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SUMMARY

Research results for an investigation of the long-term finencial
behavior of a major domestic airline are reported. The research focused
on financilal control activities, capecity acquisition decisions, and
thelr interaction. The purpose of the research is to demonstrate the
manner in which long-term financial dynamics arlise from managerial
decisions and actions within a feedback control structure and to
interpret these results in terms of alternative system designs.

To provide a framework for these decisions, components of the
airline decision-meker's envirorment are examined, and the nature of
relationships which these decision-makers strive to maintain between
their organization and its environment are documented. Utilizing in-
dustrial dynamics methodology managerial declsions, assoclated infor-
mation flows and resulting actions designed to c¢Ontrol organizational
states are incorporated into a system model of feedback relationships.
The model consists of a set of first-order difference eguations which
provides for model validation and system analysis via simulation.

Model varlables representing organizational states 1n the fin-
ancial and operational sectors of the firm deplict the results of pre-
vioug decisions and actlons. Model declision processes utilize infor-
mation about these states as a basis for generating subsequent actions
designed to modify system states and achieve orgenizationael cobjectives.
In particular financial and operational decisions are examined to

identify their interrelationships and the impact of these interactions
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on the firmm's long~term financial performance,

Actual behavior patterns for a maJor domestic trunkline are
examined to identify the impact of various managerial actions. Com-
parison of simylated system performance with actual system behavior
over a fifteen year periocd accomplished model vaelidation. Response
validity of model performance is substantiated by comparable amplitudes,
frequency and phasing relationships. Construct validity is supported
by the realistic representation of actual system components and relation-
ships.

A related research objective consists of examining the impact
of managerial attitudes and Judgment on system behavior. This result
is accomplished through parametric analysis after the model has been
validated. Similarly the effects of inherent system delays and exo-
genous inputs are ildentified through experiments in which these para-
meters and variables are changed from the basic model's conditions.

Drawing upon the model analysis, several conclusions are evident
and recommendations for further research and implementation are sug-
gested, The conclusion that all research objectives have been achieved
is substantiated by specific research results. Specific conclusions
sumarize individual research findings concerning the source of various
dynamic behavior patterns, the significance of exogenous economic
influences, the effect of fare increases and the benefits of promotional
programs .

Recommendations for further study involving the capacity acquisi-
tion sector, a more detailed level of aggregation and different exo~

genous inputs are offered. Relative to implementing research findings,



recommendatione are made for improved meesgurement of potential demand,
highly focused promotional programe and relatively conservative fin-

ancial control policies.



CHAPTER I

INTRODUCTTON

In the last thirty years the airline industry has been charact-
erized by sustained growth and rapid technological change. The industry's
desire to accommodate the rising demand for air transportation has mag-
nified capital equipment requirements. Furthermore, the recurring
introduction of larger, faster, and more modern aircraft to the indusiry
has brought about greater pressures for capital expenditures. Even
with the industry's high growth potential, seven major trunklines have
been absorbed via merger since 1945. Other mergers by major trucklines
have been considered as individual airlines experience periods of excess
capacity and depressed earnings. When demand increases following such
pericds and the need for additional capacity becames apparent, funds
are not available to finance the desired acquisitions.

These general conditlions and the extreme efforts requlired of
some airlines to finance the recent transition to Jet aircraft bring
the financial difficulties of all the truckline operators into focus.
During the period of rapid growth, large quantities of long-term debt
were acquired to finance capacity acquisitions. Expanded capacities
and an increasing demand provided greater operating revenues. Concur-
rently, unit operating costs were lowered by the use of larger and more
efficient aircraft. Thus, profits increased and the return on capital

investments appeared to Justify further expenditures requiring



additional debt financing.,

Concurrently, demand for air transportation was being stimulated
by the influx of new technology, providing greater comfort and shorter
travel times. Exogenous factors contributing to the high growth rate
in the 1960's included an increased decentralization of business, a
healthy economy and continuing increases in population. These combined
effects prompted individual airlines to inwvest in additional equipment
at varying rates.

As imbalances develop in the capacity acquisition programs of
competing airlines, market shares change. The airline adding new
capacity cbserves the resulting increases in demand. Forecasts of
future increases provide a basis for continuing to invest in capital
equipment; however, the competitor must react by improving his own
capital equipment position. Considering the impact of technological
advances and the one to three year delay between ordering an aircraft
and incorporating it into the fleet, one can better understand the
causes of excess capacity and depressed earnings.

When these conditions exist, the fim suffers financially. Iarge
quantities of debt are generally added to the capital structure during
a capacity acguisition program. If a pericd of reduced profits follows
such a program, this debt's presence and the effect of leverage com-
pound the sericusness of the situation. The reduction of internal
funds by losses and a rising debt-equity ratio are two symptoms of the

financial deterioration of a firm under these circumstances.



Nature of the Research

fumerous managerial activities are oriented toward maintaining
certain desired relationships within their organization. A classic
example consists of managerial efforts in a manufacturing firm to equate
average production to average sales. A similar managerial activity is
concerned with maintaining a desirable relationship between demand and
the capacity required to satisfy that demand. Increases in demand
resulting from internal actions and/or exogenous factors create a need
for additional capacity. Increases in capacity improve service and
therefore tend to stimulate additicnal increases in demand. However,
failure to add extra capacity results in limiting future demand to the
level which can be serviced adequately by the organization's present
capacity. Thus, capacity is increased to accommodate demand or demand
is limited by current capacity.

Although this explanation of the relationship is greatly over-
simplified, it serves as a basis for many operational decisions in the
airline industry. A complicating factor is the high_cost of new alr-
craft to service future demand. Thus, the desire to maintain certain
financial relationships in the organization may conflict with the
achievement of operational goals. Purchase of new capacity involves
depletion of internal funds or the acgqulsition of new long-term debt.
Both actions modify the financial status of a firm as measured by
various financial ratics. When new alrcraft are integrated into the
fleet, costs increase iImmediately; whereas, revenues increase more
slowly as forecasted increases in demand are realized.

This research consists of an analysis of the long-term behavioral



characteristics of a majJor domestic trunkline. In particular, the
research focuses on the above relationships and their interactionm.

The purpose of the research is to demonstrate the manner in which long-
term financial dynamics of an airline arise from managerial decisions
and actions within a feedback control structure.

Some of the probable causes of these financial performance
patterns may lie outside an airline management's realm of influence.
However, much of the dynamic hehavior resulis from the structure of
feedback loops containing the important varigbles and delays within
the system of interest. There appears to be a significant area upon
which management can act to alter the seemingly uncontrollable and
unsuitable patterns of behavior.

An important step toward a better understanding of these dif-
ficulties and their causes consists of gaining further insight into
management's actions to control the financial states of an airline.

By concentrating on the system's structure, one focuses his atteﬁtion
on the causes of the system's problem rather than on its symptoms.

Related to the purpose of this research is a set of specific
obJectives which serve as a guide in the research effort and the
analysis of the results. These obJectives are:

(r) To determine the internal variables and structural relation-
ships accounting for the financial performance of a majJor domestic air-
line.

(b) To demonstrate that the characteristic behavior of a system's
problem existing in many airlines arises from, and is perpetuated by,

the feedback control structure.



{c) To examine the impact of managerial attitudes, judgment
and decisions on the system's behavior over time. This result can be
accomplished by emphasizing the managerlial control points within the
feedback lcop configuraticn.

(d) To interpret these results and their implications for design-

ing alternative centrol policies to improve system behavior.

Research Methodology

A majJor contribution of the research consists of ascertaining
the control system structure producing an individual airline's charact-
eristic patterns of financial behavior. To accomplish this goal, the

methods presented in Forrester's Industrial Dynamicsl are used. Fin-

ancial records covering extended periods of time aid in isolating the
causal mechanisms operating to create the problem and its symptoms.
Behavior patterns of interest include the time variations of debt,
capital equipment, working capital and earnings. Considering the
decision processes and the resulting behavior of the system variables,
a model of the system structure is developed. This model contains the
information feedback relationships, desired system states and control-
ling decisicns accounting for the system's financial behavior.

In addition to information feedback, a realistic model of a mana-
gerial control system must consider various nonlinear effects, time
delays and system parameters. These complicating elements necessitate

the use of digital simulation as a means of examining the individual

lJay W. Forrester, Industrial Dynamics, Cambridge, Massachusetts:

The M. I. T. Press, 1961.




loops and their contributions to total system performance. In this
way one can realize meaningful results which are unencumbered by in-
valid or limiting assumptions.

The fundamental assumption underlying the model development,
and consequently the research results, pertains to the conceptusli-
zation of the decisicn-making process. Managerial decision-making is
modeled as a continuous process taking place within an information
feedback configuration. Two aspects of this assumption mist be Justi-
fied; namely, the continuity of decision-making over time and the feed-
back structure of the system model.

First consider the continuity aspect of the assumption. The
observable results of a particular decision, such as an increase in
long-term debt or the acquisition of additional capaclty, usually
hecome apparent at discrete points in time. However, these results
are typically preceded by a pericd of consideration during which
advance actions may have been taken by management in anticipation of
the probable outcome. In addition, a decision's output might be such
that it cannot be implemented immediately. Therefore, the decision-
making process is modeled as & continuous operation with inherent time
delays.

With regard to the feedback aspect, the information feedback
view of managerial contrel maintains that a decision-maker menitors
the state of the entity he wishes to control. Information concerning
the difference between the apparent state of the entity and the desired
state serves as a basis, or input, for his decision. The decision's

output consists of some action to alter the entity's future state.



Since the new state serves as an input for succeeding decisions, a
closed loop is established. This closed-loop system structure will
be incorporated into the model in lieu of an open-loop assumption.2
Emphasis was placed upon formulating an hypothesized system
structure which closely corresponds to the resl world system. However,
the model need not include all the variables and relationships of the
airline - only those contributing significantly to the system's behav-
ioral problem. Attention is focused on an aggregate level of the
system which aids in distinguishing true system performance patterns
from reandom and seasonal variations. The study is limited in scope
to an analysis of a single airline's behavior; however, the model
includes the effects of competition by other members of the industry

as well as the airline's impact on its competition.

2An open-loop assumption would imply that the outcomes of present
decisions do not affect future decisions.



CHAPTER IT

LITERATURE SURVEY

4n analysis of the firm's past behavior provides a basis for
modeling the structural relationships and feedback loop interactions
creating the systems problem. These behavior patterns have been
studied in the literature with varying degrees of intensity. The
investment activity of a firm seems to have received the most
attention.

Initial studies of investment behavior used the nceclassical
theory of the firm as a foundation. In this theory the firm's ob-
Jective is to maximize its value. The value of a firm is a function
of its future income, and its future income is a function of its
investment. With knowledge of these two functions, the value of
a firm may be predicted given its investment; and given the value
maximization rule, its investment can be determined. Thus, the
thecry's task consists of obtaining information on these two
funciions for the purpose of making empiricel statements about
the value and investment of a firm.

To attain these objJectives, the theory's development proceeds
under two assumptions: (1) the future is known with certainty;
and (2) the firm can freely lend or borrow at a given rate of
interest. This drastic simplification of the real world produces

decision rules and descriptive statements about the firm which



are of extremely limited value3. Attempts have been made to enlarge
the theory to recognize the consequences of uncertainty, but these
attempts have met with very little successh. In view of the theory's
limited applicability, a comprehensive review of the neoclassical
literature was not attempted. For one of the most complete statements
of neoclassical investment theory including modifications to deal with
uncertainty, the reader is referred to the work by Frederick and Vera
Ltz .

The inadequacy of neoclassical theory as a basis for explaining
the investment behavior of real corporations created a need for further
research in the area. This research has utilized two approaches:

(1) adaptation of economic theory to provide a normative model of the
firm's investment behavior; and (2) collection of empirical results
illustrating the firm's behavior under specific conditions. For pur-
poses of discussion, the results of the first approach can be cate-
gorized as (i) the accelerator principle and (ii) profit theories of

investment.

3By assuming that the future is known, this approach eliminates the
problems of financing and valuation of the firm. In neoclassical theory,
the firm's value is generally measured by its net worth plus the amount
by which the present value of future receipts exceeds the present invest-
ment. Financing is based upon the marginal efficiency of capiltal.
Theoretically, the firm will continue to invest borrowed capital until
the investment's rate of return equals the cost of capital. However,
when uncertainty is introduced, the future receipts are unknown and

the theory breaks down.

lJrMyron J. Gordon, The Investment, Financing and Valuation of the Corpor-
ation, Homewood, Illinois: Richard D. Irwin, Inc. 1962. p. 1.

5Frederick and Vera ILutz, The Theory of Investment of the Firm, Princeton
University Press, 1951.
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Reduced to its simplest form the accelerator principle states
that a firm's capital is a linear function of its output. This state-
ment implies that the investment during a period will be a multiple of
the change in ocutput during the period. Many writers have since noted
severe thecretical limitations on the principle’s validity6. Empirical
studles hawve shown that the principle may explain investment behavior
when a firm is producing at capacity, but only if production costs
increase sharply In response to a rise in output. Under other con-
ditions the principle did not account for the firm's cbserved behaviorT.

Profit thecories of investment are the major alternatives to¢ the
accelerator principle for explaining investment behavior. Tinbergen
and Polak8 argues that investment 1s motivated by profit expectations
and that to a large extent, profit expectations are based upon the
magnitude of current profits. They also pointed out that profits are

9

an important source of funds for investment. Xalecki” incorporated

6

Two of these papers are R. S. Eckaus, "The Acceleration Principle
Reconsidered", The Quarterly Journal of Economics, Vol. 67 (May, 1953),
pp. 209-30 and Hans Meisser, Critical Notes on the Acceleration Prin-
ciplel';, The Quarterly Journal of Economics, Vol. 68 (May, 1954), pp.
253=T4.

7J. R. Meyer and Edwin Kuh, The Investment Decision: An Empirical Study,
Cambridge, Mass.: Harvard University Press, 1957, pp. 110-30. Also,
Robert Eisner, "Expectations, Plans and Capital Expenditures, A Syn-
thesis of Ex Post and Ex Ante Data", in Expectation,, Uncertainty and
Business Behavior, M., J. Bowman, ed., New York, 1953, pp. 165-C0.

8J. J. Polak and J. Tinbergen, The Dynamics of Business Cycles. A Study
in Econcomic Fluctuations, Chicago: TUniversity of Chicago Press, 1950,
p. 166.

oM. Kalecki, Theory of Economic Dynamics, London: Allen & Unwin, 195k,
pp. 96-108.




these profit effects into a model and was able to explain gross fixed
investment in the United States over the period 1930-40. However, ef-
forts to apply this model and its extensions to the individual firm have
been unsatisfactory. As a result Meyer and Kuhlo suggest that profit
maximization does not encompass the full scope of modern entrepreneurial
motives. They meintain that buslness firms seek to maximize utility
instead of profits, a view which is supported by Sﬁnonll and other pro-
ponents of a satisficing theory of behavior. Thls concept has been incor-
porated into models of business behavior by Cyert and Ma.rchl2 and Gordonl3.

Although important concepts in the economic theory of investment
behavior are belng developedlu, the empirical and theoretlical approaches
tc the subJect have little in common. At this point the theory does not
satlisfactorily explain the observed behavior contained in empirical
studies.

The second approach to developing a theory of invesiment behavior

consists of using observed results to define econcmetric modelsl5.

lOMeyer and Kuh, op. cit., p. 9.

JJHErbert Simon, Models of Man, New York: John Wiley & Sons, Inc. 1957.
12

R. M. Cyert and J. G. March, "Introduction to a Behavioral Theory of
Organizational Objectives", in Modern Organization Theory, M. Haire,
ed., New York: John Wiley & Sons, Inc.,, 1959.

l3MWron J. Gordon, 'Security and & Financial Theory of Investment”, The
Quarterly Journal of Economics, Vol. 74 (August, 1960), pp. 472-92.

l&A list of recent theoretical papers has been provided by Dale W.
Jorgenson, 'The Theory of Investment Behavior", p., 130, in Deter-
minants of Investment Behavior, Robert Ferber, ed., New York:
Columbia University Press, 1967, pp. 129-55.

lSA list of recent papers using this approach appears in Jorgenson,

op. cit., p. 129,



These models then provide a basis for inductive generalizations about
some segment of the business world. The results of this approach have
glso been inconclusive; however, important considerations have been
reported. TFor instance, Fellner16 discusses the importance of market
structure and relative market shares in detemmining investment behavior.
Cther studies indicate that internal liquidity considerations and the
avallablility of internal funds also affect the volume of investmentlT.
Empirical research by John Lintner provides insight into policies
governing the dividend decisionls. He found very few cases in which
current dividende were based on factors other than the previous rate
of peyment and current profits.

Although these econometric models are useful in isclating impor-
tant system variables, they provide little insight into the cause-and-
effect relationships of the business firm. In an extensive review of
investment behavior studies, Eisner and Strotz offer this commen‘tlg.

There is, moreover, little understanding of the structural

relations by which expectations are formed, and so, even if
we succeeded in relating expectations intimately to various

16William Fellner, Competition Among the Few; Oligopoly and Similar Mar-
ket Structures, New York: Alfred A. Knopf, 1949.

17The empirical evidence on the preference for intermal funds is exten-
sive. Two examples are Joel Dean, Capital Budgeting, New York:
Columbia University Press, 1951, pp. 37-43, and George W. Terborgh,
Dynamic Equipment Policy, New York: McGraw-Hill Book Co., Inc. 1gkhg,

pp. +-7.

18thn Lintner, "Distribution of Incomes of Corporations Among Dividends,
Retained Earnings, and Taxes", The American Economic Review, Vol. L6

(May, 1956), pp. 97-113.

19robert Eisner and Robert H. Strotz, "Determinants of Business Invest-
ment”, p. 62, in Impacts of Monetary Policy, Englewood Cliffs, N. J.,
Prentice-Hall, Inc., 1963, pp. 59-233.
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rast observables, we should have little understanding as to
the effects of policy measures, newly adopted, which might
alter the future values of the explanatory wvariables. Pro-
blems of predicting the effects of basic changes, including
those that are deliberately produced by public pelicy mea-
gures, are a good deal more difficult than those of fore-
casting future behavior under conditions involving no
important change in the structure of behavior relations.

Due to the incomplete nature of microeconomic investment theory,
there exists a large, unresolved gap between this theory and the 1lit-
erature of corporation finance. The latter is concerned with the fin-
ancial management process including such components as setting financial
oblectives, controlling ongoling operations, capital budgeting and main-
taining an acceptable financial structure. Capital budgeting, which is
concerned with evaluating the profitability of alternative investment
opportunities, has received the most attention. Papers on this topic
usually discuss various methods of computing rates of return, payback

periods, net present values and the cost of capitaleo.

The literature of corporation finance usually describes how
financial decisions should be made for optimal results under a set
of assumed conditions. However some sources report survey results
describing how these decisions are actually made in practice. In his
book Christy reports on a survey of current capital budgeting practices

and discusses their relative advantageszl. A study of corporate debt

20A number of significant papers illustrating the different approaches

are contained in Ezra Solomon, ed., The Management of Corporate Capi-
tal, New York: The Free Press, 1959.

21George A. Christy, Capital Budgeting: Current Practices and Their
Efficiency, Bugene, Oregon: The University of Oregon Press, 1900C.
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Policies has been conducted by Gordon Donaldsonee. He investigates
managerial attitudes concerning the use of long term debt and other
external sources of funds. The study also includes an analysis of
corporate debt limits imposed by management and the relationship between
the debt-equity ratio and other long term policies. Ancther source
reports on a series of interviews concerning the determinants of
investment behavior23. Eisner discusses a number of factors and their
relative importance in different types of firms.

The above information facilitated the research effort in two
ways: as an ald in identifying important system variables and by pro-
viding insight into system relationships. Valuable assistance was

also derived from system studies which have considered various aspects

of business hehavior. One of these studies, Resource Acquisition in

Corporate Growth by David W. Packerzh, concentrates on the corporate

growth process. Using the industrial dynamics methodology, the author
examines the impact of managerial actions on growth performance. The
study considers "how managerial actions guiding resource acquisition

. neo ]

can creagte problems of growth rate and stability . Two broad

resource types are distinguished: production capacity in the form of

22Gordon Donaldson, Corporate Debt Capacity, Boston: The Harvard Univ-
ersity Press, 1961.

23Robert Eisner, Determinants of Investment Behavior: An Interview
Study, Urbana, Ill.: University of Illinois, 1956.

L. .

2 David W. Packer, Resource Acquisitions in Corporate Growth, Cambridge
Mass.: The M, I. T. Press, 1964,

25Tpid., p. 5.
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labor, machinery or plant space and professional effort derived from
manggerial and engineering talent.

The primary difference between Packer's study and this research
arises from the type of firm considered. The former describes a
young, aggressive f1rm which wishes to grow smoothly and rapidly;
whereas, this study deals with mature organizations which have already
experienced an extended period of raplid growth., In these firms future
growth will be more deliberate and will be geared to future increases
in demand. Facker's intentional omission of financial considerations
is evidence of thls difference since financial difficulties are often
recognized as symptoms of problems created by rapid capacity expansion.

Further consideration of the factors affecting corporate growth
is contained in a series of papers by Forresteres. These studies illus-
trate the nature of the interaction between manufacturing organizations
and their markets via delivery delay. Managerial actions are evaluated
with respect to their effect on this delay which affects the firm's
future growth rate.

The feasibility of using the industrial dynamics methodology to

create a management system model has been demonstrated. The papers

26Jay, W. Forrester, "Market Growth as Influenced by Capital Investment"”,

Industrial Management Review, Vol. 9, no. 2., Winter, 1968.

Jay W. Forrester, "Modeling the Dynamic Processes of Corporate Growth",
IBM Scientific Computing Symposium, Yorktown Heights, N. Y., December

7, 1964.

Jay W. Forrester, "Thoughts on Forces Inducing Corporate Growth', D-
487-1, an unpublished memo of the industrial dynamics research group
at the Massachusetts Institute of Technology, October, 1962.
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by Packer and Forrester offer models of hypothetical firms, which are
used for purposes similar to those of this study. Modeling the system
of interest requires determination of how the present states of vari-
ables in the information feedback configuration create subsequent fin-
ancial behavior. Identification and formulation of these relationships
entails collection and analysis of information from various Civil
Aeronautics Board reports and company financial records. Since company
policies and managerial actions are inherent in the system structure,
the above information was supplemented by personal contact with those
individuals in the firm concerned with planning and control. Some
assistance in this endeavor was provided by studies of individual
relationships and surveys of managerial attitudes and policies con-
tained in the literature. However, reports of efforts to aggregate
these policies and control activities into a comprehensive model of

financial declsion-making have not been found.
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CHAPTER III

THE MANAGEMENT SYSTEM AND ITS ENVIRONMENT

This chapter describes the components and relationships of the
management system and its environment pertinent to the research problem.
The system structure of airline management reflects characteristics of
the industry and other envirommental factors. The components of this
environment warranting description are:

1. The Civil Aercnautics Board

2. The Market for Air Transportation

3. Competition Within the Industry

L, Aircraft Manufacturers

The Civil Aeronautics Board

The eleven majJor domestic trunklines plus Pan American are regu-
lated by the Civil Aercnautics Board (CAB) which awards route structures
and controls the industry fare structure, The CAB, authorized and
created by the Civil Aeronautics Act of 1938, is charged with the
economic regulation and promotion of commercial interstate air trans-
portation. The Board's economic regulatory activities may be grouped
as follows:

1. Awards of operating authority

2. Regulation of rates and fares

3. Regulation of agreements and interlocking relationships among

gir carriers and between alr carriers and other aeronautical enterprises.
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4, Support of air service through subsidy payments.

5. Regulation of air carrier accounting and reporting.

6. Fnforcement of applicable laws and regulations.

Air carriers may not engage in air transportation over any inter-
state route within the United States or to and from the United States
without a certificate of public convenience and necessity or a permit
from the CAB authorizing such air transportation. Certificates of pub-
lic convenience and necessity are issued after notice is given and
interested parties have had an opportunity to be heard. TFrequently,
the issuance of certificates i1s opposed by other alr carriers who deem
that they would be adversely affected. The normal procedure includes
8 hearing before a hearing examiner and an initial or recommended
decision by the examiner, subJect to review by the board. Some of these
proceedings are long and protracted, involving many parties and lasting
several years. Others are relatively simple, and require only a few
months, It is not uncommon for an airline to be involved in a number
of these hearings simultaneously. Thus management must consider the
possibilities of new route awards and increased competition over exist-
ing routes when planning future aircraft purchases.

The Civil Aeronautics Board is also authorized to prescribe rates
for domestic air transportation. Air carriers are required to file all
new tariffs or tariff changes with the CAB. The Board can suspend the
new rates for up to 180 days if they feel the proposed rates are unreas-
cnable, During this pericd the Beard can, with due notice and a hear-
ing, determine and prescribe the rate it deems to be lawful. Thus the

Civil Aerongutics Board controls the route structure as well as the
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rate structure for each airline in the industry. Another method avail-
able tc the Board for controlling rates is the authorization of more
competition over particular routes. This possibility tends to discourage
the proposal of increased rates and fares by individual airlines within
the industry.

Since the CAB can greatly influence the economic status of an
airline, a statement of what constitutes & reasonable financial perfor-
mance was deemed to be necessary. In 1960 the Board specified that the
measure of performance would be the rate of return on investment. They
also determined that for domestic trucks a falr and reasonable rate of
return on investment was 10.5 percent, taking into account the relative
risk and volatility of the industry and the return that would be required
for members of the industry to attract needed capital. The Board also
determined that this refurn should be allowed over an extended period of
time. It should be noted that this earnings level has been achieved

only one year, namely 1965, since that bench mark was adopted by the CAB.

The Market for Air Transporation

Another factor to be considered by airline management in pro-
gramming capacity acquisition is the underlying growth in demand for
air transportation. Although automobile traffic is still the dominant
form of transportation, air transpertation has been developing at an
increasing rate. TFor instance, in 1956 airlines accounted for three
percent of all inter-city passenger miles. In 1967 airlines accounted
for almost sewven percent. During the same period, autcomobile traffic

went from 670 billion passenger miles to 880 billion, an increase of
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thirty-one percenteT. In the past twenty years the airline industry

has grown four times faster than the general economy and ten times
faster than the population. A number of factors have contributed to
this tremendous growth rate: greater decentralization in business,
aircraft of greater comfort and safety, a generation which has grown
up unafraid of flying, and a period of reasonably high economic activity.
More recently, traffic has increased 196 percent over the six
year period from 1961 to 196728. Over the past decade demand for air
transportation has increased at a compounded annual rate of approxi-
mately fiftenn percent. This growth rate and forecasts of future
economic activity serve as & basis for traffic proJections underlying
fleet expansions. However, forecasting traffic growth and future demand
is complicated by the seascnality patterns and sensitivity to economic
factors exhibited by air transportation demand. Demand pattermns for
an indlvidual airline depend upon that alrline’s route structure and
the particular markets it serves. Airline management must proJect the
demand in the firm's market and transform these projections into orders
for new capacity via the desired ratio between demand and capacity as
measured by the passenger load factor.
Based upon forecasts of relevant variables, the airline industry's

extraordinary growth is far from over. Our nation's economy ls expected

27Richard E. Caves, Air Transport and its Regulators, Harvard University

Press, 1962, pp. 48-5%, 331-335.

28Major U. S. Airlines: Financial Requirements and Projections, 1968-
1971, Air Transport Association of America, Report to the Civil Aero-
nautics Board, June 26, 1968.
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to continue to expand at a rapid pace. The gross national product is
projected to reach well over one trillion dollars annually by 1975.

The population of the United States is expected to increase to over

225 million by 1975. Disposable income will be over 800 billion by
1975, and consumer expenditures will be in excess of 700 billion dollars.
A1l of these projJections indicate significant growth in the immediate
future and can well be expected to influence similar increases in

demand for air transportation. Airline traffic is expected to more

than dowble in the 1970's%D.

Competition Within the Industry

Individual airlines can do little to affect the general economic
conditions, popuiation growth and similar exogenous factors influencing
their market; however, other basic determinants of demeand can be modified.
Controllable factors include price, schedule frequency and passenger
service.

Regarding the relationship between price and demand, the price
elasticity of demand for alr transportation has not been established to
date. The CAB's belief that the elasticity is slightly above one appears
to be the basis for readily approving promotional discounts and reject-
ing most requests for fare increases. Members of the indusiry seem con-
vinced the elasticity is less than one. Recently approved increases
may provide a basis for further study if the effect of current economic
conditions can be removed.

Since increasing market share by reducing price is unlikely,

29Ibid.
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airline management traditionally striwves to maintain or increase their
market share by offering a better product. Product differentiation by
competing airlines is very difficult, with two important exceptions -
improved flight schedules and the use of faster, newer and more comfort-
gble aircraft. The first of these factors, improved flight schedules,
generally reguires the use of more aircraft and therefore greater cap-
acity acquisitions. The second factor, more modern aircraft, depends
upon technological advances and recent capacity acquisition rates.

Currently, the introduction of new egquipment is an action no
carrier can afford to completely neglect if it is to remaln competitive.
As newer and better equipment is introduced on competitive routes,
exlsting equipment is relegated to monopoly situations or less competi-
tive routes. Therefore capacity acquisitions are often motivated by
the desire to provide more service to increase the potential demand, and
to provide better service for the purpose of retaining or improving the
current market position. Obviously competitive airlines over the same
routes must react to such an action with similar purchases of their
own. Thus a sequence of actions and reactions may be perpetuated in
this highly competitive industry which will amplify normal capacity
purchases. Ancther condition resulting from the competitive pressures
is the Importance management places on fleet revision after every tech-
nological advancement. As a result aircraft are replaced by more
expensive alrcraft which perform the same service.

Historically, the impact of regulation has amplified the conditions
underlying high capacity acquisition rates. In the late 195C's, the

CAB was faced with a majJor policy decision. The speed and capacity of
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alrcraft were increasing but so was the cost. Only airlines with well-
integrated route patterns could make efficient use of the new equipment.
Airlines with low-density routes were incurring greater operating losses
with each addition to their fleet. The CAB's dilemma concerned the
question of allowing meximum competition on all the high-intensity
routes, which would reduce the rate of return to each airline, or pro-
tecting the profit rates on these routes in order that the airlines
with greatest access to them could achieve profitable performance.

Since the latter alternative would require subsidy of the less profit-
able airlines, the former course of action was chosen.

Two effects of this decision are still obvious in the industry
today. First, a number of airlines have been forced to consider mergers
as a result of increased competition. Between the end of the second
World War and 196&, seven maeJor domestic trunks have gone out of exis-
tence by way of merger. The most significant of these mergers was the
combination of Capital Airlines and United Airlines in 1961, which made
United the largest alrline in America. This merger also brought sharply
into focus the financial difficulties of all trunkline operators, aggra-
vated by the increased capacity investment associated with the intro-
duction of turboprop and Jet aircraft in the late 1950's, but uvltimately
due to the overcrowding of the industry's profitahle air routes.

The second effect relates to the CAB's authority to grant new
route awards and airline management's perception of the importance of
capacity levels to future route awards. Airline management maintains
that a demonstrated willingness to provide excess capacity for their

current system enhances the chances of gaining future route awards.
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Non-essential capacity acquisitions may be scheduled in anticipaticn of
receiving additional routes in the future. Whether the CAB actually
considers this factor is not obvious. However, the Board does award

new routes to airlines in financial trouble because of excess capacity.
Therefore, the effect is the same; purchasing unnecessary capacity will
lead to new route awards in the future. However, severe financial
problems may result in the interim. The long delays and uncertainty
associated with the Board's route decisions also complicate this relation-
ship.

Thus, airline management must make decisions regarding additional
capacity under uncertainty about future route awards and competition over
existing route structures. Capacity acquisition programs for individual
airlines tend to be periodic and uneven., MaJor purchases generally
reflect technological advances and the airline’s current competitive
position. Since the acquisition programs are relatively insensitive to
underlying demand growth, severe financial losses are incurred due to
excess capacity. These losses continue until an increase in demand is
achieved from an increased market share, gaining new routes, or walting

for the market to grow from exogenous causes.

Alrceraft Mamufacturers

In consummating an order for new alrcraft, the individual air-
line must interact with the aircraft manufacturing industry. This
industry is characterized by & small number of highly competitive man-
ufacturers who have well-defined but limited markets for their product.

The dominant aircraft technology generally has been quite evident to
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both the aircraft mamifacturer and the airline industry. Military air-
craft research, as an important source of commercial aircraft technology,
has been a substantial force in creating homogeneity in caplital equip-
ment. Product differentiation is limited in the industry since individual
firms draw on an essentially common pool of technical information in
which new ideas are quickly desseminated.

Due to the megnitude and infrequent nature of aircraft purchases
by an individual carrier and the limited number of sellers, the new air-
craft market is characterized by individunal bargaining sessions. The
intense competition among aircraft manufacturers and the absence of
technological product dlfferentiation create a marketing Situation in
which special concessions are granted to the customer to assure a part-
icular sale. Typical considerations might include earlier delivery
times or higher trade-in allowances on older equipment. An important
promoticnal device offered by aircraft manufacturers involves special
financial assistance for financing the new aircraft acquisition. This
financial assistance may take the form of a reduced deposit upon order
or special terms for delaying payments prior to aircraft delivery.

Such considerations have constituted an important source of funds during
past acquisition programs.

A number of factors have combined t0 practically eliminate this
source of financing for the airlines. The rapidly increasing costs of
modern aircraft have reduced the funds aveilable to the manufacturers.
To illustrate the magnitude of these cost increases, the DC-L, intro-
duced in 1945, cost about $480,000; the Lockheed Super Constellation,

entering service in 1948, cost 2.3 million dollars; and the Boeing 707
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in 1958 cost about five million dollars. The Boeing 747, which recently
entered service, costs approximately twenty-five million dollars each.
Since more capital is committed to alrcraft under development and
construction, less is available to fund trade credit for the airlines.
Recent govermnment reductions in expenditures for defense and space acti-
vities have also greatly reduced the funds available to the aircraft
manufacturers. Thus, an important source of short-term financing for

the airline industry has been virtually eliminated.

The Capital Market

Another envirommental component directly related to financial
decision-meking is the capital market. Financial institutions, such as
banks and insurance companies, provide the funds for financing a great
poertion of the new capacity. The primary influence of these institutions
is upon the financial structure of the airline. Certain requirements
must be met with respect to the proportion of debt in the capital
structure before additional funds can be acquired. This consideration
results in financial manegers striving to achieve a desirable financial
performance for their firm as measured by certain financial ratios and
relationships. Since the airlines are operating under a certificate of
convenience and necessity issued by the Civil Aeronautics Board, they
feel obliged to incur debt whenever necessary to provide the capacity
required to service their market. Such actions may enhance their chances
of gaining future route awards and a greater share of their current mar-
ket. Counteracting these forces is the hesitancy to finance these

acquisitions with additional long-term debt because of the debt's
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influence on the firm's capital structure. Certain key financial
indicators, such as the debt-equity ratioc and investment turnover,
become significant control variables in financial decision-making
because of their importance in acquiring future external funds from
financial institutions.

Airline management generally prefers to aveoid the dilution of
earnings which would result from a common stock issue. Typical forms
of financing include long-term notes and bonds with convertible deben-
tures being used when other forms cammot be obtained under attractive
terms. Interest rates were four and five percent in the 1950's, about
six percent in the early 1960's, and approximately eight percent in
recent years. In general, interest is charged at the prime rate or at
prime plus one-fourth percent; however, it appears that the cost of
capital is not a consideration when deciding to acquire additional debt.
Another form of financing widely used in the airline industry is equip-
ment leasing. The investment tax credit made this form of financing
popular with firms having excess internal funds who could use the tax
credit to reduce taxes on their own profits. Removal of the investment

tax credit has greatly reduced the availability of this form of financing.

The Labor Market

Although capital equirment costs have increased by & factor of
one hundred over a thirty year period, technological advances and
increases in alrcraft capacity have resulted in lower operating costs,
However, increases in labor costs have offset gains in operating effi-

clency resulting in a constant or slowly decreasing passenger mile
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yileld. Strong unions in the airline industry have relentlessly pressed
for continuing wage and salary increases which negate the benefits of
operational improvements. Uncertaln labor relations and the potential
financial impact of a prolonged strike further complicate the conditions
of managerial plamning and control in the airline industry.

Hence, management must function in an enviromment of uncertainty
regarding technological advances, regulatory actions and labor relations,
The decision-maker must plan capacity acquisitions to meet forecasted
increases in demand, remain technologically abreast of the competition,
and satisfy standards imposed by the Civil Aercnautics Board. These
plans must be tempered by the external funds requirement, the impact
of such funds on the firfm's capital structure and the requirements for
future financing. The airline must meintain an acceptable position with
respect to envirommental factors while attempting to achieve a reason-
able financial performance. The efforts to achieve these goals and the

results of these efforts are the focal points of this research.
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CHAPTER 1V

THE MANAGEMENT SYSTEM - STRUCTURE AND BEHAVIOR

An organizetion's managerial control system cannot be examined
apart from management's planning activities. The planning elements are
charged with specifying the firm's goals and the general procedure for
achieving these goals. A clearly defined organizational goal can then
be used as a basis for establishing objectives at various levels in the
firm. A related ocutput from planning efforts consists of basgic rules
and principles which should be observed in attaining thesge objectives.
These operational policies and strategles serve ag guidelines and con-
straints for the decision-maker ms he specifies actions to achieve the
stated objectives. Further definlition of the planning outputs results
in specific programs, schedules and budgets which serve as a basls for
control.

Control, therefore, is introduced to assure that these programs,
echedules, and budgets are really being met, and to provide a continuous
means of highlighting any tendency to depart from the basic elements of
plans. Control must involve the process of recelving pertinent infor-
mation on the activities related to attaining the firm's objectives.
Hence, the control process requires monitoring key varlables and compar-
ing their values with the desired magnitudes of these variables which
relate to the firm's specified goals and objectives. To close the con-

trol loop, the decision-maker takes action based on a discrepancy between
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desired and actual variable magnitudes to resolve this discrepancy.

Of course the preceding description is a vast simplification of
the control procedures in an operating organization. One complication
results from the existence of multiple operating areas, each monitoring
different variables and affecting different outputs which contribute to
the firm's overall ohjectives. Different sub-organizational goais,
utilization of different information flows with varying amounts of error
and biag, and location within the organizational structure all contrlbute
to decisions and outputs which are contradictory rather than reinforecing.
Thus, the firm may be subjected to conflicting forces which produce
fluctuating behavior patterns and deter the achievement of etated objec-
tives. The purpose of this chapter is to describe two major components
of an alrline management system: the capacity control sector and the
financial control sector. Policles and objectives are examined; key
variables are described; and the performance patterns which result from
the joint functioning of these two components are presented. A schematic
representation of the two components and their interrelationship is pre-

sented in Figure 1.

The Capacity Control Sector

The need for control in an organization originates from menage-
ment's desire to meintain certain relationships within the firm and be-
tween the firm and its enviromment. A manufacturing firm's efforts to
equate production with seles over the long run is a common example of
this phencmenon. ©Similarly, the decislon-mekers in the operating seg-

ment of an airline strive to provide adequate capacity to service the
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demand for air transportation over their particular routes. As this
demand increases due to exogenous market factors and the firm's own
actions, additional capaclty must be acquired to maintain the desired
relaticnship between demand and capacity. Failure to take such an action
would eventually result in a capacity-limited operation in which con-
tinued growth is unlikely. Thie ocutcome is even more likely due to CAB
rolicies on route awards and the aggressiveness of competing airlines.

A key variable, the passenger load factor (PLF) which is the
ratio of revenue passenger miles to available seat miles, reflects the
realtionship between the CAB and an airline management system. An avail-
able seat mile (ASM) is generated by flying one seat one air mile regard-
less of vhether or not it is occupied. Thus, the available seat miles
produced by an alrline over some period of time is a direct measure of
capacity. A revenue passenger mile (RPM) is generated by transporting
a paying customer one air mile; therefore, RPM's measure the quantity
of goods sold,

Since the passenger load factor is a measure of the utilization
of capacity to generate revenue, airline management would like to see
the passenger load factor appreoach one, implying a one hundred percent
utilization of capacity, However, the CAB has historically maintained
that an airline consistently achieving a high load factor 1s not pro-
viding enough capacity to satisfy the industry's best customer, the
businessman, in periods of peak demand. In general, the CAB maintains
that a load factor exceeding sixty percent over an extended period of
time indicates inadequate capacity for the present route structure. In

addition, the passenger load factor for a particular airline may be
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considered in awarding new routes or in increasing the competition on
an airline's present routesSO. Thus airline management must strive for
an efficient and economical cperation while limiting the average utili-
zation of capacity to sixty percent.

In addition to the desired passenger load factor, capaclty acqui-
sition decisions require a forecast of future demand levels, Funda-
mentaliy, all forecasting starts with an evaluation of past performances
at the industry and company level, From this base an attempt 1s made
to establish trends and to preject these trends for prediction of
future occurrences. The airline industry is no different. Although
past demand patterns may be analyzed on an individual route or city-
pair basis and sophisticated statistical methods may be used, the
resulting forecasts of future demand represent an extrapolation of
past demand based on current information.

Traffic growth represents a major uncertainty in this process.
For instance, demand for air transportation is clearly sensitive to
general economic conditions. It 1s relatively certain that the tre-
mendous increases seen in the mid-1969's will not be repeated. These
were caused by several unigque events: the acceleration of the Republic
of Vietnam military effort, the proliferation of promotional discount
fares, and the concurrent upswing in economic activity. The equipment

purchases during this period were triggered by misreading these abnor-

mally high growth rates and anticipating their continuation.

3QAlthough the CAB's policies in these areas have never been clearly
defined and documented, the airlines' perception of these policies and
their implications greatly influence airline decisions. The above
interpretation is attributed to Mr. Robert Oppenlander, Senior Vice-
President of Finance, Delta Air Lines, Inc.
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Another complication associated with the capacity acquisition
decision arises from the delay between placing an order and adding the
new aircraft to the fleet. This delay may range from twelve months up
to thirty-six months depending upon the size of the order and the length
of time sinee the alreraft's introduction. BEven promised delivery dates
are subject to uncertainty due to labor strikes in the aircraft manu-
facturing industry and priority CGovermment orders.

To place forecasting activities and corporate operational objec-
tives in perspective, consider the operational segment of Figure 1 shown
in Figure 2. Demand increases due to exogenous market growth, new
route awards, and an improved market position create a neéd for addi-
tional capacity. This need may result from a desire to maintain the
traditional passenger load factor, the goal of establishing an aggres-
sive market position with regard to seat availability and technology,
or the desire to enhance future route awards by demonstrating a willing-
ness to provide extra capacity. Assumlng the availability of funds, this
need for sdditional capecity is converted to an order for additional air-
craft based upon forecasts of future demand and the desired passenger
load factor. TFollowing a delivery delay, the new alrcraft are added,
increasing the fleet capacity and technologlcal level. If other factors
including competition have remained constant, the new aircraft will
stimulate additional increases in demand and perpetuvate the loop's move-
ment in the same direction. Thus, a perfectly regulated operational
control loop of this nature would maintain capacity at a level which
satisfied the desired passenger load factor. In reality, deviations

from the ideal occur because:
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(a) The market does not grow at a éonstant rate which is per-
fectly predictable.

(b) Orders are placed in discrete lots and are éubject to un-
certain delivery times.

{c) Cdmpetitive‘act;ons triggered by the firm may alter the
market share from. the expected level.

Certain operational characteristics of the capacity control
sector should be noted. As discussed earlier, an increase in demand
and capacity will set forces in motion which perpetuate additional
increases if other factors remein constant. Conversely, a decrease or
smaller increase in demand creates a desire to reduce capacity. MHow-
ever, alrcraft on order continue to arrive creating excess capacity.
Since the sale of alrcraft by airlines is costly and infrequent, the
firm must operate with excess capacity until demand increases to a suit-
able level. However, fallure to add cepacity when appropriate éuppresses
future increases in demand to a level consistent with the capacity cur-

- rently available. Thus, the control loop provides for a long term
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relationship between demand and capacity. Management's goal consists
of ensuring that this relationship will also permit a reasonable growth
pattern and a profitable performance over time. The growth rate and
resulting profit performance greatly depend upon the firm's obJectives

and aggressiveness as translated into capacity acquisition decisions.

The Financial Control Sector

Just as the operations manager seeks to balance capacity with
demand, the financisl decision-maker strives to maintain certain relation-
ships between his firm and sources of external capital. In addition,
he is concerned with allocating the firm's monetary resources to acti-
vities which will contribute to future profits. Financigl information
may serve more than one purpose in an organization. First, it measures
the firm's past success in a summarized report of performance. Such
financial indilcators as profit, return on investment and profit on
sales yileld valuable information on the quality of past decisions. In
industries requiring large capital investments of a recurring basis,
financial variables are also used for control purposes. Such is the
case in the airline industry.

In the capacity control sector previocusly discussed, managerial
decisions result in new alrcraft orders which augment the airline's
current capacity. Total capacity, measured in available seat miles,
produces a flow of funds in the form of operating revenmue, primsrily
passenger revenue. 0Offsetting this revenue 1s a concurrent outflow
of cash resulting from operating expenses. The status of the fim's

internal funds or working capital is primarily the net result of these
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two cash flows. Internal funds available must be considered in pro-
gramming capacity acquisitions, for these funds, compered with the cost
of new capacity, dictate the amount of external capital required.

This external capital in the form of lohg-term debt or additional
equity alters the firm's capital structure and ability to attract addi-
tional external funds in the future. Financial managers monitor these
flows of funds and the relationship between internal and extermal funds
to maintain a desirable position with respect to external supplier of
capital. Again referring to Figure 1, the operational control sector
and financial control sector are coupled via the avallability of funds
to acquire additional capacity. Although traffic forecasts may indicate
a need to order additional aircraft, the funds required and the impact
of additional external funding on the capital structure may preclude
placement of the order.

Conversely, a successful performance over an extended period of
time generates additional funds which enhance the airline's financial
status and provide for future capacity purchases. Inherent in the
problem of matching increased revenues with increases in costs is the
delay associated with the production of additional revemies from new
capaclty. Since approximately ninety percent of the expenses associated
with operating an aircraft are fixed, costs increase immediately when
capacity is increased. Although the addition of new, advanced aircraft
to the fleet will stimilate increases in demand, a significant delay
occurs prior to the realization of forecasted traffic growth. Conse-
guently, capacity acquisitions generally result in a period of excess

capacity with increased costs prior to producing a long-term increase
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in demand and revenue. If losses are incurred during this period,
internal funds are depleted further.

This impact on internal funds and the magnitude of capacity
acquisition programs reguire a substantial use of external capital.
Common sources of outside funds in order of preference are: (1) long-
term debt in the form of bonds and notes, (2) convertible debentures
and {3) common and preferred stock issues. Equity financing becomes
increasingly difficult as profits and earnings per share decline. This
factor in conjunction with the potential dilution represented by past
convertible issues make airline stocks or additional senior debt un-
attractive from a potential investor's point of view.

Although a majJor capacity acquisition program may be initiated
during a period of high earnings and rapid growth, the financial impact
is severe. ILarge amounts of debt are added to the capltal structure,
costs increase rapidly and profits decline. Although the situation will
be resolved when sufficient demand increases are realized, various cir-
cumstances may delay the occurrence of this event.

(1) The orders may have resulted from overly optimistic fore-
casts of future demand. The large deliveries of extended-fuselage Jets
in 1968 and 1969 reflected the industry's anticipation of a continued
growth rate comparable to the mid-1960's and extensive route awards in
the Pacific and Caribbean areas.

(2) The purchases may be reactions to technological advances in
the aircraft manufacturing industry. This factor prompted excessive
capacity acquisitions and subsequent financial problems in the early

1960's when the Jet was introduced and appears to be amplifying current
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purchases of the wide-body Jet.

{(3) Capacity acquisition may be a reaction to the introduction
of new aircraft by the competition. Capacity purchases resulting from
such circumstances and not from an underlying growth in demand produce
a more severe financial crisis since corresponding revenue increases
are delayed even longer.

Airline management is thus faced with maintaining relationships
with three components of their enviromment. They must meintain a
relationship between capacity and demand as measured by the passenger
load factor. This relationship directly affects company earnings and
supposedly alters the company's status as perceived by the CAB. Secondly,
the company must provide adequate capacity to satisfy market demand.
Failure to do so results in a loss in market share resulting from
customer reactions and/or CAB actions to increase competition. Thirdly,
airline management must maintain an acceptable financial status to
acquire future financing for capacity acquisitions.

Capacity purchases which appear necessary to achieve operating
goals may directly conflict with the fim's financial obJectives.
Variocus financial indicators are used to measure a firm's financial
performance and status over time. A key variable used by airline
management as well ag potential investors is the debt-equity ratioc.
This ratio simply measures the proportion of assets financed by long-
term debt as opposed to equity capital.

Industry debt-equity ratios have varied considerably, with the

highest ratios occurring during pericds of majJor re-equipment, From
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the early 1960's through 1966 airlines were able to rely largely on
internal sources of funds including retained earnings and depreciation.
Profitable operations during the first half of the decade allowed them
to reduce debt-equity ratios from a peak of two-to-one in 1961 to
about 1.2 to one in 1966. With the major equipment purchases in 1968
and 1969, the industry's debt load has increased rapidly to its current
level of approximately 1.83L,

The highly levered capital structures combined with depressed
economic conditions in the early 1970's have resulted in a poor fin-
ancial performance by the industry. In addition capital financing for
the generation of wide-bodies aircraft is in progress. The initial
absence of a competitor for the B-T47 and the current condition of the
aircraft manufacturing industry has resulted in demands for greater
deposits by the airlines in financing these aircraft. For example,
fifty percent must be pald six months before delivery; whereas, only
thirty percent up to delivery time has been more conventional terms for
aircraft. One result has been a postponement of orders by the airlines
resulting in lower wide-body Jet production than originally anticipated.
However the increased cash requirements for financing the Jumbo Jet
acquisition programs conflict with the drain of internal funds by
operating losses. Consequently external sources of funds must be used
at a time when the debt load is already great and earmings have been

poor.

31Air Carrier Financial Statistics, Civil Aeronautics Board, Washington,
D. C.
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This situation is symptomatic of the recurring conflict between
cperational and financial cbJectives in the airline industry. Decision-
makers in both segments of the orgenization must be concerned with the
capacity level which produces the most desirable financial performance
over an extended period of time. Three system parameters which directly
affect this performance are:

(1) the capital cost associated with acquiring an additional
unit of capacity (aveilable seat mile),

(2) the yield associated with each unit of sales (revenue passen-
ger mile), and

(3) the cost of operating an additional unit of capacity.

Whereas there have been huge rises in the capital investment per
employee, the capital cost per available seat mile has been almost
constant for fifteen years, and promises to remain so. Although the
cost per aircraft has soared, the larger, faster Jets produce praopor-
tionately more seat miles in operatlon. In fact the stretched versions
of the DC-8 and Boeing 727 have slightly lower capital-to-output
ratios32; whereas, the Boeing 747 jJet may have a slightly higher ratio
than existing Jets in spite of its size, because of the high unit cost
and low density seating arrangements.

Based on the increaged seat-mile production of today's advanced
aircraft, one would expect concomitant increases in the passenger-mile

yield. However, fare increases have not kept pace with inflation's

32Aircraft Operating Cost and Performance Report, Civil Aercnautics

Board, Washington, D. C.
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impact on the dollar. While the Consumer Price Index increased eighty-
eight percent between 1946 and 1969, over-all airline fares rose only

33

twenty-seven percent Therefore, the two effects have offset each

other in the past producing a relatively constant passenger-mile yield3h.
The third parameter to be considered is the direct operating cost
associated with producing an available seat-mile. Unit operating costs
will be related to capacity (ASM) as opposed to sales (RPM) since most
(approximately ninety percent) of the operating costs are incurred

35

whether a passenger occupies the seat or not Direct operating costs
include direct flying expenses, such as flight crew salaries and related
expenses, fuel and oil, insurance, rental of flight equipment, main-
tenance and overhead, and depreciation. Such costs are also dependent
upon the efficiency of scheduling; that is, utilization, and the nature
of the route system. Over the last two decades, seat-mile ccsts have
steadily declined as plane size and speed have increased. The bigger,
faster planes have lower operating costs per passenger, and the ratio

of pay load to aircraft weight has increased as plane size has

increased36.

Jet technology, largely because of the turbine engine, has

33"Stormy Weather for CAB's Secor Browne", Nation's Business, March
1971, p- T+

3hMajor U. S. Airlines: TFinancial Requirements and Projections 1968-
1971, op. cit.

35Sample data which support this statement are presented for each domestic
trunkline in both Moody's Transportation Mamual, Moody's Investors
Service, Inc. New York, New York, and Air Carrier Financial Statistics,
Civil Aercnautics Board, Washington, D. C.

36Aircraft Operating Cost and Performance Report, op. cit.
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produced a sharp discontinuity in the gradual reduction of aircraft
operating costs. The turbine engine produces greater thrust, greater
speed, and hence mach lower cost for fuel and maintenance per ton-mile
of pay load. Fewer overhauls and higher daily utilization rates have
also resulted from the introduction of this engihe37. As & result, Jets
can achleve utilization rates on the order of ten hours & day as con-
trasted with a figure of about seven hours per day for piston aircraft38.
Similarly, crew costs have been sharply reduced because the bigger,
faster planes use crews of the same size.

Again these economies have been offset by increases in operating
costs not directly associated with the aircraft. The primary socurce of
these increases is labor. The airline industry is labor intensive and
characterized by strong, active unions. These factors combined with
the financial impact of strikes have provided for wage increases which
offset the operational economies of the adwvanced aircraft39.

In subsequent chapters the relationships involving these para-
meters is discussed. Hypothesized system behavior for an individual
airline based upon these relationships is presented, and a realization

of these behavior patierns produced by a majJor domestic trunk line is

offered.

3T rpiq.

38Air Carrier Analytical Charts and Supplemental Carrier Statistics,
Civil Aeronautics Board, Washington, D. C.

39Ma,,f]0x' U. S. Airlines: Financial Requirements and ProJections 1968-
1971, op. cit.
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CHAPTER V

RESEARCH HYPOTHESIS AND MODEL CONSTRUCTION

A qualitetive description of an airline management system and
its enviromment has been presented in previous chapters. Components of
this system have been examined and potential results of their gosl-
seeking activities have been suggested. The purpose of this chapter
is to incorporate these objectives and the component interrelationships
into a system model of feedback relationships. The fundsmental hypo-
thesis of this study is that this system of feedback relationships

underlies the dynamic behavior of members of the airline industry.

Observed Behavior Patterns

The following presents a graphical representation of general
behavior patterns associated with a member of the airline industry.
The first set of curves deplets the hypothesized relationship between
an airline's actual demend measured in revenue passenger miles and the
average demand it would realize by malntaining a constant market share.
All effects of seasonality have been removed since capacity acquisition
decisions are based on underlying trends, and seasonality 1s offset by
rescheduling aircraft. For an airline with a fixed route structure
shared by at least cne competing airline, the average market potential
would increase over time due to the exogenous growth factors discussed
earlier. This growth is depicted as a straight line discounting the

impact of economic conditions which are not subject to managerial
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contrel. Ideally the airline would add sufficient capacity to
accommodate this market growth thereby maintaining their market share
and avoiding excess capacity. A discrepency between thils average
market potential and the airline's actual sales may be crezted by
several factors: a competitor's actions, a delay in receiving new
gircraft, inadequaste aircraft purchases due to financial constraints
and others.

When the effects of such factors have been reduced or removed,
demand increases rapidly. Since these increases include the under-
lying market growth as well as market share recoveries, the perceived
growth in demand exceeds the true increase in everage market potential.
Demand forecasts based upon perceived traffic growth result in new
cepacity orders because:

{1) the demand for air transportation appears to be increasing
more rapidly than in previcus periods.

(2) few aircraft were purchased during the previous periods
when the airline was operating below the average market potential, and

{3) the recent increases in demand have provided for a more
profitable operation and more Tunds for capacity acquisitions.

Since the addition of new aircraft may assist in regaining a
previous market position, demand increases may be temporarily reinforced
by capacity acquisitions. In fact the airline may even succeed in cap-
turing a portion of the competitor's market. Thus the forecasts are
self-fulfilling over a short period of time.

However, the rapid growth in demand is ultimately limited when

the airline reaches or exceeds the market share equilibrium point.
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Competitive reactions to regain lost markets and CAB awards to increase
competlition suppress further galns at the expense of competing sirlines.
Ideally, the airlines would then continue operations at the equilibrium
polnt with appropriate capsclty levels.

Unfortunately, orders for additional aircraft have already been
placed on the basis of earlier demand projections. Because of the
long delays (one to three years) between ordering and receiving new
alrcraft, substantial lncreases in capacity occur after the market
equillbrium point has been reached. Since additional market share
gains have been suppressed, excess capacity occurs. The new capacity
order rate and subsequent delayed recelpt of new aircraft is reflected
in the second set of curves in Figure 3.

During the market share recovery phase, demand increases exceed
capaclty additlions due to the inherent delay in ordering and receiving
additional capacity. Ae a result the pessenger load factor increases
and operetione are more profitable. After demand growth is slowed by
the market and competition, subsequent capecity arrivals reduce the
passenger ioad factor. The resulting excess capacity lncreases costs,
and profits decline. Internal funds which were augmented during pro-
fitable cperations are now depleted by capltal expenditures and oper-
ating losses.

After internal funds are exhasuated, subsequent capacity additions
must be funded by long-term debt. Since demand and profits are not
increasing at the projected rate, the reguired debt generally exceeds
anticipated levels. Hence, debt control pollcies are violated and

the capital structure is weakened. Hlgh debt-equity ratios and low



Average
Market
Potential

Actual Demand

New Capacity

«**®*s Arrival Rate
. (Y

New Capacity
Order Rate

[
[ ]
]
]
®
L ]
L
*
*
]

Passenger
Load Factor

Financial
Performance

Figure 3. General Behavior Patterns

b7




returns on debt capital characterize an airline approaching the end
of a capacity acquisition program. Decreasing profits and a highly
levered capital structure reduce the airline's attractiveness fraom a
potential investor's point of view. Declining stock prices and poten-
tial dilution of per-share earnings make additional equity capital
undesirable. Therefore, the airline must acquire additional debt
under unfavorable circumstances.

Large quantities of debt, the resulting costs of servicing
the debt, and the increases in fixed costs assoclated with the pur-
chase of new, more expensive aircraft amplify the alrline's poor finan-
clal performance. This situmtion continues until exogencus growth in
the airline's market corrects the imbalance between capacity and
demand .

At thls point the airline should begin to edd capacity again
at a slower rate to match the market's inherent growth. However, fin-
ancial conditions may not permit capitel expenditures at this polnt.
The debt-equity ratio has increased rapidly due to the addltion of
long-term debt and depletion of working capital by operating losses.
Thus, the airline must achieve a period of profitable operation prior
to negotiating for additional external capltal. During this period
demaend mey be limited by capacity as opposed to the merket limit-
ations experienced earlier. By the time a suitable credit agreement
is established, the order is placed, and the initial sircraft are
received, the airline may be once again opereting well below the
average market potential.

Thus, the cyclic pattern of the passenger load factor and
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profits begins again with two important exceptions. First, the market
for air transportation has continued to increase at a compounded annual
rate of approximately fifteen percent per year. Therefore, future
capacity acquisition programs will involve more seat-mlles, more
expensive aircraft, and consequently, greater cépital expenditures.
Secondly, the airline's present debt ie at a higher level than at

the beginning of the previous cycle and will have to be renegotiated
in subsequent credit agreements. As a result, excess capacity will
heve an even greater impact on the firm's financial performance during
subseguent capacity acquisition programs.

As an example of these general behavior pastterns consider the
observed performance of Delta Air Lines, Inc. displayed in Figure L.
The initial graph depicts average monthly demand measured in revenue
passenger miles. The annusl demand was divided by twelve to remove
seasonality variations. The second set of curves represents the dollar
value of capacity orders and receipts on an annual basis. Annual
values end smoothed values of the passenger load factor are presented
in the third graph. The fourth curve represents monthly values of
net profits from passenger revenue before taxes. Supporting deta are
shown in Tables 10 and 11 in the Appendices.

These relationships reflect the impact of two major cepacity
ecquisition programs; one beginning in the late 1850's and one begin-
ning in the late 1960's. In both cases the pessenger load factor and
profite are depressed even though demand continues to increase. DBased

upon this observed realization of the hypothesized behavior patterns,
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the apparent pericd of finencial variations associated with a capacity

acquisition program 1s approximately six years.

Model Develomment

The model developed as & part of this research effort conslsts
of a network of interacting feedback control structures containing
alternating accumuletions and activities. Typlcal financial accum-
wlations, or states, of an organization include cash or liquid assets,
long-term debt, capital equipment, working capital and stockholders!
equity. Over time these sccumulations display variations which affect
the firm's finencial status and operational growth. The magnitude and
timing of these variations result from the firm's activities, or flows
into and out of the accumulations. Examples of flows influencing the
levels of the acceunulatione are revenue generated by the firm, expendi-
tures assoclated with this revenue, expenditures for capital equipment,
and funds generated by the issuance of stock or assumption of debt.
These flows are in turn controlled by the policies of the firm and
managerial decisions based upon these policies. The feedback model
which has been described qualitatively was transformed into a system
of firet-order difference equations for the purpose of testing the
research hypotheses. The existence of nonlinear relationships between
declision inputs and resulting remedial actions, the number of variables,
and the system®’s dynamic neture necessitated the use of digital computer
simulation for model synthesis and experimentation.

Although the underlying system of feedback realtionships arises

from the research hypothesis, model experimentation and synthesis was
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necessary to estimate the impact of wvarious system components and para-
meters. The level of aggregation incorporated into the final model
also resulted from evaluating various configurations and their ability
to produce behavior representative of the real world system. The
primary relationships and key parameters for the financial sector and
capacity acquisition sector of the firm are discussed below.

Financial Sector

The representation of a corporation's financial operations as a
network cf accumulations and their assoclated flows corresponds cleosely
with management's present concept of these operations. For instance,
the balance sheet provides information on the financial state or
accunulations of the firm at the end of an accounting period, and the
earnings statement sumarizes some of the flows for the same period.

In addition, the flow of funds is summarized in the sources and uses
of funds statements included in annual reports.

The financlal sector of the model contains varlables representing
cash flows into the firm in the form of operating revenues (OFREV) and
new debt (DAR). The resulting accumulations are internal funds (IF)
representing working capital and long-term debt (DEBT). Reductions of
funds result from operating expenses (OPEXP), internal funds used for
capital expenditures (IFCX) and interest expense (INTXP). Operating
revenues result from the product of each month's actual demand (AD)
and the passenger mile yield (PMYID), and operating expenses are com-
puted as the product of total capacity (TCAP) and the unit operating
cost (UOPC).

Debt control policies are implemented via the desired debt-equity
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ratio (DDER) and equity (EQITY) which is comprised of internal funds
plus the book value of capacity (NVCAP) less debt. The net profit
before taxes realized by the firm consists of operating revenues less
operating expenses, depreciation (DEPRT), and interest expenses. The
financial sector is coupled with the operational sector via internal
funds available for capacity expenditures (IFCXA) and efforts to con-
trol the amount of debt acquired by the organization.

Capacity Acquisition Sector

This portion of the model relates to the decision processes con-
cerned with forecasting future demand and ordering sufficient capacity
to accommodate anticipated growth. Demand forecasts are based upon an
exponentially smoothed average of past demand (AVGDM). This average in
conjunction with the desired passenger load factor (DPLF) indicates the
desired future capacity. The quantity less current capacity and capacity
on order yields the desired capacity expansion (DEXPN) without regard
for financial constraints. The order is converted to a capital expendi-
ture using the unit cost of capacity (UCC) and compared with available
funds. Funds currently available for capacity acquisition (FCACA) con-
sist of internal funds available (IFA) plus the difference between the
debt limit {DTLIM) and current debt (DEBT). The capaéity order rate
(CAPOR) is equated to the minimum of the desired capital expenditure
and funds available for capital expenditures. The capacity arrival
rate (CAPAR) is a third order delay of the capacity order rate with an
average delivery delay (CDD) of twenty months.

Demand Sector

The performance dynamics characterizing members of the airline
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industry are created by managerial reactions to market growth. Efforts

to match capacity acquisitions with increases in demand result in alter-
nating periocds of inadequate capacity, during which demand is limited

by the availability of seats, and periods of excess capacity when short-
term market gains are limited by competitive reactions or market potential.

An airline's average market for air transportation is represented
in the model as potential demand (PD). This demand increases from
exogenous inputs (representing historical growth experienced by the
industry) and market shifts created by managerial actions (PDINC).
Increases in an airline's market share are related to the average new
capacity arrival rate (ACPAR) via the consumer recognition delay (CRD).
Competitive reactions which result in a market share decrease are
delayed by the competition reaction time (CRT).

The availability of seats serves as an ultimate limit on the
actual demand realized from the market. As the airline's potential
market, measured in revenue passenger miles per month, approaches
thelr capacity, all of the potential demand cannot be satisifed due
to physical limitations. The portion of potential demand satisifed
(AVATL) decreases as the potential demand-total capacity ratio (PDTCR)
inereases. The airline's actual demand (AD) is determined from the
product of their potential demand (FD) and availability (AVAIL). The
model flow diagram of Figure 5 displays the system structure in terms
of conventional industrial dynamics flow symbols.

System Parameter Values

Having constructed the logical relationships of the model based

upon the research hypothesis and interactions with members of airline



—_—— . e ——_———————— T —

. Figure 5. Model Flow Diagram

g4



56

management, system parameters were estimated from operating and fin-
ancial data obtained from the sources listed belowho. Financial and
operational obJectives incorporated into the model correspond with
stated company policies and goals. In particular, the impact of seat
avallability on demand is based on Delta's operating experience during
July and August of 1966 when their competitors had ceased operations
because of labor strikeshl

To demonstrate the model's behavioral validity, the historical

berformance of Delte Air ILines, Inc. was reproduced using the parameter

LFO.Air-Ca.rrier Analytical Charts and Supplemental Carrier Statistics,

op. Cl%.

Air Carrier Financial Statistics, op, cit.

Air Carrier Traffic Statistics, Civil Aercnautics Board, Washington,
D. C.

Air Transport Facts and Figures, Alr Transport Asscciation of America,
Washington, D. C.

Aircraft Operating Cost and Performance Report, op. cit.

Delta Air Lines, Inc. Annual Report, Delta Air Lines, Inc., Atlanta,
Georgia.

Handbook of Airline Statistics, Civil Aercnautics Board, Washington,
D. C.

Major U. S. Airlines: Financial Requirements and Projections 1968-
1971, op. cit.

Moody's Transportation Manual, op. cit.

hlEstimates for intangible parameters representing delays in decision-
making and implementation of resulting actions were established as a
result of interviews with key operating and financial personnel of
Delta Alr Iines, Inc. The fact that Delta is characterized as one of
the more conservative airlines in the industry provided a frame of
reference for these estimates. Formal studies to obtain precise esti-
mates of all behavioral parameters exceeds the scope of this research;
however, conclusions are offered regarding the sensitivity of system
performance to such parameters. Recommendations are made regarding
additlional data collection programs to obtain improved estimates of
paraneters Judged to be critical.
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estimates and model structure developed. This approach to model design
and parameter estimation reflects certain attributes of the system
being modeled and the anticipated use of the research results.

1. The basic performance patterns generated by control systems
are relatively insensitive to mest system parameters. Due to the
inherent feedback and self-corrective attributes characterizing control
systems, their performance tends to be more sensitive to changes in
system structure than changes in individual parameters. Hence, the
approach to parameter estimation adopted for this study is to obtain
a "reascnable" estimate for the many parameters included and to rely
upon the results of sensitivity analysis to identify those few para-
meters for which additional data collection and more accurate estimates
might be Justified. These parameters are identified in the conclusions
of this study.

2. This approach and the resulting identification of parametric
changes which produce different system behavior is consistent with the
antlcipated use of the research results. Examination of alternative
policies and the analysis of decisions using simulated system behavior
provides management with the opportunity to locate the leverage points
in the system. That is, simulation experiments enable the manager to
determine which parametric and structural changes will substantially
alter system behavior. Therefore, this study includes develcopment of
parameter estimates sufficient to validate the model and focuses on
identifying those areas subJect to managerial control in which changes
produce an improvement in system behavior.

The examination and interpretation of model behavior and
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experimental results are presented in the following chapters. Complete
listings of the model’'s equations, parameter values and variable identi-

fications are provided in the Appendices.
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CHAPTER VI

MODEL BFHAVIOR AND VALTDATTON

The purpose of this chapter consists of demonstrating that the
model presented provides for achieving the obJectives of this research.
These obJectives, as stated previously, are:

(a) To determine the internal variables and structural relation-
ships accounting for the financial performance of a major domestic air-
line.

(b) To demonstrate that the characteristic behavior of & systems
problen existing in many airlines arises from, and is perpetuated by,
the feedback control structure.

(¢) To examine the impact of managerial attitudes, Judgment and
decisions on the system's behavior over time.

(d) To interpret these results and their implications for
designing alternative control policies to improve system behavior.

Achievement of the first objective is substantiated by examining
the model's behavior relative to observed real world system performance.
Comparison of dynamic behavior characteristics (phasing, amplitudes and
periods) and variable growth rates demonstrate the model's behavioral
validity. FExamination of the forces creating the model's behavior
during sequential time periods and comparison with real world actions
and resulting performance impacts establish the model's behaviorial

validity. Examination of the forces creating the model's behavior
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during sequential time periocds and comparison with real world actlons
and resulting performance impacts establish the model's construct
validity. Exogenous inputs were subjJected to uncertainty to demon-
strate that model cutputs still possess the dynamic characteristics
of the real world system. Having established the basic model's wvalid-

ity, the remaining obJectives are pursued in the next chapter.

Basic Model Behavior

The managerial control model which has been described was trans-
formed into a system of first order difference equations. Inherent
time delays and nonlinear relstionships prevent a closed form solution:
therefore, similation of the system's behavior over time was used to
achieve the research objJectives.

The model is initiated with conditions corresponding to the
status of Delte Air Lines, Inc. in July 1954, the beginning of a new
fiscal year. An average demand growth rate equivalent to the compounded
rate experienced by this airline during the past sixteen years provides
the external force to which alrline management rust react. Model
variables are sequentially calculated every one-fourth month and plotted
as a function of monthly elapsed time from the initial model conditions.
Table 1 shows the symbolic representation of the model variables which
are plotted for illustrative purposes. These variables are also identi-
fied on each plot of system performance.

In the mid-1950's Delta's management made the decision to not
purchase turbo-prop aircraft, which were transitional, and to wait for

the first generation of Jets. Although the load factor and profits
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Table 1. Model Variable Identification for Simmlation Flots

Model Variable Variable Name Symbol
Value of Capacity Order Rate VCOR v
Value of Capacity Arrival Rate VCAR Q
Capacity Order Limit One Value CPOL1V S
Potential Demand PD P
Actual Demand AD D
Average Passenger Load Factor APLEF L
Debt DEBT T
Stockholders' Eguity EQITY E
Average Debt-Equity Ratio ADER A
Operating Revenue OPREV R
Operating Expense OPEXP X
Average Net Profit ANFROF N
Average Return On Equity AROE E
Average Return On Investment AROT T
Average Investment Turnover ATNOVR 0
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were low in the early part of the decade due to the competition’s
offering of more advanced aircraft, orders and the subsequent receipt
of Jet aircraft allowed the company to recapture thelr market by the
beginning of the 1960°'s.

However, continued conversion of the fleet from propellar air-
craft to Jet aircraft eventually resulted in capacity increases which
exceeded demand growth during 1958 through 1961 even though practically
no orders were placed after 1956. The passenger load factor fell below
fifty-seven percent during this periocd, and almost fifty million dollars
of debt had to be used for financing the last portion of the capacity
acquisition program.

When demand caught up with capacity in the early 1960's, the load
factor started to increase and additional orders for new alrcraft were
placed. During this program, however, capacity acquisitions were
tempered by financial congiderations due to recent operating losses
and the extra debt added during the previous program. These orders
slowed by the middle of the decade; however, extra capacity still
resulted in a reduced load factor and & leveling of profit growth
during 1964 and 1965. The impact was not as great due to financial
limits imposed on capacity acquisitions, but another thirty-five
million dollars in debt was added in 1966 to finance the last units
of this program.

Because of the previous program's reduced purchases relative to
perceived operating needs, the next capacity acquisition program was
initiated after a shorter time interval. The greater needs, coupled

wlth positive ecconomic conditions and the introduction of a new
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generation of Jets, resulted in the largest capacity acquisition pro-
gram of the airline's history. Orders of approximately 450 million
dollars were placed in the late 1960's. Again the predictable impact
has occurred. Debt increased by 140 million dollars (250 percent)
and the load factor has dropped to nearly fifty percent.

Figures 6, 7 and 8 portray the model's behavior for this same
intervel of time. Time 10 corresponds to July 1954 and the time units
are months.

Time 10 to Time 34

Figure 6 indicates capacity orders (V) are being placed in res-
ponse to the high passenger load factor (I.) and resulting operating
profits (N) are displayed in Figure 7. The indicated capacity pur-
chases of 107 million dollars compares to an actual purchase of 100
miltion dollars.

Time 3% to Time 76

As the new aircraft are added to the fleet (Q, Figure 6), the
load factor drops to 56.5 percent during the interval (compared with
56.8 percent in the observed data) since capacity increases exceed
demand temporarily. PFigure 7 illustrates that operating expenses (X)
increase more rapidly than passenger revenues (R); therefore, operating
profits (N) are reduced. Cash flow problems arise and the remaining
new capacity arrivals must be financed with debt capital. Figure 8
indicates the addition of thirty-six million dollars in debt (T) rais-
ing the average debt-equity ratio (A) to approximately 0.75.

Time 76 to Time 118

Model output for this interval indicates desired orders (S,
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Figure 6) of 315 million dollars and actual orders (V), reduced by
financial constraints, of 203 million dollars compared with observed
orders of 166 million dollars during the first half of the 1960's. The
financial constraint on capacity orders results from efforts to main-
tain a debt-equity ratio between one-half and one. Efforts to correct
the actual ratio's deviation from the lower limit are successful until
the firm's internal funds are exhausted by the current capacity pur-
chases, and new debt must be added to finance the purchase of remaining
aircraft for which orders have been placed.

Time 118 to Time 154

As before, the arrival rate of new capacity exceeds the growth
in demand resulting from market share increases and exogenous factors.
Demand is limited by market potential, costs increase faster than
revenues, internal reserves are inadequate to fund the new capacity
and additional debt is acquired. The passenger load factor drops to
57.4% percent (compared to 56.7 percent in the actual system), and debt
levels off at slightly over one hundred million doliars (compared to
an obgerved value of ninety million dollars). The resulting capital
structure has a debt-equlity ratio very near the absolute maximum of
one, at a time when the firm's earnings are at the low point of their
cycle. As a result even greater financial constraints are placed on
future capacity acquisitiens.

Time 154 to Time 190

While more restrictive financial constraints are imposed on
capacity acquisitions due to the weakened capital structure, and

increasing need for additional capacity develops because:
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(a) the previous acquisition was less than desired due to
financial limitations and

(b} the previous acquisition has increased the market share and
stimulated demand.

The result is a desire o place an even greater order for addi-
tional aircraft subJect tc a more severe financial constraint. The
load factor increases to 62.9 percent (compared with an actual value
of 66.2 percenth2). The model indicates a desired capacity order of
442 million dollars compared with an observed order of 435 million
dollars during 1966 through 1968. The resulting impact of these orders
is displayed by the model after time 190, This impact coﬁpled with an
econcmic recession characterizes the financial state of the industry's
members in the early 1970's.

Thus, the model generates representative variable performance
from logical decision-making processes within an information feedback
network. These processes utilize the same information flows as in the
actual system as a basis for contrel actions. The purpose of these
actions consists of controlling internal system states and maintaining
desired relationships between the firm and its enviromment. Both
system and model decision outputs produce the same impacts on long-
term performance. Amplitudes, phasing and frequencies are essentially
the same for the actual and model performance patterns.

At the end of the time period for which data were collected

(July 1970), actual demand was 780 million RPM's per month and model

uEThis value is inflated due to labor stoppages affecting Delta's major
competitors during fiscal year 1967.
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demand is 730 million. Debt was 230 million dollars compared with model
output of 238 million. Total capacity orders equaled 706 million dollars
for the real world system and 762 million for the model. The interim
behavior of these wvariables and their interrelationships have been
examined in detail in the preceding discussion and are summarized in

Table 2.

Basic Model Behavior With Random Error

The model outputs described above were generated in the absence
of random influences. In reality, uncertainty is introduced both as a
component of exogencus inputs and in conjJunction with the effects of
remedial actions taken by decision-makers. The impact of altering the
decision-making processes will be examined in the next chapter; however,
the following experimental results illustrate the effect of adding a
random componenf to demand inputs.

In the basic model the potential market is computed from a deter-
ministic growth rate which provides for an average monthly growth of
approximately four million revenue passenger miles. The first experi-
ment consisted of altering this potentisl market after it is computed
from the deterministic growth rate by adding & random element uniformly
distributed between - 4,000,000 and + 4,000,000 revenue passenger miles.
Thus, the average growth is maintained; however, the growth occurring
in any single periocd may range from zero to an amount eqgual to twice
the normal growth. Use of the uniform distribution represents the
condition in which any monthly growth in this range is equally likely;
therefore, forecasts are still made on the basis of average behavior

a8 in the basic model.



Table 2.

Representative Variable Values {Model and Actual)

at the End of Indicated Time Intervals

Time Tmterval Demand Passenger Orders Debt

(mill. RPM) Load Factor (mill. $) (mill., $)

Model Actual Model Actual | Model Actual [ Model Actual | Model Actual
10-34  7/54-7/56 | 97 90 616 .626 107 100 1h 1
3h-76 7/56-1/60 | 171 1ko .58 .58 107 107 L6 45
76-118 1/60-7/63 | 27k 250 587 .606 310 225 80 60
118-154  7/63-7/66 | 395 L2o 613 .610 Lol L33 112 90
154-190  7/66-7/69 | 730 780 584,559 762 706 238 230

0L
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The resulting pattern of capacity acquisitions illustrated in
Figure 9 indicates the system tends to react scooner in purchasing new
capacity to meet demands which are higher than anticipated. Once the
order has been placed and received, the resulting dynamics are the
same a5 those produced by the basic model portrayed in Figure 6. Because
of the earlier reaction to increases in demand, the resulting orders
tend to be smaller since the perceived discrepancy between forecasted
demand and current capacity are not as great. In sumary, output
amplitudes and freguencies are the same for the basic deterministic
model and the basic model with a random demsnd input. A positive
phase shift of five months constitutes the primary difference in
behavior.

In the second experiment, the underlying growth rate was sub-
Jected to a random influence. Uniformly distributed random variables
were used in two experiments: one with s range equel to twice the
average growth rate which does not provide for a decrease in market
potential (the lower limit of the growth in any single period is zero)
and one with a range equal to four times the mean which does provide
for a possible decrease in the market from one period to the next.
The wniform distribution from which monthly growth rates were randomly
chosen results in a set of equally likely market changes with no under-
lying causal mechanisme. Since these changes cannot be predicted, the
forecasting structure used in the basic model is still Justified.
Although the similated demand in both experiments is slightly more
erratic, the system performance patterns display the same average

behavior and dynamics as the basic model.
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Figure 9. Demand/Capacity Behavior - Random Demand

V=Cap. Orders($); Q=Cap. Arrivals($), S=Desired Cap. Orders($), P=Potential Dem.(RPM), D=Actual Dem.(RPM), L~Avg. PLF
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Random noise disturbances such as the ones used in these experi-
ments contain a broad range of component frequencies. When a system
amplifies certain frequencies in this range, the system behavior is
described as having a natural period. Since the same cyclic behavior
patterns are displayed by the model with or without random inputs,
consider the deterministic model's average passenger load factor (L)
plotted in Figure 6 as a basis for further analysis. The following
table gives the sequential high and low values for thils variable and
the times at which they occur. Also provided are the average values

of each pair of successive extreme values and the indicated cycle period.

Table 3. Average Passenger Load Factor Amplitudes and Periods

Time Variable Average of Last Indicated Cycle '

Value (%) Two Values (%) Period (Months) '
oL 63.09 ——- -
61 56.50 59.80 Th
98 62.72 59.61 7h
130 57.42 60.07 6k
166 62.92 60.17 72
197 57.90 6o.k1 62
231 62,85 60.38 68
Average Value 60.07 69

Thus, efforts to maintain an average passenger load factor of fifty-

nine percent result in an oscillatory load factor with an average value



of sixty percent, an average amplitude of 2.8 percent and an average
period of sixty-nine months. The system does display & tendency to
move toward the desired value as indicated by the extreme values in
Table 3. With one exception (Time 98), each extreme value is closer

to the desired value than its preceding counterpart. However, this
tendency ié slight and may be offset in the real world by the impact of

technological advances and changes in economic conditions.

summary of Basic Model Behavior

The variables and feedback control relationships incorporated
into the basic model create model performance displaying the same
dynamic characteristics as those observed in the real world. Similated
imbalances between exogenocus demand and system capacity perpetuated
model reactions designed to regain the desired relationship beftween
the system and its enviromment. Such actions aschieved the desired
average results but introduced fluctuations about this average creating
undesirable performance patterns. Incorporation of random error into
exogenous model inputs did not alter the characteristics of model
results. This equivalence between model construction and performance
and real world relationships and cobservations establishes the model as

a valid basis for experimentation and inductive conclusions.
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CHAPTER VIT
EXFERIMENTAT RESULTS

After model validity was established as shown in the previous
chapter, similated system behavior in the presence of random error was
examined to confirm the dynamic patterns generated by the basic model.

A cyclic variation with an average period of sixty-nine months was
observed. Although internal control mechanisms partially succeed in
damping this oscillatory behavier by reducing the amplitude, the res-
ponse to these efforts is extremely slow. This chapter presents results
of model experiments conducted to determine the internal control mech-

anisms generating the observed responses to environmental inputs.

Experimental Design

Outcomes are reported for experiments designed to illustrate the
changes in system performacne resulting from:

(a) Changes in exogenous economic patterns.

(b) Changes in external financial parameters over which manage-
ment has little control.

(¢) Changes in external market parameters over which management
has little control.

(d) Changes in internal, controllable financial parameters.

(e) Changes in internal, controllable capacity acquisition
parameters.

(f) Alternative system structures.
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Model experiments included in this research were chosen on the basis of
their potential value to the managerial decision-maker; that is, they
represent enviromental and system changes about which the manager Is
normally concerned. Changes 1n controllable parameters snd system
structure represent explicit alternatives which management may choose
to implement should the experiments indicate potential improvements in
system performance.

As stated earlier, the purpose of this experimentation is to
assist system decision-makers in identifiying the parametric and stru-
tural changes which produce improved system behavior. Similarly, the
alternative parameter values chosen for the following experiments
represent, the maximm changes which seem feasible or can he achieved
by changes in management style or decision-making.

With the exception of external financial parameters the scope
of this study is limited to first order interactions; that is, siml-
taneous changes in more than one parameter are not included. This
approach 1s consistent with the purpose of determining those para-
metric changes which produce improved behavior under the assumption
that simultaneous parametric changes will not produce significant
improvements if ncne of the parameters resulted in improvements when
varied on an individual basis. Having ldentified single parametric
variations which demonstrate a potential for improvement, higher order
studies should be performed in which this parameter 1s varied with
others which are related. Recommendations for such studies based on
these experiments are included in ithe final chapter. However, included

in this study are experiments in which unit operating costs, passenger
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mile yields and unit capacity costs were increased simultaneously to
examine the impact of inflation.

Listed below are the experiments performed and the potential
management implications of the results.

Changes in Exogenous Economic Patterns

These experiments were conducted to determine the performance
changes introduced by the presence of long-term economic cycles and
trends as opposed to the short-term random veriations examined in the
previous chapter. The factors examined in connection with the cyeclic
inputs were cycle peried, cycle amplitude and phasing with natural
system behavior., The basic experiments involving cyclic market behavior
utilized input amplitudes designed to match naturel system amplitudes.
Repetitions of these experiments involving amplitude reductions up to
fifty percent of the original and amplitude increases of the same
amounts were alsc performed to examine behavior sensitivity to ampli-
tude variations. A fifty percent change was presumed to be the maximm
variation with which management would be concerned under normal operat-
ing conditions and was further presumed to he a sufficient change for
demonstrating the system's sensitivity to these parameters. The results
of these experiments, which are sumarized in Table 4, should be con-
sidered in developing long-range forecasts of demand and planning
capacity acquisition programs to accommodate forecasted demand.

Cyclic Input, Same Period, In Phase. This experiment demonstrates

the effect of reinforcing the natural system period with an exogenous
input having the same period.

Cyclic Input, Same Period, Ninety Degrees Out of Phase. This
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result demonstrates the importance of phasing system behavior with
economic inputs.

Cyclic Input, Period Twice as Long, In Phase Initially. Findings

from this experiment illustrate the impact of alternating in-phase and
out-of-phase economic inputbs.

Cyclic Input, Period Twice as Long, Ninety Degrees Out of Phase

Initially. This outcome depicts the importance of phasing in the pre-
vious experiment.

Twenty-five Percent Increase in Market Growth Rate. This experi-

ment demonstrates the ability, or inability, of the system to "keep up"
with the maximum market growth rate for which the manager would normally
plan.

Twenty-five Percent Decrease in Market Growth Rate. This result

illustrates the system's ability to adJust to a substantially lower
market growth rate.

Changes in Exogenous Financial Parameters

These experiments were performed to determine the future behavior
resulting from current decision processes being subjected to external
changes affecting unit costs and revenues. Such exogenous changes might
result from inflation, cost increases due to technological advances and
CAB rulings on fare structures. The parameters included were the unit
operating cost (UOPC), the unit cost of capacity (UCC) and the passenger
mile yield (PMYID). The experiments performed were chosen to illustrate
the financial implications of current inflationary trends. The magni-

tudes of parametric variations reflect the changes in these parameters
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L3

the airline industry since l957hh. Experiments included are listed

experienced by Delta Air ILines ~ and the average trends experienced by

below, and the results are summsrized in Table 5.

Unit Operating Cost and Passenger Mile Yield Increase at Same

Rate. This experiment illustrates the impact of inflation even when
the operating margin remains constant.

Unit Operating Cost and Passenger Mile Yield Increase at Same

Rate. Unit Cost of Capacity Also Increases. The ocutcome of this experi-

ment depicts the increased impact of inflation when the operating mar-
gin remsins constant but the cost of capacity increases.

Unit Operating Cost Increases Faster than Passenger Mile Yield.

Unit Cost of Capacity Constant. These results illustrate the nature

and degree of system performance deterioration when fare increases do
not keep pace with inflationary trends.

Unlt Operating Cost Increases Faster than Passenger Mile Yield.

Unit Cost of Capacity Also Increases. This experiment demonstrates the

combined effect of a deteriorating profit margin and increasing capacity
costs when fare increases do not keep pace with inflationary trends.

Changes in Exogenous Market Parameters

The purpose of these experiments was to determine system reactions
to changes in parameters characterizing the market for air transportation.
The parameters included are not subJect to internal control but can be

influenced through marketing programs. These parameters are:

*3pelta Air Lines, Inc. Anmal Reporb, op. cit.

11L11LMa.Jor U. S. Airlines: Financial Requirements and Projections 1968-

1971, op. cit.




(a) Consumer Recognition Delay - The time required for the mar-
ket to recognize a change in the technological status or availability
of the company's capacity to provide air transportation.

(b) Competition Reaction Time - The time required for the air-
line's competition to perceive the above changes and react to them.

(e) Availability Effect - The relationship between the airline's
capacity and potential demand for their product.

The magnitudes of parameter variations are based on the estimated
feasible ranges for each parameter. The outcomes for the experiments
listed below are summarized in Table 6.

Tncrease (Decrease) in Consumer Recognition Delay. This study

demonstrates the potential benefits to be achieved from advertising
campaigns and other promotional programs designed to acquaint the con-
sumer with recent capacity acquisitions.

Increase (Decrease) in Competition Reaction Time. These findings

provide guidance in consideration to be given to competitive reactions
as a factor of capacity acquisition decisions.

Increase (Decrease) in Impact of Capacity Availability on Demand.

The results of this experiment illustrate the significance of policies
governing the desired relationship between capacity and demand.

Changes in Endogenocus Financial Parameters

These experiments were designed to provide insight into the
appropriateness of current policies and decision rules in the financial
sector of the organization. Outcomes were examined in terms of impact
on the firm's ability to compete in the market and effects on cash flow

and profits. The parameters included are:
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(a) Desired Debt-Equity Ratio - The preferred relationship
between external and internal financing of the orgenization's assets.

(b) Absolute Debt-Equity Ratio - The point at which no further
long-term debt is acquired untll the firm's financlal condition improves.

(¢) Correction Delay - The delay in implementing actions to
prevent further deterioration of the capital structure by reducing debt
acquisition.

{d) Debt Retirement Delay - The delay in implementing actions to
achieve a more desirable capital structure by retiring current debt.

These parameters were varied to the point at which no further
system performance changes could be achieved due to other constraints.
Results for the experiments listed below are summarized in Table 7.

Increase (Decrease) in Desired Debt-Equity Ratio. This experi-

ment demonstrates the relationship between the primary financial control
variable and system performance.

Increase (Decrease) in Absolute Debt-Equity Ratio. These results

illustrate the relationship between financial objJectives and absolute
financial constraints.

Increase (Decrease) Correction Delsy. These outcomes depict

the results of less (more) aggressive behavior in achieving financial
objJectives through the Limitation of capital expenditures.

Increase (Decrease) Debt Retirement Delay. The outcomes of this

set of experiments demonstrate the results of less (more) aggressive
actions to modify the capitel structure and control the level of debt
through retirement of current debt.

Changes in Endogenous Capacity Acquisition Parameters
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The purpose of these studies is to examine the effects of altering
operating obJectives and decision structures for the capacity acquisi-
tion decision processes. The effects exsmined were the long-term rela-
tionship between demand and capacity, cash flow and profit performance,
and the resulting capital structure. Experiments included changes in
obJectives and changes in delays for implementing corrective actions.
The magnitudes of these changes were based on the maximm feasible
changes which can be implemented in the real-world system. Parameters
included are:

(a) Expansion Gain - The forecasting interval considered when
determining the magnitude of a single capacity order.

(b) Order Interval Desired - A measure of managerial aggressive-
ness or conservatism in implementing the results of a capacity acquisi-
tion decision.

(c) Decision Delay - A delay for collection and processing of
information prior to meaking a capacity acquisition decision.

{d) Desired Passenger Ioad Factor - A primary operating obJective
which reflects management's preferred relationship between capacity and
demand.

The experiments performed are listed below, and the results are
sumarized in Tables 8 and 9.

Tncrease (Decrease) Expansion Gain. These experimental results

demonstrate the effects of uncertainty in forecasting future demend
growth and the impact of placing capacity orders which are too large
or small.

Tncrease {Decrease) Order Interval Desired. These outcomes




83

reflect the effects of aggressive versus conservative behavior in capa-
city acquisition programs.

Increase (Decrease) Decision Delay. This set of experiment

depicts the trade-off between delaying a decision to gather more
information and making the decision on the bagis of less information.

Increase (Decrease) Desired Passenger Load Factor. These

findings establish the importance of the desired relationship between
demand and capacity as a control variable.

Changes in System Structure

These experiments represent a significant contribution of
simulation models - the opportunity to test alternative uses cof infor-
metion and revised decision processes without interfering with the firm's
actual operation. The experiments selected for this portion of the
study were based on the author's understanding of the firm's actual
cperation, the model and general principles of system design. The
experiments are as follows:

Eliminate Financial Constraints. This study demonstrates the

outcome of removing the dampening effect of financial considerations
from capacity acquisition decisions.

Eliminate Inherent Delays of Capacity Acquisgition Decisions.

These results demenstrate the outcome of removing the dampening effect
of time delays from capacity acquisition decisions.

Regstructure Forecasting Process. This set of experiments

illustrates the effects of using different information and different
time horizons in forecasting future demand.

Results are reported for the above experiments in subsequent



sections of this chapter. These analyses are summarized in the form

of conclusions and recommendations in the final chapter,

System Reaction to Exogenous Cycles end Trends

By including sine and cosine inputs with varying periods and
amplitudes as a component of potential demand, the model was subjected
to exogenous influences corresponding to economic cycles of differing
severity. BSystem behavior was observed for inputs in phase with the
system’s natural cycle and ninety degrees out of phase. Input periods
were varied from the system's observed period to one twice as long.
Input amplitudes were also varied to gasin & better appreciation for
the sensitivity of system behavior to envirommental forces.

The first experiment involved reinforcing the system's natural
period by adding a market input with the same period. Market behavior
of this nature might be created by external economic influences; whereas,
system performance is created by internal forces. Variable behavior
produced by these conditions is portrayed in Figures 10, 11 and 12.

Demand and resulting capacity orders are plotted in Figure 10.
Since market increases coincide with the company's recovery of its
previous market share, orders tend to be larger and subsequent fin-
ancial constraints are more gevere. The resulting sircraft orders
are 28 percent greater than those of the basic model, but the amount
of capacity which would have been ordered in the absence of financlal
constraints is 40 percent greater than the corresponding value in the
basic model.

The combination of larger initial orders and the subsequent
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reduction in demend due to the exogenous lnput c¢ycle necessitates
increased debt financing to pay for the extra capacity. As indicated
in Figure 11, the average debt-equity ratio levels off very near the
absolute maximm of one. However, more favorable long-term financial
performance (Figure 12) results from this situation, and control efforts
geem more effective. Profits are fifty percent greater for the interval
of interest and variations from desired equilibrium positions are
reduced.

In the second experiment a phase shift of ninety degrees in the
market cycle places an econcmic recesslon phase with the firm's big
push to regain its lost market position. For this experiment demand
and capacity orders are illustrated in Flgure 13, and resulting debt
is portrayed in Figure 14. Market depression occurs in conjunction
with the receipt of a large capacity order and financial chaos results.
Over fifty million dollars is lost during the period corresponding to
the late 1950's, and the debt-equity ratio rises to almost twice the
absolute limit. As a result the subsequent capacity orders are greatly
suppressed, and the lost merket position 1s never regained. Both
capeclity orders and profits are only seventy percent of those produced
by the basic model.

In the third experiment a market input with a period twice as
long a6 the system's natural period was used to demonstrate the reaction
to an environmental force which coincides with system performance dur-
ing one cycle and is 180 degrees out of phase the next cyele. Perfor-
mance patterns for the cepecity ecquisition sector and financial sector

are shown in Figures 15 and 16.
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Figure 14. Debt/Equity Behavior - Cyclic Demand with Ninety Degree Phase Shift
T = Debt ($), E = Equity (§), A = Average Debt-Bquity Ratfo
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An initial order is placed in an effort to regain previously
lost markets. The response to this action coupled with the abnormal
growth caused by the cyclic input prampts ancther order even before
the first is completely integrated into the fleet. Thus, the normel
profit suppression accompenyling a capacity acqulsition program is
initially offset by favorable market behavior. However, the sub-
sequent recession colncides with the receipt of the second order
which requires substantial debt financing. During this pericd the
debt-equity ratioc exceeds the absolute limit, and subsequent capacity
acquisitions required to meintain the desirable market position
achieved earlier do not permit any improvement of the capital_struc-
ture. The airline is able to achieve and maintain a solid market
pesition but must utilize the maximum amount of debt capital avail-
able to do so. Their early capacity acquisitions perpetuste a domin-
ant posture in the market and provide for a favorable return on the
debt; however, all funds are required for continued capacity acqui-
sitions and debt cannot be reduced.

When this long-term cycle is shifted ninety degrees, efforts
to regain lost markets are damped out by a downturn in the economy
(Figure 17). Although an initial capacity acquisition program is
achieved, excess capacity combined with adverse economic conditions
leave the airline struggling to maintain operations. All funds are
depleted, and severe financial constraints prevent ordering capacity
to take advantage of subsequent exogenous growth. The airline's
demand is limited by capacity, and the lack of demand growth provides

no incentive to purchase additional aircraft even when market
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conditions improve. Thus, the marginal operation continues at the
current level with no possibility of regaining lost markets.

Upon repeating the above experiments with amplitudes lncreased
by twenty-five percent and fifty percent and decreased by the sanme
amounts, essentially the same financial performances were observed
with the severity of financial crises related directly to cyclic
amplitudes. The system can cope with those cyclic inputs which are
in phese with its natural pattern elthough the periodic financial
¢rises are more acute. Inputs out of phase with normal system behavior
produce adverse conditions from which recovery i1s essentially impos-
sible. Under these circumstances the system seeks an equilibrium
position which is not consistent with the market and produces unsatis-
factory profits. Thus, one can conclude that (within the ranges con-
sidered in these experiments) the managerial decision-maker should be
more concerned about when economic conditions are going to change,
relative to contemplated capacity acquisition programs, than how
much they are going to change.

To complete the analysis of system reactions to exogenous
inputs, the underlying growth rate was altered by s 25 percent. An
increase of 25 percent produces a reaction cycle of approximately
fifty months compared with the basic model's period of sixty-nine
months. Four capacity acquisiton programs occur during the seme
interval in which three crders are placed in the initial model's
performance. BHowever, these four orders result in the same total
purchase of capacity as observed for the basic model due to increas-

ingly severe financial constraints. Although these constraints



prevent the airline from adding sufficient capacity to match market
growth, they do provide for relatively stable financial performance
since adequate sales are realized to replenish depleted internal funds.
Conversely, a lower growbh rate produces a longer reaction
cycle (approximately 87 months) with a greater amplitude. Financial
recovery from capacity acquisitions takes much longer in the "soft”
market even though the airline realizes its full market potentisal.
This delay in recovering capacity investments perpetuastes a complete
loss of control over the debt level and contributes to wide fluctuations
in the return on eguity. The two behavior patterns resulting from
increased and decreased growth rates are contrasted in Figures 18 and
19. Table 4 summarizes the results geined from this set of experi-

ments.

System Reaction to Exogenous Parametric Variations

The purpose of this section consists of examining the system's
sensitivity to parameters over which management has 1little or no
direct control. Typical financial parameters include the unit cost
of capacity (UCC), the operating cost associated with producing an
available seat mile (UOPC), and the revenue produced by & revenue
passenger mile (PMYID). Market parameters incorporated into the model
include the consumer recognition delay (CRD), which represents the lag
between intrcducing new technology and the consumer's recognition and
reaction to the advanced equipment, and the competition's reaction
time (CRT) for reaction to the introduction of new equipment. Another
market relationship is represented by AVEFT, a continucus function

representing the impact of capacity availability on the market.



Table k.

Sumnary of Experimental Results - Exogenocus Inputs

97

Supporting
Fxogenous Input
ogenous Inpu Outcome Figure(s)
1. Cyclic - Same Larger orders. Greater 10, 11, 12
period. In phase. financial constraints.
Improved performance.
Better control,
2. Cyclic - Same Depressed orders. 13, 1k
period. Ninety Financial deterioc-
degree Thase shift. ration. Strong per-
formance in market.
3. Cyclic - Period larger orders. Maximm 15, 16
twice as long. In debt but under control.
phase initially. Strong performance in
market.
4, Cyclic - Period Depressed orders. Fin- 17
twice as long. ancial deterioration.
Ninety degree phase Iost market position,
shift.
5. Increased growth Faster growth. Shorter 18
rate. cycle. Same dymamics.
6. Reduced growth Slower growth. ILonger 15

rate.

eycle. Same dynamics,
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Financial Parameters

To study the prbfit performance of an airline when subjected %o
the normal increases of prices and costs over time, the passenger mlle
yield {PMYID) and unit operating cost (UOPC) were increased each time
increment by the same amount. Thus, the profit contribution generated
would remain unchanged if costs and assoclated revenues were perfectly
metched over time. Such is not the case however, as costs increase
simultanecusly with the sddition of new aircraft to the fleet; wheress,
resulting demand and revenue increases are subject to a substantial
lag.

This hypothesis is supported by the model behavior illustrated
in Figures 20 and 21. The behavior of demand, capacity acquisitions
and the passenger locad factor in Figure 20 displays the same dynamic
characteristics ag the basic model. However, the profit performance
in Figure 21 reveals the greater impect of increasing costs which are
not offset by simultaneous increases in revenue. Thie adverse effect
is directly proportional to the magnitude of the capacity acquisition;
therefore, the large acguisition in the late 1960's results in permanent
losses from which the airline cannot recover.

A second experiment included the same changes 1n unit revenues
and costs but the unit cost of capacity (UCC) also incressed at a
constant rate. Under these conditions the operating losses are even
more significant since the ability to finance future acquisitions is
further impaired by the increasing cost of new sircraft. Again the
same dynamic petterns are displayed. Capacity orders are smaller due

to a scarcity of funds. As a result the increases in cost produce
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less effect , bul demand increases are not as great due to a lower
capacity. Although the patterns are subdued, the eventual outcome is
the same since each order produces larger operating losses.

Repetition of the same two experiments with unit operating costs
increasing faster than unit revenues produced the same effects in both
cases with greater losses being incurred. The results of these experi-
ments, summarized in Table 5, indicate that the systems problem and
eyelic performance patterns do not result from inherent financial para-
meter values. Although increasing costs are contributing to the finan-
cigl difficulties of airlines, increases in fares will relieve the
symptoms only temporarily. The sequential pattern of profits and
losses and the scarcity of funds for capital investment would still
characterize the members of the industry.

Market Parameters

The previcus section demonstrates that increasing unit costs and
revermies produce a deteriorating profit performence due to the lag
between an increase in capacity and the concomitant increase in demand.
This lag is represented in the model by the consumer recognition delay
(CRD). It is estimated that this parameter can be changed up to fifty
percent of its current value (twelve months) by promotional programs
focusing on recent capacity acquisitions. Thus, experiments in which
this parameter was increased (and decreased) by fifty percent are
included to determine the system response.

An increase of fifty percent to eighteen months results in a
four to six month increase in the system®s period. The same capacity

orders eventually occur although the time between orders increases.



Table 5.

Sumary of Experimental Results

Exogenous Finasncial Parameters

10k

Parameter Variation Outcome SuPporting
Figure(s)
1. Unit operating cost Same dynamics. Severe 20, 21

and revenue increased
at same rate.

Unit operating cost
and revenue increased
at same rate. Unit
cost of capacity
incregsed.

Same as 1 except
unit operating cost
increased faster than
revenue.

Same as 2 except

unit operating cost
increased faster than
revemie.

operating losses due to
revenue lag.

Same dynamics but not

as pronounced. Reduced
capacity orders. BSevere
operating losses,

Same as 1 with increased
operating losses.

Same as 2 with increased
operating losses and reduced
capacity orders.
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Profits are 90 percent of those for the basic model and the debt per-
formance ig practically identical.

A Tifty percent increase in the market's responsiveness to
technological advances represented by a reduction in CRD produces more
gignificant changes. The adverse impact of increasing capacity and
costs is offset much sconer by increased demand and revenues. A greater
share of the market can be captured and retained; therefore, the airline
recovers its investment much sooner and can finance additional growth.
Continuing decreases in the period and amplitude of system behavior
displeyed in Figure 22 suggest an equilibrium position will be reached
after an extended period of time. Profits during the period of interest
are seventy percent greater than those produced by the basic model;
however, debt must be maintained at its absolute maximum to sustain
the operation. The apparent benefits of reducing the delay between
fleet expansions and corresponding market shifts Justify the airlines!
emphasis on advertising and promotion. BSuch an emphasis would be parti-
cularly beneficial when technological advances are introduced into a
particular market.

The parameter CRT, representing the delay between an airline's
actions to capture a larger market share and the competition's subse-
guent reaction, was alsc varied in model experimentation. System
behavior was almost completely insensitive to these changes due to
the long delays associsted with a competitor placing and receiving an
order of new aircraft.

Changes in the functional relationship between demand and capa-

city availability produced no change in the system's dynamics. Although
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the rate of recovery from a periocd of depressed financial performance
changes, the cyclic pattern and scarcity of funds are still present.

Summaries of the above experiments are listed in Table 6.

System Reaction to Internal Parametric Variations

The experiments described above focused on parameters over which
management has little direct control. The one to which system behavior
is most sensitive i1s the inherent delay in the consumer's reaction to
an introduction of more advanced flight equipment. Although the air-
line may alter this delay somewhat through promotional programs, its
value cannot be established by an explicit management action. Conversely,
the parameters to be considered in this section are those which are
internally controlled and characterize management decision processes.

Although behavioral and attitudinal parameters are particularly
difficult to measure, they may contribute substantially to decision
outputs. Simulation methodology provides a procedure for developing
reasonable estimates through a goal-seeking process. Estimates are
generated which satisfy the test of reasonableness and produce model
behavior which corresponds to observed behavior. The same model can
then be used to lsolate the variables which significantly alter the
gsystem's performance when changed since these are the attitudes or
policies to receive further attenticn.

The model resulting from this research represents the simultaneous
operation of two control sectors in the organization: financial and
operational. Accordingly, this section deals with internal parameters

characterizing decisions in each of these sectors and documents the



Table 6.
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Sumpary of Experimental Results - Exogenous Market Parameters

Parameter Variation

Outcome

Supporting
Figure(s)

Tncreased Consumer
Recognition Delay.

Decreased Consumer
Recognition Delay.

Increased Competition
Reaction Time.

Decreased Competition
Reaction Time.

Increased impact of
capacity availability
on demand.

Decreased impact of
capacity availability
on demsnd.

Same orders and profits.
Increased system's natural
period by six months.

Increased orders and profits.
Maximum debt but under control
Period and amplitude reduced as

equilibrium approached.

No significant change from
basic model behavior.

No significant change from
basic model behavior.

Same dynamics. Slightly
period. Same orders.

Same dynamics. Longer
period. Reduced orders

and profits.

22
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responaiveness of system behavior to changes in these parameters.

Financial Parameters

Endogenous financial parameters of the basic model serve two
purposes: representation of operating objJectives which financial man-
agers strive to achieve and measurement of determination to achieve
these objectives. The Average Debt-Equity Ratio (ADER) serves as a
primary contrcl variable in the financial sector, and related objJectives
are represented by the Desired Debt-Equity Ratio (DDER) and the Absolute
Debt-Equity Ratio (ADTER). Delays in rectifying deviations of actual
conditions from desired levels are expressed by the values of Correction
Delay (CORDIY) and Debt Retirement Delay (DRD).

Experiments were performed in which these parameters were varied
from their initial values to identify the importance of financial
decision-making in determining system behavior and to estimate the
effects of altering these decision processes. In the initial model,
DDER = 0.5 and ADTER = 1.0 which implies that the firm striwves to main-
tain a debt-equity ratio of one-to-two and will not permit actions
which might result in a ratio greater than one-to-one. For intermediate
values, actions are taken to reduce the ratio to the desired value.
Typical actions are reduction of current capacity orders and retire-
ment of existing debt. The magnitude and urgency of these actions
depend on the inherent delays, CORDLY and DRD, and the magnitude of
the overrun. The initial model uses a Correction Delay (CQRDLY) of
nine months and a Debt Retirement Dealy (DRD) of two years. As stated
earlier, fhe initial model was formulated on the basis of performance

produced by Delta Airlines, Inc., a relatively conservative organization;
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therefore, it is felt that these parameter values reflect a conservative
financial viewpoint.

The first experiment incorporated a less conservative attitude
by increasing the Desired Debt-Equity Ratio from C.5 to 1.0. Therefore,
no action was taken to reduce debt until it reached the absolute 1imit.
This strategy results in larger capacity orders due to less severe
financial constraints; however, the increased capacity is not immediately
utilized due to market limitations. Since the airline's demand is
limited by the potential market, a longer recovery period is required
to accommodate the larger orders. This condition is reflected by the
profit behavior in Figure 23 which displays a lengthening period and
an increasing amplitude reflecting the lack of financial control. The
total profit for the interval of interest is only fifty-three percent
of that for the basic model, and operating losses are still being
incurred at the end of the interval. Thus, a less conservative fin-
ancial attitude results in reduced constraints on the capacity acguisi-
tion sector and a deterioration in financial performance.

Additional increases in DDER and ADTER simultaneously yield
exactly the same results as those Just presented; therefore, DDER = 1.0
represents a complete relaxation of financilal control. Experiments
were also conducted in which the Desired Debt-Equity Ratio remasins at
0.5, but the Absolute Debt-Equity Ratio is altered. These trials pro-
duce exactly the same behavior as that resulting from the basic model
in which ADTER = 1.0.

Two conclusions can be derived from these observations. First,

the primary financial obJective in terms of altering system performance
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is the desired relationship between debt and equity. When the ratio
measuring this relationship exceeds the desired value, financial limit-
ationg are imposed on capacity acguisitions to reduce actual orders.
These orders are not reduced to zero until the debt-equity ratio exceeds
the absolute limit. Thus, financial actions which reduce capacity
orders constrain the airline to a strategy which is flnancially feasible.
The continuing restraint resulting in partial orders is much more
effective than taking no action until the situation has deteriorated

and then eliminating all capacity purchases.

The second conclusion relates to the relative merits of conser-
vative versus aggressive financial management in the airline industry.
Less conservative approaches produce poorer financial performance. High
profits are achieved temporarily, but are followed by extended periods
of depressed earnings. On a long-term basis the system's financial
performance is less desirable than that of the basic model.

To measure the effect of increased conservatism, DDER was reduced
to values lower than 0.5. These experiment produced behavior in which
orders are greatly suppressed. Accordingly debt remains at low levels
relative to the basic model results, btut the airline is unable to main-
tain its markelt position due to insufficlient capacity. The system stabl-
lizes at an extremely low level of earnings, and the alrline becomes a
candidate for acquisition by a competitor.

Increased conservatism can also be introduced into the financial
management domain via the Correction Delay, the time period utilized
Tor correcting deviations of actual debt levels from the desired level.

A reduction in this parameter results in greater restraint being imposed
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on capacity orders if they require the use of additional debt. The
outcome of an experiment in which the Correction Delay (CORDIY) was
reduced from the nine month value of the basic model to one month is
contained in Figure 24. Although the same dynamics are present, the
extreme conservatism results in orders which are less than eighfty per-
cent of those in the basic model. Consequently the market position,
represented by actual demand relative to potential demand, is lost and
the airline is unlikely to regain it. The airline produces higher pro-
fits {143 percent of those in the basic model) using less debt, but
long-term potential is sacrificed to achieve an atfractive current per-
formance. This outcome accurately depicts the financial manager's
conflicting goals since the development of fubture potential often
requires enduring less than desirable financial conditions until the
potential is achieved.

Significant increases in CORDIY reduce the financial restraint
Imposed on capacity orders and produce the same effects as increases in
the Desired Debt-Equity Ratio. Orders increase and the market position
is enhanced, but demand is limited by the market potential. Hence, more
debt is required and a poor financial performance results from the
excess capaclty.

To conclude the experiments involving financial parameters, the
Debt Retirement Delay was varied. Model behavior is relatively insen-
sitive to this parameter but reductions in the delay did lower the
average debt-equity ratio, Since debt retirement is greater during
profitable periods, financial constraints are relaxed somewhat and

capacity orders are slightly larger. No significant change in financial
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performance occurred. Increases in the delsy produced no change from
the basic model.

Summarizing the results obtained from financial parameter varla-
tion, the impact of financial management on system performance is
heavily dependent on a particular oblJective (the desired relationship
between debt and equity) and the aggressiveness in pursuing this objec-
tive {represented by Correction Delay). A relatively conservative
attitude on the part of financial managers prevents prolonged periods
of excess capacity which destroy the firm's financial base. While
extreme conservatism produces short-term financial gains, the organi-
zation eventually lcoses the capability to compete effectively in the
market. HEach experiment and its outcome are summsrized in Table 7.

Capacity Acquisition Parameters

Congruent with financial parameters as to their use in the model,
parameters in the capecity acquisition sector of the model represent
operating obJectives and the desired rate of achieving these obJectives.
The parameter identified as Expansion Gain (EG), measured in months,
incorporates the inherent discreteness of the airline industry's order-
ing process into the model.. Although the decision processes resulting
in orders are continuocus phenomens, the placement of orders are discrete
due to manufacturer constraints, the significance of external financing,
and the importance of order positicns. Each order must be large enough
to accommodate the forecasted growth during the time required for
delivery and for placing a subsequent order. In the basic model EG =
19 months. System behavior is examined for alternative values of 16

months and 22 months.



Table 7.

Summary of Experimental Results

Endogenous Financial Parameters
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1. Increased Desired Greater orders. More debt. 23
Debt-Equity Ratio Good market position. Poor
from 0.5 to 1.0. financial performance.
2. TFurther increases Same behavior as that produced -
in Desired and in 1 above.
Absolute Debt-
Equity Ratiocs.
3. Increased ADTER No change from basic model. --
without changing
DDER.
Y. Equated ADTER to No change from basic model. --
DDER.
5. Reduced Desired Suppressed orders. Less debt. -
Debt-Equity Ratio. Loss of market position. Poor
financial performance.
6. Reduced Correction Surpressed orders. Leass debt. -
Delay. Loss of market position. Strong
financial performance but no
future potential.
7. Increased Correction Same behavior as that produced -
Delay. in 1 above.
8. Reduced Debt Slightly larger orders. Average -
Retirement Delay. debt-equity ratio lower. No
change in other financial
performance.
9. Increased Debt No change from baslc model. -

Retirement Delay.
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Another parameter under management control is represented by
Order Interval Desired (ORDID) expressed in months. This parameter
reflects managerial aggressiveness or conservatism in Implementing the
results of a decision process. When conditions initially indicate a
need for more capacity, a delay is introduced to permit additional
observation. If the conditions persist, a decision is made to order
additional aircraft. The length of this delay is a measure of manage-
ment responsiveness to perceived system states and their relationship
to desired states. ZExperimental values for this parameter range from
18 months to 36 months with the basic model value being 24 months.

Another inherent delay in decision-making (DD) is included in
the experimentation; however, alternative values produced no system
behavior significantly different from that of the basic model. These
results are summarized in Table 9 with other experimental results, but
no further discussion will be presented for this parameter.

The Desired Passenger Ioad Factor (DPIF) depicts the capacity
acquisition sector's primery operating objective. This parameter
represents the desired relationship between a major system state, total
capacity, and a key envirommental input, demand. The basic model value
of 0.59 corresponds with the velue currently used by Delta Air Lines.
Variations of this parameter produce significant changes in system
behavior which are examined subsequently.

The experiments involving variation of operating objectives and
behavioral parameters in the capacity acquisition sector illustrate the
conflicting forces and trade-offs associated with decision-making in

this enviromment. Aggressive actions represented by increased values
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of' EG and/or reduced values of ORDID produce larger orders and conse-
quently more severe financial impacts when the new aircraft arrive.
However, larger orders ensure & greater availability of aircraft to
service increasing demand; therefore, a more desirable market posture
is maintained providing a greater long-term earning potential.
Conversely smaller orders resulting from more conservative
attitudes reduce the financial stress and produce & more stable finan-
cial behavior. Unfortunately failure to compete effectively in terms
of aircraft technology and aveilability destroys the firm's market
position in the highly competitive airline industry. Model behavior
reflects this condition for conservative parameter values as lower
demand levels are achieved, and the airline cannot generate sufficient
sales to Justify expansions necessary for market share recovery.
Reduction of Expansion Gain (EG) to 16 months dampens the fin-
ancial and operational oscillations associated with receipt of an order.
Although the upper limit of actual load factor variations remains the
same as in the basic model, load factor depressions are not as great
when the smeller orders are added tc the fleet. This outcome generates
a higher average load factor and a greater return on the capital invest-
ment; however, the airline eventually sustains substantial losses in
the market due to a reduced fleet capacity. Market position, measured
by actual demand relative to potential demand, at the end of the experi-
ment is only 83 percent compared with 96 percent for the basic model.
An increase of EG to 22 months produces more severe performance
outcomes. The amplitude of system oscillations increases greatly, and

the debt level can only be controlled by emergency measures. Recurring
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periods of abnormal profits and large losses make financial management
impossible; however, the airline succeeds in capturing the maximmm
market share. Actual demand is 99,5 percent of potential demand at the
end of the experiment, compared with 96 percent for the basic model.
Experiments were alsc conducted using larger changes (t four months and
' six months); however, the deterioration in performance described
above progressed to such an extreme that the results were not Judged
worthy of consideration.

A reduction of CRDID without a concomitant tightening of finan-
cial controls begets capacity orders of ilncreased magnitude with the
same frequency. Total capacity orders resuliing from a 25 percent
reduction of ORDID (from 24 to 18 months) are 121 percent of those in
the basic model. These larger orders prodiice more oscillatory financial
performance with losses being incurred after the receipt of each order.
The same phasing is evident but behavior amplitudes are magnified. As
a result profit for the interval is only 5k percent of that generated
by the basic model, and debt continuously exceeds the absclute limit
after 1960 except for a brief period in fiscal year 1963. The severity
of such behavior is illustrated in the performance patterns of Figures
25, 26 and 27.

A 25 percent increase in this parameter to thirty months yields
the opposite effects. Total orders are only 85 percent of basic model
output and uniformly improved financial performance results. Total
profits for the interval exceed those of the basic model by eighty per-
cent. Debt is confined within the absolute limit with the average debt-

equity ratio being 0.7. Although less capacity is acquired during the
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interval of interest, the final market position (91 percent) compares

favorably with that of the basic model (96 percent). These behavior
patterns are presented in Figures 28, 29 and 30 to afford a direct
comparison with the less desirable performance illustrated by Figures
25, 26 and 27.

To determine 1f further gains can be realized from a greater
increase in this parameter, an experiment was conducted with ORDID in-
creased fifty percent to 36 months. This degree of conservatism pro-
duces uniform financial performance but does not allow the firm to
remain competitive in the marketplace. No aggressive actions are taken
to regain previously lost markets and market position at the end of the
time interval is only 78 percent compared with the basic model's posi-
tion of 96 percent.

Interestingly, financial control under the conditions of the
last experiment also proves to be a problem ewven though earnings are
rather uniform and predictable. The low equity base associated with
reduced capacity orders necessitates tight controls to maintain a
reasonable debt-egquity ratio. Even with these controls and extremely
conservative ordering actions, the absolute debt limit 1s exceeded
during the time interval. Thus, conservatism in the two organizational
sectors does not possess a one-to-one correspondnece; that is, ilncreased
conservatism in the capacity acguisition sector produces effects dif-
ferent from those produced by tighter financial controls. Similarly
a more aggressive ordering policy generates behavioral characteristics
different from those created by relaxing financial constraints.

Experiments involving variation of the Desired Passenger Iocad
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Factor (DPLF) have the purpose of ascertaining the importance of oper-
ating obJectives in the capacity acguisition sector. Since this para-
meter expresses the relationship mansgement desires to maintain between
organizational capacity and demand, a higher velue reduces the need to
purchase capacity while a lower wvalue necessitates greater capital
investments. The outcomes summarized in Table 8 vividly depict the
conflicting goals and necessary trade-offs imposed on these decision-
makers. All values are cumrlative for the interval of interest except
for Demand Relative to Potential which is computed at the end of the
interval. Any apparent deviations froam established trends can be
attributed to minor phase shifts which characterized output for the
extreme values.

The larger orders associated with efforts o maintain a low
passenger load factor create more adverse financial effects upon their
receipt. For the cases in which DPIF = 0.5k and 0.56, the severity of
these effects may be sufficient to Jeopardize the firm's existence.
Debt financing exceeds all control limits, and continuous efforts to
maintaint a low load factor prevent the high profit interval which
normally succeeds a period of sustained losses. Althcough the firm
realizes practically one hundred percent of 1ts market potential, demand
levels are insufficient to accommodate the increased orders. Hence,
financial deterioration is prolonged.

For DPLF = 0.58 the first order produces a severe impact, but
the system eventually achieves the same behavior pattern as observed
in the basic meodel which utilized a value of 0.59 for bPLF. However,

larger orders are necessary to maintain the lower load factor. Since



Table 8. Summary of Experimental Results

Variations of DPLF

Value of Orders Desired Profits Demand Debt
DPLF Orders Relative to
(dimensionless) (mill.$) (mill.$) (mill.$) Potential(%) (mill. $)

0.54 1748 Le72 (311) 100 630
0.56 1161 LEu8 (77) 97 428
0.58 872 1hg7 60 98 345
0.59 762 1006 121 96 238
0.60 680 1000 202 77 136
0.62 636 759 158 75 209

0.64 4as 438 155 50 122




no further improvements can be achieved in the market, the extra aircraft
must be financed with debt capital rather than retained earnings.

Values greater than 0.59 demonstrate the necessary sacrifice of
market position to achieve higher current profits. Orders are deferred
as the actual load factor increases and greater profits are realized.
When an order is placed, its magnitude 1is reduced to maintain the high
load factor. Conseguently the financial impact is lessened, and a more
stable earnings pattern results. However, as demconstrated by results
in Table 8 for larger wvalues of DPLF, reduced capacity acquisitions
may impair the firm's ability to compete in the market. If capacity
is insufficient tc service demand, market shares shift and the airline
experiences a lower growth rate. The absence of significant growth in
demand perpetuates reduced capacity acquisitions. Thus no action is
prompted to aggressively pursue an increased market. Concurrently,
reduced market shares affect earnings and more stringent financial
constraints are imposed. Thus, airline decision-makers must constantly
weigh short-term profit potential agalnst the long-term capability to
compete effectively. This trade-off is an inherent factor in establish-
ing the Desired Passenger Icad Factor. The outcomes for all experiments
involving variation of endogencus capacity acquisition parameters are

summarized in Table 9.

System Reaction to Alternative Structures

Whereas previous experimentation involved examination of perfor-
mance changes produced by variation of one or more parameters, this

section presents outcomes derived from structural modifications, These



Table 5.

Summary of Experimental Results

Capacity Acquisition Parameters

130

cent increase
of ORDID.

Fifty percent
increase of
ORDID.

Thirty-three per-
cent reduction
of ID.

Thirty-three per-
increase of DD.

Changes in DPLF.

financial behavior with higher
profits. Good market position
maintained.

Greatly reduced orders. More
uniform financial performance
with tighter controls. Market
position lost.

No significant change in system
performance.
No significant change in system

performance.

See Table 8.

Parameter Supporting
Variation Outcame Figure(s)
1. Sixteen percent Smaller orders more frequently. -
reduction of EG. Iess financial impact bubt con-
straints more severe due to low
equity base. Lost market
position.
2. Sixteen percent Captured maximm market but -
increase of EG sustained severe financial
oscillations due to large,
infrequent orders.
3. Twenty-five per- Increased orders. Financial 25, 26, 27
cent reduction of behavior oscillates severely
ORDID. with debt out of control.
Good market position main-
tained.
4. Twenty-five per- Reduced orders, More uniform 28, 29, 30
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modificaetions include elimination of finanecial consatralnts, elimineting
the inherent delays of capacity acquisition decisions, matching capacity
acquisitions with changes in demand and ordering capacity on the basis
of current conditions without regard for past actions.

The first structural change investigated involves removal of all
financial considerations from the capacity acquisition decislon. The
outcome, displayed in Figures 31, 32 and 33, reflects larger orders
in the absence of financiel constraints and a grester availability of
capacity to service the market (market position remained close to one
hundred percent during the entire interval). However, market limitations
prevent similar increases in demand; therefore, the extra costs mist be
assimilated without offsetting increases in revenues. Financial and
operational performance patterns display an increasing amplitude and
lengthening period with total profit for the interval being only
fifty-three percent of that for the basic model. Comparison of these
results with those produced in financial parameter experiments in which
the Desired Debt-Equity Ratio (DDER) is greater than or equal to one
(see Figure 23) confirms the earlier conclusion that increasing this
parameter to cne is equivalent to removing all financial constraints.

A number of experiments focused on restructuring the capacity
acquisition decision by altering the inherent delays and the information
used as inputs to the decision. Results demonstrate without exception
the importance of delays in implementing the outputs of this deeision
process. To place orders for additional aircraft upon the first indica-
tion of growth in demand proves to be financially irresponsible even

when demand increases are included as a deterministic input. Iarge
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Figure 31. Demand/Capacity Behavior - No Financial Constraint

V=Cap. Orders($), Q=Cap. Arrivals($), S=Desired Cap. Orders ($), P=Potential Dem, (RPM), D=Actual Dem.(RPM), L=Avg. PLF
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orders placed in anticipation of continued growth without regard for
market limitations result in severely depressed earnings and extreme
debt financing when forecasted growth fails to occur. Although the
aggressive placement of orders assures & maximum market share (one
hundred percent of potential), profits are only 54 percent of those in
the basic model and debt consistently exceeds the absolute limit.
Except for an eight month phase shift, the dynamics are indistinguish-
able from the results produced by a more aggressive ordering policy
achleved by parametric wvariation. These results are presented in
Figures 25, 26 and 27. Thus, inherent delays in this decision process
provide for continued observaticn of market behavior and a chance to
adJust orders accordingly.

Since the trade-off between a good market position and stable
financial performence illustrated by earlier experiments requires close
coordination of capacity acquisitions with market increases, system modi-
fications were examined to determine if a better perception of true
market conditions could be achieved. One set of experiments with this
goal is characterized by orders based on changes in demand rather than
the absolute value of demand. BSuch ordering strategies would be
designed to match capacity with demand at scme point in time and sub-
sequently match all increases in demand with appropriate increases
in capacity. The results of these experiments indicate, however, that
the delays introduced for averaging information about the market and
measuring past changes are too substantial to provide adequate respon-
siveness to compete in the airline industry. Although this basis for

specifying order magnitude and frequency is theoretically feasible, it
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produced & less than favorable market position (78 percent) due to the
slow response to demand increases.

Another set of experiments designed to test alternative infor-
mation flows for capacity acquisition decisions involved basing these
decisions on the current relationship between capacity and demand with-
out regard for capacity already on order. With appropriate adjustments
in decision parameters, thls formilation produced a more favorable
cutcome with respect to financial performance and operational stability
illustrated in Figures 34, 35 and 36. The passenger load factor (I,
Figure 34) is consistently higher with a shorter period and reduced
amplitude due to smaller, more frequent orders (V, Figure 34). No losses
are incurred (N, Figure 35) and the profit generated during the interval
is 166 percent of that produced by the basic model.

However, two shortcomings are associated with this alternative:

1. The approach is relatively conservative and produces some
deterioration in market position (81 percent compared with 96 percent
for the basic model).

2. System performance is much more sensitive to parametric
changes.

The second shortcoming is illustrated in Figures 37, 38 and 39.
which depict performance resulting from a 25 percent reduction of ORDID
representing a more aggressive capacity acquisition program. The extreme
orders and financial behavior indicate the system is out of control. A
corresponding increase in ORDID representing increased conservatism pro-
duces a market position of 52 percent, even less desirable than the
original alternative. In either case the final status of the firm would

he unacceptable.
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Figure 36. Debt/Equify Behavior - Revised Information
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CHAPTER VIIT

CONCLUSIONS AND RECOMMENDATTONS

This dissertation reports the results of model development and
experimentation designed to accomplish the research obJectives identi-
fied in Chapter I. These obJectives are:

(a) To determine the internal variables and structural relation-
ships accounting for the financial performance of a maJor dcamestic air-
line.

(b) To demonstrate that the characteristic behavior of a system's
problem existing in many airlines arises from, and is perpetuated by,
the feedback control structure.

(¢) To examine the impact of managerial attitudes, Judgment and
decisions on the system!s behavior over time.

(d) To interpret these results and their implications for
designing alternative control policies to improve system behavior.

The first two obJectives are addressed in the following section
on general conclusions. The impact of managerial attitudes, Judgment
and decisions on the system's behavior over time is summarized as
specific conclusions resulting from model experimentation while the
implications for designing alternative control policies are presented

as recommendations.

General Conclusions

The results of this study provide for the conclusion that the
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internal variables and structural relationships constituting the model
account for the financial performance of a majJor domestic airline. The
model generates representative veriable performance from logical decision-
making processes within an information feedback network. These processes
are based on the same information flows utilized by airline decision-
makers in monitoring and controlling relationships between their organ-
izgtions and their environment.

Behavicral validity was further demonstrated by using parameters
for a particular major domestic trunkline (Delta Air Lines, Inc.) and
examining model outputs relative to the real world system's performance
for the same time interval. Comparison of dynamic behavior characteris-
tics (phasing, amplitudes and periods) and variable growth rates (sum-
marized in Table 2) substantiates the conclusion that the model is a
valid representation of the real world system.

Exogenous inputs were then modified by random components to
demonstrate that model outputs still possess the dynamic characteristics
of the real world system. Observed amplification of only certain fre-
quencies within the broad range of input frequencies permits a con-
clusion regarding the system's natural perlod; namely, efforts to main-
tain an average passenger load factor of fifty-nine percent result in
an oscillatory load factor with an average value of sixty percent, an
average amplitude of 2.8 percent and an average period of sixty-nine
months. There exists a slight dampening effect and a tendency to move
toward the desired wvalue; however, this tendency is slight and may be
offset in the real world by the impact of technological advances and

changes in economic conditions.
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The level of aggregation and the feedback relationships between

demand for air transportation, capacity acquisition decisions, increases
in capacity and financial performance incorporated into the model pro-
vide for the conclusion that the model is applicable to any majJor dom-
estic trunkline in the airline industry. The fact that the model was
validated after development using data and parameter estlimates for a

particular member of the industry strengthens this conclusion.

Specific Conclusions

In addition to the broad conclusion offered above, several speci-
fic conclusions can be drawn on the basis of model analysis and experi-
mentation., Although these conclusions result from model experiments
using parameter estimates based on Delta Air Iines' operations, the
nature of the conclusions reflect general system aspects to be consid-
ered by all industry members.

Exogenous Inputs

Upon subJecting the model to cyclic inputs corresponding to
economic cycles of differing severity, observed results indicated high
sensitivity to the phasing relationships between the inputs and the
system's natural behavior pattern. Since each capacity acquisition
program is followed by a period of depressed earnings, the occurrence
of an economic recession during this period amplifies the financial
difficulties normelly incurred. Although the severity of financial
erises varies directly with the amplitude of the c¢yclic economlc inputs,
the system can cope with those cyclic inputs which are in phase with

its natural pattern. However, inputs out of phase with normal system
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behavior produce adverse conditions from which recovery is essentially
impossible. Thus, one can conclude that (within the ranges considered
in these experiments) the managerial decision-maker should be more con-
cerned about when economic conditions are going to change, relative to
contemplated capacity acquisition programs, than how much they are going
to change.

Experiments in which the underlying growth rate was varied inde-
pendent of managerial actions demonstrate the effects of inflexible
forecasting and decision-making procedures. The system failed to respond
sufficiently to match a twenty-five percent increase in market growth
and debt went out of control when the system was sublected to a twenty-
five percent decrease in gorwth. Thus, any set of events substantially
changing the market's basic growth, such as introduction of a substitute
for air transportation, will require a restructuring of forecasting and
declsion-making processes.

Introduction of increasing costs and passenger mile yields
designed to duplicate historical inflationary trends demonstrated that
financial performance deteriorates over time even when the operating
margin and the unit cost of new capacity remein constant. This condition
is attributed to the fact that costs increase simultaneously with the
addition of new alrcraft to the fleet; whereas, resulting demand and
revenue increases are subJect to a substantial lag. Introduction of
increasing capacity costs produced further deterioration in financial
performance.

The above conclusion is substantiated by the results of experi-

ments in which the delay between lnecreasing or improving fleet capacity
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and the consumer's recognition and response to this action is varied.
Reduction of this delay permits the airline to more quickly recover the
capacity investment and purchase new capacity to maintain the increased
market share. By decreasing the delay the airline can generate greater
profits; however, debt must be maintained at its maximum tolerable level
to sustain the operation. Since this market parameter is not subJect to
direct managerial control, promoticnal programs designed to inform the
consumer of recent capacity acquisitions or technological improvements
appear to be Justified.

Financial Contrel Sector

Two types of financial control actions were examined in this
research: control through the moderation or cessation of capacity
acquisitions and control through the retirement of current debt. A
general conclusion is that financial control actions in an alrline serve
as a moderator or dampener for capacity acquisition decision outputs
but introduce no unique performance patterns.

Continmiing moderation of capacity acquisitions stabilizes fin-
ancial performance more effectively than the alternative approach con-
sisting of imposing no constraints on orders until financial constraints
require g cessation of all orders.

The primary financial cobJective in terms of altering system per-
formance is the desired relationship between debt and equity. Since an
organization's equity base may consist largely of its investment in
airceraft, this financial obJective, which affects future acquisitions,
is based upon the results of past acquisition decisions.

Another conclusion relates to the relative merits of conservative
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versus aggressive financial management in the airline industry. ILess
conservative approaches produce poorer financial performance. Higher
profits may be achieved temporarily, but are followed by extended periods
of depressed earnings when unconstrained capacity acquisitions produce
excess capacity. Conversely, extreme conservatism results in low debt
levels, but the airline is uneble to meintain its market pogition due
to Insufficient capacity., The system stabilizes at a low earnings
level, and the airline becomes a candidate for acquisition by a com-
petitor. Based on model experimentation one can conclude that a debt-
equity ratio of approximately one-half yields preferred long-term fin-
ancial performance.

Control actions involving the retirement of current debt prove
to be ineffectual unless concomitant actions are taken to reduce capacity
acquisitions.

Capacity Acquisition Sector

Based on this research it is concluded that the characteristic
oscillatory behavior can be attributed to capacity acguisition decision
processes, While financial control gcetions may moderate the effects of
these decisions, the financial sector does not create the basic dynamic
patterns.

The overwhelming consideration of managerial control in the air-
line industry stems from the inherent trade-off of a stable financial
performance versus & solid market position enhanced by aggressive
capacity acquisition pclicies, Aggressive capacity ordering actions
produce larger orders and consequently more severe financial impact

when the new aircraft arrive. However, larger orders ensure a greater
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long-term earning potential. Conversely, smaller orders resulting from
more conservative attitudes reduce the financial stress but may limit
the firm's ability to compete effectively in the highly competitive
airline industry.

In model experiments involving differing degrees of conservatism
in the capacity acquisition sector, more conservative policies resulted
in increased profits for the first five years but produced a long-term
deterioration of market share which destroyed the firm's earning potential.
However, more aggressive acquisition policies and the resulting larger
orders created extreme debt conditions requiring severe financial con-
gtraints. Due to market limitations, increases in demand and revenues
cannot be achieved and excess capacity occurs. This situation produced
large losses and made financial management impossible. Thus, as in
financial decision-meking, a conservative management style in capacity
acquisition offers a greater potential for profitable operaticns but
can eventually limit the organization's ability to grow.

The capacity acquisition sector's primary operating objective,
the desired relationship between organizstional capacity and demand,
is represented in the model by the parameter Desired Passenger ILoad
Factor (DPLF). The results of parametric variation empahsize the link-
ages between capacity acquisition decisions and financial performance.
The larger orders associated with efforts to maintain a low passenger
load factor created more adverse financlal effects upon their receipt.
For the cases in which DPIF = 0.45 and 0.56, the severity of these
effects may be sufficient to Jeopardize the firm's existence. Debt

financing exceeded all control limits, and continuous efforts to
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maintain a low average lead factor prevented the high profit interval
which normally succeeds a pericd of sustained losses. Although the
firm realized practically one hundred percent of its market potential,
demand levels were insufficient to accammodate the increased orders.
Hence, finanacial deteriorgtion was prolonged.

Values greater than 0.60 demonstrated the necessary sacrifice of
market position to achieve higher current profits. Orders were deferred
as the actual load factor increased and greater profits were realized.
When an order was placed, its magnitude was reduced to maintain the
high load factor. Consequently the financial impact was lessened, and
a more stable earnings pattern resulted; however, reduced capaciby
acquisitions may impair the firm's ability to compete in the market.

If capacity is insufficient to service demand, market shares shift and
the airline experiences a lower growth rate. The absence of significant
growth in demand perpetuated reduced capacity acquisitions. Thus no
action is prompted to aggressively pursue an increased market., Con-
currently, reduced market shares affect earnings and more stringent

financlal constraints are imposed.

Recommendations

Mumerous recommendstions for further research and analysis can
be suggested as logical extensions of the fundamental research presented
in this dissertation. The results of this investigation tend to be broad
in scope since the decision processes under study represent aggregate
activities of numercus decision-making entities. Thus, one set of re-
commendations pertains to more microscipic studies which might focus

on one or more parameters, structural relationships and/or decision
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processes included in this research. A second set of recommendations

has to do with activities required for implementation of research re-
sults. Included in this set are recommendations for secononrder experi-
ments involving sensitive parameters and further experimentation with
alternative system structures.

Extensions of the Research

The 1mmediate accomplishment of this research consists of a
macroscopic model which integrates the decision processes and structural
relationships of a maJor domestic airline. This model can be utilized
as a framework within which more detailed studies are conducted to im-
prove decigion-making. Using this approach the model would provide a
mechanism for evaluating the impact of revised decision processes on
all parts of the orgnaization and would prevent the sub-optimization
often resulting from such efforts conducted without a general framework.

Based on the conclusicns regarding the capacity acquisition pro-
cess drawn from this study, it is recommended that further research at
a more detailed level be focused on these decisions and their information
inmts. For example, a more detaliled study of the capaclty acquisition
sector might include ccensideration of the allocation of aircraft to
different routes, the interaction of various aircraft capabilities and
route requirements and alternmative plans for higher utilization; whereas,
the present study is concerned with total system capacity as a single
state. Also, based on the success achieved in this study with alter-
native structures for these decisions, additional analysis of this
sector shoudl focus on alternative forecasting methodclogies and their

relative capabilities to generate future demand estimates since seemingly
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insignificant forecast errors produce a substantial impact on financial
performance. One reference which might provide background for such
research is Calderone's survey of air travel forecasting techniquesus.
This research should also consider forecasting horizons and the degree
to which forecasts are discounted for uncertainty prior to use in capa-
city acquisition decisions.

Due to the close linkage of current alrline decision processes
and past demand growth rates, it is recommended that a substantial
effort be invested in thinking about the future of the industry. Al-
though some members of the industry have diversified into related
industries, the overriding tendency is to continue doing more of the
same. In the author’s opinion, a major rethinking and broadening of
the industry's definition is necessary to provide a basis for actions
designed to reverse the trend toward a fully subsidized oligopoly or

a Govermment-owned air transportation system.

Implementation of Research Findings

Recommendations can also be made relative to implementing parti-
cular research findings. Once such recommendation has to do with the
importance of the firm's potential market and its current position rela-
tive to this potential. In addition to measuring actual demand, a pro-
gram for collecting data on unfulfilled demand and stand-by demand 1s
recommended to provide for measuring the unrealized market potential

which might be captured by increased capaclty.

thalph A. Calderone, A Digest and Assessment of Air Travel Forecasting

Techniques, Berkeley: The Institute of Transportation and Traffic
Engineering, University of California, 1967.
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Given such a procedure for establishing the airline's position
within the market, a relatively conservative financiasl posture and
capacity acguisition progrem is recommended. If such an approach is
adopted, organizational growth should bhe closely monitored and compared
with growth achieved by competitors and the industry to prvent stabili-
zation at a level of operation which impairs the organization's long-
term earnings potential.

An aggressive promotional program is also recommended, pariicularly
when a significant improvement in aircraft technology or avallability
has been recently achieved.

This study demonstrates that a passenger load factor of approxi-
mately sixty percent is preferred with the current constraints and oper-
ating cbJectives; however, further research in this area is recommended.
In particular, second order studies involving simultsneous variation
of this obJective and the desired debt-equity ratio should be pursued.
Studies in which the desired debt-equity ratio and capacity acquisition
parameters (EG and ORDID) are varied similtaneously are also recommended.

Finally it is recommended that airline decision-makers formlate
and implement dynamic control policies, That is, decision parameters
should be based on current information about inflationary trends and
economic cycles to insure that current actlons are appropriate even

when environmental conditions are changing.
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APPENDIX A
DATA
Table 10. Operating Statistics - Delta Air Lines, Inc.
RPM/mon. ASM/mon. Cap. Orders  Cap. Arrivals

Date {mill.) (mill.) (mill. $) (mi1l. $) PIF
1954 60 110 - - 57.3
1955 80 130 - - 62.3
1956 90 140 100 2 62.6
1957 110 180 0 12 58.9
1958 120 210 7 32 56.8
1959 130 220 0 0 59.3
1960 150 250 8 5 58.0
1961 170 280 33 75 60.0
1962 200 340 21 16 58.1
1963 250 410 56 el 60.
196L 280 470 2k 17 60,1
1965 320 570 2k 18 56.7
1966 4oo 680 160 51 61.0
1967 530 810 194 62 66.2
1968 590 1000 79 99 59.4
1969 690 1230 - 150 55.9
1970 780 1570 - 28 50.6
L6

The above data were derived from information in:

Air Carrier Traffic Statistics, op. cit.

Delta Alr ILines, Inc. Annuel Report, op. cit.

Handbook of Airline Statistics, op. cit.

Moody's Transportation Manual, op. cit.
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Tahle 11. Monthly Financial Statistics - Delta Air Lines, Inc.)w
Oper.Exp. Oper.Prof. Net Prof.

Pass.Rev. BD & Int. BD & Int. Bef.Taxes Debt
Date (mill.$) (mill.$) (mill.$) (mill.$) (mill.$)
1954 3.8 3.6 0.2 (0.4) 2k, 7
1955 4.5 3.9 0.6 (0.1) 23.6
1956 5.0 L4 0.6 0.1 11.4
1957 6.0 5.5 0.5 (0.1) 17.4
1958 6.7 6.4 0.3 (0.5) 30.0
1959 7.8 7.1 0.7 (0.1) 35.0
1960 9.1 8.4 0.7 (0.4) 55.0
1961 11.2 9.9 1.3 (0.2) 57.5
1962 13.0 11.4 1.6 (0.1) 62.5
1963 15.9 13.1 2.8 0.9 60.0
1964 17.1 4.0 3.0 1.1 50.0
1965 19.5 15.9 3.6 1.6 55.6
1966 24.3 18.9 5.4 3.0 90.2
1967 30.2 22.9 7.3 L4 89.7
1968 33.0 27.0 6.4 2.6 140.2
1969 39.2 31.4 7.8 2.1 222.5
1970 47,1 38.3 8.8 1.7 229.,9
Ll'TThe above data were derived from information in:

Air Carrier Financial Statistics, op. cit.
Delta Air Tines, Inc. Anmual Report, op. cit.
Handbook of Airline Statistics, op. cit.

Moody's Transportation Manual, op. cit.




ACARD

ACORD

ACPAR

ACPOR

APD

APDD

APLF

APLFD

ATCAD

ATCAP

AVATL
AVDMD
AVEPFT
AVGDM

CAPAR

CAPCD
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APPENDIX B

LIST OF VARIABLES AND PARAMETERS

Capacity Acquisition Sector

Average Capacity Arrival Rate Delay (months)
Average Capacity Order Rate Delay (months)

Average Capacity Arrival Rate (millions of available seat miles
per month)

Aversge Capacity Order Rate {millions of available seat miles
per month)

Actual Demand (millions of revenue passenger miles per month)

Average Potential Demand (millions of revenue passenger miles
per month)

Average Potential Demand Delay (months)
Average Passenger Ioad Factor (dimensionless)
Average Passenger load Factor Delay (months)
Average Total Capacity Delay (months)

Average Total Capacity (millions of available seat miles per
month )

Availability (dimensionless)

Average Demand Delay (months)

Availability Effect (dimensionless)

Average Demand (millions of revenue passenger miles per month)

Capacity Arrival Rate (millions of available seat miles per
month )

Capac%ty Order Desired (millions of available seat miles per
month



CAPOO

CDD

CPOER

CRT

DEXPN

DPLF

EXOGL

TEXPN

ORDID

PD

FDG

FDINC

PDTCR
PLF

RT

RL

RTADX

RLD

TCAP

TDS

3
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Capacity on Order (millions of available seat miles per month)
Capacity Delivery Delay (months)

Capacity Obsolescence Rate (millions of available seat miles
per month)

Consumer Recognition Delay {months)

Competition Reaction Time (months)

Desired Expansion (millions of awvailable seast miles per month)
Desired Passenger Load Factor (dimensionless)

Expansion Gain (months)

Exogenous Growth in Potential Demand (millions of revenue
passenger miles per month)

Indicated Expansion (millions of aveilable seat miles per month)
Order Interval Desired (months)

Potential Demand (millions of revenue passenger miles per month)
Potential Demand Growth (dimensionless)

Potential Demand Increase Due to New Capacity (millions of
revenie passenger miles per month)

Potential Demand Total Capacity Ratic (dimensionless)
Passenger load Factor (dimensionless)

Rate of Increase in Potential Demand (millions of revenue
passenger miles per month)

Rate of Ioss of Potential Demand (millions of revenue passenger
miles per month)

Rate of Loss in Potential Demand Auxilliary (millions of revenue
passenger miles per month)

Rate of Ioss Delay (months)
Total Capacity (millions of available seat miles per month)

Total Demand Satisfied {millions of revenue passenger miles
per month)



TEST

ACDEP
ATTER
ADTLIM
CAPOR
CAPORA
CAPORD
CORDIY
CPOL1
COOL1V
CPOL2
CXREQ
DAR
DARI
DBTPOS
DD
DDER
DDTLIM
DERT
DEPCR
DEPRT
DL

DRD
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Test Condition

Useful Iife (months)

Financial Control Sector

Accumalated Depreciation (millions of dollars)

Absolute Debt Equity Ratio (dimensionless)

Absolute Debt Limit (millions of dollars)

Capacity Order Rate (available seat miles per month)
Capacity Order Rate Auxiliary (available seat mlles per month)
Capacity Order Desired (availeble seat miles per month)
Correction Delay (months)

Capacity Order Limit One (available seat miles per month)
Capacity Order Limit One Value (millions of dollars)
Capacity Order Iimit Two (available seat miles per month)
Capital Expenditures Required {millions of dollars)

Debt Acquisition Rate (millions of dollars)

Debt Acquisition Rate Indicated (millions of dollars)
Debt Position (millions of dollars)

Decision Delay (months)

Desired Debt-Equity Ratio (dimensionless)

Desired Debt Limit (millions of dollars)}

Debt (millions of dollars)

Depreciation Credit (millions of dollars)

Depreciation Rate (millions of dollars)

Depreciation Life (months)

Debt Retirement Delay (months)



DRR
DRRAY
DRRA2
DRRD

DRRI

FCCA

FNCORR

FNINPT

IFA
IFCC
IFCX

IFCXA

IFCXI

IrI
IFrU
INTR
INTXP
MINAUX
MINIF
NVCAP
OPEXP

OFREV
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Debt Retirement Rate (millions of dollars)

Debt Retirement Rate Auxiliary Cne (millions of dollars)

Debt Retirement Rate Auxiliary Two (millions of dollars)

Debt Retirement Rate Desired (millions of dollars)

Debt Retirement Rate Indicated (millions of dollars)

Stockholders' Equity (millions of dollars)

Financial Constraint on Capacity Acquisitions (available seat
miles per month)

Financial Correction (millions of dollars)

Financial Tnput (millions of dollars)

Internal Funds
Internal Funds
Internal Funds
Internal Funds

Internal Funds
dollars)

Internal Funds
dollars)

Internal Funds

Internal Funds

(millions of dollars)

Aveilable (millions of dollars)

Control Constant (dimensionless)

for Capital Expenditures (millions of dollars)

for Capital Expenditures Auxiliary (millions of

for Capital Expenditures Indicated (millions of

Initial (millions of dollars)

Used (millions of dollars)

Interest Rate (dimensionless)

Interest FExpense (millions of dollars)

Minimmn Internal Funds Auxiliary (millions of dollars)

Minimm Internal Funds (millions of dollars)

Net Value of Capacity (millions of dollars)

Operating Expense (million dollars per month)

Operating Revenue (million dollars per month)



PDPTD
PMYTD
TCPOL1
TVCAR
TVCOR

uce

UOPC

VCAR

VCOR

ADER
ADERD
ANPRFD
AWNPROF
AROE
ARCED
AROT
AROID
ATNOVR
ATOVED
DER
GRASTS
NPROF
OFROF

ROE
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Proportion Depreciated (dimensionless)

Passenger Mile Yield (dollars per revenue passenger mile)
Total Capacity Order Limit One Value (millions of dollars)
Total Value of Capacity Arrivel Rete (millions of dollars)
Total Value of Capacity Order Rate (millions of dollars)

Unit Cost of Capacity (dollars per aveilable seat miles per
month)

Unit Operating Cost {dollars per available seat mile)
Value of Capacity Arrivel Rate (millions of dollars)

Value of Capacity Order Rate (millions of dollars)

Performance Evelusation Sector

Average Debt Equity Ratio (dimensionless)
Average Debt Equity Ratio Delay (months)
Average Net Profit Delay (months)

Average Net Profit (millions of dollars)
Average Return on Equity (dimensionless)
Average Return on Equity Delay (months)
Average Return on Investment (dimensionless)
Average Return on Investment Delay (months)
Average Investment Turnover (dimensionless)
Average Investment Turnover Delay (months)
Debt Equity Ratio (dimensionless)

Gross Assets (millions of dollars)

Net Profit (millions of dollars)

Operating Profit (millions of dollars)

Return on Equity (dimensionless)



ROI

TNOVR

TPROF

Return on Investment (dimensionless)
Investment Turnover (dimensionless)

Total Profit (millions of dollars)
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APPENDTX C

LIST OF MODEL EQUATIONS

AIRLINE MANAGLMENT CONTROL SYSTEM MODEL

CAPACITY ACQUISITION SECTOR
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FINANCIAL CONTROL SECTOR
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PERFURMANCE EVALUATION SECTOR
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