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ABSTRACT

A SYSTEMS DYNAMICS MODEL OF THE
U.S. RAILROAD INDUSTRY

by
ANTHONY RENO LUZZI

Submitted to the Department of Civil Engineering on May 7,
1976 in partial fulfillment of the requirements for the de-
gree of Master of Science in Civil Engineering.

The railroad industry is a vital part of America's
freight transportation system. However, the finan-
cial performance of the industry has been rather
dismal for the past several decades. This thesis
is therefore centered around the development and
use of a model which might aid in the investiga-
tion of the effectiveness of various alternatives
aimed at improving the long-run financial perfor-
mance of the railroad industry. This performance
is determined by a myriad of dynamically interact-
ing factors which can be conceptualized as forming
a complex feedback system. Thus, Systems Dynamics,
a modelling approach developed for the study of
such systems, was used in this research,

The model developed focuses on an important subset
of the system and problems of interest. Specific-
ally, it addresses the "supply"” side of the indus-
try's financial system. It represents, and can be
used to study, the dynamic interactions of main-
tenance of way policies, quality of the fixed facil-
ities, operating costs, capital costs, labor and
equipment productivities, profitability, solvency,
and the ability to provide capacity for an assumed
inelastically growing demand and fixed traffic mix.

The model is of a macroscopic nature, as it deals
with the entire industry, and the factors affecting
the profitability of the entire industry, at an
aggregate level of detail. For this reason alone,
the model should not be expected to be an accurate
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predictor of the absolute numerical impacts of any
one alternative tested. Furthermore, the model
only deals with a subset of the total system which
determines the railroad industry's profitability.
Thus, the model is best used, and was used in this
research, as a comparative tool. This is because
its outputs indicate the approximate extent of the
impacts of any alternative tested, given the model's
scope. The model is therefore most useful as a
tool for comparing the effectiveness of alterna-
tives in light of its simplifications and scope,
rather than as an absolute predictor of the impacts
of each alternative tested.

The applications of the model in this study focused
on the impacts of maintenance of way policies on
the industry's long-run profitability, and on vari-
ous means of financing and complenenting a capital
program aimed at eliminating the large backlog of
deferred expenditures on way and structures which
exists in the industry today. The model provided
some quantitative evidence as to the detrimental
effects of continued expenditure deferral, and
indicated that improving the quality of the fixed
facilities is very important to the long-run health
of the industry. The relative effects of volume
growth, labor productivity, and freight car utili-
zation on the industry's ability to undertake such
a massive program with minimal external aid were
demonstrated, and the manner in which these factors
interact with quality improvement to affect the
long-run performance of the industry was seen.

Thesis Supervisor: Joseph M. Sussman

Title: Associate Professor of Civil Engineering
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Chapter 1

INTRODUCTION

The railroad industry represents a vital segment of
America's transportation system.! With approximately 39
percent of all intercity freight traffic and 50 percent of
all non-pipeline volume,? railroads are the nation's major
supplier of freight transportation, and the demand for
rail service continues to increase.?® As the nation's
transportation requirements grow with the economy, the
need for an efficient, high~quality rail systems capable
of handling that portion of the traffic for which it is
best suited will continue.

As a part of the private enterprise system, rail-
roads must generate adequate profits if they are to
continue as such, and must provide an acceptable return
on investment if they are to successfully compete for

expansion funds in capital markets. Even if the rail-

! This research is primarily concerned with railroads as
transporters of freight. Since the formation of
Amtrak in 1971, and even during the preceding decade,
passenger operations have represented a minor portion
of the industry's activities.

2 Traffic volumes referred to in this study are measured
in ton-miles (the movement of one ton one mile), a
common measure of freight volume.

3 Excellent sources of statistical data may be found in
[1]) and [2].
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roads were a public enterprise, it would be important

for costs to be kept in line to ensure the efficient use
of society's resources. However, the financial perfor-
mance of the industry has been rather dismal for the past
several decades, and there exists a strong need for
improvement if the railroads are to efficiently serve the
growing needs of the economy.

One of the underlying motivations for this research
is the investigation of the effectiveness of various
alternatives aimed at improving the long-run financial
performance of the railroad industry. This performance
is determined by a myriad of dynamically interacting
factors which can be conceptualized as forming a "feed-
back" system as depicted in Figure 1-1. Of critical
interest in this system is the positive feedback®! which
can aggravate already poor earnings into becoming worse.
Specifically, a feedback "loop" exists which has prou..ced
earnings deterioration in the past and the loop operates

as follows.

! positive feedback is a process of amplification. For
example, good earnings lead to better earnings if
affected by positive feedback, and poor earnings lead
to worse earnings. The reader is referred to [3] for
a comprehensive discussion of positive, and other
types of feedback in complex systems.
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Poor earnings (partially the result of regulation
and competition from the trucking industry!) reduce the
ability of the industry to maintain and invest in its
physical plant by reducing the amounts of both internal
and external funds available for these purposes. In
turn, the quality of the physical plant deteriorates
and causes operating costs to increase while at the same
time causing the quality of service supplied to decline.
Declines in service quality cause traffic, and hence
revenues, to be diverted to competing modes of trans-
portation (those segments of traffic that are service-
sensitive are often the same ones that provide the highest
unit revenues). These increased costs and decreased
revenues further erode earnings, and the cycle is complete.
Further aggravating the situation is the fact that de-
creased cash flow leads to more debt financing of
equipment purchases.? This in turn raises the level of

fixed charges (primarily the interest expense on out-

Section 1.1will give a grief review of the industry's
financial condition and will discuss the roles that
regulation and competition have played in promoting
the railroad industry's.current state. Also, much of
the terminology used here will be explained at that
' point for readers unfamiliar with railroad finance.

This will be further discussed in Section 1.1.
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standing debt) while earnings deteriorate, making debt
or equity for improvement of the physical plant more
difficult to issue while at the same time reducing cash
flow and the amount of internal funds available for this
same purpose.

Thus, there is a vicious, self-feeding cycle of
deterioration which currently threatens the economic
survival of the industry. However, this feedback loop
can operate in favor of the industry as well. The
potential that this cycle has as a means of bolstering
the long-run financial viability of the railroads begs
investigation. A major task for the industry is to find
the means by which to get this loop to act in their
favor. Various operating, financial, and governmental
policy changes can be helpful in causing the cycle to
change its current direction. One aspect of this re-
search is the investigation of alternative methods of
aiding this reversal.

As is evident in the above discussion and in the
structure of the system depicted in Figure 1-1, the
overall financial performance of the railroad industry
is affected by many interacting factors. The industry
understands the major issue involved in affecting its

profitability, but there is need for some method of
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integrating these issues. Hence, this research centered

around the construction and use of a model which would
facilitate such an integration.

The construction of a model of a system such as this
fosters a better understanding of the problem at hand by
forcing the explicit identification and unambiguous
specification of all the factors and interactions believed
to be involved in causing the problem. Furthermore, such
a model facilitates the testing of alternatives aimed at
improving the status quo since it reduces the situation
to an explicit set of equations that can be easily worked
through (usually by a computer) to produce unambiguous,
quantitative statements about the effects of these al-
ternatives.

The interest in this study is in the long-run
financial performance of the industry, and this perfor-
mance is the result of dynamic (i.e., time-dependent)

interactions. Thus simulation has been selected as the

modelling approach since, by definition, it is the
"stepping through time" of ¢ problem, which allows the
analysis of its dynamic behavior. A major portion of
the research effort described here has been directed
towards the construction of a simulation model of the

railroad industry.
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In problems of the type of interest here, "Systems
Dynamics"! is a useful approach to the construction and
use of simulation medels in that it provides a framework
that facilitates the conceptualization of feedback
systems and a computer package [5] specially developed
for the implementation of a model structured within this
framework. Furthermore, systems dynamics provides a
rational philosophy about the application of simulation
models to the analysis of the dynamwic behavior of complex
feedback systems. This philosophy stresses the impor-
tance of system structure and behavior, and places less
emphasis on the ability to predict actual system state.
Hence, models are viewed as being more useful as pre-
scriptive tools rather than predictive tocis. The systems
dynamics philosophy recognizes the fact that models are
simplifications of reality aimed at the study of certain
segments of reality. As such, they cannot be expected to
accurately predict future system state due to the myriad
of factors outside the scope of the model that also have

an effect on system state, particularly in the case of

! Systems dynamics is a general name for an approach to
the study of complex feedback systems by means of
specially structured simulation models. Industrial
dynamics is a name often given to the application of
this approach to business problems. The reader is
referred to [3] and [4] for detailed descriptions of
the approach.
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socio-economic systems. Thus, the emphasis in a systems
dynamics study is on the functioning of the system of
interest. The purpose of the model is to allow the study
of total system behavior in response to system changes,
with the ultimate objective of identifying promising
areas of change by promoting a better understanding of
the relative effects of the alternative system changes
on all aspects of the system.

Because of the convenience of the systems dynamics -
method for model construction and the rational philo-
sophy it provides for the use of models, it was selected
as the overall approach in £his research.

This chapter will give a brief review of the in-
dustry's financial condition and will introduce the
reader to the terminology used in dealing with railroad
finance. 1In addition, the objectives and conclusions of
the study will be explicitly stated and the study approach

and scope outlined.

1.1 REVIEW OF THE INDUSTRY'S FINANCIAL CONDITION.

Railroads are in the business of providing trans-

portation services, and the profitability of these
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services is usually measured by net railway operating
income (NROI), an income statement construct that
measures the difference between operating revenues and
operating costs, total taxes, and net rental costs of
facilities and equipment. Railroad companies also earn
income from sources other than railroading (such as
interest on short- and long-term investments and income
provided by the diversification of railroad companies
into other industries), and in the railroad's financial

reports, this is referred to as other income. 1In arriving

"at the net income of the railroad companies, the interest
expense and amortizations associated with borrowed capi-
tal (for use in both railroad and non-railroad invest-

ments), commonly referred to as fixed charges, are

deducted from NROI and other income to arrive at ordinary
income, which is adjusted for extraordinary and prior
period items to arrive at net income.!

A simplified aggregate income statement of the

! The process of arriving at NROI, ordinary income, and
net income is somewhat more complex than that outlined
here due to the presence of other factors involved and
the charging of federal income tax against NROI, while
this tax is based on overall income, the end result of
the process described above.
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Class I line-haul railroads' in the U.S. for the year
1973 is presented in Table 1-1 to indicate the relation-
ships between the above-mentioned factors. This dis-
cussion, as well as the entirety of this research, is
directed towards these railroads, as they represent
practically the entire industry. Hence, whenever the
"industry" is mentioned in this study, the reference is
to Class I line-haul railroads.

NROI is the most common measure used in evaluating
the performance of railroad operations. The major
factors that determine NROI, and in most cases net
income also, are operating revenues and operating ex-
penses, both of which are primarily generated by freight
operations. Operating expenses are traditionally re-
ported as falling into six categories: maintenance of
way and structures, maintenance of equipment, traffic,
transportation, miscellaneous, and general expenses; and
basically represent the labor, fuel, materials, depre-
ciation, and overhead costs associated with maintaining

and operating a railroad.

! Class I line-haul railroads are those railroads with
annual operating revenues in excess of $5 million.
These companies currently represent about 99 percent of
the industry in terms of traffic, operate 96 percent of
rail mileage, and account for 93 percent of the workers
employed by all railroad companies.



29
TABLE 1-1

SIMPLIFIED 1973 INDUSTRY INCOME STATEMENT¥*

Total Operating Revenues 14,770
Less:
Total Operating Expenses 11,559
Railway Tax Accruals 1,348
Net Rental Expense 1,014
13,921 (13,921)
Equals:
NROI 849
Plus:
Other Income 468
Less: Fixed Charges 626
Miscellaneous deductions 132
758 (758)
Equals:
Ordinary Income 559
Plus:**
Extraordinary and Prior
Period Items 50
Equals:
Net Income 609

* All financial figures are in millions of dollars, and
are taken from [2].

** These adjustments caused an addition to ordinary income
in 1973, but they can also cause a reduction.
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With the basic terminology of railroad income
accounting having been presented, the relative magnitudes
and recent trends of the various components of income
will now be analyzed along with a discussion of some of
the important factors contributing to the observed
phenomena. The values of NROI, other income, fixed
charges, and ordinary inccme for the period 1963-1973
are presented in Table 1-2.

As is evident from the data presented in Table 1-2,
there has been a slight downward overall trend in NROTI,
in spite of the fact that the declining value of the
dollar is not taken into account. Freight traffic, how-
ever, a prime determinant of NROI, was growing during
this period at an average annual rate of 3 percent.

This poor behavior of NROI is, of course, considerably
affected by the poor performance of the railroads of

the Northeast and somewhat by the inclusion of losses

on passenger service, only recently relieved by the
formation of Amtrak. However, there are other important
factors contributing to this behavior of NROI, namely:
regulation, changing traffic mix, cost inflation, and
the declining quality of the physical plant.

Regulation of railroad freighf rates by the Inter-

state Commerce Commission (I.C.C.) has been a major
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TABLE 1-2

FINANCIAL STATISTICS 1963-1973*

Other Fixed Ordinary
Year NROI Income Charges Income
1963 806 330 368 652
1964 518 369 380 698
1965 962 365 401 815
1966 1046 399 426 904
1967 676 458 461 554
1968 678 500 484 569
196¢ 655 505 521 514
1970 486 482 589 227
1971 696 422 601 347
1972 828 395 606 492

1973 849 468 626 559

* All financial figures are in millions of current (non-
deflated) dollars,
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reason for these rates not keeping up with the rate of
general economic inflation, which does affect railroad
costs through its effect on the bargaining positions of
the labor unions and the price of fuel, equipment, and
materials that must be purchased by the railroads. Of
course, not all railroads raise their rates when allowed
by the I.C.C. However, the rates of the industry in
general have been held down by regulation. Furthermore,
I.C.C. regulation prevents the railroads from abandoning
many services where the rates charged to the users do
not cover the costs to the railroads providing them.
Thus, regulation has played an important role in allowing
unit costs to increase relative to unit revenues.

There has been another factor involved in causing
this phenomenon. The railroads have been losing a sig-
nificant portion of their high value (i.e., high unit
revenue) traffic to the trucking industry [6] , causing
the rail traffic mix to shift to more of lower value,
bulk commodities that are on the low end of the requlated
I.C.C. rate scale. The combination of all of these
factors has led to an increase in average revenue per
ton-mile of only 23% over the ten-year period, while unit

labor and material costs rose by 117% and 34% respec-
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tively.'

Further aggravating the effects of cost inflation
have been those of deferred maintenance of way and
structures on operating costs. As was evident in the
previous discussion of the earnings deterioration cycle
inherent in the system of Figure 1-1, inadequate main-
tenance of way can be both a cause and an effect of in-
sufficient earnings. This cyclical relationship between
maintenance of way and earnings has existed in the past,
as many railroads have been deferring maintenance.? both
as a means of raising the current level of reported
profits and as a result of the insufficiency of earnings
to support increased expenditure levels. This in turn
has had adverse effects on operating costs, and one
example of these effects is given in [6] : "As an il-
lustration of deferred maintenance, the total number of
train derailments reported to the FRA Bureau of Railway
Safety rose 110% between 1961 and 1970, while the number

of those derailments attributed to ... . roadway alone

! These figures, and many others, are available in [1]
and [2].

.2 It is estimated that the amount of deferred maintenance
o;lway currently could be as high as $10 billion. See
[71.
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rose 315% during this same nine-year period."

Thus, the feedback loop from earnings to quality of
the facilities and back to earnings again has been
acting against the industry in the past. As mentioned
earlier, one of the aspects of this research is to
investigate the dynamic impacts on earnings that the re-
versal of the cycle can have.

Along with the slightly downward trend in NROI,
there has been a strcng upward trend in fixed charges,
leading to a more pronounced decline in ordinary income.
This rise in fixed charges is due to both advancing
interest rates and the increasing amount of debt relative
to equity in the capital structure of the industry.! Due
to the poor behavior of NROI with volume, and a policy of
high dividends being prevalent in much of the industry,?
cash flow has been insufficient to cover capital expen-
ditures, thus promoting a growing reliance on debt

financing. 1In spite of the poor earnings of the rail-

! Poor earnings have made equity very difficult to issue
in the railroad industry [€] due to the seniority of
the claims of creditors relative to 'hose of stock-
holders on these poor earnings. However, debt has
been less difficult to obtain, as will be discussed
shortly.

? Dividends were typically above 50% of ordinary income
over 1963-1973, and exceeded 100% on several occasions

[6].



35

roads relative to their increasing contractual obliga-
tions (fixed charges), they have been able to issue
debt, primarily in the form of "equipment debt". This
form of debt financing of equipment purchases has been
possible because of the excellent security which the
equipment (used as collateral) provides to the creditor
and because of the seniority of the claims on earnings
of the creditors compared to the claims of bondholders
and stockholders.!

Many railroads have been unable to attract outside
funds for other than equipment financing, due to their
poor earnings record and already highly leveraged capital
structures. This inability, together with the insufficient
cash flow that promotes it, leads to further reductions
in expenditures on way and structures, and aggravates
the previously mentioned deterioration cycle.

It is also important to realize that the rather
high levels of other income have been very important
in aiding the railroads to cover their interest payments.
This stream of income is largely attributable to the di-

versification of many railroads into other industries.

! For an excellent discussion of the industry's ability
to attract external funds, the reader is referred to
pp. 113-121 of [6], which has been the source of much
of this discussion.
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While it has been helpful in the past, other income does
not represent a solution to the problem of interest here,
whicn is the profitability of the railroad operations
themselves.

As is evident in the above discussion of what has
been occurring in the railroad industry, the feedback
system depicted earlier in Figure 1l-1 is representative
of the many factors and interactions which have led to
this past behavior. However, this same system is capable
of producing behavior different than that observed in the
past. Hence, this research has focused on modelling this
system, so that its potential for producing other than

poor financial performance may be investigated.

1.2 STUDY OBJECTIVES.

Thus far, the discussion has served to clarify some
of the basic problems of the railroad industry and the
motivation for constructing a simulation model of it.
Given this general background, then, the specific ob-
jectives of this study are the following:

l) To gain a better understanding of the factors

(policies and parameters) and interactions that affect
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railroad profitability and financial performance. The
construction of a mathematical model forces the explicit
identification and specification of all the factors and
interactions believed to be involved. The use of the
mbdel furthers an understanding of the dynamic nature
of these interactions.

2) To establish a framework for the use of systems
dynamics in studies of the rail industry's overall long-
run financial performance. Inasmuch as this is the first
time the approach has been applied to this particular
problem (to the authorfs knowledge), it is hoped that the
presentation of the model developed in this research
effort will provide guidélines and incentives for further
model developments and applications.

3) To demonstrate the relative effectiveness of
various changes to the current system and to identify
their financial implications. The model developed will
be used to analyze the effects of changes ‘in such factors
as maintenance policies, labor productivity, and equip-
ment prqductivity, and the implications of each for the

financial performance of the railroad industry.
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1.3 STUDY APPROACH AND SCOPE.

This study addresses the long-run financial per-
formance of the railroad industry, which can be concep-

tualized on a macroscopic level as being generated by the

system depicted previously in Figure 1l-1. Underlying
this macroscopic representation are the policies and
decisions of individual railroads as well as the specific
items which constitute such abstract macroscopic entities
as service quality, quality of the facilities, investment
levels, etc. Because of the magnitude and complexity of
the true system which Figure 1-1 represents, it would be
extremely difficult to account for its every detail.
Hence the model developed for studying this system is of
a macroscopic nature, with the level of detail applied
to system components being generally not more than that
indicated in Figure 1-1. In modelling at this aggregate
level, therefore, many simplifications had to be made,
and these are discussed at length in Chapter 3 and
Appendix D.

The simplifications made necessarily detract from
the model's ability to produce accurate numerical esti-
mates of financial variables such as NROI, ordinary in-

come, annual capital expenditures, etc. However, as
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Chapter 3 will also show, the model is sufficiently
detailed and structured so that it captures the im-

portant relationships between each of the macroscopic

entities it deals with, and is capable of determining
the proper direction and approximate extent of the .
reaction of any one of these entities to a change oc-
curring in any other. Hence, while highly "simplified",
the model is still extremely complex, and can provide
valuable insight into the overall interconnected func-
tioning of the system which determines the railroad
industry's profitability.

In constructing a macroscopic model of this system,
it was desirable for the model to be able to produce
outputs that were both meaningful and useful, in spite
of its aggregate level of detail. 1In order to achieve
this objective, the production of a model with a minimal
amount of structural and parametric uncertainty, but with
a wide range of applicability was sought. Therefore it
was decidéd to narrow the model's scope so as to focus
on a more easily quantifiable, yet very important, subset
of the total system (and problems) represented in Figure
1-1. The (sub) system of interest is depicted in Figure

1-2.
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The major simplifications made in extracting this
(sub) system from the total system depicted earlier in
Figure 1-1 have to do with the treatment of operating
policy, service quality, and demand. There has been a
significant lack of previous research done on these
components and their interactions with the rest of the
system, particularly in a manner applicable at the
macroscopic level necessitated by the scale of the
problem being addressed here. Major uncertainties exist
about demand elasticities (i.e., sensitivity to quality
of service, freight rates, etc.) and reaction times
(which are necessary in a dynamic model). Also, there is
uncertainty about the macroscopic effects of changes in
operating policy on costs, service, and demand. Thus,
changes in operating policies are not explicitly dealt
with in the model. Demand is assumed to be inelastic
(i.e., insensitive to service quality, etc.) and growing
at a specified rate, and the traffic mix is assumed to
remain constant.! These demand assumptions, while sim-
plistic, are more straightforward than a host of as-

sumptions about demand elasticities and reaction times

! In spite of the past changes in the traffic mix caused
by the loss of high value goods to the tracking indus-
try, it is believed that this phenomenon has already
pretty well run its course [6]. Thus, this assumption
may not be that major.
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(i.e., the amount of time required for a given change in
service to fully manifest itself as a change in demand).
Service quality, which is difficult to numerically repre-
sent at a macroscopic level, is therefore omitted, as
demand is assumed to be insensitive to it. Another area
of simplification has to do with the treatment of divi-
dends and equity financing. There is further discussion
of this in Chapter 3. :

It must be noted that the above simplifications only
represent those made in order to reduce the total system
to the system of interest depicted in Figure 1-2. Be-
cause of the macroscopic nature of this system of interest,
modelling it involves all the simplifications necessary
to represent the underlying microscopic mechanisms at
this aggregate level, as will be explained in Chapter 3.
However, the components and interactions of the (sub)
system are more readily quantifiable than those which
have been omitted. Thus, while the simplifications made
in extracting this system from the total overall system
detract somewhat from the scope of the model's applica-
bility, this is more than compensated for by the reduc-
tion of model complexity and internal uncertainty. By
using a simple, more certain model to investigate the
important sybsystem depicted in Figure 1-2, it is pos-

sible to perform more meaningful and useful analyses of
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its dynamic nature. Since the subsystem to be studied
is in itself complex and representative of many of the
major problems facing the industry, this approach should
prove to be very worthwhile.

However, the simplifications made in constructing the
model cannot be ignored, It is for this reason that the
model should not be used aé an absolute predictor of the
financial impacts of any one alternative tested. Rather,

the model is used in this study as a comparative tool.

Inasmuch as the simplifications of the model affect the
exact numerical values of the model's outputs, conclu-
sions should not be based upon the numerical values of
the outputs of any one case. Rather, given the model
structure, conclusions are sought about the effectiveness
of one alternative as compared to other possibilities.
Hence, the use of the model as a comparative tool is
emphasized.

The model developed to represent the system depicted
in Figure 1-2 can be used in the comparative analysis of
problems on the "supply" side of the financial picture.
Specifically, it represents, and can be used to study,
the dynamic interactions of maintenance of way policies,
quality of the fixed facilities, operating costs, capital

costs, labor and equipment productivities, profitability,
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solvency, and the ability to provide capacity in the
face of an assumed inelastically growing demand and fixed
traffic mix.

In studying these interactions, the model allows the
testing of a wide range of alternatives aimed at improv-
ing the financial performance they cause. Some options
that can be tested (jointly) with the model are various
changes in:

i) maintenance policies;
ii) volume-growth policies;
iii) investment/financing/liquidity policies;
iv) 1labor costs and productivities;

v) debt availability/desirability and interect
rate levels;

vi) fuel costs;
vii) freight rates; and,

viii) inflation in general.

The above list is by no means exhaustive, but is
meant to be indicative of the wide range of issues that
can be investigated with the model. The flexibility of
the model will hecoﬁe more apparent in Chapter 3, where
its structure is discussed in detail. It should be
noted that because of ‘the omission of service quality,

operating policy, and demand elasticity from the model,
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options aimed at improving the financial performance of
the industry through changes in, or dependent upon,

these factors cannot be tested realistically. (In par-
ticular, the effects of changes in freight rates in the
linhz of the assumed demand inelasticity must be inter-
p:=i.2d carefully.) Rather, the model focuses on the
financial policy and cost side of the system of interest,
and is useful in studying changes in these areas, given
an assumed growing demand for rail service.

A limited, yet important, subset of the many problems
addressable have been analyzed as part of this research,
and the conclusions of these analyses are presented in
the next section of this chapter, while a detailed dis-
cussion of the model outputs that led to these conclusions
is given in Chapﬁer 5.

Prior to putting the model to use, it had to be
constructed and validated. Construction of the model
involved a preliminary specification of the model's
structure, followed by the analysis of ten years of
financial data! to allow the identification and initial
specification of the policies, cost relationships, fi-

nancial parameters, and interactions that have affected

! principal sources of data were [1], [2], [6], and [8].



46

rail prof tability in the past. Once these factors had
all been identified, a final model structure was de-
veloped and the results of the data analyses were used
in specifying the equations and parameters of the model
itself. Validation runs were then performed for the pur-
pose of checking the model's ability to approximate
reality with minor modifications being made to equations
and "noncalibratable" parameters! in order to achieve a
fair degree of accuracy and an internal structure con-
sistent with the observed facts. The final model struc-
ture is discussed at length in Chapter 3, followed by a
presentation and discussion of validation results in

Chapter 4.

1.4 CONCLUSIONS.

In forming conclusions from the analyses performed
with the model in this study, several important facts

must be kept in mind. First of all, the model deals

! Certain parameters, particularly those that appear in
policy equations, cannot be determined by data analysis
alone. The values of these parameters are set by run-
ning the model with trial values until the "decisions”
they cause in the model, given the state of the system,
are similar to those observed in the validation period.
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with the industry in the aggregate, so the observations
évailable in the model's outputs and the conclusions
based upon these observations also apply to the industry
in the aggregate. The degree to which these observations
and conclusions apply to any one railroad therefore de-
pends upon how similar it is to the industry in general
in terms of policies, earnings, cost structure, etc. as
represented in the model.

Second, because the model is a macroscopic represen-
tation of the industry in the aggregate, many simplifi-
cations were made in constructing it. Thus, conclusions
about the specific numerical results of any one alterna-
tive tested with the model should not and will not be
made here. Rather, the model is used in this study as a

comparative tool. That is, it is applied to obtain ap-

proximate numerical statements of the relative effective-
ness of various alternatives aimed at improving the long-
run financial performance of the industry. Because of
the complex, interactive nature of the system being

dealt with, the alternatives tested can have many inter-
related impacts throughout the system of interest. Thus,
this seemingly "imprecise" method of applying the model
is useful in that it allows the relative effectiveness of

alternatives to be judged on the basis of the overall
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impact they have, and the inter-related behavior of
these impacts over time. In developing a model of such
a broad perspective, therefore, accuracy had to be sac-
rificed somewhat. However, as will be apparent through-
out this thesis, the simplifications made which detract
from the model's precision do not detract from its
ability to be effectively used as a comparative tool.

Third, the interest in comparing alternatives in
this study is in their relative effectiveness in allowing
the industry to meet an assumed growing demand for its
service profitably and without excessive reliance on
external funds to maintain solvency. Because the rail-
roads have a role to fulfill in the economy and are
regulated, this type of comparison was felt to be more
meaningful than one which centered around a purely eco-
nomical measure of the worth of the alternatives. Thus,
such measures as net present value are not used here in
the comparison of alternatives.

Fourth, while a wide range of issues is addressable
with the model, this study focused on the issues of labor
productivity, car utilization, and the quality of the
fixed facilities. These problem areas have been the
subjects of discussion and/or study for years, and the

conclusions reached‘here represent commonly accepted
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viewpoints. However, this study has provided some ad-
ditional quantitative evidence upon which these conclu-
sions may be based. Specifically, the outputs of the
model indicate the approximate extent and timing of
overall system responses which can occur undér various
assumed future conditions.

Fifth, the model has been calibrated and structured
based upon observed data over a ten-year span, in which
traffic volumes varied between 622 billion and 852 bil-
lion revenue *on-miles, while in this study the model is
projected 35 years into the future and deals with volumes
ranging from 300 billion to 1700 billion revenue ton-

miles. Thus, these projected futures are not predictions

of the future, as they represent how the industry, with

the technology and financial environment of the recent
past, would fare under a wide range of circumstances.
That is, the system itself is assumed not to change, re-
gardless of the situation. In reality, if the situation
changed dramatically (i.e., widespread bankruptcy or
excessive profitability), the system itself would change
in response to the situation. These situation-induced
system changes are completely unknown at the present
time, and thus are not modelled. This further emphasizes

that the model should be used as a comparative tool



50

(given the current system) rather than an absolute
predictor. Any conclusions drawn here must therefore be
based upon the model's use as a comparative tool, as it
is assumed in all situations that the parameters, policies,
and external factors affecting the industry are similar
to those which led to the observed behavior over 1963-
1973.

Lastly, the sensitivity of the conclusions reached
here to the simplifications and assumptions of the model
has not been tested. Due to the large number of assump-
tions and simplifications, it was impossible to test
their effect on the model's outputs, and hence on the
conclusions reached in this study. However, it is the
author's belief that the conclusions reached here are
insensitive to the assumptions made.

With these qualifications having been made, the
study conclusions may be presented. These conclusions,

and their implications are discussed in detail in Chapter

6, and the model outputs which led to these conclusions
are presented and discussed in Chapter. 5. The conclusigns
will be briefly presented here, with the reader being
urced to réad the rest of this thesis in order to under-
stand the bases upon which they are made. In summary,

therefore, the major conclusions of this study are as
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follows:

1) Continued deferral of expenditures on way and
structures on the part of the industry can have serious
impacts on its long-run profitability and growth poten-
tial. By raising unit costs relative to unit revenues,
continued quality degradation can cause a continual de-
cline in earnings. Furthermore, by reducing the NROI
possible from a given volume of traffic, poorer system
quality results in a lower return being generated from
a given level of investment in rolling stock. This
latter phenomenon can lead to the undesirability or
inability of the industry to acquire expansion funds,
or can lead to insolvency if investments are continually
made while the return on these investments is diminishing.

2) Improvement of the quality of the fixed facili-
ties is very important, if not necessary, to the long-
run health of the industry. Even with rather minor pay-
offs to quality improvement, the characteristics of growth
and long-run financial health were evident in the cases
analyzed. By reversing the positive feedback loop which
is currentl; causing earnings deterioration, a good basis
for long-run growth and profitability is provided. Thus,
various methods of financing and complementing a quality

improvement program were tested in this study. The



52

results of these investigations form the bases for the
following conclusions.

3) Without changes to its cost/rate structure
other than those eventually accruing from improved system
quality, the industry can internally finance a major
portion of a quality improvement program aimed at elimina-
ting its current backlog of deferred expenditures on way
and structures if it is willing/allowed to forego growth
in the near future. Extensive external aid (probably
supplied by the government) would be required if the
industry were to improve quality while maintaining
growth. However, an important issue here is whether the
industry, as common carriers, can legally forego the
growth demanded by shippers. This issue, and others, are
discussed at length in Chapter 6.

4) Significantly increased transportation labor
productivity is an extremely effective method of im-
proving the long-run financial condition of the industry,
but labor savings alone might not be enough to ensure
continued profitable growth. Specifically, major labor
productivity improvements can provide a valuable source
of internal financing for a quality improvement program,
and can also provide a valuable complement to the pay-

offs of such a program. The important issue here, which
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is discussed in Chapter 6, is the magnitude, timing, and
implementation of the productivity improvements. That is,
dramatic savings can be realized immediately if the work
force is significantly reduced at no cost to the industry.
However, union pressure would likely prevent such a re-
duction, and labor agreements woull probably cause the
industry to compensate the displaced employees.

5) Major improvements in car utilization can have
significant impacts on the industry's long-run profita-

bility if achieved in conjunction with increased labor

productivity and the performance of a quality improvement
program. The increase in freight car productivity con-
sidered was of identical magnitude (25%) as that con-
sidered for transportation labor productivity. When
viewed alone, increased car productivity was therefore
less effective than the labor alternative as a means of
lowering costs, due to the relative magnitudes of labor
and equipment costs. However, the magnitude of the in-
crease in car productivity considered is more feasible
than a similar increase in transportation labor produc-
tivity, due to union concerns constraining the latter,
and due to the potential which exists for the former
through reduced yard-times.

6) As is apparent in all the above conclusions,
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there seems to he no one alternative that can cure the
industry's problems. This is because the effectiveness
of each alternative is constrained, either for techno-
logical reasons (i.e., the maximum cost reductions ac-
cruing from fixed plant improvement, or the maximum
feasible increase in car utilization possible) or for
socio-economic reasons (i.e., the legality of the in-
dustry to forego the growth demanded by shippers, or
the possibility of union opposition to labor force
reductions and the compensation required for displaced
employees). While little can be done about the techno-
logical constraints, the socio-economic constraints can
be "relaxed" through government aid. Thus, it seems

that a combination of technologically feasible changes

within the industry coupled with the "relaxation" of its
socio-economic constraints through government involvement,
can lead to long-term growth and profitability.

7) Model construction and use provided valuable in-

sight into the overall structure of the system which

determines railroad profitability and financial perform-

ance. Constructing the model forced the explicit identi-
fication of all the factors (policies and parameters) and
interactions which comprise this system. It also required

the specification of the individual factors, so that the



55

behavior caused by their interactions could be addressed
through model use. However, even if the system components
had not been specified for implementation on a computer,
the insight gained into the roles and interactions of
these various system components was useful in and of

itself.

1.5 SUMMARY AND OVERVIEW.

In Chapter 1, the motivation for and general approach
followed in this research were outlined, and the reader
was introduced to the basic terminology used in dis-
cussing the financial performance of the railroad in-
dustry. Chapter 2 will give some insight into the systems
dynamics modelling approach, discussing both the frame-
work that the approach gives to the modelling of systems
and the philosophy it proposes about the usefulness of
simulation models in the study of complex systems. ‘The
applicability of the framework provided by systems
dynamics to the problem of interest here will be presen-
ted in Chapter 3, where a comprehensive verbal exposition
will be given on the structure of the model developed in

this study. (A detailed listing of the model's equations
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is available in Appendix A.) The role of model vali-
dation in this research, and a discussion of validation
results will be the focus of Chapter 4. Chapter 5 gives
the outputs and analyses of fifteen cases run with the
model as the basis for the conclusions presented earlier
in this chapter. Finally, Chapter 6 summarizes the
research effort and recapitulates the conclusions that
may be drawn from it, and suggests some directions for
further researxch, with emphasis on alternative problem
areas to which the model could be applied and on the
possibility of extending the model to deal with the

entire system depicted in Figure 1-1l.




57

1.6 NOTES ON CHAPTER 1.

(1] Economics And Finance Department, Association of
American Railroads; "Yearbook of Railroad Facts,

1974 Edition."

[2] Economics and Finance Department, Association of
American Railroads; "Statistics of Railroads of
Class I In The United States"; Statistical Summaries

48-58; published annually 1964-1974.

[3] Forrester, J. W.; "Principles of Systems"; Wright-

Allen Press; 1968.

[4] Forrester, J. W.; "Industrial Dynamics"; M.I.T.

Press; 1961.

{51 Pugh, A. L., III; "Dynamo II User's Manual"; M.I.T.

Press; 1970.

[6] Task Force on Railroad Productivity; "Improving
Railroad Productivity, A Report To The National
Commission On Productivity And The Council Of

Economic Advisors"; Washington, D.C.; November 1973.



[71

(8]

58

A.A.R. Staff Studies Group; "Returns On Investments
In Fixed Plant Rehabilitation"; Staff Memorandum 75-

18; September 1975.

Bureau of Accounts, Interstate Commerce Commission;
"Transport Statistics In The United States, Part I";
for the years ended December 31, 1963 - December 31,

1971; published annually.



59

Chapter 2

THE SYSTEMS DYNAMICS MODELLING APPROACH

Chapter 1 has explained the usefulness of mathematical
modelling as an approach to the analysis of complex feed-
back systems, and briefly discussed the role of simulation,
and in particular, systems dynamics, in the study of the
dynamic behavior of such systems. It is the purpose of

this chapter to expand upon this, presenting systems dyna-

mics as a means of logically conceptualizing the structure
of a complex feedback system, as a method of implementing
this structure in a computer model, and as a philosophy
about the role of simulation modelling in the analysis of
these systems.

Systems dynamics has been applied to the study of a
wide range of problems, such as: the growth and stagnation
characteristics of urban areas [1]; corporate policy [2];
the dynamics of commodity markets [3]; the behavior of re-
search and development organizations [4]; the dynamics of
stagnation in industrial economies [5]; and even to the
behavior of the world's ecological system [(6]. Chapter 3
will discuss how the approach is applied to the analysis
of the railroad industry in this study. This chapter will
provide the reader with a general description of the method

and its associated philosophy so that the presentation in
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Chapter 3 will be more easily understood.

2.1 THE SYSTEMS DYNAMICS PHILOSOPHY.'

Together with the development of systems dynamics as
a method, there has evolved a philosophy about the useful-
ness and purpose of the application of simulation in the
study of complex feedback systems. This philosophy stresses
that the ultimate purpose of modelling is to aid in the im-
provement of the performance of the system of interest, and
that the major role of models in achieving this goal is the
promotion of a better understanding of the complicated func-
tioning of the system being dealt with. This understanding
is a prerequisite to our being able to suggest effective
changes to the r=al system.

Modelling a complex system necessarily entails making
simplifications. Recognizing this fact, the systems dyna-
mics philosophy guestions the ability of a system model to
predict the precise state of the system resulting from any
given stimulus with a great degree of accuracy. It there-

fore views models as best being used as comparative tools.

lfor an in-depth exposition of this philosophy, the reader
is referred to [7].
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That is, as long as the model captures the important fea-
tures of the complex system of interest, it may be effec-
tively used as a guide to improvement by enabling us to see
and compare the direction and approximate extent of all the
changes in system behavior caused by various alternatives.
Furthermore, because model construction and use allows us
to understand why these behavior patterns occur, models can
be useful in identifying those factors that are important
and/or effective in system improvement and in providing a
better understanding of the relative importance and/or ef-
fectiveness of these factors.

Because of the role that this philosophy sees models
as fulfilling, it emphasizes that the details of system
structure are the most important aspect of model develop-
ment, with the derivation of exact parametric values being
of secondary importance. Of course, it must be recognized
that grossly incorrect parameter values would render a
model useless, regardless of how well its structure<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>