstood. Current procedures are inadequate for projecting
firms' future demand for transportation. This is due to the inability to
project and interrelate future transportation services demanded and the
future transport demdnders' choice of mode. This research is undertaken

to establish a procedure to project future demand for transpbrtation
~adequately and to give the government a procedure for justifying various
investment endeavors.

Objectives and Findings

The objective of this dissertation is to project the future demand

for barges to transport bituminous coal to selected economic centers.

In 1972 the U. S. government allocated 11.2 billion dollars for commerce -
and transportation. This is taken from U. S. President, The Economic
Report of the President, Transmitted to the Congress, 1973, U. S. Gov-
ernment Printing Office, Washington, D. C., 1973.




This research is undertaken because éurrent forécasting methods are
unable to adequately predict a changing system. Current forecasting
methods re]y upon any one of a number of interrelationships that
influence transportation demand. In addition, the demand for coal to
be transported is most often exogenously determined, while the supply
of coal is regarded as infinite. Moreover, existing forecasting models
only describe a portion of the transportation market, and they do not
~ consider the effects of parametric shift over time. |
To remove some of the inadequacies of current forecasting models,

the dissertation combines several techniques into one comprehensive
model. This comprehensive model, in turn, consists of three inter-
re]ated economic models. Using these models eliminates the need for
assumptions that have reduced the utility of previous models. The
comprehensive model permits a better total economic understanding of
the transpoftation market and enables the model to function in-a
changing environment.

| Model I is used to estimate the quantity of coal demanded by firms
and the quantity of coal furnished by suppliers within a geographical
region. Demand for coal is derived from projected output of firms
which utilize coal as a factor of production in manufacturing their
‘output. Demand derivation also includes consideration of the future
state of technology for those industries. Supply of coal is calculated
from a set of production variables subject to coal reserves. Model I,
thus, eliminates the necessity of accepting an exogenously given quan-
‘tity of coal to be transported and removes the assumption of an infinite -

supply of coal available to consumers.



Using information from Model I enables Model II to link the coal
market to the transportation sector. Model II is used to determine
the least cost transportation mode to allocate the projected supply
to the various demanders. Consequently, Model II removes the aésump~
tion of predetermined interregional trade patterns and a fixed quan-
tity of coal moving along these water transportation routes.

Finally, Model III utilizes a statistical technique, discriminant
analysis, to determine the mode of transportation each firm will select
for transporting its coal. ‘This procedure basically fblTows the method

1 In addition, Model III simulates the demand

developed by Leon Moses.
for barge transportation in a similar manner but uses a different mathe-
matical procedure. In any case, discriminant analysis permits the mode
selection decision process to consider monetary as well as non-monetary
‘criteria.

With these three models, an empirical analysis was undertaken to
estimate the futuré coal movements by water carriers to selected regjons
in the Ohio River Basin. Data for the models include responses from
direct surveys and information from historical public documents. Three
concTusfons can be drawn from the analysis performed.vv»

One: Determining the demand for coal to be transporfed by various -

modes is more adequate and sensitive a predictor of demand for coal than

an assumption that specifies a given quantity for various modes. Two:

]Leon Moses, et al, Cost-Benefit Analysis for Inland Navigation Improve-
ments, U. S. Army Corps of Engineers, Institute for Water Resources,
Report 70-4, Vol. 3, Washington, D. C., 1971.




It is hypothesized that a regional approach to determine users' economic
transportation mode selection process presents a more accurate descrip-
tion of that process than the aggregate or national approach. Three:
The demand curve for barge transportation is truncated in shape.

Order of Presentation

of the'seven separate chapters, the first chapter presents histori-
cal background of the difficulties in projecting the demand for trans-
portdtion and mode selection. In Chapter II micro-economic theory is
utilized to indicate why in the future firms will demand barge carriers
to transport théir coal. In Chapter III the theoretical model in
Chapter II is converted into an actual empirical model and the restric-
tions involved in such an alteration are presented. The fourth chapter
exhibits the empirical results of Model I, whi]é in Chapter V the inter-
regional trade results are shown, and in Chapter VI the empirica]lfind—
ings for Model III are presented. Finally, in Chapter VII a brief con-

clusion to the work is stated.



REVIEW OF TRANSPORTATION LITERATURE
CHAPTER 1

Over the years researchers and academicians have been strugg]ing‘
for a method to accurately estimate the future demand for various modes
of transportation.! In Chapter One a review of selected articles is
presented describing various methods to estimate the demand for trans-
portétion and covering most of the important contributions. This review
reports the most often occurring methods used to describe economic
behavior of the transportation sector. It also sets forth both the
objective and the method of analysis as well as the results in each |
article discussed. Chapter One has two basic parts: one, the review
of Titerature on the demand for transportation, and twd, a brief exami-
nation of attempts to measure the supply of transportation and future
supply of coal.
PART ONE - DEMAND FOR TRANSPORTATION

Interregional Trade Patterns

In this part three articles are reviewed in which research is
reportéd that aids in determining the economic reasons for trade to
occur among, and the optimal distribution of goods for, spatially
separated trading centers.

While the early litefature contains numerous work on determining
the quantity of goods that flow between certain economic centers there

exists very Tittle research which describes flows with more than two

1See bib1iography - particularly items numbered 8,'24, 32, 36, and 37.



markets. One of the initial researchers is T. Koopmans.] He developed

a Tinear programming model to determine the least cost manner to distrib-
ute a given amount of goods amongst a given set of markets with the demand
for and the supply of goods constant. Koopmans established a method tob
predict the trade pattern among and the quantity 6f goods that flow
befween a set of markets based on economic criteria.

The development of linear programming resulted in a whole series of
economic transportation mode1s.2 One of the more important contributors
to the linear programming concept is Paul Samue]son.3 He created a mode]l
in which each geographical area's "net social pay-off" was maximized.
Optimization resulted in total trade equilibrium. To determine the demand
for and the supply of goods for each area, Samuelson incorporated a linear
production_and consumption function, which improved previous work by elimi-~
nating the condition and assumption of a fixed demand and supply. More-
over, his work indicated that Koopmans' view of thevprob1em.was only .
partial.

Currently, Hickman, Klein and Rhomberg utilize a -linear program-.
model based on coefficients from their econometric model to solve various 

transportation prob'lems.4 Their model incorporates reasons for a flow

1T. Koopmans, Activity of Production and Allocation, Cowles Commission

“,Monograph, No. 13, New York, John Wiley, 1951.

2Some of the Tinear program models and problems can be found in the
bibliography items numbered 22 and 35. : :
Paul Samuelson, "Spatial Price Equilibrium and Linear Programming,"
American Economic Review, Vol XLII, No. 2, May 1962, pp. 283-303.

4Bert Hickman, Lawrence R. Klein, Rudolf R. Rhomberg, "A General Linear
Model of World Trade," in R. J. Ball ed., International Linkage of
National Models, North-Holland Publishing Company, Amsterdam (1972),
forthcoming. :
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of commpdities between different countries (markets) and can be used to
‘determine the quantity of goods‘that flow between these countries. This
model operates in total equilibrium as all other linear models do. To
insure this, individual cduntries may be either an exporting or importing
country, but their trading activities offset each other in order to estab-
Tish a total system equilibrium. Moreover, they assume that the deficit
balance of payment country does not take any action to adjust its balance
of payment problems.
%iak= Bigkoie Xy (PigePyd”
%jk = the demand for commodity k by region j from region i
X jk = the demand for commodity k by region j
%jk = the price of commodity k that is sold by region i to region j
ij = weighted average price of commodity k in region j
ok = elasticity of substitution oka produced in i fof k produced in J
Bijk = js a constant amount of commodity k that region j demands from
region i v
= 1L pf? K %_El:]"‘ﬂ-%ekf;m*s
Xjk = the supply function for commodity k by region i
o = constant
S., .= any other §upp1y influence operating in region i with reépect to
to commodity k |
e;. = the j region demand elasticity for commodity k from region f
The goods are homogeneous with a price differential existing in differ-
ent markets. 'CQnSequentIy, region j trades with region i for good k only

if the price for good k is equal or lower in region i to that in all other

regions. If, in region j, price exceeds the price in any other area

1-3



consumers will not purchase commodity k from j but from another region
which offers k at a lower price. The model provides an algorithm pro-
cedure to delineate the optimal trade pattern through several iterations
giveh price differentials in markets for k. With this model, projections
of world trade might be made for any time horizon.

Research to determine the optimal allocation of goods among geographi-
cal areas progressed as theoreticians incorporated additional economic
theories and subtracted a priori assumptions from their models. However,
there are two major criticisms of this type of analysis. The mdde]s
assume the transportation prices are independent of shipment volume and
distance, and the models do not offer a method for determining or choosing
‘the mode of transportation.

Trénsport Cost

William Long's, Edgar Hoover's, and John Meyef's’articles be]dw were
sefected to show the effects on transportation demand when transportation
cost becomes a function of volume and other economic var‘iab]es.]’z’3 The
first describes how transportation cost affects the a110cati6n of goods
amongst modes, while the latter two deséribe a means to determine the
transportation cost.

The first article does not include the work of early developers 6f

the gravity model but presents a current use of this technique indicating

]w1111am Long, "The Economics of Air Travel, Gravity Models," Journal of
-~ ,Regional Science, Vol 10, Dec 1970, pp. 353-365.

“Edgar Hoover, The Location of Econom1c Act1v1ty, McGraw-Hi11 Book Co.,
New York, NY., 1960.
John R. Meyer The Economics of Competition in Transportation Industr1es,
Harvard Un1vers1ty Press, Cambridge, 1960.




that the gravity model is still a vital economic tool for describing

observed economic behavior.1

William Long uses the gravity model tech-
nique to forecast the future demand for air transportation. Gravity
models utilize the measures of two variables: quantity and distance.
Long measurés the response of traffic volume to a given cost function
that is related to distance. This analysis produced results that indicate
there is a downward sloping demand curve for air transportation. This
indicates that the closer the distance (lower cost) the larger the volume
of traffic, and the further the distance (higher cost) the smaller the
volume. Long's gravity model aided in estimating the amount of mass that
can be transported a given distance. A weakness in the transportation
gravity model fs that it does not show the economic characteristics of
each mode of transportation. Therefore, the model can not be used to
determine which transportation mode a firm will select to transport its
goods.

Numerous books are available to describe the economic characteristics
of different transportation modes. Two of the moré important WOrks are by
Edgar Hoover and John Meyer. Edgar Hoover exp]ains'that transportation
price is related to a series of variables. Moreover, John Meyer's classic
WOrk shows that different modes possess differeﬁt values for similar vari-
ables, which results in different transportation prices. Consequent]y,

once modes can be distinguished by price, firms have a modal choice.

A more detailed description of gravity model technique can be found 1in
Walter Isard's Methods of Regional Science, Massachusetts Institute of
Technology, Cambridge, 1960. '
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Unfortunately, neither Long nor Hoover describe a procedure for predicting
which mode of transportation a firm will select.

Mode Selection

Development of procedures to determine the mode selection process by
firms requires incorporation of additional economic notions. In their
transportation model, W. Baumol and H. Vinod use the profit motive, which

is a fundamental economic concept.]

With this concept, the model can be
used to determine how a firm selects a tranéportation mode. Transportation
mode se]ectiqn is based on a single criterion - the price the transporter
charges the firm. Obviously, the firm selects the 1ea$t cost mode of.
transportation, reducing one of the firm's costs to minimal Tevels and

thus helping the firms to reap the most profit.

Since the single price criterion did not accurately describe firm's _
observed mode selection behavior, models using additional criteria were
developed. Discriminant analysis appears to be a more promising technique
to handle this multi-criteria function. Two Qf the early researchers to
utilize discriminant analysis to determine the modal spTit are J. A. Joseph
and A. Mongim’.z’3 A modal split occurs when fn the course of a good trav-

eling to a market more than one transportation mode can be used. The model

is used to describe the limit to one mode's use. The Joseph and Mongini

]W. Baumol and H. D. Vinod, "Studies on the Demand for Freight Transporta-
tion," Mathematica, Vol. 1, Princeton, 1967. : ’

23. A. Joseph, "A Discriminant Analysis Approach to Modal Split," Northeast

- Corridor Transportation Project, Tech. Paper No. 7, U. S. Dept. of Trans-
portation, Feb 1967, pp. AT1-A7. - , :

3A. Mongini, "Some Aspects of Discriminant and Other Inter-Urban Modal Split
Models," Northeast Corridor Transportation Project, Tech. Paper No. 7, U. S.
Dept. of Transportation, Feb 1967, pp. B1-BI8. ,
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models incorporate monetary as well as non-monetary criteria in the mode
selection process. This allows the choice of mode to be based on a com-
bination of variables for eéch mode. Therefore, this work provides. a
means to predict future modal selection without having to rely strictly
on transportatibn prices.

The above research utilizes various economic notions and statistical
models to predict the firm's modal choice. However, all the models assume
a given and fixed quantity of goods to be transported. The allocation of
| goods is also predetermined.

DEMAND ANALYSIS

With methods to determine the firm's choice of mode and the use of
computers, the development of a model to simulate the demand fof a parti-
cular mode with the existence of an alternati?e mode became possible.
Using a discriminant analysis program, Bruce Allen developed an ecchomic
model to estimate the demand for air freight transportation.] In the
mbde] it is assumed that the firm's marginal revenue for selling a product
is constant, and only the air transport cost f]uctuates.’ Higher transpor-
tation cost pushes the product cost curves upward, reducing the demand and
consequently the output of the product ahd the demand for air transportation.

In applying empirical data to the model, Allen used a discriminant
analysis. This multivariate analysis is used to determine mode selection
~and, with slight alteration of the model, can be used to simulate the

demand for air transportation. Unfortunately, the empirical test of the

1Bruce Allen, "A Model of the Demand for Transportation, Th: Case of Air
Freight," Cost-Benefit Analysis for Inland Navigation Imp:-:¥sments, Vol.

IT, U.S. Army Corps of Engineers, Institute for Water Rescurces, Alexandria,
Va., 1970.

I-7



model did not produce convincing proof of the validity of the method
used. |

Further study utilizing discriminant analysis has been done by
George Antle and Richard Haynes.] Their investigation attempted to
determine the adequacy of discriminant analysis for use in predicting the
modal split and‘simulating the demand for barge transportation. Their
model used data collected from recent surveys of actual users, not second
hand information. _

Both of the above studies were used to produce a truncated demand
curve for barge transportation. Statistical testing of variables and -
sample size indicated that discriminant analysis is an appropriate method
to approximate a firm's mode choice process and to simulate a demand curve
for a particular mode. The two research endeavors were merged to provide
a method to derive a demand curve. However, both methods rely on a given
quantity of goods to be transported and a predetermined trade pattern.
Hence,_methods to determine the demand for transportation, trade pattern
and the demand for and supply of a good have developed, but there exists
no integration bétween these various concepts to form a comprehensive

model.

PART TWO - SUPPLY ANALYSIS

In this dissertation it is assumed that .an adeduate supply of all

transportation modes is available to the firm. A brief statement about

]L. G. Antle and R. W. Haynes, An Application of Discriminant Anaiysis

to the Division of Traffic Between Modes, U. S. Army Corps of tngineers,
Institute for Water Resources, Report 71-2, Alexandria, Va., 1971.
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two research endeavors gives a glimpse into the difficulty of calculating
the supply of transportation. After the transportation supply discussion,
we will turn to a discussion of the supply of coal.

Supply of Transportation

While there is extensive literature on operating and production cost
analysis for various modes of transportation, there exist very few studies
which describe in detail the cost function components of various modes.

Two of the most thorough analyses of rail and water mode cost functions
are the studies of Joseph S. DeSalvo and Leland S. Case.]’2 Although

both develop models to.describe the economic cost component of transporta-
tion, they each concentrate on a different aspeét of the cost function.

DeSalvo only investigates the problems of estimating the line haul
cost for railroad and barge. In the barge analysis a Tine haul cost func-
fion is constructed to define the direct 1ine haul cost and to describé the
“economic effects of barge delay, acceleration time, and reassembling time.
Unfortunately, data for railroads were unavailable Which prevented formula-
tion of a rail line haul cost function. Converting engineering data into
economic data still resulted in an incomplete line haul cost function.
Therefore, only a limited comparison of 1ine haul cost between the modes

is possible, due to insufficient data. A further analysis of operating

1Joseph S. DeSalvo, "Linehaul Process Functions for Rail and Inland Water-

way Transportation," Cost-Benefit Analysis for Inland Navigation Improve-
ments, Vol. 2 of 3, 70-4, Institute for Water Resources, Washington, D.C.,
1970. -

Leland Steward Case, "Estimation of Production and Cost Functions for
Inland Waterway Transportation," Cost-Benefit Analysis for Inland Naviga-
tion Improvements, Vol. 2 of 3, 70-4, Institute for Water Resources,
Washington, D. C., 1970.

2
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cost of barges is undertaken by Leland S. Case. He examines the produc-
tion and cost function of the barge mode. The résd]ts of the analysis
depicts the cost of moving a cargo with consideration of such factors

as equipment involved, tow size, waterway characteristics, back haul,
and season characteristics. There does not exist a similar detail
analysis for other modes. Therefore, because of the inadequacy of data
for other modes, only the barge mode can be simulated to determine its
reaction to various parameter alteration.

The difficulties in determining the cost functions for all modes
and how these modes of transportation react to competition become quite
visible, from these studies. Bésica11y, analytic difficulties result
from the lack of sufficient data with which to perform an adequate analy-
sis of the cost functions.

SUPPLY OF COAL

Two methods are described to estimate the future supply of coal avail-
able to consumers. Supply of coal studies' conclusions vary because of
the discovery of additional reserves with the use of more sophisticated
equipment and techniques and the variation in the rate of extraction of
coal in the coming years. To illustrate these studies. two articles are
presented on the supply of coal.

To estimate the demand fof coal, it becomes necessary to determine
whether there is an adequate reﬁerve of coal available. Estimating the
current reserves of coal available requires the mapping and exploration
of all geographical areas for coal. Paul Averitt coordinated such a study

- for the Bureau of Mines to determine the coal supply available in the
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u. s.

His study states that there exists a sufficient supply of coal
to meet the foreseeable future. 1In 1967, he estimates 6.71 x 10]] tons
of bituminous coal are still available. However, this study assumes a
fixed rate of extraction and did not consider the effects of increasing
cost to extract the coal.

Determining the extraction rate for coal requires analysis of reasons
coal is utilized and appropriate cost of production. Resources for the
Future uses this approach by integrating the demand for and supply of
coal into an analysis projecting the quantity of coal to be extracted.2
However, this analysis did not consider the effects of higher cost of

obtaining coal or the effects of parametric shifts over time.

CHAPTER SUMMARY

This review of the Tliterature provides a glimpse of some of the
important mode]svused in determining the demand for transportation. From
this review it can be seen that previous models did nbt adequately deé—
cribe a total methodology to estimate the future demand for a transport
mode. Each model presented did utilize at 1east‘one Component of this
complex problem. However, researchers failed to intégrate existing methods
for determining the demand for transportation into their models, which
would have improved the ovéra]]leconomic aha]ysis. Therefore, this dis-

sertation improves on current methods by combining several of these models

]Pau1 Averitt, Coal Resources of the United States, January 1, 1967,

2Geo]ogical Survey Bulletin 1275, Washington, D. C., 1969, pp. 8-14.
H. H. Landberg, L. L. Fischman, J. L. Fisher, Resources in America's
Future, published for Resources for the Future, Johns Hopkins Press,
1963, pp. 414-416.




into a unified model of the transportation market which enables the
derivation of the future demand for barges to transportvcoa1. The
supply of transportation is not discussed in this dissertation because
it is assumed that there exists an adequate supply of transportation,
and the concept of the supply of transportation is considered to be a

complete topic in itself.



METHODOLOGY TO PROJECT FIRMS' FUTURE DEMAND
FOR TRANSPORTATION ‘

CHAPTER 11

Projecting the firms' demand for transporting.coal by various modes
to selected regions réquires a better understanding of how certain vari-
ables affect the demand for coal transpdrt.] An economic model is built
to explain the_re1ationship between these variables and the demand for
coal transport in the observed transportation market. With this general
model, a method is established to determine firms' future demand for trans-
port by various modes.

The Titerature historically has reported research that examined only
a portion of the problem at any one time. This proposed model herein
improves on the existing approaches by utilizing and combining several
vportions of the previous research. It combines the three major areas of -
research in the field of transportation: (1) What quantity of coal as
~factor of production will individual firms require to manufacture an out-
put; (2) Where is the coal to be transported; and (3) What quantity of
coal will each mode of transportation carry. Thus, this model forms a
more comprehensive economic model of the transport market than the prior
models.
| To understand the unification and the interaction of the three research

areas -- pulled together in this new approach -- the model is presented in

]A few of the variables that affect the demand for transporting coal by

various modes are: price of transportation--all modes; price of coal,
technology, and annual tonnage shipped.



three parts. Also, individual parts are so arranged that the results

of one part are inputs of the next part and any direct or indirect
correlation between the areas of research can be identified. In Part

One the methodology involved in determining the quantity of coal (as a '
factor of production) to be transported fs described. This part is
further divided into two sections for a more detaiTed'aha1ysis. In
Section One the demand for coal (as a factor of production) is derived
and in Section Two the supply of coal is derived. In Part Two the
interregional trade patterns are developed as is a method to approx1mate
the quantity of. coa1 that f]ows between the various trading centers.

Given the quantity of coal that flows along the known interregional trade
patterns, the mode of transportation the users select to transport their
cargoes is determined in Part Three, providing a method fo simulate the
demand for a particular mode of transportation. This approach permits

an understahding of each part, how they 1ink together to.form the com-
prehensive model, and finally, states what the demand for coal transpor-
tation would be, given a set of initial conditions. _ _

PART ONE - WHAT QUANTITY OF COAL AS FACTOR OF PRODUCTION INDIVIDUAL FIRMS
wiLL REQUIRE IN MANUFACTURING AN OUTPUT

Section One - Demand for a Factor (u) of Production

Section One presents a theoretical procedure to détermine the future
demand for coal (as a factor of production) used by firms in manufacturing
an output. This requires the estimate of the future output each firm
intends to produce. At the same time, this necessitates the construction
of a dynamic conversion coefficient to estimate the quantity of coal (the

factor of production) sufficient to manufacture one unit of the future
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output. Using this information enables the derivation of the future
demand for coal (as a factor of production) by a firm or total firms.

PROJECTED QUTPUT

In determining the future demand for coal, first an examination
is required of firms that utilize now and could potentially utilize
coal in the production 6f an output. This presents the reasons for
use of and the relationships between the factor of production (coal)
and the output. ‘Using this approach makes the coal projection partially
dependent on the firm's output and also gives the model a method to explain
given changes in the demand for coal. Hence, development of an economic
model to project the firm's output with the set of given conditions is
undertaken,

Examining the cdnsumption data on coal by sector shows that three
sectors (electrical utility, bituminous coke plants and primary metal
plants) consume the vast majority of coa1.] Moreover, these sectors
operate within an imperfect market structure.2 Consequently, this model
only provides a means to estimate the quantity of output for those firms

in the selected three sectors by projecting their observed demand function.

]U. S. Department of Interior, Bureau of Mines, Minerals Facts and Problems,
1970 Edition, Washington, D. C., 1971, pg. 43. :
This model provides a means to estimate the quantity of output an indi-
vidual firm produces in an imperfect market. An imperfect market condi-
tion occurs because actions of buyers and sellers in the observed output
market have a perceptible influence on prices (actions such as government
controls, long-term contracts, and price leaders represent some reasons
for the imperfect market). Existence of a high capital cost barrier
which restricts firms from entering or leaving the market represents
another reason for the imperfect market.




Numerous examples of the existence of this market condition and
these production relationships exist in today's markets. For examp]e,
the electric energy industry manufactures a homogeneous output, but
the price of a megawatt is set by government agency, while the steel
industry (as well as electric energy industry) exhibits a high capital
cost barrier restricting entrance into the market.}}A1se, the price of
steel 1is admihisﬁrative]y set by each firm. To project the future out-
put of either fndustry (to explain actual occurrences) requires an under-
standing of how these and other components interrelate and affect manage-
ment production decisions. However, economic ana]jsfs‘of all the various
imperfections of the market is beyond the scope of fhisvresearch endeavor.

Hence, this investigation is undertaken to project the future output

for firms from the selected industrial sectors with a given future price

for their output.]

The method of setting the given price for each out-
put is due to some imperfection in the market whose exact mechanism is
not the concern of this thesis. |

With the future price level for each firm's output and the observed
demand function and given the theoretical cost curves for each firm, it
becomes possible to theoretically determine the output for‘each firm.
The derivatioh only requires the firms to be economically rational. With
these premises, the individual firm manufactures that level of output
where its marginal cost intersects the given marginal rerenue, since
this position represehts the point where the firm maximiies its profit.
‘Therefore, this model will enable a description of the’quantity of output

each firm manufactures under a set of conditions.

]This assumes that the basic demand structure does not bring about
important relative price changes.
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TECHNOLOGICAL COEFFICIENT

The technological coefficient provides a linkage between the firm's
output and the demand for coal (as a factor of production).] In addi-
tion, it converts the various output units into a commensurable unit.
Future technological coefficients describe the expected state of tech-
nology and indicate the amount of coal necessary to manufacture a pro-
jected Tevel of output.

Two constraints are placed on the technical coefficient. One,
there exists no immediate substitute for coal in this region. Resources
for the Future indicate that all existing alternatives to coal are too
scarce and too expensive to replace coal in any great quantities.2 Two,
any innovation that permits the utilization of an alternative to coal,
or coal as an alternative to something else, requires a period of time
before 1ndustries adopt the 1'nnovat1'on.3 Obviously, the recognition
and the engineering acceptance of the innovation does not occur instan-
taneously, nor does the determination of the economic justification for
converting to alternative factors. For either case to occur requires
the passage of time and the implementation of capitaT investment.

DEMAND FOR INPUT

A method to derive the individual firm's demand for an input now

becomes possible. This procedure involves the division of the ith firm's

]Techno1og1ca1 coeff1c1ent is defined as the output unit that can be pro-
duced from one unit of coal.

2H. H. Landsburg, L. L. Fischman, and J. L. Fisher, Resources in America's
Future, published for Resources for the Future by Johns Hopkins Press,
1963, pp. 405-414 -
Federal Power Commission, 1970 National Power Survey, Part IT, Washington,
D. C., pp. 11-2 - 11-126. '

3
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projected output by the ith firm's techno]ogica1 coefficient. The
results of this determines the quantity of coal (as a factor of pro-
duction) hecessary to manufacture the projected output by the ith
firm. Repeating the process for each firm determines the demand
for factor (coal) by each individual firm. Summation of all the
individual firm's demand equals the total demand for coal as a factor
of production. |
| This is a demand function for firm's output that incorporates

the assumption that supply of output will be avai]ab]e‘at appropriate
prices to meet the forecast demand.] Interviews with industry officers
indicate this assumption is realistic. |

Model 1 determines the output each selected firm manufactures in
t+x pefiod (future period).

Symbolic Form of Model 1
Each F; produces only one 0j
i. Ojt = f(¥y...Y,)

P11, Ojpay = f(Y7...¥y) t+x assuming supply of jth output is adequate

Fj = ith firm produces the Oj output

Oj = demand for the jth output

t = time period

t+x - = X number of years beyond t

Y; = variables that determine the output

The set of Y's for the thermal (coal) generating electrical

industry are:

]Supp1y'of output is perfectly elastic.
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The output model is used to determine the output each firm manufactures
in the t+x period. The model assumes the ith firm manufactures one and
only one output, the jth output. The demand for the jth output is a
function of a set of Yi variables in the t period. Projecting the set
of Yi variables for t+x period and given the cost and the price for jth
output in t+x period reveals the jth output function for the t+x period.
Having this function, the jth future output can be determined for the

t+x period.

T oy = 05,/f

dytex = Ojtex/Tutex

Oippy =@ % by¥q + bp¥or.. by,

o, = technological coefficient for the ith firm in the
t period

fut = factor (u) of production the ith firm consumes in

the t period



b = the amount of change in the ca]cuiated vaTue of Oj
which accbmpanies a change of one unit in Y; when
the effects of other independent variables are also
being considered. |
Techno1ogica1 coefficient determines the quantity of j output that is
produced from the consumption of one unit of coal in fhe t+x period.
To determine this, the model requires the known jth output in previous
periods to be divided by the known quantity of coal the ith firm pur-
chased for the same periods. This assumes all coal purchased in those

periods is consumed within those periods.]

With these data, the t+x
techno]ogicé] coefficient can be extrapolated for the ith ffrm. Utili-
zing this information, the demand for coal by each individual firm in
the t+x period can be implemented. This procedure just divided the
fifm's projected output of commodity j in the t+x period by the techno-

logical coefficient.

SUMMARY OF SECTION ONE

Thus, Section One presents a model to project the firms' demand
for coal without accepting an exogenously given quantity bf oUtput for
each firm. Moredver, in this model the relationship between the firms'
output and the demand for coal (as a factor of production) is shown.
Changes in the demand for output or technological changes produce an
immediate effect on the demand for coal. Previous methods might show
similar changes in demand for coal, but would not indicate the parti-

cular sector in which this change in demand would occur or the reasons

]Pricé is exogenously determined for coal input but an argument for
its utility in examining the model is presented on I1-13,



for these changes. Hence, incorporating the oufput and technological
effects into thé model assist in verifying projections and makes the
model sensitive to possible changes.

Section Two - Supply of Input

Section Two presents a method to estimate the future supply of
coal. Furthermore, it permits determination of whether there exists
an adequate supply of coal (factor of production) to meet the future

demand for coal. This model can be presented in the symbolic form:

Sht
Sppay = F(Z..2¢) thx

f(Zy...20) t b=i.....m

Spt = the amount of coal the bth supplier supplies in the tth
period
Z; = set of variables determining the quantity of coal the

pth supplier supp]ies

The quantity of coal the bth supplier furnishes in the t period is a
function of set of Z variables. Projecting this function 1hd1cates
the quantity of coal the bth supplier furnishes in the t+x period.
Summing all the suppliers determines the total coal available to
selected firms. Finally, cdmparing_this result with the dehand pro-~
Jjections determines the adequacy of the future supply of éoa].
Assumptions |

The supply model includes two assumptions for simplification.
One, assume that'suppliers operate in a purely competitive market.

Two, assume the existence of a finite quantity of coal, and that

each individual supplier possesses some portion of this quantity



which represents a material constraint., As consumption of the irre-
placeable coal approaches the finite 1imit, the slope of the cost curves
(average and marginal) become positive, because diminishing returns

set in. This means each additiona1 coal unit requireé more economic
effort to extract than the previous unit. This causes the long-run
average cost curve to display a positive slope, which represents a

cost constraint for continuing extraction of coal by a supplier. With
these two assumptions, the model is used to develop a method of detér—
mining the quantity of coal suppliers furnish to the demanders.

Economic Explanation of the Supply Model

Profit maximizers supply that quantity of coal indicated by inter-
section of their marginal revenue and marginal cost. The manner of
attaining an equilibrium in the supply market requires analysis of
the suppliers' behavior in response to alterations in fheir revenue
functions. It should be remembered that suppliers opérate with a
U-shape cost function, and the price of coal is given. Thus, it is
only necessary to determine the plant size to derive individual sUpply.1

To begin with, assume the market sets the price for coal at P],
ard suppliers initially start at plant size one. Thus, suppliers fur-
nish the quantity of coal such that their marginal cost intersects the
marginal revenue at that quantity. This results in the qﬁantity q]

being produced. On expanding to plant size two and operating at the

TAssume all suppliers have a homogeneous cost function.
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point where MR=MCZ, suppliers discover they reap a pure economic
profit at Py. This expansion of plant size continues until any
further plant expansion results in their cost exceeding their reve-
nue, which is not a situation considered oriented to the firm's goals.
Thus, a supplier having a similar cost function would produce the
quantity q3- At the same time, the pure economic profit being earned
by suppliers attracts new suppliers into the market. The combination
of higher output by each supplier and the addition of new suppliers
shifts the market supply curve to the right. The shift 1h the market
supply curve results in lowering the coal price to P>. However, price
PZ affects the supplier's production decision, entrance of new plants
into the industry and the plant size of operation. Since P, is less
than Py, it results in Towering the suppliers' marginal revenue curve.
With a lower marginal revenue curve, suppliers operating at plant size
three (Figure II-1) are no longer operating at the optimal economical
plant size. Suppliers' cost now exceeds their revenue at any produc-
tion Tevel. To reduce this deficit, the supplier reduces his plant
size but still produces that quantity of coal where his MC intersects
MR. This results in the supplier furnishing a smaller gquantity of
coal than he previously did when the price of coal was at Py (plant
size 2).

The Tower marginal revenue removes the suppliers' pure economic
profit. This loss results in discouraging new suppliers from entering
the market and eVen forces some of the existing suppliers torseek better

returns elsewhere.
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FIGURE II-1
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QUANTITY OF COAL

The quantity of coal each supplier produces and the

choice of plant size each supplier operates at is a

function of his cost curves and his given marginal

revenue curve.

With less production by individual supplier and the reduction in
the number of suppliers, the market supply curve shifts to the left.
This establishes a new equilibrium price at P3, the lowest price where
AR=AC=MR=MC with the Teast costly plant size the suppliers can have.
At this position, a supplier neither makes a pure economic profit nor
losses. This position also does not encourage the entrance into or
exit of suppliers from the market. The supply of coal furnished by
eagh supplier can be determined. Summing all the individual suppliers
derives the total subp]y of coal available for consumption.

Interfacing the pfojected total demand for énd total supply of
coal may not result in an intersection between the two projections.

To establish an intersection between the demand for and supply of coal
requires introduction of the price of coal, which acts as the adjuﬁtment

factor because it affects both the demand fbr and supply of coal.
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The findings of testing for demand and supply eduilibrium pre-
sented only a 2% discrepancy between demand and supply for coal. If
this discrepancy needed further analysis for resolution the following
would have to be done. Demand for coal depends on the quantity of
output firms manufacture utilizing coa1 as factor of production. Shifts
in demand for output causes shifts in the demand for coal. A decline in
the firms' output production causes the demand for coal to be lower.
Obviously, a reduction in prices result in the reverse situation, assum-
ing prices are flexible. Thus, indirectly the price of coal affects
the quantity of coal demanded. At the same time, the priée of coal
directly affects the quantity of coal suppliers furnish, for it is the
suppliers' marginal revenue which is a price determinant of the quan-
tity of coal each supplier produces (with marginal cost). Consequently,
increases in the price of coal cause the production of coal to increase,
while a decrease in the price of coal results in a reduction in the
quantity of coal suppliers furnish. |

Further; with the price of coal having an inverse relationship with
the demand for coal, and a direct effect on the supply of coal, any im-
balances in the totals can be adjusted.] A]though varying the price of
coal does accomplish this feat, adjustment does not occur instantan-
eously. In fact, the readjustment process may produce several intermedi-

ate price levels before the equilibrium is attained. However, the price

1This assumes the shape and s]ope of the demand curve do not become -
altered but only parametric shifts can occur.
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oscillations that occur are dampened due to the knowledge gained from
previous experiences. Therefore, we have a method to estimate future
demand for coal based on economic market factors and the existence
of a supply function.

PART TWO - LOCATION OF THE COAL TO BE TRANSPORTED

Model II - Interregional Trade Patterns

Model II presents a means to connect the factor (coal) market
with the transportation market. Model I was used to determine the
quantity of coal demanded and supplied within a geographical area.

The quantity of coal to be transported from the different suppliers

to the various consumers is unknown. Model II is a model to resolve
this problem. The model construction will reveal the interregional
trade patterns between the producers and consumeré of coal. To acconm-
plish this, it is necessary to introduce the transportation cost and
markets into the analysis. The relationship between the cost and dis-
ténce'is positive. The further the distance, the higher the cost, and
the shorter the distance, the Tower the cost. Obviously, firms desire
to purchase their coal as nearby as possible to minimize their cost.
Model II describes a method to minimize transport coét. Model II is
used to determine the least cost manner to allocate the supply to the

demander. The following symbolic form shows this basic concept.]

]Mathemat1ca1 notions from Robert W. Llewellyn, Linear Programm1ng, Holt,
Rinehart and Winston, New York, 1964, pp. 97- 100. This dissertation
used the non-negative constra1nt 11near program developed by University
of Wisconsin Computer Center, SIMPDX/SIMPLX Linear Programm1ng Sub-
routine Reference Manual, MACC, Madison, 1970.
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819Xy F A%y a]hxn = b]}
az]X] + a22X2 ........... aann = b2

ANTXT = Ap2Xoeeeaieinn Xy = bn

and which minimizes
Z=cyxptcpxg..nn.... CpX

ajj = the amount’of coal the ith firm wants from the Xj source

X5 = the amount of coal the jth supply has available

b; = the total amount of coal the ith firm requires

Cp = the cost of transporting the coal from a xj. supply source to
the ith firm

Z = the lowest total cost for all firms to satisfy the b]

condition
For simplicity the hode] uses a direct cost function to determine the
éost of transporting coal from all supply sources to all consumpfion
sites. This function determines the transport price by relating a cost
for moving coal a predescribed distance. For this ana]ysis,_the trans-
portation prices are fixed, however, this condition will be relaxed in
determining the demand for transportation. Sihce the various firms and
suppliers are known, determination of distances between all points be-
comes possible. Moreover,_the demand for and the supply of coal for
each individual consumer and supplier is also known. The cost of trans-
porting the coal to each firm.from each supply source 15 calculated.
This producesra set of all possible transportatioh‘priteskfor the firm

in attaining its supply of coal.
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Since the supply of coé] is finite for each subp]ier, it is improb-
able that each firm can obtain its total supply of coal from the neafest
supply source. This results in firms searching for alternative supply
sources to cbtain its total supply of coal. To determine the firm's
alternative supply sources, an algorithm procedure is initiated. This
is used to derive the Towest total transportation cost for all coal
movements. The future trade patterns with the lowest total cost repre-
sent the theoretical optimum allocation of coal. Therefore, this pro-
cedure develops a theoretical means of detérmining the future inter-
regional trade patterns and the quantity that f]ows between the sUppliers
and demanders.

PART THREE - WHAT QUANTITY OF COAL DOES EACH MODE TRANSPORT

Model III - Mode Selection

Part III presents Model III to estimate the demand for transporta-
tion. This model is used to determine the modal split and to derive a
theoretical demand curve for transportation. Part III is divided into
two separate sections; in Section One only one mode of transportation
is available to firms for transporting coal. The removal of a]ternative 
means of transportation shows the firm's basic procedure in determining
the quantity of coal to be transported. In Section Two the model is
expanded by ‘including an alternative mode of transpoftation. Inclu-
sion of a second mode shows the mechanism used in determining the
quantity each mode transporfs under various conditions.

A symbolic form of Model III economic model is described to give

a better understanding of how a firm selects a mode.
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Single Mode Available to the Firm

i. m =TR, - TC

1 1
TR] = (P*t) Q
TC] = g(Q)

T = Firm's profit
Determining the maximum w possible for the firm is:

. s i _ ‘ _ - Q
i1, &8 = (P-t) = s, where o< t< P and q =
= (P-t) = g q =7

TR = total revenue
TC = total cost
P~ = price of the jth output the firm receives in the
market - market price is fixed
t = transportation rate for transporting the coal to
the ith firm
Q "= quantity of output
Q(Q) = cost to manufacture Q output
g = coal to be utilized by ith firm
The mbde1 uses the profit fuhction to determine the quantity of coal
the kth mode transports. It accomplishes this by determining the output
the ith firm produces for various t values. Each output level requires
a certain amount of coal, and therefore, the demand for transporting

coal by the kth mode for the ith firm is determined.
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Two Modes Available to the Firm

iii. m = TR]—TC1 TR] Total revenue using Mode 1

Tp = TRZ—TCZ TR2 = Total revenue using Mode 2
If‘t = 0 then T,
iv. If t>0 then TC, ¥ 1C,

e T Z'ﬂ'z

This model uses the same procedure as the first mode]. However, in
this case, the firm selects that mode of transportation which has the
lowest total transportation cost.

Section I - Single Mode of Transportation

Section One summarizes the method developed by Leon Moses to be
utilized to determine the quantity of coal a firm trahsports from a
set of p]aces.] Describing just this mechanism also allows the
fUndamental workings of the later procedure to be more eaéi]y recog-
nized and analyzed.

Assumétions

There are three basic éssumptions in the "Moses" method to derive
the quantity of coal the firm will transport from various locations.
These assumptions do not conflict with previous premiseé 6r alter

previous models.

]Leon Moses, op. cit.
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The first assumption: a firm attempts to maximize its profit
by producing that quantity of output indicated by'the intersection
of its marginal revenue and marginal cost. The second assumption:
the firm's marginal revenue is horizontal and given. The third
- assumption: each firm displays U-shaped average cost curves.

These average cost curves include all costs except that for trans-
porting the factor of production. With these three assumptions,

a theoretical procedure to derive the quantity of coal (factbr of
production) to be transported from various geographical points can
be presented.

Mode Model

The analysis begins with the transportation price at zero for
moving a factor of production from supply site B to consuming site
A. This allows the firm's cost curves to remain unchanged. Knowing
profit maximizers always produce that quantity of output indicated
by the intersection of their marginal revenue and marginal cost
allows the quantity of output each firm produced to be quantified.

In this case, the firm produces the quantity Qy of output. To
manufacture this quantity of output requires a firm to demand and
transport the quantity 93 of coal (as a factor of production). There-
fore, the point (q7, ty) represents one point on the démand curve for

transporting coal.

I1-19



FIGURE 11-2
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While holding all other things constant, thé constraint of
zero transportation price is removed. With various positive transpor-
tation prices, the model is manipulated to determine the quantity of
coal the firms w111 demand and transport at various transportat1on prices.
Suppose the transportation price is now to, which is greater than zero,
but Tess than the firm's marginal revenue curve. This positive increase
in transportation price raises the firm's cost some finite amount above -
the original cost curves. The firm still produces the output indicated
by the intersection of their MR and MC. The additional cost causes an
upward shift in the marginal and average cost curves, and the firm will
now discover a new optimum point which will force it to produce less
output than before. Thus, the lesser output requires a lesser quéntity
of coal to be transported to the firm. Point (t2,q2) represents a second
po1nt on the demand function for transport of factor (u) by a single mode

of transportat10n
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Repeating this procedure with various transportation prices
produces a series of points on the firm's demand curve for transporta-
tion mode. The positive increase in transportation price continues
until the average cost becomes tangent to the marginal revenue.

(MC = = AC). Any further increase in transportation price (beyond
this point) results in the average cost exceeding the average revenue.
Therefore, the analysis indicates the quantity of coal to be transported
by a mode at various prices. |

Section I - Modal Split

Section Two describes a model used to determine the firm's mode
selection process, incorporating more than one mode of transportation.
Two modes of transportation exist, both capable of transporting coal.
Consideration bf only two modes allows the economic explanation to be
simplified and less obstructed than if there were more modes, but does
not alter the technique for determining the firm's mode choice.
Assumptions

Two additional assumptions are added. One: the cost curves for the
various modes are dissimilar. This causes the firm's U-shape curves to
display different minimum points and slopes. Without this assumption,

a firm would be indifferent in the selection of modes. Two: the cri-
terion in selecting a mode is strictly economic. A firm selects the
mode that minimizes the total cost for transporting a given quantity of
coal. Including these assumptions,with those prev1ous1y stated, enables
each firm to select a particular mode of transportation based on some

economic reason.
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To begin with, suppose the transportation price is zero. In this
case, the firm is indifferent to the mode of transportation. At zéro
cost, the firm's cost curves are unaltered by transportation price and
it will produce the quantity Qq of output (MC = MR). This Tevel of
production requires the quantity (qa7) of coal (factor of production) to
be transported to the firm. The removal of zero cost and the insertion
of some positive transportation cost results in the formation of two
sets of cost curves. By an earlier assumption, these cost curves are
dissimilar, and thus the MC curves of transportation intersect the given

marginal revenue curve at two different points.

FIGURE II-3
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Using mode one, the economic optimal position (MCi = MR) results in
production of output level 02, while utilizing mode two results in pro-
duction of output level Q3 (MC, = MR). To determine the mode the firm
selects, it is only necessary to compare the economic costs for each
mode at a given quantity Qf output with MR given. Mode one enables

firms to optimally produce the quantity'QZ of output. However, at Qp,
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using mode two would allow the firm to reap a pure econowic profit (area
AEFP). Realizing that by increasing the output Q2 + 1 the firm would
receive an even larger total profit, the firm increases its output

until MC, = MR. " In this case, the firm selects mode two to transport
the coal, for such selection results in a targer profit than mode one.
Output level Q3 requires the firm to transport by mode two the quantity
q3 of coal. This point (q3,t2) represents one dot‘on the deménd for
transportation curve for mode two.

To place all points on the demand curve, additional transportation
charges are placed on mode two, while holding all other costs constant.
This action raises only mode two's cost curve. Now re-examine the firm's
selection process with the new conditions. Even though mode two's cost.
curves shift upward, the firm still selects mode two because it still
~ has a Tower tota1 cost than mode one. With higher cost there is a reduc-
tion in the amount of output a firm manufactures; this means mode two
transports a smaller quantity of coal than before._1 The point (Gg,t3)
represents another point on the demand for transportétion curve for mode
two.

This increase in the transportation cost of mode two continues until
the costs of both modes to the firm are equal. At this point, the firm
is indifferent to the selection of mode of transportation; this being
represented by the last point on the demand curve for mode two, since
any further positive increments on mode two cost raises the cost curves

for mode two, which results in a higher cost to the firm than would occur

]Assumés firms only purchase that quantity of coal to manufacture a parti-
cular level of output. A1l excess supply of coal a firm purchases would
be irrational. : :
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if mode one were chosen. Hence, the firm now selects mode one, because
its selection permits a larger profit than mode two.

Once the switch to another mode occurs, the remaining demand would
apply to mode one. The demand curve for mode one could be determined in
the same process as for mode two, but the end point for the demand for
the alternative mode occurs, when ACy = MC] = MR. Any fUrther augmenta-
tion in the cost would lead to zero output level becauée all forms of
transportation result in income being less than cost. Therefore, the
method for determining the modal split and quantity to be moved by each
mode is accomplished.

Summary of Models

To review, the procedure incorporates three models. The first model
determines the quantity of coal demanded and available. While the second
links the coal market to the transportation market, and the third model
determines the mode selection with the firm's transportation mode selec-
tion responsiveness to transportation price increases. The integration
of these models into a comprehensive model provide analysts with a way
of rapidly detecting and explaining changes in the demand for transporting
‘coal. Therefore, it is an improvement over the existing rigid methods and
independent models in projecting future coal traffic currently in use by

federal agencies (and as reported in current literature - see Chapter 1).
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SCOPE OF EMPIRICAL MODEL
CHAPTER II1

Herein empirical data are applied to the theoretical models des-
cribed in Chapter II to observe their predicting power, and to test and
determine the feasibility and the practicability of ﬁhis approach. To
test the practicability, feasibility, and to attain the necessary data
for the model, it is advisable for the model to be Timited in scope.
Examining the model without any constraint makes the analysis a complex
and massive problem. In fact, the economic working Qf the model may
become hidden within this complexity. In addition, attaining the neces-
sary data for the analysis would be a difficult task .in itself. A brief
examination of the constraints on the theorética] models, to be able to
use collected data, is contained in this chapter.

DESCRIPTION OF PARAMETERS

Modes
This study only examines barges on the Ohio River waterway and rail
carriers in the Ohio Rfver Valley as forms of transportation; Table
III-1 shows that barge and rail mode transport over seventy percent of
the coal moved within the U. S. Moreover, these movements are only all
rail or all water and do not include any joint movements. Since these
two modes transport the vast majority of coal in the U. S., they shall

represent the only modes available to firms in the analysis.



TABLE III-1
PERCENTAGE OF COAL MINED IN THE U. S. MOVED
| BY BARGE AND RAIL MODE IN 1970!-2

Tons Moved Percent Each Mode Transport
A1l Rail - 53% |
A11 Barge - 20%

| 73%

The rail movements are further divided into two distinct types, regular
trains and unit trains. Describing the rail mode in more detail should
clarify their differences. The regu]ér train is a set of cars which in
themselves do not make up a complete train, and the remaining cars of
the train do not necessarily contain coal. Since the selected cars
represent on]y a single component of the complete train, the prbbabi]ity
of reaching their destination directly (in one train) is not very high.
Usually a train makes several stops which might require that these cars
become part of another train. Therefore, this form of rail movement
usually has several delays before reaéhing its destination. A second
type of rail movement is the unit train, which forms a complete train
to a single destination. This differs from the regular train in that
the unit train always carries one good. Moreover, the unit train never
has to be disas;embled and reassembled, and as a result, reduces the

transport time. However, the flexibility of the movement becomes re-

stricted because of the point to point transport instead of network travel.

]U. S. Dept. of Commerce, Interstate Commerce Commission, Bureau of Econo-

mics, State to State Distribution , Statement SS-1 and SS-2, Washington,
D. C., T98B. ‘ '
2y, s. Dept. of Interior, Bureau of the Mines, Bituminous Coal and Lignite

Distribution, Washington, D. C., 1971.
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Area

The geographical region for this analysis is the Ohio River Valley.
The selection of this area is based on two reasons. One, the area pos-
sesses one naturé] water transportation route, the Ohio River, and the
area also has a complete network of rail Tines criss-crbssing the area,
connecting major cities. The area offers the individual firm both types
of modes by which to transport their coal. Furthermore, the United
States Department of Commerce, Office of Business Economics, has divided
the Ohio River Valley into several statistical economic regibns.1 Three
of these regions are located with access to water and rail facilities,
and represent the consuming sites (L;) in the analysis. The three areas
are: OBE 66 (Pittsburgh), OBE 62 (Cincinnati), and OBE 55 (Evansville).

Map II11-1 indicates the geographical locations of these areas.

TABLE III-2

RELATIVE IMPORTANCE OF COAL TO THE TOTAL
TRAFFIC FOR EACH MODE OF TRANSPORTATION
WITHIN THE SELECTED REGION

FOR 1970%2°>
Tonnage of Coal a Mode Transports x- 7100
Mode Total Tonnage a Mode Transports
Rail 224, |
Barge 45%

]U S. Dept. of Commerce, Office of Business Economics, OBE Economic

Areas, Washington, D. C., 1969.
U. S. Dept. of Interior, Bureau of the Mines, Mineral Facts and Problems,
1970, Washington, D. C., 1971.

American Waterway Operation, Inland Waterborne Commerce Stat1st1cs, 1970,
Washington, D. C., 1971.

U. S. Dept. of the Army, Corps of Engineers, Waterborne Commerce of the
United States, Calendar Year 1970, Washington, D. C., 1971.

3
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Two, Table III-2 shows that over 40% of the tonnage moved by‘either
kmode within this area is coal. bThis represents the single most impor-
tant good for transpbrters, since numerous steel, coke and utility com-
panies are located within these geographical boundaries and these firms
purchase a significant quantity (65.0 million tons) of coal to manufacture
their output. Moreover, two major coal fields are'located in the river
valley, furnishing all the necessary coal for the consuners. For these
two reasons, the Ohio River Valley is selected as the region for the
analysis.

Factor.(u) of Production (Coal)

The examination of all factors of production for all industries is
not undertaken,’due to the infeasibility and the diffiéu]ty of collecting
sufficient and accurate data. Instead,’a detailed andlysis is dQne on
one factor. The analysis is limited to the production and consumption
of bituminous coal for three basic reasons. One, coal is one of the
major commodities fransported by various modes- of transportation in the
Ohio River Valley. Table III-2 shows that coal movements represent
approximately forty percent of the total tonnage barges or rails trans-
port. | |

Two, coal is an essential factor of production for several types'of
industries. .The analysis is 1ihited to examine,on]y‘the major users,
instead of all firms that utilize coal as a factor of production. Table
ITI-3 exhibits the various users of coal. This ana]ysis'examinés only
the electrical powef, primary metals and coke consumers of coal, because
these three industries consume approximately eighty percent of the totaT

coal consumed in the U, S.
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TABLE TII-3
PERCENTAGE OF INDUSTRIES DEMAND FOR COAL IN.THE Uu. 5.1’2

Commercial 3%
Electrical 59%
Food and Kindred 1%
Paper 3%
Primary Metal (incl coke) 20%
Stone and Clay 3%
Transportation 0.1%
Chemical 4%
A1l other 6%
99.1%

Three, data for analysis are available, historically compiled by
the Bureau of Mines annually. in addition, these data include his-
torical information on several other variables needed for the analysis.

Coal is the good examined in this analysis, since it represents
a vital factor of production, limits the number of users to be examined,
represents an important commodity to transporters, and historical infor-
mation on consumption and production is readily available.

Time Period t+x

There ex1st several reasons for limiting the time period (x)
to such a short horizon. One, it limits thevpossibility of alter-
native factors of production (natural gas or petroleum) being
a substitute for coal in manufacturing the selected outputs.

This (substitution) appears unlikely because of the current.shor-

tage of the alternative factors.3 Already the natural gas companies .

]U S. Dept. of Interior, Bureau of M1nes, Facts and Prob]ems Yearbook
1970, Washington, D. C., 1971.

2Net exports excluded from this figure. :

3Landsburg,‘Fischman, Fisher, op. cit., pp. 405-414.
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cannot meet the growing demand; much less furnish a sfoicient supply
of natural gas to power electrical generatoré year around, while the
petroleum companies are predicting a shortage of petroleum for the next
decade.'»2 Dr. Earl Cook predicts the exhaustion of these two factors
will occur before society consumes all the coal.3 This corresponds
with United Stafes Department of Interior, National Petroleum Council
report that the gas price will increase 20% faster thqn coal for an

equivalent amount of energy by 1985.4

Moreover, the current high
interest rate represents another economic constraint against switching
factors of pr'oduction.5 Therefofe, research into methods to utilize
alternative energy sources is hindered and encourages firms to continue
using coal.

Second; the interregional trade remains somewhat constant; for
several firms form contracts and agreements with mine operators whb
furnish a sufficient supply of coal to the firms for a predetermined
number of years. A majority of these agreements are va]id through ]980;
This provides a means to determine future trade patterns to 1980 for
those firms which continue to use coal. Therefore, limiting the time
horizons helps to provide a means for an adequate description of the
future firms' demand for coal and the future trade patterns for several

movements.

]Ear1 Cook, "The Role of Energy in Our Society," American Association
- for_the Advancement of Science, 139th Meeting, Washington, D. C Dec.
29, 1972.
g"Bus1ness and Media," Newsweek, July 2, 1973, pg. 59-60.

Earl Cook, "Energy for Milleni um," Techno]ogy Review, Vol. 15, Number 2,
4Dec 1972, Cambridge, Mass., 1972.

United States, Department of Interior, National Petroleum Council, U. S.
5Energy Outlook, Washington, D. C. 1972

FederaT"Reserve Board of Boston, New England Econom1c Indlcators, March
1973, Boston, Mass., 1973.
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Alteration of Models

Supply Model
~ The supply model contains two assumptions in the empirical model

to determine the future supply of coal suppliers will make available
to consumers.

One, even though there exist several grades of'qoal, the study
assumes that coal is homogeneous. This impliés that}firmslmay uti]iée
whatever grade of bituminous‘coal available to manufaéture a particular
.output without any technological deficiency or quantitative-effects.
The assumptions permit‘a larger sample to be taken to meet certain
~statistical standards. Second, the supply of coal is limited and irre-
placeable for each mine. This indicates that supp]iérs can not extract
more coal than their existing reserves. Also, the model prohibits the
importation of coal to supplement the existing supp]y; because coal
reserves are more than adequate to meet the three OBE regibns' demands.
In 1967, the Bureau of M1nes survey indicated that over 600,000 m11]1on
tons remain in the Ohio River Valley. !

Mode Selection Model

The mode selection model contains four assumptions that constrain
the theoretical model, so that empirical data can be épp]ied. These
assumptions are placed on the model due to the 1ack‘of adequate data.

One, in the émpirica] model it is assumed that firms select that

mode which represents the most economical and profitable means of

]Pau1 Averitt, Coal Reserves of the United States, Jan. :1 1967 ,
Geological Survey BulTetin 1275, U. S. Government Pr1nt1ng Office,
Washington, D. C., 1970, _




transportation to the firm. This eliminated the need to calculate the
cost curves for each mode, for the firm attempts to receive the largest
profit possible, and therefore, selects the mode which represents the
least total cost.!

Two, the model is used to estimate the future mode selection based
on the fo]]owing set of criteria.

- a. If the supply source is located where no water mode has access,
then the mode of transportation for those firms is raii. Since this
study does not include joint movements, it is>jmpossib1e for bargés to
move the cargo. Therefore, the rail mode must transport the coal to
the production Site. This involves approximately 26% of the sample size.

b. If a firm purchases cba] from a sdpp]y source located with
access‘to a water mode and previously transported coal by barge, and
the projected demand for coal increases over the 1970 base, the model
will prescribe that those firms move coal by barge. The reason for this
limit is that the cost of readjusting the plant intake, unloading facili-
ties, and capital investment would make it uneconomical to switch modes
without someiimmediate benefits.2 This involves approximétely 18% of
the sample. |

c. A1l other selections are based on the 1970 regiona] discrimi-

nant function.3 This function includes only those. variables already

1L. Moses, loc. cit. R

3Berr‘y, Cannelli, Sasaki, IWR-ORD Summer Survey, 1970.

To derive this function, the observed 1970 data was applied to a dis-
criminant analysis program. A further explanation of the discriminant
analysis program is contained in Chapter VI. With this function, the
1980 data was inserted to classify the firms' mode selection,
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projected (annual tonnage, average size shipment, and distance to supply
source). Using these coeffic{ents, the 1980 data is inserted into the

1970 function tb classify an unknown user'svdemand.forva particular

mode. The classification of a shipment by the function presents the

mode a firm will select in 1980. The results show only two hisclassi~
ficationé of_mode selection occur. These were due to the fact that the
tonnage increased tremendously and the average size shipments were so large.
Therefore, theSe movements were considered to switch modes in 1980.

The third constraint assumes the future transportation prices users
pay to transporters is only the additional cost each mode is projected”
to incur. These additiona] costs are only the differénce between the
projected future total cost minus the existing total cost as discussed
in the United States Interstate Commerce Commission's and the U. S.

Army Corps of Engineers' reports.]’2 The future costs are determined by
extrapolating previous cost along a linear function to 1980 while the
current total cost for each mode'can be found in the I. C. C. and U. S.
Army Corps of Engineers' reports. These additional costs for each mode
are then added to the 1970 observed transbortation price to represent a
proxy for the future transportatfon price.

These alterations and assumptions allow the empirical test of the
model. Installing such restrictions is mainly due to the lack of obtain-

ing adequate data and not to the inability of the model. These assumptions

]U S. Army Corps of Eng1neers, Estimated Costs of Operat1ng Towboat
o 1962-1970, (unpublished report), Washington, D. C,

U. S. Dept. of Commerce, Interstate Commerce Commission, Bureau of
Accounts, Rail Carload Cost Scales by Territories for the Years 1970-
1969-1968-1967-1966, Washington, D. C., 1973. v
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and restrictions should be questioned and instigate a further investiga-
tion into thesé areas so that techniques are developed to eliminate
these constraints. This would give the model a more realistic method

of describing the transportation marketf Although several assumptions
are incorporated into the theoretical model, the a]tered model still
répresents é more inclusive procedure in estimating an endogenous demand
for transporting an input by the barge mode. The model is ready to now
insert empirical evidence to examine the results and determine the feasi-

bility and practica]ity of such a procedure.
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EMPTRICAL RESULTS OF MODEL I
CHAPTER 1V

Chapter IV contains the empirical test of Model I: a method to}
project firms' future demand for coal. To estimate these quantities,
Model I requires the establishment of an equilibrium between the demand
for and the supply of coal. Model I not only can be“used to project
7 the future demand for coal, but can also be used to estimate the quan-
tity of coal suppliers will furnish to demanders. Therefore, Model I
improves the existing methods to determine the quantity of coal various
firms demand by relating the future coal market forecast to existing |
demand and supply influences instead of accepting an exogenously given
demand for coal. To better understand the interrelationship of vari-
ables and to show the mechanisms used in deriving these estimates, the
analysis is presented in three parts.

Part I presents the empirical calculation of the future demand for
coal by detekmining the quantity of coal various firms require (as a
factor of production) in manufacturing their future output. In Part II
the ehpirica] derivation of the supply of coal on the basis of reserve
capacity and anticipated revenue from future sales is presented. Part
IIT presents an interface of the projected supply and demand for coal
to determine the realism of the projécted demand.

Future Demand for Coal

Part I - Overview

In Part T the future demand for coal by a firm is calculated. To

empirically derive this quantity requires the development of an economic ’



model consisting of three phases. In phase one a deménd function is
constructed which estimates the future output an individual firm will
manufacture. In phase two a future teéhno]ogica] conversion coeffi-
cient is estimated which establishes a Tinkage between the firms' out-
put levels and»the coal consumption. Finally, in phase three the
projected results from phase one for each firm are divided by its fufure
technological cqefficient to derive. the quantity of coal an individual
firm will demand annually. The sum of these individual demands equals
the total future demand for coal for a region.

Procedure to Calculate Future Coal Demand From the Output Level

Since the three sectors (electric, coke and primary metals) consume
90% of the coal transported within the selected region, the analysis con-
centrates on and constructs output functions for only those sectors. |
Each function includes those variables that are thought to be the most.
significant in projecting that sector's future output.  Thereby it
enables each sector's demand function to be applied to any firm in that
sector to determine its future production. For convenience, the functions
are presented asblinear.

Comprehending the mechanism of the functions requires an understand-
ing of the economic relationship of the variables in the demand functions.

Demand Functions for the Specific Outputs

This study uses the following demand functions to determine the

future quantity of output:

]Berry, Cannelli, Dworkin, Elliott, Kuhn, Sasaki, op. cit. In the survey
firms in the Ohio River Valley were interviewed to determine the reasons
for selecting a particular mode of transportation and to provide the
basis for conclusions about the competitiveness of the transport sector.
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Equation One

=
)

= F (Pg,C,H)

(=)
]

a+ by Pyt byC+byH

D, = Demand fof electricity from the ith firm
Pe = Price of electricity per kilowatt
C = Per capita income for geographical region
H = Population of geographical region
a = The constant in the equation in which De is being estimated
by use of Pe, C, and H
by = The amount of change in the calculated value of D, which
accompanies a change of one unit of Po when the effects
of C and H are also being considered
by = The amount of change in the calculated value of D which
accompanies a change of one unit of C when the effects of
H and P, are also being considered
b3 = the amount of change in the calculated value of Dg which
accompanies a change of one unit of H when the effects of
Po and C are also being considered |
Equation one provides a means to determine the numbér of kilo-
watts éach steam generating station will need to provide in 1980.
This equation states that the demand for electricity is positively

related to the per capita income and the population of an OBE
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region.h2

This indicates that as the value of the two variables
increase in magnitude, tﬁe demand for electricity also increaées.

As the population increases, the number of people capable of pur-
chasing electricity also 1‘ncreases.3 Moreover,_a§ the per capita
income increasesrconsumers are able to spend more income on goods
that directly or indirectly utilize e]-ectm‘city.4 This results in

a rightward parametric shift of the demand curve as income and popu-
Tation change positively.

However, the price of electricity (price of a ki]owétt) is thought
to be inversely related to the demand for e]ectricity.5 This means
consumers view electricity as a normal good and react to price changes
accordingly,

Equation Two

Dy

DS =ctuy R + U, PS

F(R, P)

Where DS = Demand for steel

]If electricity is a normal good the coefficient for Pe is expected

to be negative, since the Law of Demand states that price of a

normal good is inversely related to the quantity of the good

demanded. _

Changes in the per capita income changes consumers budget constraint.
This change directly affects the quantity of electricity a consumer
can purchase if electricity is considered a normal good. Hence, the
3expected coefficient for C is some ‘positive value.

Assumes consumers have a homogeneous utility function.

Direct goods that use electricity: air conditioners, electric ranges,
and other electricial appliances. Indirect goods that use electricity:
movie theaters, amusement parks and industrial demand to produce house-
hold appliances. : v

Assume each consumer uses a certain quantity of electricity. Given
this condition changes in the population of consumers would have a
direct effect on quantity of electricity demanded. '
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=
1

Retail sales of durable goods for u. s. (doTlars)
P. = Price of steel per ton
¢ = The constant in the equation in which the DS is being
estimated by use of R and PS | |
Uy = The amount of change in the cé]cu]ated vaTue of DS which
accompanies a change of one unit in R when the effects of
PS are also being considered.
u, = The amount of change in the calculated value of DS which
accompanies a change of one unit in PS when the effects of
R are also being consfdered.
Equation two provides a means to determine the quantity of steel
each steel plant wfthin the study area will need to produce in 1980.
This equation states the demand for the steel is positively related
to retail sales of durable goods in the United States.] As retail
sales of durable goods increase, the amount of steel to produce these
goods also increases. The American Iron and Steel Institute statistics
indicate the average amount of steel each durable good contains.2 There-

fore, an increase in sales of durable goods, assuming the'quantity of

1Assume each durable good contains a certain quantity of steel. Any
‘changes in number of durable goods sold would directly affect the
amount of steel necessary to manufacture those goods. Hence, the
coefficient for R is expected to be positive. o

This assumes consumers of steel view the steel as a normal good,
American Iron and Steel Institute, Iron and Steel Statistics, 1963-
1970, Washington, D. C., 1971. In addition, we assume no major-
substitution of plastics or other materials for steel. For the
short run time limit envisioned herein, there is in fact only
Timited substitution. Since, in more time, substitution is bound
to-occur, ‘this analysis has to be updated periodically.
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steel needed remains the same for each product, results in a larger
demand for steel. - However, the price of a ton of steel is inversely
related to thé demand for steel. (Thié assumes steei is a normal
good.)1 Thus, a higher price on steel raises the price of the output
which results in a lesser demand for the output and thereby lessens

the demand for steel. Moreover, higher prices on steel result in the
importation of foreign steel into the market and use of substitute
metals in the pfoduction of outputs which reduce the démand for domestic
steel and coal.

Equation Three

D, =F (S, Pc)
D =k+vy S+, P
Where
S = Steel production (domestic)

Pc = Price of coke per ton |

k = The constant in the eduation in which D¢ is being estimated
by use of S and Pe- |

vy = The amount of change in the calculated value of Dc which
accompanies a change of one unit in S when.the effect of
Pc is also being considered.

vo = The amount of change in the calculated value of D¢ which
accompanies a change of one unit in P. when the effects of

S are also being considered,

VIf steel is considered a normal good, the coefficient for Py is
expected to be negative, since the Law of Demand states that the
quantity of a good demanded is inversely related to the price of
that good. ' : '
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Equation three provides a means to determine:the‘amount of.bitumi—
nous coke ééch coke plant will need to produce in 1980. The hypotheti-
cal equation’states that the demand for coke is anerse1y related to
the price of coke while it is directly relatéd to the quantity of steel
produced in the geographical area. The inverse relationship between
the price of coke and fhe amount of coke produced assumes that higher
coke prices'force the final goods' price up which results in a decrease
in demand for the final good and decreases‘the demand for coke. ‘More-
over, the higher coke price that forces the final goods' prices upwards
may make it economically feasible for the importation‘of similar final
good or steel into the market which also results in a lower demand for
coke. The equation states the amount of coke produced is positively
related to the amount of steel nade in the United States.? Aé domestic
steel production increases, the quantity of coke necessary to heat and
melt the ores must also increase.

Data

Data for the linear output model were collected from two major

sources. First, in a direct survey 42}f1rms that wére interviewed

utilize coal as a factor of production in three consuming regions in

1¢ coke is a normal good, the coefficient for P, is expected to be
negative, since the Law of Demand states that %he price of coke is
2inver’sely related to the quantity of coke demanded. ,

Assume each ton of steel requires a certain quantity of coke to melt

the ores. Any changes in the quantity of steel produced directly
affects the quantity of coke necessary to manufacture the steel. Hence,
the coefficient for S is expected to be positive.
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the Ohio River Valley. From these interviews, a sample of 92 separate
coal movements was generated.]’2 These interviews identified firms to
be used in the analysis and a certain portion of the data from these
interviews is used in the linear models to determ1ne the future output
by each firm. Second, historical data representing action by these
firms were taken from private and public documents.3>%>° From these
pub]ications, data were put together for other firms in a similar manner
as those interviewed in the IWR transportation data program. Hence, each
of the 42 interviewed firms had its actions established for the previous
nine years. This results in the establishment of 828 coal movements
that can be stratified by date to use in projecting the amount of coal
each of the interviewed firms require in 1980. |

Accepting information from historical sources for various variables
makes it unnecessary to determine the majority of values. One of the
main sources for secondary historical information was the Federal Power
Commission which furniéhed data on all the steam generating stations in |
the study area so that none of those data inputs had to be constructed
by proxy. Unfortunate1y, a complete historical picture of the‘steel and

coke industries was unattainable. Information concerning these industries

Ic. Berry, J. Cannelli, and B. Sasaki, op. cit.

2c, Berry, J. Cannelli, J. Dworkin, L. Elliot, L. Kuhn, and B. Sasaki,
op. cit.

3. s. Dept. of the Interior, Bureau of Mines, Mineral Yearbook Domestic
Section, Washington, D. C., 1963-1970.
U. S. Dept. of the Interior, Bureau of Mines, M1nera1 Industry Surveys,
Washington, D. C., 1963- 1970
Federal Power Comm1ss10n, Steam-Electric Plant Constructlon Cost and
Annual Production Expenses, Washington, D. C., 1963-1970.

4
5
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was partially constructed from various public and privéte documents. The
usual procedure for such construction was to pro-rate the available aggre-
gate data over the number of firms, guided by some known performances.
Moreover, simple averages were used to determine the price of firms'
outputs when éimi]ar outputs were sold in the same geographical area.

Only 66 out of 828 movements had to have some portion of data derived

to form a complete observation.

TABLE IV-1
BREAKDOWN -ON CONSTRUCTED DATA

Number of Data That

Variables Had To Be Constructed
Price of Electricity 0
Per Capita Income of Population 0
Quantity of Electricity Produced 0
Price of Steel o
Retail Sales of Durabie Goods 0
Number of U. S. Automobiles Produced ' 0
Quantify of Steel ‘ _ 15
Price of Coke . | 12
Amount of Steel Produéed | 12
Quantity of Coke : 16

TOTAL 66
Results

Testing to determine the acceptability of a Tinear demand function -

with existing and constructed data was performed. Table IV-2 shows the
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results of a least square analysis on the aggregate data for each

sector.
TABLE IV-2
LEAST SQUARE ANALYSIS OF AGGREGATE SECTORS
Sectors
Electrical % = 0.92 Dg = 36921.8 + 31.5(H) - 3.7(P,)
(18.8)  (1.2)
+ 16.3(C) ‘
(5.3)
Coke | rl = 0.88 D, = 22376.4 + 67.4(S) - 12.8(P_)
(32.1)  (8.7)
Primary Metal ré = 0.85 Dg = 14335.3 ~ 32.4(P,) + 126.8(R)
- (14.3) (52.1)

The r2 (coefficient of determination) 1ndicate$’there exists a
felationship bétween the dependent and independent Qariab]es. vIn addi-
tion, the signs on the coefficient agree with those 1h the hypothesized
linear model. However, to justify these relationships requires the
testing of the Null Hypothesis for each»rz.] Results of this test show
each equation value exceeds the value for the significance level of 10%.2
Thus, thé Null Hypothesis can be rejected for this level of significance,
indicating there exists a linear association betweén the dependent and
independent variables in describing the output for each sector. Since
the linear correlation is significant, the estimating coefficients and
the constants are used to project the future output for each firm in the

analysis.

]Null Hypothesis assumes there is zero correlation between the dependent
and independent variables. ’

2pAssumes all other factors of production are given and supplied in an
adequate amount.
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Technological Coefficient‘

To link the output a firm manufactures to the firm's demand for
coal necessitates the derivation of a mechanism that converts the output
amount into factor of productioh amount. The technological coefficient
provides this mechanism, for it indicates the amount of output a firm
can manufacture from the consumption of one unit of coal. Using the
technological coefficient enables the firm's output to be converted
into a quantifiable demand for coal.- Moreover, the technical coeffi-
cient converts various outputs (kilowatts, and tons of coke and steel)
into a commensurable unit, tons of coal.

Determining the magnitude of the technical coefficient requires
the utilization of the firm's previously complied output data, and the
quantity of coal the firm purchased for the same year. The quantity of
coal the firm purchases yearly is obtainable from pub]ié and private
documents, and from the survey. The survey provides the 1970 data base,
while secondary sources furnish the historical data on‘coal consump~
tion. Only 171 out of 828 total observations had to have constructed
data for coal purchases for various years, because the desired data were

unattainab]e.]

Having this information enables the technological coef-
ficient for each firm to be‘derived. This is accomplished by dividing
the firm's output data by its coal purchases. x

With the yearly technological coefficients a time series analysis

is performed to calculate the technological coefficient and to provide

1143 pieces of information were concerned with the development of the
amount of coal each firm purchases for various years in producing
their output. The remaining data were taken from previous analysis.
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a means by which changes in the technological coefficient for each firm
to 1980 can be observed.
Results
A time series analysis was run on each sector and the future tech-
nological coefficient was derived. The equation to determine the tech-
nological coefficient is presented on IV-13. Table IV-3 displays the
results of the sector:approach for 1980.
TABLE IV-3
TECHNOLOGICAL COEFFICIENT FOR ALL AREAS - 1980]
Electrical = 2.28
Coke

i

0.70

f

Primary Metal 1.38

The results indicated that on the average every ton of coal furnishes
enough energy to produce either 2.28 megawatt—hdurs of electricity, 0.70
tons of coke, or 1.38 tons of steel. Presenting éh accurate projection
of the demand for coal requires that each individual firm's coefficient
(o) also be calculated. Thus, a similar approach was undertaken to

derive the future technological coefficient for each firm.

Quantity of Coal Demanded

Method and Data

Utilizing the two previous pieces of information, a method to
calculate the future demand for coal was developed. The method ohly
requires an algebraic manipulation of the definition of the technologi-

cal coefficient. This process can be seen in the following equatﬁon:

]The r for each sector exceeded a value of .90 and each equation was

significant at the 10% level.

Iv-12



ot = Oi¢/Fit
ftex = 0 g/ ity

ajt+y = the ith firm technological coefficient for the

t period

Oj¢ = the ith firm's output for the t period

fit = the amount of factor of production the ith firm
purchases in t period

t+x = x number of years beyond t period

Thus, future demand for coal becomes equal to the firm's future output
divided by its future technological coefficient.

Table IV-4 shows the summation of the individual demands for coal
for each OBE area, and by sector; and the total demand for bituminous
coal. The table also includes the actual 1970 demand for coal, so a
comparison can be made.

TABLE IV-4
DEMAND FOR COAL BY AREA AND SECTOR
FOR 1970 AND 1980 IN TONS (103)

1970 1980
OBE 55 :
Steel 1,872 2,622
Electrical 10,171 15,995
OBE 62
Steel 2,732 3,863
Electrical 12,836 17,233
OBE 66 _
Steel 3,467 3,762
Coke 11,632 12,324
Electrical 19,432 21,749
TOTAL 63,142 - 77,547
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The survey indicated several small firms are leaving the market.]’z

Even though there is a reduction in the number of firms (-9) demanding
coal projected for 1980, the total demand for coal increases by 26%.
This occurs because a few new firms (+4) will be entering the market
which should consume several times the exiting firms' total demand for
coal, in order to manufacture larger quantities of output. Considering
these two effects, the total demand for coal will increase over the next
ten years in this geographical area and in these sectdrs.

A major portion of the future consumption of coal is by the elec-
tric companies and systems (SIC 49). Even though nuclear power plants -
in the future will be furnishing greater proportions of electricity to
the public, the total electricity generated from these nuclear plants
is anticipated to still be inadequate to furnish all the necessary
energy to satisfy the projected 1980 demand.3 Moreover, the number of-
nuclear plants to be operating by 1980 may be below the estimated figure.4
Therefore, the steam electric plants are maintained in the system to sup-
plement the nuclear plants in furnishing an adequate supply of energy to

the market. Also, the steel and coke projections seem adequate with the

1Berry, Cannelli, Rothenbush, Sasaki, op. cit.

2Berry, Cannelli, Dworkin, Elliott, Kuhn, Sasaki, op. cit.

3Berry, Cannelli, Sasaki, op. cit.

For example, Cincinnati Gas Electric was anticipating complietion of the
Zimmer nuclear power plant by 1975, but due to delays it will be end of
1977 for the completion of the reactor only. This date will be further
extended due to the numerous legal conflicts in order to attain the neces-
sary approval for operation. Obviously, these delays mean steam plants
must furnish enough energy to offset the absence of this plant.
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anticipated state of technology. These findings results in empirically
projecting 77.5 mitlion tons of coal to be consumed by three sectors
Tocated in the selected OBE regions.

This procedure removes the necessity of accepting an exogenously
predetermined demand for coal. Moreover, projecting the future demand
‘for coal in this‘manner.improves the current forecasting methods in
which demand is arbitrarily fixed. The more complete method is useful
to explain why given changes in demand forvcoa1'occur.

Part II |

Supply of Coal

The model is now used to calculate the quantity of coal that sup-
pliers will make available to consumers. A1l the suppliers in the analy-
sis are located in the Ohio River Valley. Within its geographical boun-
daries are two of the major coal fields in the United States. These
fields are the Appalachian Regional coal field located in the Eastern
Provinces of the United States and the Eastern Regional coal field

1 Also, the coal

located in the Interior Province of the United States.
reserves fromvthese fields are presently moke than sufficient to furnish
an adequate sUpp]y of.coa1 to demanderé for a considerable period of
time.2 Since the suppliers in these regions are capable of furnishing
all the necessary coal, it becomes unnecessary to 1mport coa] from other

reg1ons to supplement the existing supply. 3

]U S. Dept. of the Interior, U. S. Geological Survey, Coal F1e1ds of
2the U. S., Washington, D. C., 1960.

This based on the present rate of consumption given the existing
jreserves. :

Aventi, op. cit.
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Supply Model

To quantify the amount of coal suppliers will make available, a
model based on economic criteria is developed. This model is used to
project the tonnage of coal extracted within each county (to be pur-
chased by one of the three selected industries in the three OBE regions).
For convenience, the supply function is assumed to be linear. The fol-
1owing Tinear equation represents the hypothesized supply function for
determining the quantity of coal suppliers will make available to the

selected consumers.

Sc = f (P,M,T)

S¢ = g+ wyP + woM + w3l
WHere P = Price of coal

M = Number of mines

T = Productivity of worker

SC = Supply of coal

g = The constant in the equation in which S¢ ié_being estimated
by use of P, M and T.

wy = The amount of change in the calculated va]Ue of S which
accompanies a change of one unit in P when the effects of
Mand T are also being considered.

W, = The amount of change in the calculated value of Sc which
accompaniés a change of one unit in M when fhe effects of
T and P are also being considered.

Wy = The amount of change in the ca]cu]ated value of S. which |
accompanies a change of one unit in T when the effects of

P and M are also being considered.

IV-16



Assuming the supply function to be 1inear permits the function to
be written in the above form. This indicates that the independent and
dependent variables are all positively related. A brief explanation of
this re]ationship is presented below. |

Price of coal is defined as that revenue a supplier receives from
selling one unit of coal. In this case, price of coal is positively
related to the extraction of coal.! This hypothetical relationship can
be explained by micro-economic theory. First, an 1n¢rease in the price
of coal raiées the suppliers’ marginal revenue curve. This gives sup-
pliers an economic incentive to extract a larger quantity of coal.
Second, a 1owéring of the price of coal causes the opposite effect, and
results in suppliers furnishing a lesser quantity of c0a1.2 Thus, the
extraction of coal is directly related to the price of coal.

Productivity of a worker is thought to be positively related to
the quantity of coal.3 This re]ationship states that as the produc-
tivity of the worker increases so does the quantity of coal the suppliers
make available. If the number of workers increases or remains constant,

an increase in productivity by a worker results in a direct increase in

]Changes in the price of coal changes the coal suppliers' marginal reve-
nue curve. This change directly affects the quantity of coal a profit
maximizing supplier furnishes. Hence, the coefficient for P is expec-
ted to be positive.

2Unless the supplier has a high fixed cost in which case a decrease in

the coal price would raise supplier willingness to supply a Targer

quantity. '

Productivity of a worker is the ratio of output to man-hours worked.

Thus, a change in productivity has a direct effect on output and the

coefficient is expected to be positive.

3
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the amount of coal extracted. Therefore, the productivity of workers |
is positiQe]y related to the cda] production.

Finally, it is hypothesized that the number of mines is direét]y'
related to the output.] Assume that all mines produce an equal quan;

tity of coal, and there exists w number of mines in operation. Su@ming

| the mines' production yields y amount of coal thaf suppliers furnish.. |
Obviously, all mines do not supply an equal amount of coal, but'the
addition of a new mine (or more productive mines) to exfsting number
of hines increases the total supply of coal available. The reduction
in the number of mines in general should have the reverse effect.
Therefofe, the number of mines is, in a general sense,‘related to the
output. | | |

Projecting the future coal production by each county simp]ifies
the data collection pkocess. Consequently, the combination of two
sources provided the majority of necessary county data for the éhalysis.
One, utilizing a survey reveals the 1ocatfon of suppliers in'1970;2’3

Unfortunéte]y, the supply location for demanders for preVious
years 1is unknown. This model assumes the 1970 ré]ationships holds

for past years. Moreover, the 1970 supply counties represent the

]Any change in the number of mines should directly affect the amount
of coal suppliers furnish. Hence the coefficient for M is expected
to be positive. ’ ‘ '

Berry, Cannelli, Rothenbush and Sasaki, op. .cit. v -
Berry, Cannelli, Dworkin, E1liott, Kuhn, and Sasaki, op. cit.
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‘only possible counties firms can obtain their futho supply of coal
from. This rédoces the number of counties fromv158'fo 19 from which
data must be collected and projected. Second, from private and pUb]ic
documents data for the supply function for these selected counties for
the past eight years can be estabh‘shed."2 The 1nformation from the
secondary sourcés for each county included: the total quant1ty of

~ coal extracted, the number of mines, the average productivity of a
miner, and total value of coal for each year.

Some of the data had to be adjusted tobdescribevthe supply function -
each year. The total number of mines is pro-roted to counties from the
state total bésed on the survey data to indicate the number of mines
within a county supp]ying coal to the consuming firm‘eaoh year. The_
average tonnage of coal a supplier mines each year is multiplied by
the pro-rated number of mines for that countyvto derive the total ton-
nage of coal available for the selected firms for that year

Finally, the price of coal that a supp11er rece1ves from selling one
unit of coal can be derived and established from these secondary sources.
’To estimate these prices it is only necessary to diVide the total volue

of coal sold by a county, by the number of tons that county sold. The

1U. S. Department of the Interior, Bureau of Mines, Minerals Yearbook,

1970, Washington, D. C., 1963- 1971
Keystone Coal Buyer's Manua] McGraw Hill Book Co., New York, N. Y.
1963-1970.
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two secondary sburces, therefore, provide all the necessary historical
data, identified by the survey, for those counties.
Results

Inserting the data into a least square regression model indicates
the associationlin an aggregate linear model. The model used is referred
to on page IV-16.

S = 5667.63 + 7.36P + 32.83M + 74.38T
(5.37) (15.14) (15.99)

rZ = 58
The r2 was only 0.58, however, all the signs on the coefficients were
correct. The confidence level of the linear correlation between the
independent and depehdent variables is significant at 15% level of sig-

nificance.]

The limited correlation is due to the large variance in the
price variable. A closer examination of the coal prices shows that there
exists a large county coal price difference. Table IV-5 shows the average

price of coal for several counties in 1970.

TABLE 1V-5
VARIATION IN COUNTY COAL PRICES

County Price of Coal by County/Per Ton
Brooke, W. Va. 3.78
‘Lewis, W. Va, 3.96
Monongahela, W. Va. 4.73
Kanawha, W. Va. 4.85
Marion, W. Va. 5.17
Allegheny, Pa. 5.84
Washington, Pa. 6.57

]This procedure used the Null Hypothesis approach with Null Hypothesis .
being the zero correlation between dependent and independent variables.
Table .used in determining critical value is Chi Square Distribution
Table, taken from G. W. Snedecor and W. G. Cochran, Statistical Methods,
6th Ed., Iowa State University Press, Ames, Iowa, 1968.
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This variable is a major factor in the r2 results. To see whether
the low r¢ value was the result of the intra-county diffefencevin coé]
prices, a least Square regression analysis was ruh for each county. The
results of these runs indicate that intra-county differences in coal

prices caused the low re

value, because the r2 for each county exceeded
the aggregate value of .58, with a range rZ value béfng .78-.89 for the
county data. Moreover, the signs in all cases were correct and the
level of confidence for variable correlation was at 10% level of signifi—
cance for all counties except three. These three counties remafned at
the 15% level of significance because of the poor correlation in the
employment size‘to supply of coal for the past eight yéars.‘ The'emp]oy—
ment in the mid 1960% for these three counties was directly correlated |
to the supply but in the late 60's employment appeared td be inversely
related due to the sudden extensive use of capital.

These resu]ts indicate there exists a linear relationship between
the independent and dependent variables in describing‘the quantity coal
suppliers furnish to selected consumers. Extrapolating the linear func-
tion for each countyvdetermines the amount of coal that each county will
furnish in 1980 to selected firms. Table IV-6 shows the projected supply

for each county and the total supply available for consumers in 1980.

TABLE IV-6

- SUPPLY OF COAL COUNTIES FURNISH
TO SELECTED CONSUMERS IN 1980

Gallatin, I1linois 1,700,000 tons
Saline, I11inois 5,300,000
Pike, Indiana =~ 625,000
Warwick, Indiana 50,391
Hopkins, Kentucky ' 7,600,000
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TABLE IV-6 (continued)

Muhlenberg, Kentucky 9,900,000
Ohio, Kentucky 2,230,000
Pike, Kentucky 2,370,000
Webster, Kentucky 400,000
Belmont, Ohio 2,560,000
Washington, Ohio 6,400

Allegheny, Pennsylvania -

Greene, Pennsylvania 3,710,000
“Washington, Pennsylvania 4,270,000
Brooke, West Virginia 1,140,000
Kanawha, West Virginia 4,330,000
Lewis, West Virginia 5,247,000
Marion, West Virginia 12,900,000

10,901,945 .

5,850,000

Monongahela, West Virginia

TOTAL 76,090,736 tons

This model provides a means to make supply projection with more
validity and fiexibi1ity than older techniques thatﬂaccepted exogen-
ously predetefmined quantities to be supplied (assuming, for example,
that adequate supplies were available to meet demanq);

Part II1 | | |
'EQUIVALENCY OF DEMAND AND SUPPLY

In order for the two projections to be:acceptable, the supb]y and
demand must be reasonably equal. The two projections are examined here
to determine if the imbalance between demand énd supply falls within an
acceptable étatistica] Timit. A comparison of Table‘IV-4 (p. IV-13) and
Table IV-6 (p. IV-21) indicates the difference in the demand for and sup-
ply of coal is a littie over 2% in favor of the demand. Since there is
-no information regarding coal substitutes for goods using.coal-in their
manufacture, and there are no readily apparent good reasons for not accep-

ting this difference_(that the difference is too large, for 1nstance) the
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difference is regarded as insignificant. This aspect must be analyzed
further to find the limits of significance of differences between supply
and demand. Historical data analysis wdu]d provide thé beginning of such
analysis. Because this study is focusing on transport, the difference

problem is left at this point.
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EMPIRICAL RESULTS OF MODEL II
CHAPTER V

In Chapter Va procedure is implemented to derive the location and
tonnage of coa]ythat flows from various suppliers to satisfy the pro-
jected demand. The analysis is designed to determine where transporters
have to transport a particular quantity of coal. The procedure does not
indicate the particular mode of transportation, but only shows the neces-
sity bf transportation. This allocation process forms a linkage between
thé coal market and the transportation market. The émpirica] analysis is
broken into two parts. In part one the number of firms that will‘maihtain
current trade patterns into the future is determined, while in part two
the remaining firms are examined to determine the future interregional
trade pattern for those firms. |

Predetermined Trade Patterns

Numerous firms' transportation patterns will not be altered over
time. These fixed trade patterns are the result of firms making long
term agreements with suppliers. The agreements are in,the form of a

contract or a captive mine.]

A contract binds the firm to purchase a
certain quantity of coal yearly frbm the contractor, for a stipulated

period of time, while a captive mine is a mine which furnishes all its

Ta captive mine refers to a situation where a firm purchases all the
coal extracted from that mine. This usually results in either the

firm estab]ishing a contract for the life of the mine (until the sUpp]y
of coal is exhausted) or else the firm purchases and operates the mine
to supply the firm with coal; as defined by G. R. Dreese and H. L. '
Bryant, Cost and Effects of a Water Quality Program for a Small Strip
Mining Company, U. S. Army, Corps of Engineers, Inst1tute for water
Resources, Alexandria, V1rg1n1a, 1971.




coal to one firm. In either case, the firms continue to purchase coal
from their preseﬁt Tocation for a period of time. itvis unnecessary
to develop a procedure to determine the future trade patterns for certain
firms with the above supply situation. | |

Table V-1 tabulates the number of firms and the type of agreemehts

they have with mine operators.

TABLE V-1

TYPE OF AGREEMENTS DEMANDERS
HAVE WITH SUPPLIERS

Number of Firms With

Area Captive Mine Contract . No_Contract
Agreement Agreement
Less More
Than Than
10 Years 10 Years
OBE 55 3 1 9 B 4
OBE 62 2 10 14 . 10

OBE 66 68 16 8

Approximately 76% of the firms in the survey have some'type_of agreement
with mine operators. Only 54% of firms in the survey Have fixed.transpdr-
tation paftérns, at 1éast to 1980. Of this total, 12% are captive mines
and 42% are contracts of 10 year periods or longer. The transportation
pattern for 50 of the 92 possible movements are known and do not need to
be derived for 1980.

Undetermined Trade Patterns

Obviously, there are no assurances that the remaining 42 indepehdent

movements will maintain their current trading patterns to 1980. Economic
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and statistical techniques are utilized éo determine the future distribu-
tion of coal ffom suppliers to these consuming firms.! The linear program
represents a method to determine the allocation procedure, for by using
it, it is possible to derive the most economical method for the remaining
firms to get their supply of coa].2 This procedure only requirés economicv
information to be inserted in the model. | |

The necessary information ié the remaining data concerning the indi-
vidual firm's demand for coal, the supply of coal, and the price of frans-
'portation. These data (demand and supply) have been'defived through the ’
use of Model I. Transportation prices are derived and do not represent
any one particular mode. Rather, they represent a gehera] transportation
charge. Therefofe, this process only determines the future transportatibn
1ocation.patterns and not the mode selection process.

Even though numerous methods exist to construct transportation prices,
all these models are complicated énd require a considerable amount of
unattainable data. However, all transport price mOdeis include a distance
variable in their context. This procedure relates distance to some fixed
cost; and the data}are:attainable. | :>‘ |

This procedure uses the estimated cost figures'deve]oped by the’
Interstate Commerce Commission for’Motdf Common Carriers to determine the

cost of trénsporting the coal from a supplier to the firms.3>%  These

1o insure that the model did not.degenerate, a dummy value was entered
. ,50 that the demand and supply were equal. , _

2This program uses the simple algorithm procedure to find the solution.
3u. s. Dept. of Commerce, Interstate Commerce Commission, Bureau of
Accounts, Cost of Transporting Freight by Class I and Class II Motor
Common Carriers of General Commodities, Midwest Region - 1967, Wash-
ington, D. C., 1971, = T '
Since the mode of transportation does not enter into the analysis and
straight Tine mileage is used, motor carriers' cost represents an
adequate indicator of transportation cost.

4
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Coét figures'are determined for sma]]ef mileage intervals than the othér
modes and hence; offer a better procedure to estimate cost for trans-
porting a good various distances.]

The cost figures used in this analysis are bdsed on the number of
miles a common motor carrier transports a given quantity of good. A
straight Tine from each known supplier to a firm determines the number
of miles the coal must be transported. |

Using this procedure, all the possible transportation costs for a
firm in attaining_its supply of coal are computed. By repeating this
process for all firms, all the empirical cost figures for the analysis
can be derived.

Having all the data enables the program to statistically allocate
the coa1 supply. Moreover, thé linear program minimizes the total
fransport cost. Thereforé, it establishes a method to economically
determine the future transportation patterns for firms wh1ch do not

have a predeterm1ned trade pattern for 1980. ' The mode] links the coal

“market to the transpOrtation’market.

]Motor carriers' costs are indicated at every 10-20 mile interval for
the first 800 miles while the other modes use 20 50 mile 1ntervals
for the first 800.
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CHAPTER V1

~Empirical Results of Model III

In Chaptér VI the empirical results of que1 111 are presented With
two distinct outputs. First, Model IIT is used telémpirica11y determine
the mode of transportation a firm selects in transporting a given quan-
tity of coal from a known supplier to a known produétién site. Second,
manipulating Model III permits a demand curve for a particular mode of
transportatioh to be derived. With these outputs an analysis and appli-
catfon to actuaT situations can be accomplished to detérmine the adequqcy
and feasibility of sﬁch an approach. |

Chapter VI is broken into three parts. 'In Parf one the empirical
results of the mode selection model are described. Thié paft’contains
two analyses. One is based on data for the total demand for transpbr—
ktation, while the other uses regional data to derive the transportation
mode selected by each OBE area demander. Part two repeats an examina-
tion of the three OBE areas, but with invesfigation-of'the firms' reé—
ponsiveness to a change in barge transpbrtation'price;1 Finally, Part
IIi presents a short conclusion from and evaluation 6f Model III.

PART I - MODE SELECTION

Overview
~In Part one a method to predict various firms' mode chdice‘to
transport coal to their production site is describéd.‘.Tobaccomp1ish
this task, the statistical techniquevof,discriminaﬁt aha]ysis is used to
model the different firms mode selection process. Discriminant analysis

is a multivariate statistical technique used to estimate the extent to



which distinct groups overlap or diverge from one another.]

In this
model, the technique allocates a given demand for coal transportation
among the varions modes of transportation through Tinear functions to
describe the characteristics of each mode of transportation, Theén
functions serve as an index for_discrimjnating between the modes of
transportation and‘enable each firm to be‘assigned‘to‘a particular
mode. 2 )

Discriminant Function

Discriminant‘ana1ysis is used to construct»]inear functions des-
cribing the Characteristics of each mode of transportat‘ion.3 Each linear
function contains six separate variab]es._ The numerica].differenceS-be-
tween similar variables for different modes of transportation enable
distinct 1inear functions to be derived. These distinguishing differ-
ences permit the calculation of an index to separate the firms among

the various modes of transportation.

The six variables are'4

X]j = The annual tonnage of coal a firm purchases in one ca]endar
year using mode j.

ij = The number of miles a mode of transportation actually travels

to transport the coal using mode j.

X33 = The number of hours it takes a mode of transportat10n to
transport the coal using mode j.

X4. = The average shipment size of coal a firm rece1ves per year
B using mode j (tons)

]M G. Kenda]1 and A. Stuart The Advanced Theory of Stat1st1cs, Vol. 3;

22nd Ed., Hafner, New York, 1968

G. S. Snedecor and W. G. Cochran, Stat1st1ca1 Methods, 6th Ed., Iowa

State University Press, Ames, Iowa, 1968.

3see appendix for further exp]anat]on

4Berry, Canne111, Dworkin, Elliot, Kuhn, Sasaki, IWR-ORD Summer Survey, 1971.
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f

T The transportation rate the firm pays to the trahsporter
J for moving the coal using mode j (dollars per ton)

><
i

6] The handling cost that the firms incur for Stokage, unload-
ing and delivering the coal to the plant using mode j (per ton)

Data

The data for the analysis were obtained direct]yvof indirectly from
the two previous models. These and the minor a]teratibh of the existing
data, already explained in Chapter IIi, account for-all the necessary
data. However, a brief statement defining the data sources for each
variable fs presented in review.

Variable one, future annual tonnage of coal a firm purchases, was -
attained from the output of Model I. Variable two, number of miles, is
computed from the origin-destination matrix (output‘of Model IT). Num-
ber of hours equals 1970 transit time revealed in the surveys for firms
with fixed contracts. The unfixed contract movements' transit time are
calculated in the following manner. Time of transit for these-movements
is derived by an averaging method. This method takes the average of
three similar modes of transportation moving coal to'similar distances
to represent the time of transit. Variable four, average size of ship-
ments, uses the same number of shipments in 1970 but divides that number
of shipments into 1980 annual tonnage to derive the average tonnage.
Variable five, transportation price, is adjusted‘upwards based on the
1970 survey data. Finally, handling cost figures ake based on adjusted
1970 data. |

The hypothesis is that the regional approach herein is a more
adequate predfctor of transpoktation users' mode selection process than

the more traditional aggregate approach. To test the hypothesis, the
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data are inserted into the discriminant analysis program in tWO‘fOPmS'
~and then the results are compared. Two inserts are made. 1In one, all
the anticipéted movements are inserted at once. Thﬁs-fepresents the
aggregate approach. In two, only data for a single OBE‘is inserted

at one time. This represents the regional approach. The analysis
begins by comparing the aggregate and then the regdoha] data trials.

Aggregate Apbroach

The aggregafe data are further divided into data trials. The first
trial examines the data for two modes, while the second trial uses three
modes, The two mode case examines the mode’choicevof}fjrms'with only |
barge and rail transportation facilities available. The three mode case
adds unit tkains-as possible means for transporting cod1 to the firm.
The two data trials or sets are run to discover whether there exists
any differences in allocation pattern detectable by using the two forms
of aggregate data. |
Two Mode

The first analysis deals with the aggregate data with on]y two
modes available. All the discriminant analysis runs are done on a
Univac 1108 Executive Computer with a 07M Biomedical ComputerkProgram
(BMD) performihg the calculations.!

One of the main features of this'program is that it enters the

variables in sequential manner, depending on their significance.2’3

]w J. Dixon, ed., Biomedical Computer Programs, Berkeley: Un1vers1ty
20f California Press, 1968, pp. 214a-214e,

3Ib1d » pp. 2141i- 2143

This significance is based on the f value of the variable.
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In this run the actual transportation price proved to be the most
important determinant in separating the transportation populations.

The pattern of entrance of the remaining variables is:
TABLE VI-]

ENTRANCE OF VARIABLES FOR AGGREGATE
MODEL WITH TWO MODES AVAILABLE!

Entrance Order

of Variable - Mean Value |
Rail _ Cos Barge

Xg | $3.26 per ton v | "~ $0.72 per ton
X3 . 92.08 hrs o 62.2 hrs

Xy  145.7 miles 159.5 miles
Xg _ 1551 tons 9017 tons

Xg $0.36 per ton $0.29 per ton
X1 53638 tons 144583 tons

Table VI-1 also includes the mean values of each variable for the
two modes. The dissimi]arity of the variab]es' mean vé]ues gives somer
indication as to their use in classification of firms by mode. Discrimi—
nant analysis bases the separation of modes of transportat1on on the
dissimilarity of common variables' mean values and the order of impor-
tance. Thus, the larger differences betweeh earlier ehtering variables
assist in classifying the mode correctly. In this case, the cost of
transporting coal enters the analysis first, énd displays a wide varia-}
tion betwéen the two modes. Railroads' prices afe on the average more‘
than four and one-half times more than the barge lines prices for trans-

porting the coal. Also, rails' average time of transit were longer than |

T}:or an example of: the procedure used to calculate the discriminant ana]y— :
sis displayed in Table VI-2, see pages Al1-A7 1n the appendix.
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barges' time by approximately 50%.] These two dissfmi]arities and
remaining onés indicate that modes can be fairly well separated,

The second major 6utput of the BMD progrém is the mode classifi-
cation printout. 2 This output tabulates the. resu]ts of the and1y81s
Along the diagonal of the matr1x are the modes of transportat1on
correctly classified, and all modes off the d1agona1 are misclassified.
- Table VI-2 shows the results of aggregate ana]ysis, the barge movements
are perfect]y classified, but the rail movements are not. Five actua]
rail movements are stat1st1ca11y categorized as barge nmovements. These
errors occur because those observations exhibit characteristics more
common to barge than rail. Examining the data more closely reveals
that all the misclassified movements are actually unit train movements.
These movements exhibit values for critical variables (annual size
shipment, average size shipment and time of transit) exceeding one
deviation from the rail average for those variables. | In fact, the
numer1ca] values of these variables approach the barge mean values.
Hence the combination of these factors places these ra11 movements

into the barge group.

TThis finding (ra11s transit time is longer than barge) does not
21nd1cate a general pattern but only for this part1cu1ar sample.
Dixon, op. cit., pg. 214r.
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TABLE VI-2

. RESULTS OF DISCRIMINANT ANALYSIS
FOR AGGREGATE ANALYSIS USING TWO MODES

Number of Firms' Coal Movements Classified Into Mode

Mode Rail bBarge*
Rail 34 5

Barge 0 53

Unit Train

| In an attempt to remove these misclassifications, and to improve
the analysis a second run was performed including unit train as a sépar—
ate mode. Even with the new mode of tranSportation;'transportation
price remains the most important variable, and the'anhual tonnage
shipped remains the least important. The order of'entrance of the

other variables did not correspond to the aggregaté two mode case.

Table VI-3 shows thesé changes as well as the mean value of the three

mode case.

TABLE VI-3
ENTRANCE OF VARIABLES FOR AGGREGATE MODEL WITH THREE MODES
AVATLABLE .
Entrance Order
of Variables Mean Values :
Rail - Barge Unit Trains
5 $3.612 $0.72 $0.88
4 1367 tons 9017 tons 2800 tons
3 102.6 hrs  62.2 hrs 24.2 hrs
6 ~$0.34 $0.29 0 $0.48
2 © 159.5 mi.  159.5 mi.  51.7 mi.
1 47556 tons 144583 tons 94996 tons



The removal of five rail movements affects a]] the rails' meén
values. The new rails' transportation rate increéses by a positive
12%, transportation time incréases 11%, number of mi1es increases
6%, average size shipment decreases by 12%, and anhua1 size shipuient
of coal decreases by 11% when compared to the previous run. These
alterations would indicate that including unit trains as a separate
mode improvedrthe mechanism to separate barge and rail. However,
several unit trains mean values approach the barge mean values.

Unit trains exceed the barges' transportation cost by dnly 16 cents
per ton. In addition, the discrepancy between bargé and unit train
mean transit time is a negative 40 hours while the d1screpancy bétween
barge and railvtransit time is a positive 40 hours. Consequently,
these differences in the rails' mean values and thé Qnit trains should
cause several misé]assifications to occur. Table VI-4 shows a fourQ

fold increase in the number of errors.

TABLE VI-4

RESULTS OF DISCRIMINANT ANALYSIS
OF AGGREGATE ANALYSIS WITH THREE MODES

Number of Firms' Coal Movements Classified Into Mode

Mode Rail ' Barge ~ Unit
Rail 27 o 7
Ba?ge 0 38 - 15
Unit - 0o _ 0 | 5

A closer examination of the pivotal variable (transpbrtation‘price) may

further explain the reason for thebnumber of misclassifications. The
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removal of several rail observations changes the rails' mean values. In
doing so, rail values which differ greatly from the previous general
mean value (transportation rate, annual tonnage, and transit time - refer
to Table VI-1) of the second run now correspond to unit train rather than
rail. These movements generally represent those firms which transport
Targe q&antities'of coal a short distance, at low traﬁsport cost. These
movements resemble unit trains, rather thah ordinary rail transport.
Therefore, these rail observations are misclassified as unit trains.

At the same time, the allocation of movemehts'to barges proves to
be imperfect, too. These allocations are due to three characteristics -
of unit trains. One, unit trains have the capability of transporting a
sizeable quantity of coal at a single time, which make unit trains simi-
lar to barges.r Two, unit trains require fewer hours to transport their
cargoes, because of the avoidance of delays at various terminals. This
increases the average speed of delivery, thus shifting the unit train
transport time,towards that of barge. Finally, the transportation rate
differential is only $0216 over the bakge cOst.v Unit trains' price
(variable 5), being close to barge price, represents the most significant
variable. The combination of these three factors prodﬁces an overlap of
~ the barge and unit trains population. Thérefore, fifteen of 53 barge
observations are misé]assified.

Regional Approach

The aggregate analysis produces several errors or misallocation.
These misallocations occur in part, because of the differences in utili-

zation characteristics in each OBE area. Consequently, the aggregate



analysis with two modes or three modes does not present an accurate des-
cr1pt1on of the mode selection process. Attempt1ng to improve the analy-
sis, separate runs were made for each OBE area. This is the regional
approach. The following section presents the empirical results and
explanation of the discriminant analysis runs for each OBE region.
OBE 55

Only the firms that demand coal from OBE region 55 are used in this
analysis. This results in the development of a'regional discriminant
function to allocate the firms to various modes. Unit trains and rail
movements are put into one population due to the inadequate sampling of
unit trains in the area. |

With this data arrangement, the BMD program fof.OBE 55 enters vari-
able fivé as the most significant factor. This agree§ with the order of
two previous runs, but the remaining order of variables does not correépond
to eifher aggregate run. Table VI-5 shows the stepwise pattern of enter-
ing the variables, and the mean values for each variable.

TABLE VI-5

ENTRANCE OF VARIABLES - OBE 55
Entrance Order

of Variables - | Mean Value
Barge _ Rail

5 . $0.475 | , §1.46

6 | $0.175 | $0.406

1 114873 tons | 106587 tons
4 - 4633.3 tons | 2570.5 tons
2 37.8 miles 67.5 miles
3 7.33 hrs . 23.64 hrs
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Comparison of the Regional Mean Values to the Aggregateﬂpata

The regional mean values for each variable varies from the mcah
value of the aggregate data. This indicates that regional determinants
differ from the aggregate. These different determinant magnitudes
determine fhe new discriminant function, which a]]ocatéé the firms to
various modes of transportation. A brief description.of some of the
different characteristics is presented.

First, the distance coal must be transported is reduced considerably.
Rails now transport only 42% of the distance they did before (all cases
compared to the aggregate approach with three modes). DBarges only trans-
port 23% of the distance they previously did. This means that the soﬁrce
of supply for OBE 55 is c]osér to the consumer than the aggregate approach
would indicate. The shorter distance to transport the coal enables a
transporting mode to reduce its transport time. Also, both modes increase
their speed by more than 70% over the aggreégate approach. This is due
to the fewer terminal delays the modes encounter in transporting the
coal. Hence, rails transport the coal 78.9 hours faster in the regional
~approach than with the rails' aggregate approach, while the water carriers
reduce their time by 69.9 hours.

Next, regional annual tonnage moved by each mode in OBE 55 differs
from the aggregate approach. The rail Tines in OBE 55 transport twice
the cargo the aggregate average train carries. In addition, the regional
annual tonnage the barges transport is approximately 35% less than in the
aggregate case. Increased fai] tonnage per firm, and the decrease in

barge tonnage per firm, results in narrowing the differences between the
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two hodes. Thus, in OBE 55 the two modes transport an almost equivalent
quantity of coal. This differs considerably from the aggregate approach,
which indicates barges transportihg on the average twice as much coal

per firm as rail.

Finally, the transportation price for the two modes exhibit a large
reduction. Regional railroad transportation price decreases more than
$2.00 over the aggregate approach, while the barge dec]ines‘by $0.27.
This reduces the difference in prices from a five fold difference to a
three fold difference. Consequently, the regional transportation price
does not resemble the aggregate price. However, variable five still
represents the most significant factor in separating the modes of trans-
portation. |

Thus, regional data have different va]ues'for the mode characteristics
for the different modes of transportation. Using the regional character-
istics, the BMD program statistically allocates each firm to a mode of
transportation. Even with the inclusion of unit trains and the reduc- -
tion in the numerical differences between the modes, Tab]e VI-6 shows

all the anticipated movements correctly classified.

TABLE VI-6
RESULTS OF DISCRIMINANT ANALYSIS OF OBE 55

Number_of Firms' Coal Movements Classified Into Mode -

Barge Rail
Barge 6 0
Rail 0 n
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Mean Differences Between the Groups

A brief analysis is presented to explain why fhe regional discrimi-
nant analysis function correctly aliocates altl movemehfs, while the aggre-
gate is unable to. For example, firms using unit trains which were mis-
classified in the aggregate approach are now correctly allocated. This
occurs.becausé of the general similarity between theﬂﬁnit and regular
trains in OBE 55. Tab]e VI-7 shows that regionél rails resemble the‘
aggregate unit trains mode characteristics. Consequently, the-unit trains
are not misclassified as barge movements, 1ndicatihg'that regibna] data

‘describe the mode characteristics more adequately than the aggregate data.

TABLE VI-7 |
COMPARISON OF REGIONAL AND AGGREGATE DATA

_ Aggregate Regional -  Aggregate
Variable Values Unit Rail Rail Barge - Barge
y tons 94996 47556 106587 114873 144583
2 miles 51.7  159.5 67.5  37.8 159.2
3 hours 24.2 102.6  23.64 - 7.33  162.2
4  tons 2800 1367 2570 4633.3 9017
5§ .88 3.612 0475 1.6 0.72

6 $ 29 .34 406 175 .48

At the same time, all firms using barge modes are chrect1y allocated,
for the barge mode still maintains a'sizeable differentiation among the
variables. Table VI-7 shows a comparison.of these values. Tt shou]d be

noted that the transportation price differential is a five fold increase
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over the’second run, These differences between rai],ahd.barge averages
permit firms using barges to be correctly a]1ocated; v 1

A third odtput of the program shows the graphiCai»éepération of the
two modes , " The axes are the first two canonical variab]es 1 From the
graph, 1t can be seen that there exists a def1n1te separdt1on in the
modes. In fact the Tines show that each distribution does not overlap
with others. This indicates there exists no m1sclass1f1cat1on; The

letter R signifies the rail mode, while B represents the barge mode.

13. Dixon, op. cit., pg. 2145,
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FIGURE VI-1

Canonical Separation for OBE 55
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OBE 62
0BE 62 ié located between the two major coal fields (see Map 111-1).

This provides the firms the opportunity to purchase coal from one or
both the major coal fields.! Data for firms located in OBE 62 demanding
“bituminous éba1vare used to derive a discriminant function for this
region. Tab]e»VI-8 shows the pattern of entering variables in forming
the function, and the mean values for each variab]e._ As fn the previous
runs, the transportation price is the most significant variable to the
. firms. However, the entrance order of the remaining variables does not
correspond to the other runs. This signifies that the mode character-
istics of OBE 62 differ in value from the aggregate.and 0OBE 55. Thus,
.each region so far produces unique mode demand characteristics, which

assist in distinguishing mode characteristics and regions..

TABLE VI-8
ENTRANCE OF VARIABLES OF OBE 62

Entrance Order

of Variables Mean Value
Barge Rail
5 $0.938 $4.115
3 88.45 hrs 133.5 hrs
2 2809 mi.  209.5 mi.
] 118,145 tons 49168 tons
6 | $0. 358 N $0.346

4 : 9825 tons 1131 tons

]Eastern or Interior Province coal fields.
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Comparison of thé Regional Mean Values to the Aggregate Data

Mean values determine the linear functions which describe the mode
characteristiés.v Table VI-8 shows that the regiohal mean values dfffer
from the aggregate average. A brief description of the major dissimilari-
- ties between the regional and aggregate data follows. -

Trahsportation:price fdr both modes is avaé the aggregate value.
Regional barge price exceeds the aggregate barge price by 29%, while the
regional rail price is 14% above the aggregaté rail va]ue. Additiona]]y,
the average.regiona1 tkansportatiOn prices are the highest among the three
OBE regions.‘ These higher transportation prices are a résu]t of the in-
creased disténce the cargoes must be transported. Bargeé transport coal
121.4 miles further than their aggregate average, whife rails transport
coal an additional 50 miles beyond their aggregate‘aVefage.

Annual tonnage of coal transported to OBE 62 shows bargés transport
a sighificant]y larger quantity than raiis per firm, even though rails
transport a lérger quantity of coal than their aggrégaté rail mean value,
while barges transport a sma]]er‘quantity 6f céal'pér,firm annuaT]y than
their aggregéte average va]ue;» This large dffference occurs because the
tonnage OBE 62 rails move is only one—haif the tonnagé per firm that OBE
55 rails handle. This decrease in tonnage occuré because unit trains are
not operating in the OBE 62. Moreover, the tonnége_barges transport on
the average exceeds 0BE 55 éverage tonnage moved by barge. Thus; in |
OBE 62 the decrease in tonnage moved by rail and the‘iﬁcrease in tonnage
moved by barge creates a larger differenéevbetween the two modes than in

OBE 55.
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| TABLE VI-9
RESULTS OF DISCRIMINANT ANALYSIS OF OBE 62

Number?of Firms' Coal Movements Classified Into Mode

 Mode Barge - ,Ra111
Barge .20 | 0
Rail 0 16

| Using these‘firms transportation data, OBE 62 discriminant function
is formed. Tab]e VI-9 shows the summary of the d1scr1m1nant funct1on
classification rout1ne, using the reg1ona] data. OBE 62 s discriminant
function produce a perfect allocation of f1rms using the modes of trans-
portat1on Th1s 1mp11es that a sufficient d1ss1m11ar1ty exists between
the two modes of - transportat1on to d1st1ngu1sh among them A brief exami-
nation of d1fferences amongst: values for input varlabjes is presented
below. a B

Mean Differences Between the Groups

The rail transportation orice is four_tfmes greater than the barge
average rate.. The transportation price is most signtficant,in’separating
the modes. In fact, by using just transportation pricerthe discriminant
analysis procedure permits allocation of all the. firms using barges cor-
rectly but not rai]s} This is due to the wide separat1on of the mean
values and their small variance. |

The use of the rema1n1ng data var1ab1es in the d1scr1m1nant analysis
limits the m1sa110cat1on of f1rms Rails’ requ1re on the average, 45 more
hours to transport their cargoes than barges, even though the barges trans-

port the coal approx1mate1y 71 miles further on the average than ra11 In
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addition, béfgeS,On the averege transport 2»4 timeS’tne quontity of coaT
_ annua]]y'tO'avfinm than do rails. Combining these d1ss1m11ar1t1es be-
tween barge and rail permits the format1on of un1que character1st1cs for
each mode. Consequently, all modes are 1dent1f1ed-and firms using them
are correctly classified. :

Gréph VI-2 shows the separation of the mOdes bAséa on only trans-

portation pr1ce and trans1t time. The power of the funct1on s seen by
wide division of the modes , for none of barges (B) approach ra11s (R)

grouping. Consequent]y, all firms using modes are correct]y allocated.
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OBE 66

Within the boundaries of OBL 66 is 1ocated_a heavy concentration
of industria1.coa] users. In fact, OBE 66 has the largest coal demand
of the three regions. Data representing OBE 66'f5 inserted 1ht0 Lhe
bBiomedical Program to determine various firms' mode Choice in trans-.
porting coal to OBE 66.

The analysis enters variable five (transportation price) into the
program as the most significant variable. In all the computer runs,
the transport price firms pay to transporters proves to be the most
decisive factor. Moreover, the order of entrance of the remaining
variables did not correspond to any other run. Thiskimpliés.that each
region's transportation characteristics are unique and differ from the
aggregate characteristiés. Table VI-10 shows the order in which the
remaining variables enter the program ahd the computed mean values for

each variable.

TABLE VI-10
ENTRANCE OF VARIABLES OF OBE 66

Entrance Qrder

of Variables Mean
; Rail Barge
5 | $3.77 $0.62
2 132 mi. ’ -9 mi.
4 ‘936 £0ns 9392‘tons.
T 64394 tons 185,583 tons
3 _ 99.5 hrs 54.8 hrs
6 $0.34 $0.27
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Comparison of the Regional Mean Value to the Aggregate Mean Value Data

Annual tonnage of coal shipped into OBE 66 by either mode exceeds
aggregate average tonnage value. Barge industry transports 28% more
coal than their aggregate average tonnage value, wh11e the ra1]road
carries 35% more coal to OBE 66 than their aggregate average tonnage
vé]ue. This Targer tonnage of coal shipped into OBE 66 is due to the
larger number of consumers in the region.

OBE 66 is 1bcated in the Appalachian coal fie]ds of the Eastern
Provinces in the United States. Consumers of coal take this as an oppor-
tunity and purchase coal from nearby suppliers. This is reflected in
the below average distance the modes transport coal. barges on the aver-
age transport the coal 66 fewer miles than the éggregate average barge
movement, while rails in OBE 66 transport coal on the average 27 fewer
miles than the aggregate average rail movement.

The shorter transport distance also assists in‘reducing the transpor-
tation time._ Table VI-10 shows that regional barge and rail transport
times are below their aggregate time. Regional barge$ travel appfoXi—
mately 31% s]ower than their aggregate average speed, while regional
ra11s travel 15% slower than their aqgregate average speed

Transportation price did not change in the same direction and magni-
tude as in the two previous OBE regions. _Regionalrkail average transport
price exceeds their aggregate average price by 4%, while regional barges

were 14% below their aggregate value.
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TABLE VI-N
RESULTS OF DISCRIMINANT ANALYSIS OF OQEE 66

Number of Firms' Coal Movements Classified Into Mode

Mode ' Rail | Barge
‘Rail 12 0
- Barge 0 27

Mean Differences Between the Groups

Combination of these variables produces a regional discriminant
function. Tablé VI-11 shows the summary of the classification routine.
Since all firms 1lie along the diagonal, the function produces a perfect
allocation of fifms using these modes. This indicates the mean values
for each mode are quité distinctive.

'Only two major dissimilarities between the modes of transportation
are 1mportantvt0 notice. One, the rail transportation pri;e isrsix fold
greater than the barge transport price. Rail average transportation price
is so large that none of the individual barges transportation price ex-
ceed it. In fact, using just transportation price yiéTds a perfect allo-
cation of firms amongst all modes except one. The exception was a raill
movement, which was classified as a barge. This firm;s transport price
approaches the barge transportation price. Therefore, the movement is
c1assified into the'barge mode which exhibits a simi]arﬂcharacteristic.

Second, the tonnage moved by barge annually and the‘per dverége Size
shipments are several times larger than rai]. In fact, none of the rail
movements in OBE 66 exceeded the average barge tonnage, and usfng Just

annual tonnage results in a perfect allocation amongst’di] modes except
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that one bargé movement was misclassified. Thus, the tonnage variable
assisted thé_use of the discriminant function to Separate the rail from
the barge population. |

These two factors and the differences in the rémafning variables
separated the two modes. Figure VI-3 verifies that the two modes do not
overlap or approach each other. Consequently, the discriminant function

allocates all firms using the modes perfectly.
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SUMMARY OF THE THREE AREAS

Each OBE region displays unique mode characteristic values. In
addition, each mode of transportation operating in each area has unique
mode characteristic patterns. To show this, each regional mode charac-
teristic is computed and compared. If a particu]af'mode of transporta-
tion average regional data for a variable exceeds the corresponding
average aggregate data, the regional data for that variable is signified
by a plus sign. However, if the regional data is less than the aggregate
data, the variable is symbolized by a negative sign.

With this information, an area code is deve]opgd fbr each OBE region.
This code enables a further distinction between areas;  The + or ¥ sym-
bolism refers to the rail barge combination, with the top sign being. the
rail and the bottom sign the barge regional signs for that variable. The
single sign area code occurs when both modes in the area signs for that

variable are identical.
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TABLE VI-12
DIFFERENCES BETWEEN AGGREGATE AND REGIONAL

Variables OBE 55 OBE 62 OBE 66

Rail Barge Rail ! Barge Rail Barge
Area Area Area
Code Code Code
X + + - + + - + + +
x2 - - - + + + ' -l < -
X3 - - - + + + - - -
Xg + t - - ¥ + - + +
X - - - + + + + ¥ -
X + t - 0 + 0 Q
6

Table VI-12 shows the average characteristics (plus, minus or zero)
for each area and mode of transportation within each OBE.

Using the regional data provides more adequate data to use in deter-
mining firms' mode selection, since with a regional approach all movements
are allocated correctly, while using aggregate data in the discriminant
analysis creates several errors. This occurs because each OBE has unique
mode characteristic values that differ from the aggregate characteristic
value. Therefore, the aggregate discriminant function does not present
an accurate picture of each individual area demand function for each mode.
To model the mode selection process invo]ving several different economic

areas, a regional approach should be undertaken.

]Area code represents the combination of mode characteristic of that
region. As can be seen, even these area codes to not exactly resemble
each other or the aggregate function.
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PART 1T - DEMAND ANALYSIS

Firms' Reaction to an Increase in Transportation Price

A method to derive an empirical demand curve:for barge tranéporta—
tion was undertaken. This method is based on a basic economic technique,
mainly, the é]teration of only barge price, while hb]ding everything else
constani. This method is used to show the responsiveness ofrbarge deman-
ders to the alterations in price. Plotting the demand for barge trans-
portation at the different prices produces a demand curve for barge
transportation.

Of the six variables that could be used in modeling the barge
demand function, only transportation price is altered. For a]llprevious
computer runs, transportation price proved the most s1gnificant to demand
determination. In fact, the trénsportation price could be used by itself
to actually separate the barge mode from rail. Thus, the demand deriva-
tion and analysis focused on the alteration df this vériab]e;

Shifting the barge transportation.price toward rail average trans-
portation pricebreduced the difference between the two‘transportation
rates, and each set of mode characteristics began fb re$emb1e each other.!
Consequently, the overlap of mode characteristics fesu1ts in barge users
being c]assifiéd as rail demanders. These misclassifications are econ-
omically interpreted as a decrease in demand for bérgé transportation -

because of the increase in transportation price.  Continuing to raise

]George Antle and Richard Haynes, An Application of Discriminant Analysis
To The Division Of Traffic Between Transport Modes, U. S. Army Corps of
Engineers, Institute for Water Resources, Alexandria, Va., IWR Report
71-2, 1971. . ' :
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the barge transportation price will eventually result in all the antici-
pated barge users being allocated as rail demanders. Therefore, it is
important to present a method to derive an empirical demand curve for
barge transportation using other than just price data.

A demand function for barge transportation was derived for each
OBE region. The approach using aggregate data was not undertaken,
because it proved inadequate to describe the mode characteristics. The
regional data wereused to describe the mode characteristics to facilitate
allocating firms to all modes correctly. Therefore, to derive a func-
tion presenting an accurate response to an increase in transportation
price only the regional data were used. The following analysis describes
the results from a simulated analysis for each OBE region and explains
the reasons for the shape of the demand curve. !

Demand Analysis for OBE 55

Holding regional data variables constant and changing only barge
transportation price permits a simulated demand analysis for barge
transportation to be derived. Data for only OBE inland waterway carriers'
prices are positively incremented. The new dataare inserted into OBE 55
regional discriminant function. This yields a mode cliassification of the
barge users with a certain positive increment on barge transportation
price. Repeating this procedure for different price increments produces
a simulated demand schedule for barge transportation. Table VI-13 dis-
plays the results of the analysis. Plotting these points on Figure VI-4

on page VI-33 reveals the shape of the demand curve

]The analysis is performed by an altered O7M BMD program.
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TABLE VI-13
DEMAND SCHEDULE FOR OBE 55

Price Increase Above
The Average Transport Classification of

Price Barge Using Firms Quantity - Tons

$0.47 6-0 6,892,403
0.72 6-0 6,892,403
0.97 6-0 - 6,892,403
1.07 6-0 6,892,403
1.12 5-1 6,338,588
1.17 | 2-4 6,007,208
1.27 1-5 ' 498,435 -
1.32 0-6 0

The truncated curve consists of two sections. One is the inelastic
and the other, the elastic section. The point that connects the two
sections is the kink point. A brief description of each section is pre-
sented below.

The ine]astfc section of the demand curve has a coefficient of 
elasticity forrthe demand for barge transportatioh of less than unity.
The 1ne1&stic section stretches from the initia] transportation price
of $0.47 to a total price of $1.17.] At a price of $0.97 the demand
function is perfectly inelastic. However, continuing to increase the
price beyond $0.97 brings the elasticity towafds unity. The last calcu-
~lated point on the inelastic section of the demand’fuhction is $1.17,

with the elasticity coefficient for barge demand still less than one.

Mnitial price of barge transportation refers to the average barge
transportation price for a particular OBE.
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The kink is the position where the 1ne1asti¢'séctibﬁ of the demand
curve intercepts. the elastic section of the demand curve. For QBE 55,
the point occurs between a $1.17 and $1.22. At $1.22, the elasticity
coefficient is greater than‘one. Consequently, the unitary point falls
between the two values. A graphic interpretation indicates the point
is at $1.18. Thus, at this price, the elasticity coefficient is unitary.

The elastic section of the barge demand curve is that section of
the curve where the elasticity coefficient is greatek}than one. This
section for OBE'55 stretches from the kink point to an augmentation of
$0.85 over_the,éverage barge transport price since at $1.32 none of the
few remaining firms demand barge transportation. Thus, the elastic sec-
tion and the total demand curve have been derived.

Price Level at Kink Point

The changeover in the demand elasticity coefficient occurs while the
simulated barge companies average transport rate is still beneath the
rails' average rate (Table VI-14). This indicates that the remaining
variéb]es contribute to shifting transport users tb an alternative mode.
This results from the similarity amongst modes withih'the OBE, effec-
tively making price similar at some point. In Table VI-5 (page VI-10)
observe the similarities in the‘mean values for each variable.

The combination of these variables allows the Ea11 and barge popula-
tions to overlap initially, and increases in the barge price (most sig-
nificant variable, Table VI-5) result in the occurrence of a number of:
~misallocations, because several of the barge'movemeﬁfs now correspond to

rails' mode characteristics rather than the barge mode characteristics.
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The bafge price attains approximately 75% of the fai] price before
reaching the kink point. This represents the closest the barge price
can come to the rail for all three OBE regions before the elasticity
becomes greater than ohe. However, the initial average -barge transport
charge for bargé is tﬁe Towest -of the modes. Consequently, the absolute
monetary increase to attain the kink point is also the smallest of the

three areas.
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Change in Barge
Transportation
Price
(Dollars)

0.50
0.15
0.15
0.05
0.25

TABLE VI-14
ELASTICITY TABLE FOR OBE 55

Change in
Quantity Elasticity
(Tons) "~ Coefficients
553,815 ©0.042
5,564,153 2 5.6]1
136,000 : 0.90
138,000 | | 3.53

498,435 7.0
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OBE 62
Simulating the barge transportation price in OBE 62 results in a
truncated demand curve. This curve consists of an inelastic and elastic
section. The kink point connects the two linear sectibns, which forms
the empirical demand Curve for barge transportation. The inelastic
section stretches from the initial price of $0.935 to a total price
of $2.59, The next point on the demand curve is the unitary elasticity
point. Points above the $2.60 level have an e]astiéity coefficient
greater than one. From Table VI-15, these points can be identified and

are plotted on Figure VI-6.

TABLE VI-15
DEMAND SCHEDULE FOR OBE 62

Price Increase

Above The Classification of ‘
Average Price Barge Firms Quantity - Tons
$0.93 : -~ 20-0 19,629,049
1.93 v 18-2 | 17,859,377
2.18 17-3  ]7;789,377
2.43 ' 15-5 15,012,129
2.68 ‘ 12-8 11,951,305
2.73 12-8 11,951,305
2.83 7-13 10,641,241
2.93 - 3-17 7,011,247

3.93 ' 0 0
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Within the 1ne1astic_sect10n a total of 4.6 mii]ioh:tohs of coal, which
represents‘23%rof.fhat potentially moved by barge, 1s‘simu1ated to be
transported by rail. However,‘the majority of users remain with the
barge mode. ThiS occurs because the firm absorbs the additional cost
without having to switch modes. However, as the incremental price
approaches the k1nk point, the elasticity of demand also approaches
unity. Econom1ca]1y, this means that the two modes' price is approach-
ing equivalency. |

Continuing to increase the barges' price results in eventually
attaining the unitary elasticity point. This position is the point
where the average total prices for both modes of transportat1on are
equa1 and firms are 1nd1fferent to choice of mode. In OBE 62, the
kink point lies somewhere between a $1.50 augmentation of thé average
barge‘rate and $1.75 augmentation. Estimating'with graphic technﬁques
yields a value of $2.59 for the kink point.

At all positive values, increases above the kink. point for barge
price are considered part of the elastic portion of the demand curve,
for the demand for barge transportation in this section has an elasticity
coefficient greater than one. Increasing barges' transport price con-
tinues until the demand for barge mode is zero. Thus, the elastic
section of the demand curvekis derived. Extrapolating the elastic
section of the démand curves estimates the.1ast point -on the demand
curve to occur at $3.25.

As before, barge transportation price did not become equivalent to
the rails' average transport price before the elasticity coéfficient

- became larger than one. In fact, barges' simulated transport price
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only attained 64% of the rails' average transport éoét before the kink
point occurred. However, at OBE 62 kink point the Highest abso]ute.
monetary levels of all the regions price is attained befofe the elas-
ticity coefffcfent became greater than one.

Table VI—16 shows the initial average transportation price for
three OBE regions. OBE 62 disp]ays the Targest difference between the
two modes. In}addition, OBE 62 has the highést initial average barge
transportation price. The combination of these two factors permits the

monetary value of OBE 62 kink point to exceed that of the other region.

TABLE VI-16

AVERAGE TRANSPORTATION PRICE AND DIFFERENCES
BETWEEN MODES FOR EACH REGION

OBE 55 OBE 66 OBE 62

BARGE  0.475 0.620 10.938

RAIL - 1.460 3.776 4.1150

DIFFERENCE

IN RATE ~ -0.985 -3.156 -3.177
TABLE VI-17

ELASTICITY TABLE FOR OBE 62

Change in Barge '
Transportation- Change in

Price Quantity Elasticity

(Dollars) (Tons) Coefficients
1.00 _ 1,769,672 -0.05
.25 70,000 0.02
.25 2,777,248 -0.90
25 ; : 3,060,824 ‘ 1.48
.15 1,310,004 2.15
10 3,630,000 8.02

1.000 7,011,241 5.0
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OBE 66

Finally, é simulated demand analysis of the bérge'movements for
OBE 66 is undertaken. Manipulating the barge transportation price in
the same manner as before results in a simulated demand curve. Table
VI-18 shows the demand schedule from this manipulation. Plotting the
quantity moved by barge for various transportation pkicés reveals a
truncated demand curve.

TABLE VI-18
DEMAND SCHEDULE FOR OBE 66

Transportation Classification of o -
Price Barge Using Firms ' . Quantity - Tons

62 27-0 | 29,107,400

1.62 26-1 28,107,400

1.87 24-3 | 24,629,900

2.12 | 18-9 | 18,773,600

2.22 ' 16-11 - 16,335,100

2.32 11-16 10,034,400

2.47 8-19 | 6,572,200

2.52 5-22 | 8,308,800

3.72 0-27 0

The demand curve is divided into two distinct sections; an inelastic
section and elastic section. The inelastic Section is that part of the
demand curve with an elasticity coefficient of Tess than one, while the
elastic portion has an elasticity coefficient greater than one. The
kink point is the point that connects the two sectfons of the demand

curve and has an elasticity coefficient of exactly 1.00.
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w1thin»the:ine1ast1c section,‘as the transporfatibn price increases
the quantity movéd by barges decreases at a decreasing'rate, for barge
mode characferistics only begin to resemble the raiTs' characteristics.
The monetary range for the inelastic section is from the initial average
barge rate to an-additional $1.50 increase. The inifié] transportation
price for barge is $0.62. |

Since the transportation price is the most significant‘variable,
the increase in transport price eventually overwhelms the values of the
remaining vafiables. This results in barge characteristics now’resem-
bling the rails' mode characteristics. Thus, a small increase in trans-
portation price causes a decrease of coal moving by barge at an increas-
ing rate. The elastic range stretches from $2.14 tovah extrapolated
$2.62 whicﬁ just exhausts the demand for barge transportation.

The kink point that connects the two curves displays an elasticity
coefficient of approximately one. Using graphic teéhniques, the kink
point is derived. On this graph, the monetary value of this kink point
is $2.13. In OBE 66 the kink point occurs before the‘modes' transporta-
tion prices became equivalent. This value represents‘only 547 of the
rails' average transportation price. This would inditate either that
the transportatioh price is an overpowering variable, which causes
barge mode cﬁaracteristics'to change rapidly, or thefé-exists a signifi-
cant overlap of mode characteristics between the modes of transportation
1nitia1]y.' After examining the mode characteristics and the discriminant

function, it is apparent that the former reason applies, because the
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coefficient of the fifth variable is approximately twenty times larger
than the next two significant variables. Therefore, increases in
barges' transport price result in large shifts in the mode character-

istics and represent an overpowering variable.
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Change 1in Barge
Transportation
Price
(Dollars)

1

.00
.25
.25
.10
.10
.05
.25

TABLE VI-19
ELASTICITY TABLE FOR OBE 66

- Change in
Quantity
_(Tons)”.
1,000,000
3,477,500
3,856,300
2,438,500
6,301,000
3,462,200

3,263,400
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PART TII

Summary of Chapter

Chapter VI contains the empfrica] results of_Model IIT, testing
the utf]izatfon of discriminant analysis as a methbd for predicting
firms' mode choice for transporting coal. Also, the model simulates
barge users' responsiveness to increases in barge trénsportation price.
From analysis, the regional data proves to be a more adequate data form
for determining the firms' mode selection process, for use of aggregate
data permits the misclassification of several firms as barge users.
This occurs because the aggregate data did not accurately describe the
mode characteristics for each mode of transportation. On the other hand,
the regional approach allocates all the coal movéMénts correctly. kThis
indicates that the regional approach sufficiently describes the mode
characterisfics, and improves on the aggregate abproach. Thus, the
regional data are more useful in determining the mode of transportation
a firm se1e¢ts in transporting its coal than are aggregate data.

Since the aggregate approach did not adéquate1y describe the mode
characteristics correctly, a simulation model to determine the demand
for barge transportation was made of each OBE région. The regional
analysis shows that all three regions display a downward sloping demand
curve for barge transportation. This implies that the demand for barge

is a normal good as previously assumed.
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SUMMARY AND CONCLUSIONS
CHAPTER VII

Over the years, several economic models to estimate future demand
for transportation have been presented. Unfortunate]y, each model only
partially explained why the demand for transportation occurs. This
implies that each model acts independently of any other model, and it
requires each model to utilize various weak assumptions or given condi-
tions. COnsequently, traditional approaéhes have been unable to show
how numerous économic variables affect the demand fdr trénsportation.

This dissertation attempts to correct some of ﬁhese problems: by
developing a more complete economic model of transportation demand.
Accomplishing this task requires that a single mbde1 incorporate several
economic hypotheses and theories about the demand for transportation.
Including these concepts removes the dependency on several exogenous
conditions (assumptions) of previous models. This}deve1opment, a
dependent model, is capable of explaining how alteration in the value
of various economic variables affects the démand for transportation.
Therefore, it represents an improvement over traditional models used
for projeéting transportation demand.

Using this nodel, empiriéa] data were applied to project the
future demand for barge transnortation to transport coal to selected
destinations on the Ohio River. Using the model we project 56,628,904
tons oﬁt of 77,500,000 tons of coal used in the Ohio River Valley will
be transported by barge in 1980. In addition to this projection, three

major conclusions result from the analysis reported in this dissertation.



One, deriving the quantity of coal to be tfansporfed should
improve the aha]ysis rather than accepting an exogenously given
‘quantity of coal to be transported. The derivationbprocedure
includes a mechanism that could be used for detecting sudden changes
in the demand for coal.l This improves the traditional procedure,
because in previous independent models the demand for coal cannot be
immediately aTtered to detect future transportation demand changes
and/or determine the reasons for tnese changes in the demand for coal.
Also, the transportation mode selection procedure is not fixed nor
does it rely on just monetary criteria. From the analysis, fhe trans-
portation price can be used to allocate all the anticipated barge move-
ments correctly amongst modes, except for the rail mode. To remove
misclassifications of movements requires the incorporation of non-
monetary variables into the mode allocation modé]. Consequently, in
these modeTs several traditionally exogenously given conditions are
removed facilitating more complete understanding of the transportation
market. This approach improves traditional techniqges for projecting
future demand for transportation.

The economic transportation model, to be an adjustable and a sen-
sitive modé], incorporates four separate forecasting models. Moreover,
there must exist understandable economic linkages uvetween the models,
variables, and the results. With these 1nterre1ationsh1ps, a compre-

hensive model can be used to derive the quantity of coal each mode'of

1This mechanism permits the model to be sensitive to alteration in the
total demand for coal for economic reasons.
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transportation transports. The model is capable 6f being used to
adjust these quantities with changes in the economic environment. A
brief summary of the four forecasting modeTs, and fesu]ts from these
models follows: |

a. The first forecasting model estimates the‘future demand for
coal by firms utilizing coal as a factor of productfon. This indicates
why firms demand coal, and is used as a general indicator to determine
the quantity of coal that must be supplied to a region. The analysis
reportedbherein only concentrates on the major consumers of coal. In
this case, three industrial sectors purchase over 90% of the total
coal consumed in the three selected Office of Business Economic Regions
in the Ohio River Valley. Steam—e]ectrical'generating sector consumes
over 71% of the coal, andvthe remaining percentage is divided among
the coke and primary metal industries (coke, 17%, primary mefa], ]2%).]
The model can incorporate future changes in the demand for coal in two
ways. One, if a firm intends to go out of business or switch to an
alternative factor of production, the model would indicate a decline 1h
the demand for coal. Two, if additional industries that consume coal
enter the market or existing firms increase theiv output, the model
indicates an increase in the demand for coal. Therefore, this economic
model gives a planner a metiiod to use in anticipating any alterations
in the fufure demand for coal with less de}ay and a basis for these

changes - a way to go to look for changes that may appear.

1Percentage'1s based on sample survey projections.
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b. Incorporating future technological changes enables the second
model to be used to determine the effects of future technology altera-
tion on the demand for coal. In this study, the tota1 demand for coal
in 1980 in the three OBE regions is predicted to be approximately
77,500,000 tons of coal.

C. The third forecasting model is the model used to estimate the
supply of cdaT to be furnished in 1980. This model does not require
accepting the notion of an infinite quantity of coal available. The
supply model projects, for 1980, 76,000,000 tons of coal to be extracted
from the Ohio River Valley to satisfy the se]ected firms' future demand
for coal. In addition, the model aids in establishing an equilibrium
between the supply and demand for coal. The ana]ysié shows there exists
a 2% discrepancy, in this author's opinion, an insignificant discrepancy.

d. Using statistical techniques (Model IV, the discriminant aha]y—
sis) with previous information improves the transportation mode ée]ection
analysis. This model incorporates monetary as well as non-monetary
variables to produce a perfect allocation of coal movements among modes.
It enab1és planners to predict firms' future mode selections by only
observing mode characteristics and a firm's demand.kiA simulation of
barges' transport prices indicates users' responsivehess to changes 1in
price.

From the study, it can be concluded thatrthis approach is a better
method in explaining future demand for transportation than the traditional
apprdach. » |

The second major conclusion is that the utilization of regional

information proves superior to using national or aggregate data to
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determine the transportation mode characteristics, since using aggre-
gate data causes several coal movements to be misclassified. This
indicates the aggregate approach is inaccurate in describing mode
characteristics. On the other hand, the regional discriminant func-
tion allocates all the anticipated movements correctly, thus implying
the regional approach describes the mode characteristics more adequately

than the aggregate approach.

TABLE VII-1
DIFFERENCES BETWEEN AGGREGATE AND REGIONAL

Variables OBE 55 OBE 62 OBE 66
Rail Barge Rail 1 Barge Rail 1 Barge
Area ! Area Area
Code Code Code
X] + t & + t - + + +
X - - - - - -
) + + +
X3 - =~ ek + + - - -
+ - -
X4 + - - - + + - F +
- - - 1 -
X5 + + + +
X6 + : . o 9 + 0 9 ”

Table VII-1 shows the similarities and dissimilarities of regional
data compared to the aggregate data. From the table, only two regional
variables correspond in value to the aggregated variable. Moreover,

each region display$ unique transport characteristics, making

Tarea code represents the combination of mode characteristic, of that.
region. As can be seen, even these area codes do not exactly resemble
each other or the aggregate function. See page VI-27 for full descrip-
tion of table notation.
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it improbable for a single aggregate function to adquate]y'describe
*the firms' mode demand characteristics. Regional data proves superior
to the aggregate data to describe firms' mode demand characteristics.
See pages VI-26 and VI-27 for a complete explanation of symbols.

Third, the analysis was used to discover a.éommon shaped demand
curve for all three regions. It is tentatively éoncluded that the
demand curve for barge transportation is kfnked.: However, each OBE
region's kinked demand curve for barge transportation did not display
similar 1ehgths, magnitudes or kink points. Thebreasons for the
similar type demand curve occurring for each OBE region and the differ-
encé between the kinked demand curves is brief]y79xp1ained.

A11 three OBE regions display a kinked demand curve for barge
transportation. This curve is composed of two separate demand curves
(elastic and inelastic) that intersect each other.

A reason for this particular shape is the inability of alternative
modes of transportation to compete in pfice or time of transport with
the barge mode. However, the availability of substifutes enables users
to switch modes in attaining the most economical method of transporta—b
tion. Obviously, the presence of substitutes makes the Slope of the
demand curve for barge transportation more elastic.

The abéence of competition is a result ofvseverél factors that
form an economic barrier that alternative modes of tfansportation
cannot climb. Several major reasons explain the existence of the non-
competitive range or inelastic portion of the demand curve. Examining
the price for each mode of transportation reveals a large price differ; '

- ence between the modes of transportation. Rail average price is
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approximately 4.6 times larger than the barge price. This makes rail
carriers on the average unable to compete in pkice against barges. It
should also be recalled that transport price represents the most signifi-
cant variable for the firms in selecting a transportation service. In
addition, rails on the average transport coal only 13.82 miles further
than barges, but require an additional 29.91 hours to transport coal.
Finally, barges transport on the average, per firm, several times the
quantity the rails do. The combination of these three factors hinder
the railroads in economically competing for cbal_hau1s. This results
in the inelastic section of the demand curve for barge transport.
Simulating an increase in barge transport pr1ce reduces the
differences between the two modes' (rail and barges) transport price.
This price increase also causes the characteristjcs of each mode of
transportation to begin to resemble each other. Continuing to increase
the barge price eventually results in the alternative mode of transpor-
tation price becoming equal to barges. At this pbiht, substitute forms
of transportétion become economically capable of competing against the
barge mode for coal hauls. Consequently, with such‘competition firms
have the opportunity to select from among modes of transportation for
the one which maximizes their profit. The availability of substitutes
raises the demand elasticity coefficient for barges and alters the
shape of the demand curve from an inelastic slope to an elastic slope.
Even though slopes of the curves differ, all three OBE regions display

the same effect noted above.
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The differences between the kinked demand curves (shape, slope
and kink point) for each region is due to the‘dégree of competition
among modes within each region. A brief description of how these
competitive conditions affect the kink point price follows.

In OBE 66 surveys indicate that the vast majority of firms believe
that competition does not exist between the two mbdeS'of transportation
(rail and barge). This explains the large differences in transport
prices‘between the two modes of transportation. The separation is also
assisted to some degree by the existence of a high‘degree of intra-mode
competition, for intra-barge competition forces the transport price to
remain low, because each barge company ié competing to maintain its
present traffic and attract new traffic. Thus, an increase in transport
price by an individual barge company results 1h loss of traffic and
revenue. Barge companies, to maintain their sharé of coal haul, are
forced to keep the transport price at competitive market value, which
may differ from their individual profit maximization point.

Howevef; in OBE 55, there exists a high degree.of competition
between the modes of transportation. This causes the area to exhibit
the lowest average transportation rate for each.mode, and in OBE 55,
the Teast price increments were needed to eliminate the price differ-
ences amongst modes. Two factors facilitate this higher degree of
competition.

One, in OBE 55, the firms demanded the smaf]est total quantity
of coal of all three areas. This quantity of coal to be moved by

barge is insufficient to support a large number of'companies. In
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addition, rail companies in OBE 55 utilize unit trains to offset the
barge advantage on the haul size. This also 1ndicates that there
exists 1es$:opportunity for intramode competition to occur.

Two, both modes of transportation on the average move the coal
the fewest number of miles per shipment in OBE 55. The relatively
short hau]‘distances reduce the transporters’ expenses. This shows
up as a reduction in transportation price. Rail transportation price
is approximately $2.00 ]esé than in the other regidns. Moreover, unit
trains are_offering a transportation price well below the average rate.
For barges to remain competitive, they are forcédvtb reduce their trans-
portation price as well. Table VI-16 shows OBE 55 has the lowest
transportation prices. Consequently, the sma]]est'percentage differ-
ence between the transportation prices of the two mbdes is in OBE 55.
This indicates the high degree of intermode competition does not permit
a large differénce between the modes' transportation prices.

In summary, the existence of intra or intermodé competition greatly
affects the position of the kink point in the demand curves. This
analysis shows that intermode competition results in 10wer than average
transportation price for both modes. Competition results in the smallest
absolute difference.between the modes' transport price. Thus, intermode
competition inhibits the monetary range of the 1he1a$tic section of the
barge demand curve. However, a region that exhibifs no intermode com-
petition but only intra-mode competition displays a large difference
between the modes' transport price. This happens because transportation

price is Tow because several barge companies are competing for the same
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traffic. This prohibits individual barge companies from raising

their prices. By increasing the price of all barge companies equally

results in a larger monetary increase than with intermode competition

to reach the kink position. This implies that the lack of competition
between the modes allows the initial rates of different modes to have

a wide divergence and permits an increase in the barge transportation

price several times that where no intra-mode exists to bring all mode

prices to the same level.

The type of competition does affect the shape and slope of the
demand curve and, again, the regional data proves a more adequate
means for describing these conditions than the aggregate data approach.

Figures VI-5, VI-6 and VI-7 show these kirked demand curves. As
can be seen, each curve varies in slope and magnitude. This results
from the unique mode characteristics in each region. Even though the
regional characteristics are unique, they still produce a similar kinked
demand curve. It is tentatively concluded that the demand curve for
transporting coal by barge is truncated in shape.

The study offers the government an expanded procedure to estimate
the future demand for use of a mode, with and without the existence of
an alternative mode, and to derive a demand curve which incorporates
several economic variables. The government would have a decision tool
to determine whether a public works project should receive necessary
funds to initiate or maintain a facility devoted to particular trans-

portation modes. The implementation of such a model would be useful
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to the industries in minimizing their transportation costs and to the
government in maximizing investment opportunities. The presently used
ana]yt1ca1 system accepts an exogenously derived demand for coal and
assumes an elasticity coefficient for barges on the basis of 1nadequate

data and techniques.
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APPENDIX _
- A BRIEF DESCRIPTION OF DISCRIMINANT'ANALYSIS

Ecdnomiés has 1ncreasingly made use of mathematida] modeling made
possib1é by the use of modern high speed computers. jMoré and more
academicians and practitioners alike have pfogreséed from the'inﬁUitfve
to mathematical orientation and frequently they:havé employed sophisti-
cated techniques in economic research. One such technique is presented
here to explain its usefulness as well as its limitations as a tool for
economic . research. |

In discriminant analysis attempts are made td'establish a linear
function to separate a universe into differentrpObulations or‘groups.
Thfs classifies or describes a set of observations into a population
which possesses the most similar a-priori charactéristics with minimum
misc]assifitation. To understand the method of-anaiysis, é brief summary
of the mathématica] concept involved is presented below.

Two Popu1ation Cases

This éase is confined to the allocation of~a_rahdom sample (of
attributes of a universe) into one of two popu]atiohs having known
probabi]ities.] Assume a single variate case X1 having two normally
distributed populations with known means Uy U2 ahd a similar standard, .

deviation for both populations, where U represehts the mean value of

, 1
variable X1 for population one and Up the mean value of variable X] of

population two. Allocating the attributes from the random sample to

1 G. W. Snedecor and W. G. Cochran, Statistical Methods, 6th Ldn., Iowa |
State University Press, Ames, Towa, 1968, pp. 416-418.




the proper population requires that the means are not equal. The
boundary line between the populations becomes the arithmetic mean of
the total sample.
In the usual case where U] is less than Uy, the natural method
of separating permits the placing of an observation into population 2
if the value of X is greater than 1/2(Uy + U2) and into population 1
if X is less than 1/2(Uy + U,). In other words, if a random observation
has an X1 value Tless than Z, it will be placed in population 1; if the

random observation Xj is greater than Z, it will be placed in

population 2. FIGURE A-1
SEPARATION OF POPULATIONS
P(x) 7

AR
AREA OF MISCLASSIFICATION Variable:.x;

In Figure 1, the two populations are obviously separated. However,
there exist two types of possible misclassifications as indicated by
the area of dver]ap. In this area some popu]ationv1 observations

are included in population 2 and vice versa. The misclassification
occurs because the tails of each distribution overlap with some of the
population lying on the other side of the boundary line.

U]+u2 - U




when v = (U; - U,) equals fhe distance betweeh the means.

Incfeasing the distahce between the‘two'means.separates the
populations further apart and reduces the bverlap area. This diver-
gence minimizes the number of misc]assifications}“To accomp]ish the
widening of the split requires more than one véﬁiab]e. Let's examine
a_mu]tivariate case. Assume there exists a number of variables nor-
mally disfributed, denoted by Xiw(i=],2,-.-;P;w=1,2...n)
which classify the universe into two popu]at1ons by separating the
means of the two populations designated by 5 = Xi _xz(, 1,2...P).

To discriminate between the means a Tinear functiOn is developed which
separates:the two sets of}variables.] | R

§ ‘-. I= a]d] + a2d2 pdp |
This funct1on Z, should be maximum re]at1ve to its variance and the
variance must be proport1ona1 to '

8 - A E kikmwgzxiwxniw :

By keeping the vafiance constant and forming a Lagrange multiplier, a
maximum is obtained: | ‘1'
| | = 2230 = £ £ kjdjdpmrkiky & X iy N
This functidn can then differentiate partial]y.witﬁ respeét km(m=1,2...P
It can be simplified to‘obtéin :

d Ekd-%Zk Zx

mix

].

G. Tinter; Econometrics, Wiley & Sons, New York, 1952.



This equation can then be set up to form a set of simultaneous equations.
In this case two linear equations are generatedfﬁﬁth,a certain R2 value
which determines into which population an observation should be placed.
If an obsekvation has an RZ < 7 the saﬁple is p1acéd in population
one and RZ > Z the sample if placed in popu1at16n two.

The.muftivariate case involves the separation of universe into
~several mutually exclusive pdpu]ations. The types of misclassification
now become moke complex and may overlap into more_than one population.
As a result, we will attempt to minimize the ndhber of misclassifications
that might Qccur; |
Using.TT R. Anderson's method] a disérimindnt'function whiéh mini-
mizes the number of misclassifications can be der1ved with an Er1or1

probability of selecting an observation from ﬂ1, that displays

= N(plz) (i = 1,...m).

Where o

ui = the mean of each variable and no two mgaﬁs for the same
variable are identical. |

I = .covariances which are similar.

The discrihinant functions permit the separafion_of the universe into
several different populations. This case'assumes.thétvthe'costs of
misclassification (C, j/i) are equal. ’Thése functions may be repre-ul.
sented by “ o |

$

o Pi(x) | . : . ;'.
ujk(‘x) = log Ei—(;y = [k%(u(”’fu(x))]):(u‘]*uk) '

1 T.R. Anderson, Introduction to Multivariate Stat1st1ca1 Analysis,’

Wiley & Sons, tlew York, 1958, pp. 133-143.
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The population of classification Ryse . -Rps can‘be determined in the
fo]]owing manner so as to minimize the error.! The conditional

probab111ty of an observation coming from m is
q,F, (x)

2a APk (x)

K

If this observation is classified as from population T

'k the expected

loss becomes

q;P; (x)
““‘—-—‘C(J/i)
quk(x)

T'Ez

1
#J

By se]ect1ng j so as to minimize the expected 1oss we derive

P (X)C(J/I)

1‘_‘ lle

Assuming the a Qr1or probabilities are known, the populat1on R may

be defined by those x's that satisfy

q
Ry: Jk(x)>‘log _E s k=1,2...m;ki]
J

1
6, 16, 25, and 31
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As an example of the discriminant analysis used in this disserta-
tion, the 07M BMD computer program, the following is presented:
1. 'Using data to calculate the values in Table VI-1, manipulations
are performed to:
a. Calculate the standard deviation
b. Within group covariance matrix
c. Within group correlation matrix

The calculation results in the following displays:

~

o

Iy

b
HMDuln = STEPA1SE UJSCRIMINANT ANALYSIS - REVISED JULY 24» 1969
HEALTH SCIENCES COMPUTING FACILITY, UCLA
o .
G, PROMLEM CODE__ R/8 — S SO _
O L _NUMBER OF VARJABLES 6
P NUMBER OF GROUPS 2
___NUMBER_OF CASES IN EACH GKOUP 39 R A
[e) VARTARLE FORMAT CHXPFT 6r X F e 35X IFR 3 8XeF5 1 4XsF5oke5XeFl.3)
(8] DATA 1WPUT FROM CARDS’
TTTMEARS T TUTHE LaST COLUMN CORTAINS THE GRAND MEANS OVER THE GROUPS USED IN THE ANALYSIS)
GROLP
o _ RAIL . BARGE e
O VARTARLE
ML 453638 1.44583 L0600
2 $ 14569 «19951 «15365
L5 . 09208 U217 L0465
4 215912 9U17p 58522
. 5 3.26179 $72381 1.79969 _ o
[») [ + 30179 +29321 32228
T STANDARD OEVIATIONS ~— 7T T o o ) oo
O i B . - - -
GROUP
.. RALL . .BARGE T e
VARIABLE
Lo Ae1s01T 186397 SR
2 Jlu11y <1348
3 L7845 £05720 . X _ .
4 «15561 «59353
5 1,62437 S43837 .
6 .zo32s “e26996
CTW L THIN GROUPS COVAR TANCE THATRIK ~ 777 777777 T T T m I s e s e CoooT
VARIAGLES ™ T e S R L
1 2 3 L S s . 6
VARIAHLE
i _.OUOZZ - —- . et ¢ e 1t e S U — —————
2 ~. 00001 u00ou
3 =s000U0 400000 YU T o .
4 ~G00LY «00000 «00000 +00002
s =.0U00S 200002 «00004. =400001 . +00012 X
3 ~.00001 +00000 «00000 -.00000 «00000 £00004
—_ . ‘e e Lo e e e - E— [V . -
Wl TH1IE 6HOUPS ‘COURRELATION MATRIK
VARIAGLES : ¢
Iy 2 - . o ] [3
VARIANLE
1 1.06000
2 -o3u524 1ou0U00
3 -.33690 T 1.60000 .
4 oH4OU] s lb508T Lu3232 1.00000
5 ~edusll + 60150 L5700 T T 106467 1.00000 T
6 ~.21411 12350 20713 -, 32806 106289 100000
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d. Calculate the most significant variable based on F- test

The following displays indicate order and the nature of the separation

between modes:

LR Ty L R e L T N Y T Ty Y e T P P Py R R R S RN R R Y

STEP NUMBER
VARTanLE ENTERED

veHIASLES NOT LLCLUDED AND F TO ENTER = DEGREES OF FREEDOM L 9077 777
1 opI3Y 2 2892 3 “H768 4 585757 % 1141306 6 L3911
R R N g A I I A ey ATl L SRR s S RN

STEP WUMBER 1
VARTASLE ENTEHRED S

vaRTA#LES THCLULED AND F TO REMUVE = GLOREES OF FREEDOM 1 90

9 11513060

VARTARLES HOT LHCLUDED Anb F TO ENTER = uEGREES OF FREEDOM 1 89
1 0 2 L9 5 b6 4 32 13 0«
U=STAILSTIC Je UEGRLES OF FRE;#.DUM 1 1 90
arPKUxbma e F Liglsue VEGREES OF FREEDUM 1 90,
F oMATeaX = LLLHEES GF FRECUOM 1 L)
[EIIqvivig
KALL
GROUP
BARGE 116l 406

e. With all variables a discriminant function is calculated

O
FUNLTlun
[ RAIL BARGE
{ VARIAHLE :
1 Lou? 540
T2 -67012 590
{ 3 412215, -debl
4 33440 21780
5 aJ o4 8582,
6 tine? 921l .
T T CONSTART

) -%8753 ~39917

f. Allocates each observation to a particular mode based on

discriminant function resulting in the display in Table VI-2
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