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PREFACE

This study is concerned primarily with airline economics and
technology in the subsonic and supersonic ages, but for historical con-
tinuity, principally to show cost and revenue trends with industry growth,
there are frequent references to, and statistics from the piston-engine
period, There is a degree of anachronism in the treatment of supersonic
flight as this will not be a part of civil air transportation until the
1970's. In the study, particular years were selected between 1965 and
1990 in which the composition of the potential airline market, opera-
tional and economic forecasts could be examined.

As far as possible, statistical data is given in tabular form
rather than being depicted graphically, and is located in the main text
rather than in appendices, to give meaning to the accompanying written
material, The U.S. domestic trunkline operation is an extensively used
source in this study because of the availability of detailed concurrent
statistics and financial data collected by the U.S. Civil Aeronautics
Board (CAB) on standard accounting definitions. A large amount of the
study actually is based on the operations of the major U.,S, domestic air-
lines: American, Braniff, Continental, Delata, Eastern, National,
Northeast, Northwest, Trans-World, United and Western. These trunkline
carriers handle approximately 95% of the total U.S. domestic air passenger
miles, Unless stated otherwise it can be assumed that the materisal in
this study refers to the domestic U,S. segment of the industry, where

both industry and the govermment regulatory agency have greater clear-
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cut freedom to operate than they have in some segments of international
service,

In general, the literature dealing with the airline industry has
been focussed on certain aspects of an airline's day-to-day operations.
This thesis, though, is to encompass a large part of the total airline
picture, with attention to the economic factors working in the market
place and the present and future impact of the airlines on the economy.
The attempt is made to analyze the structure and performance of the
scheduled airline industry, and to link academic economics to the
functional economic life in an airline environment that is both competitive
and regulated. Since it deals in the production of virtually only a single
product - airplane space for transportation of passengers and goods
between geographic points = there is probably no other industry today
which can so profitably convert economic theory directly into applied
economics in a commercial environment, beneficially achieving a reason-
able balance between theory and application.

Many transportation texts, trade journals, proceedings of aviation
meetings and issues of government statistical data are made use of as
authoritative references. The writer is conscious of having worked very
rmuch from borrowed knowledge in collating material scattered over maﬁy
scientific and lay publications. All sources are acknowledged in the
Bibliography and footnotes. The writer, as an aeronautical engineer,
Royal Canadian Air Force pilot and airline Captain, with several thousand
hours of jet flying, has, nonetheless, added much of his personal thinking
with respect to the operational and economic aspects of current subsonic

aircraft transportation, and projected his views, on the facts, into the



supersonic era. The conclusions are, therefore, either those of the
author or are concurred in by the author. There are points of unsettled
controversy inherent in an industry as dynamic as the airlines. The
study is current up to the date of its completion, but in the airline
industry interesting developments occur almost daily, and the thesis is
vulnerable to these developments,

As a supplement to the thesis the author has prepared a glos-
sary of air transport terms, most of which are used in the U,S. Civil
Aeronautics Board "Handbook of Airline Statistics" and other aviation
statistical reports. Each term is defined in what is thought to be its
most common air-transport usage which, in some instances, is somewhat
different from the commonly accepted definition of the term. The
glossary is available to any interested reader unfamiliar with air
transport terms, but has not been seen as an intrinsic part of the
thesis, and so has not been submitted with it.

The author is deeply appreciative of the critical, precise and
valuable guidance given by his Director of Research, Dr. J. C. Weldon,
Professor, Department of Economics, McGill University, whose suggestions
influenced the contents of this thesis, and to his Tutor, Dr. D. E.
Armstrong, Director, Graduate School of Business, McGill University,
for his thoroughness during preparation for the oral examination re-
quirements., He also desires to acknowledge the information made avail-
able through Air Canada, International Air Transport Association (TATA)

and International Civil Aviation Organization (ICAO).
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CHAPTER 1
PURPOSE AND SCOPE
The Problem

The problem studied in this thesis is how to move a sched-
uled air transport airplane in the most efficient manner over high-
density traffic routes between principal traffic centres., The air-
plane is the productive instrument of the airline industry and
throughout the study is considered as the principal competitive weapon
of the airlines. It is taken as a natural assumption, throughout,
that profitability, on the one hand, and public service, on the other,
are the simultaneous aims of the airlines. Such a study involves the
consideration of overall airline economics, technology and opera-
tional flexibility. These three factors are clearly related since
the economics are a direct function of technology and operational
flexibility.

Economics is the study of the operation of economic organi-
zations, and economic organizations are social arrangements
to deal with the production and distribution of economic
goods and services.

Technology and economics are the two sides of a problem.

Technological progress will gradually improve transport efficiency

1George J. Stigler, The Theory of Price (New York: The
Macmillan Company, 1964), p.l.




and in the process, the speed selection. Speed, in itself, is
interesting technically since, in air transportation, it nearly always
carries the potential of higher efficiency and more productivity. Speed
is the prime feature of air travel but is important to the airlines only
to the degree that its cost does not exceed its value, Speed must be
examined from the standpoint of operational flexibility, that is, equip-
ment utilization, scheduling, and competitive advantages to the airline
operator.

The technical or operational performance in an airline is largely
dependent upon the administrative services. A good design is not
necessarily a good product. It must go through a great deal of

administration to be a good product.
Scope of the Study

The scheduled airline industry, which is much more dynamic and
subject to change than almost any other industry, was selected as a
thesis topic because of its enormous importance to the overall economy,
nct only of a nation but of the world. Governments have encouraged and
bolstered the development of the air transportation industry by providing
appropriate legislation, offering needed services to the industry, and in
some cases, by outright financial subsidy. The part which air transport
plays in the creation of wealth has caused governments to give increased
attention to the regulatory competitive aspects.

The thesis deals with and answers questions with respect to
economic (including financial)efficiency , technological and operational

efficiency in the labour-sensitive airline industry functioning in a



regulatory environment.?2 It deals with airline practices in a qualitative
and quantitative manner, and indicates objectives and techniques for
attaining efficiency.

The task of economics is to study economic organization, to

appraise its efficiency and equity, and to suggest ways and means

whereby its imperfections can be lessened or eliminated.

(economic evaluation)

The study aims to relate theoretical work and economic doctrine
to the given facts of airline operating conditions under the hard measure
of economic vizbility,

To emphasize the intimate relationship between theory and
empirical evidence: how the theory is tested by evidence - not
merely logic - and how evidence instructs us on the forms of
relationship.

‘The study mentions only briefly the implication of a modern air
transportation system as related to military posture and international
prestige. The notion of public service is implicit throughout, and bound
up with it are the interplay of socio-economic and political forces. The
criterion for judging an airline is usually whether revenue is sufficient

to meet all expenses and pay a return on investment., In this respect,

the words of Mr. Allan Boyd, now U.S. Under Secretary of Commerce for

2The airline industry could be judged as especially sensitive to
any labour unrest because labour is a high input, with wages representing
over 40 percent of gross revenues,

3Tibor Scitovsky, Welfare and Competitien (Chicago: Richard D,
Irwin, Inc., 1951), p.k.

hGeorge J. Stigler, The Theory of Price (New York: The Macmillan
Company, 1961), p.k.




Transportation but, in 196}, Chairman of the U.S, Civil Aeronautics Board,

are of interest:
The premise of the carrier's existence must be as an instrument
to serve the citizens and commerce of its country. By accgpting
a certificate carriers accept a public service obligation.

This statement clearly implies that the airlines should have a
non-financial (public interest) objective, but certainly does not preclude
a financial (profitability) objective. The two objectives seem to be
complementary rather than contradictory because the airlines' pursuit of

both objectives could result in service at minimum fares compatible with

profitability. In a perfectly free competitive economy (which is not a

state in which the air transportation industry finds itself) the profit
or loss of an undertaking would be an accurate measure of its efficiency.
Therefore, in the regulated airline industry, profits by themselves are
not always a true measure of efficiency. However, in a commercial
environment: "Selling one's wares or services at a profit is essential

to remaining in business."
Objectives

In itemized form, this study has as objectives:

1. To provide sufficient qualitative and quantitative
information for an understanding of airline economic,
technological and operational problems.

2. To examine economic and technological efficiency in the

airline industry; to examine the performance-level of

5Institut Du Transport Aérien: Information Paper Ni 165
(Paris: I.T.A., June, 1962),p.6.




efficiency in sensitive areas and to suggest some techniques
which could have beneficial economic implications.7

3. To examine the structure of the airline industry to determine
the market relationships which exist in the industry and
which affect the behaviour of the individual airline firm.

e To examine the financial structure of the airline industry
and the impact of the investment program in reference to the
overall national economy.

S5 To examine airline industry requirements.

6. To examine and emphasize the use of sophisticated
mathematical/computer/automation techniques to achieve
economic and technological efficiency and to effect
significant reductions in the level of operating costs; to
examine the concept of a separate planning and research
department within an airline organization to give economic
effectiveness to these techniques and to measure the
economic impact of certain programs in terms of return on
investment.

7« To examine the trend and composition of airline production

and selling costs, airline product marketing, and pricing

TProfessor Tibor Scitovsky takes important note of the
interpretation of technological efficiency and economic efficiency in
Welfare and Competition (Chicago: Richard D. Irwin, Inc., 1951), p.148,
by stating: Uit is apparent that both these interpretations of efficiency
provide valid criteria by which to judge the performance of the firm and
the productive system. Although they will e seen to be closely related,
it nevertheless seems preferable to deal with them separately."




(fares and tariffs); to examine the continual modification
and upgrading of the airline product to give faster, more
reliable, more frequent, more comfortable and more economical
air services to larger markets; to examine profitability in
terms of return on investment.

8. To examine how the size of the airline industry will change
through changing traffic levels and traffic composition,
changing route structure, and new and more productive subsonic
and supersonic equipment,

9. To examine the regulatory atmosphere in which scheduled air-

lines operate,
Methodology

The arrangement of the thesis is given in the Table of Contents.
The purpose of each chapter is to provide in itself, a broad indication
of the arguments and conclusions related to the chapter heading, but not
necessarily reflect them in full, Some chapters can be regarded as
complete in themselves, others are not detachable from the full text.
The study has the following form:
PART I. INTRODUCTION - Part I covers a statement of the problem,
objectives, scope of the study, and an outline of the methodology.
PART II. THE BACKGROUND - This second part gives background information
and depicts the organizational structure within an airline, It
also sets out the economic (including financial) and operational
environment within which the airline industry functions,

Chapter I shows, in tabulated form, the organizational pattern



PART III.

of a typical airline., Chapter II sets out, again in

tabulated form, the general characteristics of the various
types of air vehicles, providing an appreciation of these
non-military aircraft and emphasizing their limitations as
they affect the operating profile. There is a second tabu-
lation, in which the aircraft are considered, not in an
individual way, but in five major representative groups.

This allows an introductory glance at the unit cost of an
airplane and the total unit cost (in cents) of producing a
passenger seat-mile. Two further tabulations extend this
background information by setting out comparative direct
operating unit costs for current subsonic and projected super-
sonic aircraft, and by comparing trip times.

Chapter IV is a short treatise on the operating environment of
the aircraft, and gives attention to the relation between the
economics of the industry and such operational items as
traffic control, navigation, communications, weather fore-
casting and flight planning, Chapter V deals with the

general economic background of the airline industry, including
the capital and investment structure, growth and profits. It
contains a general review of airline costs, revenues, equip-
ment and finance and serves as background to PART III.

THE ECONOMICS - The first chapter in PART III, Chapter Vi,
attempts a critical examination of the application of advanced
mathematical theories. to outline problems, in the form of

operations research and computer techniques which are intended



to reduce costs or to increase revenues or to give improved
service to customers, The material is, in general, quali-
tative, but a bibliography of the operations research
literature is included at the end of the thesis and could
form a basis for quantitative studies in any of the areas
outlined, The early treatment of this material is intended to
emphasize the need for a more scientific approach to airline
operations and greater application of modern mathematical
techniques and the skills of management science, Chapter VII
examines the role of a separate Development and Research
Department within an airline organigation structure, and its
value in giving effect to techniques discussed in Chapter VI,
Chapter VIII deals with the various airline accounts, sub-
accounts, direct and indirect operating costs. There is also
set out comparative direct and indirect operating costs of
the subsonic and supersonic transports,

Chapter IX deals with the airline products and services,
potential airline traffic markets, their composition, and the
nature of demand for air travel. The principal socio-economic
determinants and other factors, accounting for changes in air
traffic, are set out, and their place in the formulation of a
forecast model discussed. Chapter X examines the composition
of airline prices (fares and tariffs) in a regulatory environ-
ment. In Chapter XI the regulatory framework in the airline

industry is dealt with, along with the questions of how and
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to what areas it applies. The contentious problem of the
necessity, or otherwise, of government regulation is discussed

only briefly.
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CHAPTER II

THE FIRM

Basie Organization of an Airline

only the major departments of an airline ars identified, with

reference to function, in this study.

In general, there are only

slight variations between airlines at the upper orgenizational level.'

The following Air Canada basic organization diagram is illustrative

of a typical alrline corporate structure:
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Function of an Airline Organization

An airiine organizaticn is in ths buamess of producing
and selling transportation. Operation 1s the production end and
sales or marketing is the traffic end. These are the two primary
line departments responsible for directing and performing the
primary work of the organization. A typieal airlins organization
also includes a number of so-called staff departments - accounting,
engineering, maintenance, legal, purchasing, personnel, public re-
lations, research and development - all of which are intended to
facilifat.e and improve the performance of the company's primary

functions, namely, operations and sales.



CHAPTER IIX
THE AIR VEHICLE
Alrcraft Characteristiecs

Table 1 sets out the general characteristics of the pure-
Jet subsonic aircraft currently in service, and also the charactar-
istics of the pure-jet subsonic (so-called * jumbo') airplenes and

supersonic transports (SST) which will be in servioe in the 1970's.

Tables 2 and 3 give more generalized characteristics of the
air vehicle types with an introductory glance at approximate prices
of aircraft and, for background purposes, some comparative unit

costs of production of a seat-mile,

Table 4 sets out comparative block-to-block times for the
U.S. Boeing 707/Douglas DC~-8 subsonic jet and the Boeing SST to give

an indication of the time-saving effect of speed.



TABLE 1

LARGE COMMERCIAL JET TRANSPORTS, EXISTING AND PROJECTED, WITH RANGES IN EXCESS OF LOOO MILES

L

Alrcraft Aircraft Aircraft Appréximate Maximum Take- |Maximum Number |Year of Actual
Type Designation |Manufacturer [Cruise Speed off Weight of Passengers or Probable
Service Entry
Supersonic | U,S, SST (L.2000 | Lockheed 1800 mph 500,000 1b, 250 197k
Transports | or Boeing 733) or Boeing (Mach 2,7)
Concorde BAC/SUD (UK 150
& France) (Mach 2,2) 326,000 1o 971
TU=144 Tupolev
(USSR) 1550 286,000 121 197
(Mach 2,3)
Present, Boeing 707 Boeing 530 - 570 327,000 189 1558
Long-range | Series (U.S.A.)
Subsonic
Jet Trange :
ports Douglas DC~8 Douglas 540 ~- 580 315,000 189 1959
Series (UoSQAn)
VC-10 & BAC (UK) 550 - 580 335,000 160 196l
Super VC~10
1L-62 Ilyushin 62 530 - 560 326,000 186 : 1966
(USSR)
TU=-11} Tupalev 1160500 364,000 220 1961
(USSR)
Stretched DC-8 Series Douglas 5ko ~ 580 335,000 250 1967
Subsonic 61 & 63 (U.8,A.)
Super Super BAC (UK) 540 ~ 590 370,000 285 1968
yc-10 )
Large C=5A Lockheed 700,000+ 7504+ 1970's
Advanced (UoSeAs)
AV=22 Antanov (USSR) 500,000 720 1970's
Douglas DC-10 Douglas (U.S.A) 300 - LOO 1970's
Boeing 7h7 Boeing (U.S.4.) 300 - 490 1970's

Source: Lee R, Howard and James I, Williams, "SST Perspectus - Economics of the United States SST"
(Aircraft prices updated to 1967 dollars),

Lockheed Horizons, Issve 3, (Autumn 1965), p.9.

ST



TABLE 2

CHARACTERISTICS OF SUBSONIC AND SUPERSONIC AIRCRAFT
International Seating
Configuretion Maximum Eatimated Total Operating
cruise Takeoff Price Expense
Alreraft Mach Weight
Number .
Pirst | noinist Total (1bs) ($ Millions) (cents/seat mile)
.Class
Standard 8L 14 7 161 325,000 7.0 22
Subsoniec Jet
Stretched «83 22 208 230 350,000 9.0 1.9
Subsonic Jet
lTarge Advanced 77 - 700 620,000 20,0 1.5
Subsonic Jet
concorde SST 2.2 9 98 107 326,000 14.0 2.8
Ue Se S3T 207 26 211'. 2‘}0 500 ,000 28.2 240

Assumptions: (1)

(2) 50% Load Factor

Internatienal Operation

(3) Stage Length - 2,000 st. miles

(4) 3000 hours/year utilization

Source: Lockheed Aircraft Co., U.S.A., Lockheed Horizons, Issue 3, Autumn, 1965, p. 9

9T
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DIRECT OPERATING COST

(cents/seat mile)

SUBSONIC AND SUPERSONIC ATRCRAFT

Distance Standard Stretched Large Concorde TeSe
(stemi,) Subsonic Subsonic Advanced
Jet Jet Subsonic SST 88T
Jet
1000 1,2 1,0 N 1.9 1.3
2000 1.15 +85 5 1.6 1,05
3000 1.1 8 5 1.4 9
4000 1.05 8 5 1.3 85

source: Lockheed Aircraft Company, Lockheed Horizons, Issue 3,

Autumn 1965, p. 9. (Figures in above table extracted

from graphical presentation.)



18

TABLE 4

COMPARISON OF SUBSONIC AND

SUPERSONIC TRIP TIMES

Trip Times
(Average for Both Directions)
Service
Subsonic U.S.
Between 707/DC-8 SsT
Hours | Minutes Hours Minuteé
New York Los Angeles 4L 55 2 10
Paris New York 6 55 2 45
3an F;ancisco Honolulu 4 L5 2 05
Anchorage Tokyo () 40 2 40
Frankfurt Lagos 5 50 2 25
Rome Tehiran L 10 1l 50
caracas New York 4 10 1l 55

Source: Iockheed Aircraft Company, lLockheed Horizons, Issue 3,

Autumn 1965, p. 19.




CHAPTER Iv
THE OPERATING ENVIRONMENT
Safety Economics

Safety is a primary goal of aviation in relation both to life
and property. In hard economic terms safety is essential to an expanded
market and the resulting financial return to the airlines, As air
traffic continues to grow and the number of persons carried in a single
aircraft continues to increase, the rate of accidents must decrease sub-
statially if the airlines are to bear the financial losses of such
accidents as do happen. Programs must be directed to ensure (1) safe air
vehicles, (2) safe airmen, (3) safe navigation aids, (L) safe air traffic
system, (5) safe airports.1 The major areas in which research into safety
is needed include: physiological, psychological and mechanical aspects
of higher altitudes and higher speeds; greater risk to life and property
on the ground as urbanization expands; more accurate instruments; more
accurate and comprehensive weather forecasting; improved pilot competence;
improved cockpit design; and better crash protection for passengers.

There must be the correct operational environment to keep pace
with technology in the design of improved air vehicles., The transport
aircraft, in its changing forms, must be fitted into an operational -ystem

within which it is to find an economic use. Civil aviation can no longer

1U.S., Federal Aviation Agency, Project Horizon: Report of the
Task Force on Federal Aviation Goals, (Washington: 1961),

19



20

rely mainly on the by-products of military-related research and develop-
ment programs, nor is it efficient for it to run a poor second to the
space technology in the time, talents, facilities and funds that it
employs. There is an urgent need for aviation research and development
and the carefully considered distribution of this effort among the several
scientific disciplines and amrong basic research, applied research and

development.2

Operational Economics

To realize the potential value of using high speed aircraft of
the near-sonic and supersonic class, with the ability to transport
increased payload, the airlines are finding it necessary to change many
of their existing operating policies and procedures. Communication net-
works require higher transmission capabilities, dispatch decisions have
to be made at a faster rate, equipment utilization has to be increased
to make the operation profitable, and accurate high-altitude weather data
must be collected and precisely analyzed. One of the prime areas for
possible savings is in flight planning.

Commercial jet airplanes are restricted to operating within
specified paths or routes in both the horizontal and vertical planes,
Weather, air traffic and non-radar controlled geographic areas often
further restrict the choice of flight path., A flight plan is ideally
the selection of an optimal or near-optimal path between two points.

This path is chosen by the flight dispatcher and airline captain on the

2The principal burden of future basic research might well be grad-
vally shifted toward universities and private research organizations as
their growing capacities permit, with their efforts co-ordinated and their
firidings made available directly to industry or through government.
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basis of the weather picture and air traffic conditions, including the
consideration of temperature, wind conditions, turbulance, icing, weight
of the aircraft at various points along the flight path, and the inform-
ation in aircraft performance charts, From these, aircraft ground speed
and expected fuel usage (burn-off) can be estimated. To consider even &
small fraction of the possible paths requires lengthy theoretical calcu-
lations along with an assessment of the practical merits of each flight
path. When such variables as changes in upper air winds and temperatures
ara taken into account, the cost of manual calculation become prohibitive.
The operating costs of subsonic jets are $12 to $15 per minute (and those
of a supersonic aircraft will be much higher) so that the need to obtain
an optimum flight plan becomes vitally important and calls for the
application of electronic computation. To reduce these cost consider-~
ations as limiting factors on flight planning, an electronic computer can

be applied in the form of a flight simulation program.
Air Traffic Control (ATC) Economics

The primary purpose of Alr Traffic Control is safety, with
efficiency and reliability as important but secondary considerations,
Governments provide the necessary research, development, manpower and
facilities, with their costs rising in keeping with the growth in air
traffic volume, and the more stringent safety requirements imposed by
higher performance aircraft. Costs are only partly borne by those who
use air travel, with the balance being paid for by the general public.

Air Traffic Control (ATC) systems must be updated and improved

not only to ensure safety but to reduce airline unit operating costs.
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Air, itself, may be plentiful and free but space in certain bands of
upper air is becoming a scarce commodity. Air space, on high density
routes, reaches saturation during peak hours and this is partly due to
the magnitude of lateral and vertical separation now required between
aircraft in the absence of an ATC system which positively identifys the
geographic position of an aircraft., If the traffic control system is not
modified or reconstituted to accept the traffic loads which are inevitable
within a few years, there will be major delays, and perhaps even service
disruptions with heavy extra costs to the airlines that may be reflected
" in increased fares. Diversion or cancellation of flights, or delays in
landing and take-off, cause customer dissatisfaction,

Subsonic Jjet aircraft, in particular, and soon the supersonic
transports, must fly at the optimum altitude for minimum unit operating
cost., With only a few types of subsonics, such as the Douglas DC-8 and
Boeing 707, now carrying the bulk of the world air traffic, these air-
craft of the various carriers, on the same route, naturally want to fly
in the same altitude band, For example, on the prime Europe-North America
route over the North Atlantic, the subsonic jets are, in general, all
flight-planned to fly in the 29,000 to 39,000-foot altitude band. The
rapidity at which the subsonic jets can cross the Atlantic creates peak
scheduling hours so that the largest concentration of traffic is in an
8-hour period,

The peaking period forces ATC to create a routing system which
prevents many aircraft from flying the "least-time" track or "least-cost"
track between the two points., Routing ai:d altitude diversions not only

introduce an increase in all unit operating cost categories but the longer
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routing has a range penalty which may force the aircraft to land at an
intermediate terminal for refueling, with all the increased cost, traffiec
disruption and inconvenience that this implies,

With the same inputs, computerized flight planning, while the
ultimate in efficiency, also has the computerized efficiency of producing
a flight plan which optimally places all aircraft at virtually the same
altitude and on the same track, If the optimum track is considered as the
unofficial datum line, then, under current traffic control regulations,
ATC must separate aircraft tracks by 2 degrees, or about 120 nautical
miles. An aircraft on the outside track will have considerably further
to go than one on the inside track or datum line and its cost will there-
fore be higher, On each individual track, subsonic aircraft are separated
by 2000 feet, vertically, and 15-20 minutes, longitudinally. This
separation is presently required for state-of—the-artAnavigational and

altimetry systems,
Navigation and Communication Economics

For long-range, over-water flights a system of space satellites
is required to provide uninterrupted ground/air VHH/UHF radio communica-
tion, including air traffic control (ATC). On the extensive over-water
areas, radar is not now available, In order to fit more aircraft into
the "stream", without endangering safety, a satellite system would also
provide over-water radar surveillance and provide more economical, and
also more reliable, spacing of traffic equivalent to radar spacing now
available over land.

In 1966, there were 20 to 30 departures per hour over the trans-
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Atlantic air lanes. This number is expected to double by 1960 and more
than triple by 1975. This rapid growth indicates why the economic
benefits to be gained for orbital systems should outweigh the investment,
not just from the standpoint of better aircraft utilization and more
efficient service and lower unit operating costs to the airlines, but by
the repercussions on international trade and balance-of-payment problems.
The 120-mile separation paths, presently in effect on long over-
water routes, do not make good use of available air space. Commercial
needs already dictate that higher standards of equipment are needed that
reduce separation to a fraction of the existing figure., But only
precision equipment and highly qualified operating personnel can keep a
600-mile-per~hour subsonic, and their successor Mach 2 and 3 aircraft,
from wandering off course a great distance in a few seconds,
Technological advances in airborne ILS instrument landing system
equipment and supporting ground installation equipment should permit
current Category I (Decision Height(DH)3 of 200 feet and a visibility of
% mile) landing limits to be successively reduced in two steps to Category
II limits. The first reduction would be to a DH of 150 feet with a
Runway Visual Range (RVR) of 1600 feet, and the second, to a DH of 100
feet and an RVR of 1200 feet. Progressively, landing minimums are
expected to be lowered to the ultimate of zero visibility, giving air-
craft operations an all-weather capability. Although the ability to land

under successively lower limits represents large economic gains and could

3Decision Height (DH) is the height (above the highest elevation
in the touchdown zone) at which a missed approach must be initiated if
the required visual reference has not been established.
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better serve the travelling public, the airline industry and government
authorities are proceeding very cautiously with this program. They
recognize that valid research and thorough evaluation is necessary, with
upgrading in equipment and pilot training. Take-off does not present
the same problems as landing and take-off limits are now zero ceiling and

3 mile visibility, or RVR of 1600 feet.
Increased Use of Computers - ATC Centres

Present air traffic control facilities and methods are approach-
ing the limit of their capacity. Manual systems can no longer ensure a
safe and economic flow of air traffic over high density routes and into
and out of congested airports. Automatic data processing can resolve
complicated traffic situations and permit effective use of the air space
available, Computerized integration of flight routings would tend to
eliminate "holding" near terminal areas. ATC "holds" are the most
critical cost factor there is for westbound (headwind) trans-Atlantic
traffic, with altitude assignment next. Holding time estimates given by
the airport - of intended destination often mean costly diversions to other
airports, costs that may be completely wasted if the estimates are wrong.

Both inbound and outbound holds (descending or climbing to
altitude at a fixed point), and the inability to follow an optimum climb
path to initial cruise, are costly in time and fuel, and are extremely
costly if allowance has to be made in payload to allow for the extra
weight of fuel, Since vertical separation standards are different over
land and water, traffic frequently backs up over coastal area airways,

This problem could be especially critical for supersonic aircraft. Time
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delays and extra fuel increase unit costs in not one but several airline
accounts, with what might almost be called a "repeater" effect.

The efficient movement of the aircraft on the gound, as well as
in the air, is essential to low costs, particularly with subsonic jets
and the forthcoming supersonics. Here again the use of a computer would
facilitate an orderly flow of inbouid and outbound traffic along the taxi
ways, via a centre line system of colored lead-in lights, coming on in
sequence, to prevent congestion. In the case of outbound traffic, the
aircraft would be placed in the correct position in the "take-off 'sequence
for expeditious departure. Some of the delays which reduce planned util-
ization (and account for deviation from scheduled times) are:l

1, Delays in the air (cruise)

a) Wind factor, altitude, routing

b) Turbulence detour with operation at low engine power which is

less than the most efficient power setting

¢) Weather detour to avoid bad weather such as thunderstorms

d) Temperature difference from that forecast affecting gas

turbine performance and aircraft speed

e) Air Traffic Control unable to assign an optimum cruise

altitude and routing

f) Mechanical irregularities

2. Delays during arrival let-down and taxi-in

a) ATC "hold" in air account terminal weather or traffic

hP.A.Longton and A.T.Williams, "Operational Research and Aviation
Management, Part II: Procurement and Capital Investment Programmes',
Journal of the Royal Aeronautical Society (September, 1965), 608.

-
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b) Instrument approach procedures

c)
d)

Time to alternate if diverted

Taxi-way and ramp congestion

3. Delays during departure (taxiing and/or climb-out)

a)
b)
c)
d)

Taxi-way congestion
Back-log of take-off traffic
ATC clearance

Instrument departure procedures

lhe Delays during turnaround

a)
b)
c)
d)
e)
£)

Delays in loading and unloading passengers and baggage
Maintenance enroute inspection

Operations

No available aircraft

Refueling

Weather

5. Delays and restricted operation account jet noise-control

a)
b)

c)

Curfew restrictions at some airports

Restrictions on use of certain runways on account of curfew
or noise-abatement procedures which sometimes necessitate the
use of shorter runways at reduced take-off (and payload)
weights

Restriction on take~off weight (cut-back in fuel or payload)

due to climb-out gradient requirements

Stuart G. Tipton, president of the Air Transport Association,

which represents the U.S., scheduled airline industry, said:

With demand for airport use approaching capacity and with differ-
ences between operational characteristics of the airline and
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general aviation aircraft increasing, continuation of both types
of operation at joint-use airports is creating a serious problem,
I suggest that consideration should be given to the construction
of relatively small airports for general aviation rather than
extensive alterations of air carrier terminals or construction of
new ones, Airpor§ delays are costing airlines an estimated $4j1
million annually.

Tipton, at a U,S. Senate hearing in 1966, on the airport problem,
cited figures showing that during a peak hour at LaGuardia airport, general
aviation used 62 percent of runway operational capacity as opposed to the
airlines 38 percent. During that period general aviation carried only 7

percent of the 2,950 passengers moving in that hour.®

SHarold D. Watkins, "Airlines Challenge General Aviation Fees,"
Aviation Week, LXXXVII, No,6 (October 23, 1967), 36.

6Tbid.



CHAPTER V

THE ECONOMIC SETTING

Future economic historians, looking back on the growth of the
airline industry, will probably conclude that in its first few decades
of operation it displayed the chief characteristics of an infant industry
- lots of growth but little or no profit. Not until the year 1963 might
one say the turning point to adolescence had heen reached.1

In the early life of the airline industry, little effort was
made to scientifically snalyze economic results, possibly because modern
mathematical techniques were not available, but more probably because the
industry was deployed in the urgent task of technical improvement., To an
economist or accountant it might seem inconceivable that economics could
receive so little attention in an industry in which there were operating
revenues of some $1.6 billion in 1951, rising steadily on almost a
straight~line basis to approximately $9 billion dollars, U.S., in 1965
and where, from 1951 to 1962, total operating revenues fluctuated abovs
and below total operating expenses but never exceeded that figure by 3
percent. In 1963, however, the margin was nearly 5 percent and, in 196},
incressed to 8 percent (about $600 million.)2 In terms of passenger miles,

scheduled world airline traffic- has almost doubled every five years since

lgre the Airlines Spoon-Fed", The Aeroplane and Commercial
Aviation News, July 29, 1965,

2International Civil Aviation Organization, A Review of the
Economic Situation of Air Transport, (Montreal: ICAO, June 1965), p.b5.
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19&6;3thp average annual rate of growth from 1946 to 1966 being 14«3
parcent.h The international growth rate has been higher than the
domestic rate.

With the arrival of the large subsonic Jjet transports, as early
as 1958, it became apparent that the gconomics of the industry must
receive more attention if the airlines were to maintain a reascnable
jindependence, There were two classes of problem:

1. The econcmic results of air services provided by the airlines.

2. The economic results of ground services provided by government.,
Only the economic results of the airlines' own services are dealt with
in this study, except for landing, terminal and similar fees which air-
lines pay to government agencies., If profitable subsonic operations
continue for the next few years, there may bs pressure from the regulatory
agencies for either lower fares or a larger contribution to government

facilities, The airlines would undoubtedly choose to lower air fares.S

3World airline traffic covers both domestic and international
traffic and refers to all traffic of those airlines of Member States of
ICAO. The major exclusions are the USSR and Republic of China.

hAn annual growth rate of 10 percent doubles the total traffic
volume in 74 years and triples it in 11} years. An annual growth rate of
just under 15 percent doubles the total traffic volume every 5 years; and
a rate of 19 percent doubles the traffic volume in just under L years.

5In any attempt to arrive at an equitable method of assessing costs
against actual users, acknowledgement must always be made of the important
economic, social and rationszl security values accruing to any country. All
modes of transportation benefit, to a greater or lesser extent, from in-
stallations paid by public funds., Any regulation of user charges cannot
be confined only to air transportation but should be extended to all forms
of transportation. Government monopoly of airports, reasonably, should
not permit administrations to charge the airlines vastly in excess of
user charges, It is admittedly difficult, though, to establish fair
charges even with efficient cost accounting (which appears to be lacking
at the present time.)



31

The most important factor in the economic improvement in the
airline industry from 1962 through 1965 te the present date has been
the introduction of the larger, more productive long-range subsonic
jets.6 This has resulted from their high productivity and low opera-
ting costs, achieved mainly through speed and large payload capacity.
One long-range subsonic jet is capable of carrying, in any given period,
between three and four times as much traffic as the piston-engine air-
craft it replaced, and at a total unit cost approximately 20 percent
lower ﬁhan for the piston-engineaircraft. This productivity led initially,
and inevitably, to excess capacity, which from 1950 to 1963 increased at
a greater rate than traffic, and was reflected in a pronounced decline
in load factors, The situation began to change in 1964 and in 1965,
when load factors rose slightly, end this trend has continued through
into 1967. In 1961, daily utilization on the world's scheduled air-
lines was about 8 hours, a figure that is now about 10 hours, so that
there has been much increased preductive capacity even for a constant
number of aircraft.

The unit operating expense of the subsonic Jjets has fallen more
rapidly than unit revenue so that the break-even load factor has also
declined. On world scheduled airlines, the break-even load factor for
the subsonic jets, since their introduction in 1958, has fallen from 57
percent to 53 percent in 196}, and to less than 47 percent in 1967. ICAQ
projects the break-even load factor will be L) percent in 1970 and 41
percent in 1975 for long-range subsonic jets. Over the period 1951 to

1963, the actual load factor for the world's airlines fell steadily, with

SInternational Civil Aviation Organization, A Review of the
Economic Situation of Air Transport, (Montreal: ICAO, June 1965), p.S.
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the exception of one year, 1956, from a.figure of 62 percent to 52
percent. The figure rose slightly to approximately 53 percent in 196k.
The spread of just over 3 percentage points between the actual load
factor and break-even load facter in 1964, was the largest since 1951,
and accounts for the profitable results of 196}, which have continued
into 1967. On international routes where rates are determined by inter-
national agreement through IATA, an airline, once the price is set, is
concerned with reducing costs to make the maximum profit., In domestic
operation, ah airline ia concerned not only with competition from other
airlines, but also with competition from other modes of transport.

In 1965 there were some 780 long-range subsonic jets in sched-
uled world airline service, ICAO calculates that this number will
increase to 1500 in 1972 and 1750 in 197 if neither supersonic aircraft
nor very large subsonic "jumbo" jets (over 40O seats) have been intro-
duced.,? If supersonic airliners are not in operation on some routes
served by the long-range subsonic jets it is still estimated that to
meet a conservative annual 12 percent increase in air traffic demand
there will be a requirement for 1500 long-range subsonic jets in 1972,

ICAO further calculates that if a supersonic transport, intro-
duced in 1972, had unit operating costs 20 percent above those of sub-
sonic jets in 1963, its break-even load factor (without surcharge) would
be approximately 6% percent, given the assumption that fares fall at 1
percent per year, The load factor for the SST, however, would have to be
approximately 76 percent if the decline in fares proved to be as high as

3 percent per year. The ICAO computations indicate that supersonic fares

7Ibid., p.50.
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may well have to be higher than subsonic fares if these latter have
dropped to the levels in prospect from low unit costs and the
accompanying low break-even load factors, Tables 5§ and 6 taken from
the 1965 ICAO study, have been reproduced to show the basis of these
estimates,
Economic Sharacteristics of the Airline Market and Airline Industry

The airline transport industry is today faced with tremendous
opportunities and, on the other hand, the pressures generated by rapid
growth and change in technology, in traffic levels, in the composition
of traffic, in the composition and corporate structure of the induastry,
and in the economic and social demands that determine the need for their
services,8

Within the overall constraint of remaining financially secure,
the purpese of an airline should be to provide a level of service which
may be Jjudged in terms of:9 safety, an acceptable fare level, comfort,
reliability, speed (faster portal-portal transportation), length of
haul, frequency of service, punctuality, responsibility, and security.

If all other factors are satisfied, the most important measure
of the effectiveness of any transport system is the total time taken to
travel from origin to destination (portal-portal). Travelling is not

considered as an end in itself but as a means to other ends which showuld

8James E. Gorham, "The Impact of Continuing Traffic Growth and
of New Transport Equipment on Route and Corporate Structurss of the Air
Transport Industry," A speech delivered at the Aerospace Program
sponsored by Brush, Slocumb and Co., lLos Angelea, California, Nowv.3,1966, pl.

9cf. P. A. Longton and A. T. Williams, "Operations Research and
Aviation Management, Part II, Procurement and Capital Investment Programs,®
Journal of the Royal Aeronautical Society, LXIX (September 1965), p.60L.

4 Sy e



TABLE 5

ESTTVATED STTUATION OF LONG-RANGE SUBSONTG JETS IN 1970 AND 1975 COMPARED WITH THAT IN 1965 ON
TNTERNATIONAL AND DONESTIC SCHEOULED PASSENOER S NOT _ALCOWING FOR TH= INTRODUCTION OF

SSTTS OF VERY LARGE S C_ALRCRART)

WWWMM* Ry Y
1965 1970 1975 Notes on 1970 and 1975 Estimates

Average number of long-range subsonic ?80 1200 1900 = Assuming 124 per annum increase in

pasgengar jete in service over year . passenger demsnd with aircraft in-
oreasing in size but no SST's or

- very large suwbsonic aircraft

Avarage aeats per aireraft , 1,0 160 175 Assuming 250-seat aircraft intro-
~ duced in 1970, more in 1975. Exclud-
ing very large subsonic aireraft and
SST's,

Avarage passenger load factor (%) sSh Sk Sk Assumed constant at 1965 figures for
long-range .subsonic Jets
,

Average passenéera per aircraft 7% 8 9k From load factor and seats per air-
craft

Operating Cost (total) U.S.¢ ‘ ' : ’ . ‘ .
per seat-km 1.8 1.5 1.3 Using same reduction rates as for
2

per seat-mile 2,8 2. 1 World Averages (Epprox, 24/yr)

U,S. ¢ Ravenue
per psgr,-km 3.8 3.h
per pagr.-mile 6.1 5

3.2 Using game revenue figures as for
5.1 World Averages (approx. 1%/yr)

Passenger Breakeven )
Load Factor (percent) k7 Lk bl  Breakeven load factor falling since
: unit costs fall faster than fares

Source: ICAO: A Review of the Economic Situation of Air Transport with Special Reference

to the Economic Effects of the Long-Range Jets and the Possible Future Market for Supersonic 4ir
Transport: Montreal, Quebec, Canada, 1985, p.51l,

e



TABLE 6

TLLUSTRATIVE CALCULATIONS RELATING TO THE POSSIBLE INTRODUCTION OF SUPERSONIC TRANSPORTS

TN 1972 AND 1974 (UNIT COSTS IN U.S, CENIS)

1972 197h
Total number of long-range subsonic jets on passenger service if no
SST's or very large subsonic jets were introduced 1500 1750
Number assumed on routes suitable for SST's 750 87¢
Average seats per aircraft 166 172
Average passengers per aircraft 89 92
Average load factor (percent) Sk Sk
Number of 250-seat subsonic jets required to be added each year to
add 12 percent capacity to the routes suitable for SST's 60 T2
Number of 120-seat Mach 2.2 (Concorde) aircraft required to add 12
percent capacity in 1972 60 -
Number of 250-seat Mach 3,0 (U.S. 8ST) aircraft required to add 12
percent capacity in 197k - 2l
Probable prevailing fare level: per passenger-Km (U.S. cents) 3. 343
Per passenger-mile (U.S. cents) 545 Sy
Pogsible average operating cost of the SST: per seat-km (centa) 2.2 2,0
per seat-mile (cents) 3.5 3.2
Breakeven load factor of SST at probable prevailing fare level 69 60
Lowest world average fare levels considered likely (falling 3 percent
per annum from 1963):
per passenger-km (cents) 2.9 2.7
per passenger-mile (cents) b7 h
If fares fall 3 percent per annum until 1975 breakeven load factor for
SST aircraft, approximately (percent) 76 74

Source: ICAO: A Review of the Economic Situation of Air Transport with Special Reference
to the Economic Effects of the Long-Range Jets and the Possible Future Market for Supersonic Air
Transport: Montreal, Quebec, Canada, 1965,, p.53.
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take up the minimum poasible time, given certain other adequacies, such
as comfort and safety.

The ability of an airline to provide a rapid, frequent, punctial
and reliable service is subject to two sets of constraints:

1, Technological, in that there are limitations to the spsed

of aircraft and to the flow of aircraft into and out of

airports that can be controlled,

2., Economic, in that a choice has to be made as to whether

more resources should be utilized to improve the ssrvice

provided by the airlines opposed to using these resources

to achieve other objectives,

As the demand for air transgportation is a derived demand, the
future demand for such services depends on population growth, the
economic situation and other factors which generate this demand, Research
studies in the U.,S., with respect to population growth and economic
development, strongly support the probability of sustained growth in the
economy, in population, and in per capita incoms (particularly in dis-
posable or discretionary income). This growth in the sconouy will
engender an enormous expansion in air passenger and cargo traffic that
will, in turn, demand a substantial enlargement of alr carrier fleets,
facilities and services, to accommodate this traffic (the average annual
increase in U,S. domestic trunkline traffic was 10.8 percent betwsen
1953 and 1965, and of more significance, for the last three years, 196k,
1965 and into 1966, the average growth rate was 15.5 percent annually).
This points to certain basic relationships among traffic growth, air-

craft and supporting equipment requirements, financial requirements,
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investment needs, and necessary. earnings.. If traffic increases, the
number of aircraft and the investment required for these aircraft must
also grow, and so must sarnings if the industry is to remain profitable,
If the growth of cargo is such that substantial numbers of all-cargo
aircraft and supporting equipment are required, then these will increase
the total investment and earnings needed, that is, increase the financial
requirements for continued competitive participation in air tranSportation.lo

The basic relationships above are dealt with in their natural order,

The Growth of Airline Traffic
Passenger
One of the most obvious characteristics of the airline industry
ig its remarkable growth rate, and cne of the greatest failures of the
industry is a persistent tendency te under-estimate its futurs growth.
This laads to inadequate preparation internally and in other areas,
most notably airports and terminal facilities. The best forecasts of
world airline traffic of the 1960/61 era failed to estimats the 1966 actual
traffic by 10 to 25 percent, There are probably two reasons why this
happened, 11
Historically the growth of airline traffic has bsen dus in part

to the overall growth of travel by all modes of public transport, and in

10 ames E. Gorham, %The Impact of Continuing Traffic Growth and
of New Transport Equipment on Route and Corporate Structures of the Air
Transport Industry,® A speech delivered at the Aerospace Brogram spon-
sored by Brush, Slocumb and Co., Los Angeles, California, Nov.3,1966,pp.2,3.

g, Rr. Shaw, "Technological Progress and the Airlines,"
Journal of the Royal Aeronautical Society LXXI (September, 1967) 598.
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part to the airlines winning an ever increasing share of the total
traffic from surface modes of transportation; ships, trains and buses.
Between 1950 and 1965 the airline share of all passenger travel between
the U.S.A. and other countries outside North America rose from 50.6
percent to 83.3 percent,1?2 Over the same period the air share of North
Atlantic passenger travel increased from 31 percent to 86 percent.
There is an ever decreasing percentage of traffic that cean be won from
other modes of transportation and it perhaps seems logical to assume
that air traffic growth will follow closely only population and discre-
tionary income growth,

The other principal reason air travel forecasis have been
short of actuals is probably because sufficient importance was not
attached to the ability of major technological advances in aircraft
design to expand the total travel market, to lead people to travel by
air who otherwise would not have, and to travel further. Improvements
in the environment in airecraft, in range, and the increase in speed,
have made an important contribution to air travel rates of growth.13

The factors influencing the rate of growth in the U,S. domestic
passenger market environment are:

1. Socio-economic conditions: GNP (a )y percent annual increase
in constant dollars is most frequently used in current fore-

casting), population, income (per capita disposable income),

12Stephen Wheatcroft, Elasticity of Demand for North Atlantic
Travel (Montreal: IATA July, 198L).

13shaw, p.598
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education, leisure time, propensity to travel.

2. Introduction of new aircraft: technological advances in
aircraft design, improvements in aircraft environment,
range and speed (decrease in portal-portal time). The
travel market can look forward to: the DC-8-61/63
"stretched" jet now entering service in larger numbers;
the B-747 "jumbo"y the Concorde and U.S. SST's in the
early 1970's,

3. Current aircraft: model improvements to continue; older
jets to be replaced by 1972,

he Fares: moderate decrease (in constant dollars); promo-
tional fares,

Passenger Traffic Forecasts

Most current forecasts of airline growth are now much more
optimistic than in the past. A long-term downward trend in growth rates
is still predicted, but many forecasis are now showing "possible" and
"probable" air traffic volume based on two different rates of growth.
The Boeing Co. shows two forecasts for world passenger traffic.lli These
two forecasts show average annual growth rates of 17 percent and 1l
percent respectively, for 1965 to 1970; 13 percent and 9% percent for
1970-1975; and 8 percent and 7 percent for 1975-1980. For world pas-
senger traffic, the “possible" shows a doubling of 1965 traffic by

1970 and a re-doubling by 1976.

1)"Boei.ng Aircraft Co., Traffic Forecast S637 (Renton,
Washington: The Boeing Co., January 20, 1967).
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Table 7 sets out the Boeing Co. U,S. domestic trunkline fore-
cast in terms of revenue passenger miles, and passengers. Actual
revenue passenger miles, and passengers, for 1955, 1960 and 1965 have

been included,

TABLE 7

FORECAST OF REVENUE PASSENGER MILES, U.S, SCHEDULED DOMESTIC TRUNKLINE
OPERATIONS, 1965-1980 (ACTUALS ARE SHOWN FOR 1955, 1960 AND 1965)
——— e

(billions) RPM

Year Possible Probable Passenger
(billions) (billions) (millions)
1955 19+ 36+
1960 30+ L7+
1965 L9e 70e
1970 95 102 150
1975 200 175 250
1980 262 275 370

Source: Boeing Aircraft Co., Traffic Forecast S637
(Rento?, Washington: Boeing Co., January 20, 1967) (data derived from
curves),

«Actual.
A study prepared in the B.S. CAB, forecasts domestic passenger

traffic for the 11 trunkline carriers' scheduled services for 1968-1977.15

lSIrving Saginor, Forecast of Domestic Passenger Traffic for the
Eleven Trunkline Carriers Scheduled Service 1968-1977, A Research Report
Prepared for the U.S. CAB which does not necessarily represent official
views. (Washington: U.S. Government Printing Office, September 1967).
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The scope of the study is the operations within the k8 conterminous
United States, plus their operations to nearby Canadian cities, This

is a relatively homogeneous market and represents over two-thirds of the
scheduled and non-scheduled air travel carried by all U.S. certified
route carriers. This study, based upon statistical data, indicates that
the principal factors or determinants accounting for past changes in traffie,
are: price (level of air fares), population, income (disposable personal
income), amount of service offered (schedules and capacity), quality of
service offered (safety, comfort, speed), public acceptance of flying,
and competition of other goods (consumer prices)., The study also indi-
cates that income and fares have been the most important factors associated
with the growth of air travel. The study projects revenue passenger-
miles on the basis of three different assumptions: Forecast A assumes
that fares will remain level in real dollars (which means an average
annual increase of 1.8 percent in current dollars); Forecast B assumes
that fares will remain level in current dollars; Forecast C assumes that
fares will decline 1.5 percent per annum in current dollars. Each of

the three forecasts assumes a li.li percent annual increase in real
disposable personal income. (From 1958 through 1966 the average annual
growth of the U.S, GNP, in constant dollars, was L.7 percent.) The
results of this study are set out in Table 8 to show forecasts of revenue
passenger-miles for U,S, scheduled domestic trunkline operations, The
forecasts indicate an average annual growth of revenue passenger miles
ranging from 8 to 13 percent over the next 10 years (1968-1977) and the
forecast figures are quite comparable to those in the Boeing domestic

trunkline forecast in Table 7, page LO.



L2

TABLE 8

FORECAST OF REVENUE PASSENGER-MILES, U.S. SCHEDULED DOMESTIC
TRUNKLINE OPERATIONS

1967 - 1977
(billions of RPM)

t

———
——

Calendar Forecast Forecast Forecast
Year A B c
1967 70 70 70
1968 76 78 79
1969 82 86 90
1970 89 96 102
1971 97 107 115
1972 105 118 130
1973 113 131 17
197k 122 14k 166
1975 132 159 187
1976 142 176 210
1977 153 19k 236

Source: Irving Saginor, Forecast of Domestic Passenger Traffic:-
for the Eleven Trankline Carriers Scheduled Service 1968-1977, A Research
Report Prepared for the U.S. CAB which does not necessarily reflect their
views.(Washington: U,S, Government Printing Office, September, 1967), pe3.

Table 9 sets out comparative figures of U.S. domestic trunkline
average passenger fares, fares adjusted for consumer price index, dispos-

able personal income, and population, for each year from 1946 to 1966,



TABLE 9

COMPARATIVE FIGURES OF U.S. DOMESTIC TRUNKLINE AVERAGE PASSENGER FARES,
FARES ADJUSTED FOR CONSUMER PRICE INDEX, DISPOSABLE PERSONAL
INCOME, AND POPULATION, 1946 - 1966

Consumer Air Fare Disposable
*Av, Fare Price Index Ad justed by CPI Personal Income Population

Tear (U.Sof/mi.) (cPT) (U.S.¢/mi.) (U.S.$billions) (thousands)
1946 5.360 68.0 7.882 236.8 11,936
1947 5.860 77.8 74532 219.5 1,698 E
1948 6.659 83.8 7,916 226,8 147,208
1949 6.685 83.0 8.05} 228.), 149,767
1950 6.43h 83.8 7.678 248.1 152,271
1951 6.182 90,5 7,162 251.7 154,878
1952 6,129 92.5 64950 259,1 157,553
1953 6,301 93.2 6.761 272.5 160,18}
1954 6,056 93,6 6.470 27645 163,026
1955 5.913 9343 6.338 296,7 165,931
1956 5.875 97 6,20 311.3 168,903
1957 5.855 98.0 5497 316.5 171,98)
1958 6,21} 100.7 6,171 318.3 171,882
1959 6,458 101,5 6,363 3342 177,830
1960 6,679 134 6,478 33945 180,684
1961 A.BA9 10h.2 6,592 349.7 183,756
1962 7.011 105.0 64652 365.6 186,656
1963 6.418 106,7 6,015 379.2 189,417
196l 6,350 108,1 5.87h 403.9 192,120
1965 64255 109.9 5,692 11268 19l,572
1966 5,985 113.1 5.292 1168 196,812

#Average fare is the average passenger-mile yield and includes excess baggage revenue and taxes

) Source: Irving Saginor, Forecast of Domestic Pass%r Traffic for the Eleven Trunkline
Carriers Scheduled Service 1968-1977, A Research Neport Prepared for the U.S. CAB which does not
necessarily reflect their views. (Washington: U.S.Covernment Printing Office, September 1967) p.30.




Table 10 shows U.S. scheduled airline traffic growth for each year
from 195k through 196k, and Table 11 shows traffic statistics for each
of the U.,S. trunklines for 196k,

In forecasting ahead 10 years the most striking characteristic
of the air travel market is the capacity of the aircraft which are
expected to be in service such as the "stretched" DC-8-61/63, and
Boeing 747 "jumbo's®, Both these aircraft have much greater capacity
and lower unit operating costs per seat mile than the present DC-8's
and Boeing 707's. There is also the possibility of a 200-300 seat
Lockheed or Douglas airbus with a potential for lower fares which would
operate on very high density short-to-medium haul routes. The place of
the Concorde and U,S. SST's on domestic service, at least until 1977,

is still indefinite on account of the sonic boom.

Air Cargo

Air cargo is also becoming a major factor in airline growth,
It yields approximately 10 percent of airline revenues today but is
growing at an appreciably faster rate than passenger traffic. The
demand curve is more elastic than that for passenger traffic,but is not
as sensitive to increased speed. The Boeing Co. forecast predicts world
air cargo growth at 18% percent between 1965-1970; 25% percent between
1970-1975; and 15 percent between 1975-1980.16 This forecast growth
in air cargo volume indicates that air cargo traffic will become equal
to forecast passenger traffic before 1980.

The airlines are now well aware that a 100 percent load in a

167he Boeing Aircraft Co., Boeing Traffic Forecast S637
(Renton, Washington: January 20, 1967).



TABLE 10

TRAFFIC GROWTH - U.S. SCHEDULED ATRLINES

1954 -196L

Passengers Annual Passenger Annual Total Ton Annual
(in Growth Miles Growth Miles# Growth

Year thousands) (percent) (in millions) (percent) (in millions) (percent)
1954 35,448 12.0 20,612.9 13.0 2,563.8 12.0
1955 h1,709 17.7 2L,351.0 18.1 3,087.8 20.0
1956 116,005 10.3 27,62.8 13.4 3,618.6 17.2
1957 49,466 7.5 31,260.8 13.2 h,082.4 12.8
1958 149,169 -6 31,499.h .8 1,120,2 .9
1959 55,999 13.9 36,271.8 15.5 L,73k.1 .9
1960 57,872 3.3 38,863.0 6.8 5,024.3 6.1
1961 58,408 ) 39,830.8 2.5 5,393.9 7.4
1962 62,5h9 7.1 43,760.4 9.9 6,238.3 15.7
1963 71,41k 1.2 50,361.2 15.1 6,859.3 10.0
196l 81,77) 1.5 58,493.6 16,1 8,015.9 16.9

# Total Ton Mile figures include charter operations

Source: News Front, November, 1965, p.37

s
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TABLE (11 )
U. S. TRUNKS - 1964 ALL SERVICRS
. < Inorease
Revenue Psgr. Change Share of Revenue Psgr, Change Share of Revenue Psgr. or
Miles 1964/63 Market Originating 19614/63 Market Load Factor Decrease ILoad Factor
Airline (000) (percent) (percent) (000) (percent} (percent) (percent) (percent) Rank

l. United 9,085,037 F 6.7 21.7 12,834 $ 640 21,1 5340 - 0.l 8

2¢ American 8,026,096 }‘ 13.3 1901 9)“‘-2 f 12,0 1505 5907 f 1.0 1

3. TWA 6,562,105 F 230 15,6 6,736 # 1940 11.1 5644 ¥ 3¢5 A

L}O Eastern 5, 510,939 f lhoh 1301 ll,O‘jL., f 1461 1802 56.‘5 f 1.8 5
50 Delta 3,5/4.14.,7[&1 )‘ 1509 8.5 5,618 f' 1609 902 5708 - 300 2 =
o

6e National 2,063,[433 )‘ 1906 Le9 2,610 f 2064 Le3 5147 ;‘ 02 10

70 Northwest 2,01&7:153 )‘ 25.7 Le9 30150 f 26.6 502 53.1 f 260 7

8. Western 1,801,843 F 2343 Le3 3,427 # 2643 546 5746 F 346 3

9+ Braniff 1,368,867 # 10.6 3¢3 2,748 f 8.7 INY 549 ¥ 046 6

] 104 continental 1,354,971 # 11,9 3e2 1,800 # 6l 340 4843 - 1.2 11

| 11e Northeast 595, 534 -~ 8,1 1o 1,412 $ 3.0 23 52.8 F 26 9

Total 41,960,819 £ lhe5%  100.0% 60,831 12.4%  100.0% 55¢4% F 19
Source: News Front, November 1965, p.37.
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new subsonic jet or passenger/freighter makes more money than a fully
occupied jet passenger airplane, This is evidenced by the competition
between the big U.S. scheduled trunklines and the all-cargo lines in their
efforts to gain the cargo market, The all-cargo lines claim they cannot
retaliate competitively by taking passengers from the major airlines,
and classify it as unfair competition, On the other side of the dispute
the so-called all-cargo lines have, for years, contracted for the fly-
ing of military personnel. Forecasts for the 1970-1980 period are
obviously based on the availability of the very large subsonic jets, the
Boeing 747 and the Lockheed C-SA.
The factors influencing the rate of growth in the U.S. air
cargo market environment are:
1. GNP (again a L percent annual increase in constant dollars
is frequently used in current forecasting).
2, Free World economic growth of 5-6 percent for long-term.
(international services),
3+ No serious constraints on international trade.
ko Surface modes continue to have increasing costs for smaller
shipments,
Se The airlines: improve service and lower costs; offer incen-
tive rates, give air cargo full management and financial support
(which has probably not been the case in recent years), improve-
ment in air freight terminal design, containerization and
palletization, and computerization of warehousing, interchange-
ability of pallets among aircraft types.most modern ground hand-

ling equipment and techniques for rapid loading and unloading
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of the jet freighters, console of push-button controls for

sorting of freight by destination, flight, and position-

ing for pallet build up.

6., Government aids air cargo development by "reasonable®
regulatory decisions,
7. The airlines and airport authorities assure adequate

terminal facilities,

Many commodities which formerly moved by surface modes of
transportation are now moving by air freight to reach new markets,
Recent techmological developments have created a world-wide demand
for new products. These include scientifically glamourous, high-
value per unit of weight, time~important, products which are being
air-lifted along with many other every-day commodities. At the top
of the list are electronic computers and other electronic and elec-
trical equipment, card punch machines, machine parts, automotive
parts, general hardware products, cutlery, leather, furs, scientific
instruments, musical instruments, pharmaceuticals, wearing apparel,
périodicals, books, and other printed matter, cut flowers, fresh fruits
and vegetables, ;nd increasing quantities of industrial chemicals and
construction machinery, In addition large numbers of live animals
are being transported by air,

A significant factor in the growth of air freight traffic is
the increased application of computers in industry cost control which
gives management precise information for decision-making in applying

the theory of total distribution costs. Freight may cost more in line-
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haul movement than surface transport but can save money in total dis-
tribution costs because of lower warehousing costs, less inventory
tied up in transit, less product obsolescence, lower insurance costs,
lower packaging costs and a shorter re-order-delivery cycle. Jet
aircraft speed makes possible actual volume overnight delivery from
coast-to~coast — pickup at the close of business one day and delivery
in time for the opening of business the next day.17

Many of the new subsonic jet aircraft, now being delivered to
the airlines, can operate as passenger airplanes during the daytime
and can be quickly converted to freighters at night by sliding out
the seats on rails and stacking in vans with multi-floor levels until
again required. This "new-found" capacity, available through “quick-
change® characteristics of the aircraft, will expand the volume of
air cargo movement now limited more by service and air carrier capa-
bility than by demand. Directional or diurnal imbalance may be turned
to advantage by these flexible aircraft which enhance jet transport
economics,

Productivity = utilization (hours) x block speed x capacity.

All mail capable of being expedited by air movement is expected to
move by air without rate differential. High speed (within one business

day) transcontinental and transatlantic air express is also possible.18

176erald G. Godbout, "What's Causing the Boom in Air Freight,"
A Paper Delivered to Air Cargo Club of New England, Boston, February 8,
1966.

18Gorham, p.15.
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Table 12 shows a comparison of direct operating costs for
movement of cargo by air, truck and railroad piggyback, in the U.S.

domestic market.

TABLE 12

COMPARISON OF DIRECT OPERATING COSTS OF CARGO MOVEMENT BY AIR, TRUCK
AND RAILROAD PIGOYBACK, U,S, DOMESTIC MARKET

(U.S. cents/revenue ton-mile)
L.F, = load factor

Air Truck { Piggyback
Distance Boeing 747 Boeing 707
70% L.F.| 504 L.F.|| 70¢ L.F{ 50% L.F.
L00 6.2 9.0 8.6 12.7 3.5 2.0
600 5.9 8.0 8.4 11.8 3.3 2.0
800 5.5 7.6 7.8 11.2 3.3 2.0
1000 5.1 7.2 7.6 10.75 3.3 2.0
1200 5.1 7.0 7.3 10.5 3.2 2.0
1,00 5.0 6.9 7.1 10,2 3.2 2.0
1600 5.0 6.9 7.1 10.0 3.2 2.0
1800 5.0 6.8 7.0 9.9 3.1 2.0
2000 5.0 6.8 7.0 9.8 3.1 2.0
2200 5.00 6.8 7.0 9.75 3.1 2.0

Source: Boeing Aircraft Co., Traffic Forecast S637 (Renton,
Washington: Boeing Co., January 20, 1987). (Figures derived from curves).
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The Financing of Investment In The Air Transport Industry
A financially stable airline is potentially a safe alrline.
Not only can it afford to buy the best and most modern air-
craft, but it can afford the skilled staff and technical
equipment necessary for safety. Financial health is an
essential to safety.l?

The usual measures of effectiveness, in judging results on an
absolute basis or several results on a relative basis, are rate of
return on investament and net'earnings.

By its nature, once investment is undertaken it is associated
with fixed costs. Investment decisions concern the allocation of
capital. The characteristic of capital and investment decisions lies
in the inflexibility of the commitment in the sense that a considerable
period elapses before returns are fully realized, Capital resources are
allocated to a project in the present, in the expectation that they will
produce a return in the future.zo

An airline must make decisions concerning fleet composition and
flight assignments in relation to earnings, competition, and growth.
The manufacturer must make decisions years in advance concerning the
size of the market and the price of its aircraft, taking into account
(as the airline must, too,) immediate demand, frequency of service,
the persistence and variability of demand, and the taste of passengers
for such things as seating arrahgements and other devices. Additional
considerations that both manufacturer and airline must take into

account, include route interaction resulting from alternative means of

travel, system direction and directional imbalance of demand, prevailing

1%. a. Anderson, Director General of Civil Aviation, Australia.
201 ongton and Williams, p.60k.
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winds, fleet size, cargo and alrport data, and scheduling periods.
Utilization must be related to the operating day (including night
curfew considerations), SST sonic boom, frequency, scheduling loases,
block time, enroute stop time, terminal stop time, (or turnabout tims),
maintenance time, mean flight time per sector, mean distance per sec-
tor. (In introducing a new aircraft there are also "learning" slope
affects, with improvement in utilization as operational experience is
gained.)

Investment costs can be placed in four categories: instal-
lations, equipment (primary and subsidiary), initial stocks (general
and equipment . spares and spare parts), initial training. An airline
invests its capital resources predominantly in aircraft, and allocates
the available aircraft to the transport of bassengers, cargo and mail
at determined frequencies over a network of routes between stations in
order to satisfy the demand for these services,

The demand for aircraft from the airlines for revenue earning
purposes is thus a derived demand (the dependent variable is a growth
equation). The revenue earning part of the fleet excludes aircraft
grounded for modification and maintenance, and non-revenue earning air-
craft on standby or those being ferried for placement. The planned
revenue earning capacity of even the net flest of aircraft is reduced
by delays enrouts, during arrival, during turnaround, and during
departure. The net fleet supplied by the airline is revenue earning
within a timetable of services and allocated frequencies and a network
of routes between a scatter of stations, It is in this complex of

factors that operations research can be used to advantage to give a
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pattern of traffic,

In an airline, as in any enterprise, an investment project

gives rise to a cash flow over time. There normally a.ppea.rs:21
1., A negative outflow or stream of operating expenditures

paid out as expenses, including operating, maintenance

and inventory costs but excluding depreciation and

interest,

2. 4 positive inflow of operating revenue,
3. An operating profit or loss which is the difference

between expenditure and revenue and which forms the

return on the capital invested.

The economic problem of investment by the airline is to allocate the
available capital in the most efficient manner to maximize the return
or, conversely, to achieve a given return with thq minimum of capital
outlay.

The objective of an airline to provide adequate air transport
service to its customers at a fair price must be reconciled with the
airline's financial policy. The airline must aim to operate within the
overall constraint of remaining financially secure. This constraint
embraces the following goals for the airline:

1, To meet all operating costs from its own resources (either
current earnings or reserves) so as to avoid the cost of

short-term borrowing. (The Chase Manhattan Bank, U.S.A.

attempted to establish as a condition for long~term lending

21 1pid., p.601.
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to the airlines the reservation of sufficient cash by
the airline to meet all of a month's short-term expenses,
apart from all other demands on working capital.)

2. To be in a positien to raise long-term capital when it is
necessary to finance developmeni or expansion.

3. To depreciate plant and equipment at a high rate, so as
to be prepared for foreseeable contingencies,

ke To give an equitable return on the capital invested.

Investment in Airline Equipment

One trend the alrlines have always experienced is a steady

increass in the price of basic flight equipment:

TABLE 13

PURCHASE PRICE OF SUCCESSIVE GENERATIONS OF AIRCRAFT (U.S. dollars)

DC-3 $ 100,000
DC-h $ 450,000
DC-6 $ 1,000,000
DC-7 $ 2,000,000
Subsonic Jet (Basic) $ 7,200,000
(Boeing 707, Douglas DC-8)

Douglas DC-8-63 (Stretched) $ 9,400,000
Boeing 77 "Jumbo® 319,000,000
Concorde SST $16,000,000
U.S. SST $40,000,000

Source: American Research Council, Airlines 1964 (Larchmont,
New York: American Research Council, Inc., 1964), p.l2. Robert A. Booth
ot al, Cost Analysis of Supersonic Transport in Airline Operation, A
Report Prepared under contract for the U.S. Federal Aviation Agency
(McLean, Virginia: Research Analysis Corp., December 31, 1966), p.59.
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The largest and most recent increase in price was the big step
from the Douglas DC-7 and Lockheed Super-Constellation class to the
current Douglas DC-8 and Boeing 707 subsonic jet. The price step to
the B=747 "jumbo" and to the supersonic aircraft will be much greater.
The progression shows itself again in the dollar value of investment
in aircraft by 10 representative U,S. airlines in the years between
1946 and 1962. (Table 1)),

A conservative, relatively sure forecast of an annual rate of
growth of 8.3 percent in U.,S. domestic trunkline passenger traffic,
would mean an increase from 53 billion revenue passenger miles in 1966
to 108.7 billion by 1975, and approximately 162 billion by 1980. If
the annual rate of growth, in the U.S. domestiec cargo market, is 13
percent over the 1965-1969 period, and 10 percent over the 1970-1975
period, there will be a requirement for 112 all-cargo jets in service
by 1975. In terms of ground property and equipment this would mean an
increase from $128 million in 1953, and $479 million in 1965, to $1.6
billion by 1980. Gross investment for flight equipment which was $0.6
billion, for the U.,S. domestic trunklines, in 1953, and totalled $3.9
billion in 1965, would increase to a total of $12.7 billion by 1980,
to handle passenger and cargo traffic at the conservative growth rates
above, Net investment of U.S, domestic air carriers, as defined by
the Civil Aeronautics Board (CAB) in evaluating rate of return,
increased from $486.0 million in 1953 to $2.4 billion in 1965,

and would increase to $8 billion by 1980 as equipment is added to
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TABLE 1k

U.S. AIRLINES AIRCRAFT INVESTMENT

($ U.S, millions)

American 61.0 101.8 118.4 296.6 647.h
Braniff 8.3 12,6 28.3 61.2 116.9
Delta lob Tek .7 94,0 238.9
Eastern 1.9 30.5 100,2 302,6 169.8
National b5 10.7 15.4 65.1 123.5
Northwast 11.0 31.8 49.6 111.9 196.8
Pan American  T7h.3 934 175.6 315.5 571.7
TWA 45.2 Tk 155.4 339.0 626.0
United 38.0 90.0 139.2 383.6 813.5
Western 9,0 12.3 17.4 h6.3 105.0

Source: American Research Council, Airlines 1964 (Carchmont,
New York: American Research Council, Inec., 196L), p.12,
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accommodate expanding traffic.22

The most important problem for airline managements over the
next 13-15 years will, obviously, be obtaining and maintaining the
earnings necessary to keep the industry in a profit position while
adding the new equipment and expanding opérations and investment,

The expansion of any industry, which doubles its capacity every
four to five years, inevitably involves heavy capital investment and
the airlines are no exceptien., The trend is towards the purchase of
larger and larger aircraft therebyiéllowing an increased flow of traffic
without a proportionate increase in the number of aircraft and number
of take-offs and landings. The vastly increased complexity of the
larger aircraft has, as shown, subatantially increased the unit price.
(In the world airline picture, as at June 1967, IATA member airlines
had $11 billion worth of airplanes on order).

The financing of equipment by the U.,S. airlines, from the DC-3
through to the DC~7 and Super-Consiellation, has always made use of
conventional methods, thus, equity financing, short-term (four-to-five-
year) borrowing, internal financing from growing cash flows, this last

financing at least the down payment on new aircraft.23

22James E. Gorham, "The Impact of Continuing Traffic Growth and
of New Transport Equipment on Route and Corporate Structures of the Air
Transport Industry,"” A speech delivered at the Aerospace Program spon-
sored by Brush, Slocumb and Co., Los Angeles, California, Nov.3, 1966, p.h.

23The liquid assets necessary for the purchase of airline equip-
ment can be from five sources: profits, depreciation and amortization
charges, sale of surplus equipment, issuance of :quity securities,
issuance of debt securities.



58

It is true, though, that the unit cost of the subsonic DC-8
and B=707 jets, and the large number ordered to maintain a competitive
advantage, necessitated a major change in airlines! capital structure.
Long-term debt came to reprssent 50% or more of the typical pattern
of capitalization. Comparison of debt as a percentage of total capital,
from just before the jet age in 1957 to a time when most of the program
was complete in 1962, is set out for ten representative U.S., airlines
in Table 15,

TABLE 15
DEBT AS PERCENTAGE OF TOTAL CAPITALIZATION

(Major U,S,. airlines)

Airlines 1957 1962
American 62,0% 70.4%
Braniff 30.0 48.0
Delta 33.9 L6.9
Eastern h3.3 672
National 13.1 53.7
Northwest Lé.2 64.0
Pan American 39.3 63.4
TWA 33.7 80.1
United Ll.2 63.8
Western 49.1 52.6

Source: American Research Council, Airlines 196l (Larchmont,
New York: American Research Council, Inc., 1964), p.l2.
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By conventional standards the current debt-to-equity struc-
ture of the airlines is exceséive. For every $1 of equity, there is
roughly $2 of debt. Oﬁ top of the $3.5 billion the subsonic jets cost
the U.,S., domestic airlines, there was at least a $1.9 billion outlay
(by the end of 1965) to finance medium-range, and all-cargo subsonic
jets, and ground facilities.

" Greater interest charges resulting from increased debts and
higher interest rates are one of the new features of the economics of
air transport. As an example, for U,S. domestic airlines, interest on
debt, but not including lease charges, increased from $6,912,000 in
1955 to $4,3,950,000 in 1960, an increase of 536%. Interest charges on
debt, in 196l;, cost the 11 major U.S. airlines just under $100 million,

On ‘the other side of the picture, the airlines are generating
very large cash flows out of their operations. Most of the long-temm
financing comes through the reassuring belief of the large institu-
tional lenders in the future earnings potential of the industry. This
confidence is much stronger than that indicated by the stock market in
its buying of airline equities.

The financing problems of the B-747 " jumbos" and the SST may
put a considerable financial pressure on the industry, and could have
a dampening effect on airline stocks. The most important figure, that
is, the per-unit cost figure of the B-747 and SST's, is still a very
uncertain one, The cost of the SST depends heavily on how development
costs are to be shared by industry and government.

Financing the SST may prove less disrupting than the earlier

subsonic equipment did since at first their utilization is likely to
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be only for long-range flights, with subsonic jets still constituting
the larger part of the fleets. As most of the subsonic debt is being
amortized over a 10 to li-year period,funds should be available from
internal cash flows to make the, at least, first payments on the " jumbo™
and supersonic aircraft.

The high debt of the airline industry gives an added degree of
risk, but this also means a strong investment incentive in terms of the
high leverage. With the fixed cost of servicing the debt so very large,
future improvements in earnings will show up very noticeably. One
potential hazard though, to the profitability of the supersonics is the
attitude of the regulatory bodies, It is suggested that these have
been guilty, in the past, of granting competitive routes for the sub=-
sonic jets upon the rules of the piston age.

To analyze the ability of the 13 U.S. major airlines to meet
financial obligations in the period from 1960 to 1970, and to have a
plcture of the airlines' ability to finance the supersonic transports
and "jumbo" jets in the early 1970's, the U,S, CAB asked for a forecast
of most of the major financial eategories for all airlines for the per-
iods 1961-1965 and 1966-1970. (The CAB request did not ask for profit
forecasts.) The results of the forecasts are as shown in Table 16

Forecasts for the 1961-65 period, as set out in Table 16 have
actually proven relatively accurate, except that with the upturn in
airline profits in 1963 and profits of $295 million in 1965, ( a return
on investment of 12.3 percent) the forecast deficit of some $211
million was in fact avoided. The forecast made in 1960 for the 1966~

1970 period obviocusly requires considerable adjustment in view of the
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TABLE 16

FORECASTS OF MAJOR FINANCIAL CATEGORIES - U.S. TRUNKLINES

1961 - 1965

For equipment acquisitions $1,900
For debt retirement 643
Total cash requirements 2,543
Expected cash sources:
Depreciation and amortization 1,800
Credits available L67
Sale of surplus aircraft 65
Total $2,332
1966 - 1970
For equipment acquisitions $ 795
For debt retirement 825
Total cash requirement 1,620
Expected cash sources:
Depreciation and amortization 1,570
Sale of surplus aircraft 15
Total $1,585

Million of dollars

Source: Institut Du Transport Aérien, Economic Aspects of U.S.
Air Transpert from the "Project Horizon" Report, Tnformation Paper
Ni 165 (Paris: ITA, January 1962), p.ll.
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economic upsurge since 1963 and the still heavier investment in

equipment.

Return on Invested Capital in the Airlines

Oon November 25, 1960, the U,S. Civil Aercnautics Board (CAB)
announced as a general policy statement that the domestic airlines
should earn an average return of 10% percent on invested capital.2h
This policy statement was reaffirmed in October, 1963. A baseline
of, say, 10% percent return has some Jjustification from the history of
the U.S. airlines., Operations in 1950-1955 resulted in earnings in
the 10-15 percent rangs, but heavy expenditures for equipment, begin-
ning in 1956, brought the beginning of an erosion in rate of return
figures., Table 17 shors summarized operating results, including rates

of return, for the U.S, domestic trunk airlines for the years 1957~

1960 inclusively,

2ithe U,S. Federal Aviation Act of 1958 provides for govern-
ment regulation of prices, profits and entry into business in the
air transportation industry, and assigns the Civil Aeronautics Board
(CAB) the duty of performing this regulation. In the General Passenger
Fare Investigation of 1960, the fair and reasonable rates of return on
investment were found by CAB to be 10.25 percent for the Big Four air-
lines (American, Eastern, Trans-World and United) and 11,25 percent
for the Intermediate Eight airlines, resulting in a weighted average
return of 10,5 percent for the U,S, domestic trunkline industry. In
applying these return-on-investment guidelines, the CAB applies the
formula:

Net Earnings After Tax and Special Items

Return on Investment = + Intereat Payments

Arithmetic Mean for Most Recent Five Quarters
of Long-Term Debt + Stockholder Equity



TABLE 17

SUMMARIZED OPERATING RESULTS OF U, S. DOMESTIC TRUNK AIRLINES

Total operating revenues
Depreciation and amortization
Operating profit

Capital gains

Interest expense

Net income before income taxes

Net income after special items

Total Invastment

Rate of Return

1957 - 1960

1957

$1,119,615
146,967
L2,094
13,794
16,322

L, 662

27,028

903,668
11,80

(in thousands of dollars)

1958

$1,515,250
139,254
95,125
11,006

2l b57
91,411
Lh,795

1,066,858
6.49

1959

$1,798,610
171,279
105,236
20,665
32,397
111,323
61,682

1,320,673
7.12

1960

$1,942,636
217,146
3L,851
15,078
113,950
22,692
1,151

1,579,640
2.86

Source: Institut Du Trensport Aérien, Economic Aspects of U.S. Air Transport from

*roject Horizon" Report, Information Paper Ni 165, (Institut Du lranspor

rien, dJanuary

62), pel2,

€9
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Rates of return, as recent as 1962, were of the order shown
in Table 18 below. The range of rates reflects varying definitions of

invested capital and tax credits,

TABLE 18
1962

U.S. Airline Rate of Return
American hohg to L.7%
Braniff Sy to 8.2
Continental 5.7 to 7.0
Delta .y to 15.9
Eastern deficit
National 1.0 to 13.9
Northwest 5.0 to 7.9
TWA l.5 to 3.8
United 3.6 to L6
Western 8.9 to 10.5
Pan American 6.7 to 6.9

Source: American Research Council, Airlines 196l (Larchmont,
New York: American Research Council, Inc., 196L), p.lh.

Only Delta, National and Western airlines showed a rate of return on
investment in the area of 10% percent which was put forth by the U.S,
CAB. Specifieally, in 1953, net income of U.S. domestic carriers before
interest was over $50 million, a return on investment of 11.2 percent.
After being close to zero in 1961, net income, before interest, climbed
to $295 million in 1965, a return on investment of 12,3 percent., To
achieve the 10.5 percent return that CAB accepts as reasonsble, earnings

would have to expand by 1980 to permit a net return, before interest, of
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$840 million on the U.S., domestic airlines total investment of $8
billion in 1980 as projected earlier in this chapter.25

The U.S. airline industry's financial upturn, which began in
1963, gained momentum and continued into 196k, then through 1967. The
detail 196} financial statement set out in Table 19for the 10 largest
U.S. carriers, was the result of flying 81.8 million passengers over a
distance of 58.5 billion passenger-miles. This was an increase of 1h.5
percent in passengers and 16.l percent in passenger-miles over 1963.
(This table includes both domestic and international operations.) On
the international side, U.S. international airlines in 196h grossed
over $1 billion for the first time, deriving this revenue from over 1
billion passenger-miles, up by 21 percent over 1963 and with a profit
margin increased by 59 percent. In 196k air cargo accounted for 10
percent of gross airline revenues,

Regulatory Action and Profits

Regulatory decisions, in the matter of routes, can do much to
allow higher rates of return and a more profitable level of operation
for the subsonics, and in the 1970!s, for the "jumbd' and supersonics.
There are many places where the increasingly large units used in the
industry promise increasing returns to scale. A consolidation process
through mergers, and especially mergers of sound companies, could well

be in the public interest and could have a beneficial effect on both

25
James E. Gorham, "The Impact of Continuing Traffic Growth and

of New Transport Equipment on Route and Corporate Structures of the Air
Transpert Industry,” A speech delivered at the Aerospace Program
spgnsored,by Brush, Slocumb and Co., Los Angeles, California, Nov,.3, 1966,
p.Be
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Uanited Airlines
Pan Am. World
TWA
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Western "
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TABLE 39

FINANCIAL POSITION OF TEN LARGEST U, S.

ATRLINES AT END OF OPERATING YEAR, 1964 |

5.
e,
A
i

Profit to
Change Profit to Stockholder No. of:
Revenue 1964/63  Net Profit Revenue Bquity  Employee
($ millions) (percent) ($ millioms) (percent) (percent) (1000¢ 8%‘5
669 7 2743 hol 1643 31,0 '
604 8 37.1 6e1 6el 2645 i?
575 21 37.0 6ol 2644 22.0 ;
544, 11 33.5 6e2 17.8 2340 ;
414 17 L 5.8 =L lek L 1345 1749 c
212 25 2648 12,7 21.8 640 %
148 22 15.1 10,2 Bk Le3 ‘
118 18 136k 11.3 207 3¢5 & |
110 11 6.0 Sely 13.1 Sels >
88 12 57 6e5 1545 3.0 1

(The above illustrates the favorable new

]
profit era that the airlines entered in 19515)

Source: News Front, November, 1965. p.h(_)'; -
S

b

i

Py
PA

SRR




Additions to EBarnings
Plant and per
No., of .Equipment Depreciation Total Assets Current Rates Cash Flow Common Rank

Alreraft ($ millions) ($ millions) ($ millions) Assets/Liab. ($ millions)Share-§ 196 1965

_251 85.8 5949 730 1.1 87.2 LeO4 1 1
118 129.2 5kel 663 1,0 91,2 2,69 2 2
161 12848 49.2 624 1.2 8642 5e47 3 b

163 7548 5440 721 1.6 8744 3.93 4 3

186 755 40,0 366 1.7 - L 1.80 5 5

53 4340 22,9 237 1.2 49.6 5.86 6 6
34 19,8 12,7 157 1.5 27.7 765 7 1
48 17 11,7 12, 1.3 25.1 3411 8 8
52 Le7 8ol 99 1.9 1443 2,03 9 9

-~
(=]
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airline profits and on fares, The industry understands the value of
lower fares, and the special importance of this fact for the years
ahead. Industry efforts to achieve international rates favouring mass
transportation have already resulted in progress to date through
International Air Transport Association meetings in Salzburg, Austria
and in Nassau in late 1963. Through these meetings lower fares have
been introduced and further low fares have been stipulated for promo-

tional excursion and group travel rates for early 1967.

The Attitude of the Financial Market to Investment in the Airlines
It is a surprising fact of the airline industry that although

its profits had long been disappointing in the years before 1963, the
airlines, in 1963, had the largest increase in the Dow Jones average
of any industry.2 6 This impressive leadership held into the early months
of 1964, This paradoxical strength by a low return group is almost
unprecedented in market history. Many individual airline stocks more
than ‘doubled in value in 1963, and then went on to appreciate another
50Z in 1964. Those who bought into the airlines in late 1962 have
enjoyed a capital gain. While the general run of industrials were |
making 25 index points, a rise of about 4Of from Octeber 1962 levels,
the air transport group rose from 20 to 68 on its index, a gain of 240%.
No similar gain had appeared since 1946, when the airlines were attract-
ing a wide market as a result of their growth prospects, There are

fundamental forces which have supported this rise in airline stocks:

2Qmerican Research Council, Inc., Airlines 196} - Annual Industry
Study and Investment Forecast (Larchmont, New York: 1964), P.l.
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1, The airlines, long a growth industry, were finally being
appraised as growth stocks by the market,
2. In 1963, a number of favourable forces finally began to

raise the earning curves of the airlines, indicating the

potential profits, and restore belief in the future of

air transport stocks as investments,
In 1963 the airlines appeared to have overcome some of the problems of
financing the subsonic jets and their over-capacity and marketing pro-
blems. That "one more problem" that always seemed to be in the way
before profits could be realized, at last seemed to have disappeared,
For most of the carriers, 196l was a year of increased profits enhanced
by the prospect that the industry would continue to show a profit in
1965 and subsequent years. In 1963 and 1964, the U,S., domestic airline
business grew very much faster than the economy, whereas in the immed-
iately preceding years, it kept pace with, or only slightly bettered
the economy. This was partially accounted for by air freight, which
had long needed more attention by the industry, and which was now begin-
ning to show its profit potential. Contributing factors to this out-
come were the airlines' ability to live with a 50%, or even lower, load
factor and to make more efficient use of the factors of production
available. Governmental regulatory agencies also showed indications of
permitting a policy of better returns on invested capital for the
industry., For the airlines to come into their own in a new era of
profits, these plus factors must continue.

From 1945 to 1963, Gross National Product increased in the U,S,
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approximately 22 times. During this same period, airline revenue
passenger miles (number of revenue passengers flown times the length
of the trip in miles) grew tenfold. There have been only three signi-
ficant pauses in the yéar-to-year increases in U.,S. airline passenger
business, viz: 1947-1948, 1957-1958 and 1960-1961. These were all
years of business recession in the U,S., During the recession year 1958,
the number of revenue passenger miles continued to increase. Since
1961 growth in airline passenger traffic has shown a strong tendency
to pull away from the rate of growth of the economy as a whole. Such
deviations from the business cycle are illustrated by the year 1961-
1962 when the U.S. GNP grew approximately 7 percent while revenue
passenger miles increased 8% percent and by the fact that in 1963 air-
line passenger growth about doubled the increase in the GNP (10-11
percent against 5 percent),

This faster rate of growth continued during 1964, through 1967
and may well continue during the next decade. No doubt there will be
some reflection of the general health of the economy, but even declines
are likely to be damped,

Table 20 shows comparative growth of U,S. GNP, revenue passenger

miles, air express and freight, in the U,S., for the years 1945-1963.



70
TABLE 20

COMPARATIVE GROWTH OF U.S. GNP, REVENUE SEAT MILES, AND ATR EXPRESS
AND FREIGHT TON MILES IN THE UNITED STATES

1945 - 1963
Air Express and Frelght
Ot PP Vv S R
1945 213.6 3h 1.81
1946 210.7 5.9 3.17
1947 234.3 6.1 5.29
1948 259.4 6.0 8.35
1949 258.1 6.8 10,13
1950 284.6 8.0 12.45
1951 329.0 16.6 11.7h
1952 347.0 12,1 13.13
1953 365.4 1.3 .53
1954 363.1 16.3 15.36
1955 397.5 19,2 18.41
1956 419.2 21.6 20,03
1957 hh2.8 2h.5 21.76
1958 khho5 2hel 23.87
1959 482.7 28.1 28,28
1960 502.6 29.2 31.72
1961 518.2 29.5 37.13
1962 55L.9 31.8 45.30
1963 582.0 35.5 50.00

Source: American Research Council, Airlines 196l (Larchmont,
New Yorks American Research Council, Inc., 196L), p.l.




PART III

THE ECONOMICS



CHAPTER VI
THE MODERN TOOLS, OPERATIONS RESEARCH AND COMPUTERS

Introduction
‘The explosive expansion of scientific knowledge has created a
pressing need that the new technology be fully absorbed by the airline
industry. This means the recruitment of many more trained personnel
skilled in science and management. The second wave of the jet revolution
is still ahead and will generate new problems for airline management.
This second wave does not guarantee prosperity but will divide those air-
lines with efficient short and long-range planning, who perceive the
nature of the new forces and meet them with all the sophisticated tools
of management scisence now at hand, and those airlines without these
methods, who do not exploit the new markets of the jet technology.
Maurice Archer, vice-president, research and development,
Canadian National Railways, stated:
Management planning and control can be improved through techno-
logical innovations. An effective production and control system
requires...that we adopt the improvements in decision-making and

control procedures that becomi possible with the better information
and communication facilities,

Because of the extremely high and dynamic rate of technological
advance, the useful life of an airplane, from introduction to obso-

~ lescence, has steadily decreased. This dynamism at the technological

1

~Montreal Gazette, October 2, 1967. A Paper delivered by
Maurice Archer before the Second International Symposium on Railroad
Cybernetics, (Montreal: October 1, 1967),

72
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level has both led to, and been accentuated by, the need to push
progressively further into the unknown at each stage of the industry's
development.,

It is true that many economists believe that economic growth in
industry depends as much on the quality of labour (with emphasis on
management) as on capital investment. Application of the new techniques
can greatly enhance management's position, This translation of theory
into practice places less reliance on human judgement, or guesswork, and
much more on quantitative and qualitative analyses that make full use of
scientific and mathematical measurement technique, It also tends to
provide an impetus for managerial efficiency, strengthens the profit
motive, and assists management in meeting sharp and sudden changes., It
also permits an optimum choice where quantitative information exists on
alternatives, (optimality analysis dealing with an array of possi-
bilities)

Mathematical Tools

Transportation-type problems, in particular, lend themselves to
solution by the theories of linear programming, by queueing and congestion
theories, and even by the theory of games, which can be applied to spell
out the various possible "plays" an airline organization can attempt.
Cybernetics, with its seminal role in automation, also has a place in
solving airline problems. The actions and reactions of competitors may
be explored through experimental games and games theory, Many problems
can be solved through statistical theory, multiple regressions, various

distribution theories, tests of significance and correlation, and
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mathematical graphics. Operational and econometric research can also
provide a logical and quantitative basis for decision-making to replace
ad hoc decisions., Measuring and forecasting on the basis of analytical
models minimizes uncertainty. One of the principal benefits is the com-
parative study of alternative opportunities to prevent decisions being
taken arbitarily. The logic of explicit scientific comparison of alter-
natives for both costs and benefits permits a sound approach to the
specific problems of airlines. It is to be remembered the electronic
computer facilitates the use of the new techniques. Eventually, computer
development should permit a total system basis for running an airline,
Professor William J. Baumol of Princeton University points out:
+ee2 happy increase in rapport between the economic theorist and
the managerial economist, This development has involved their
simultaneous realization that business practice can be a fertile
source of more abstract analytical ideas and that the theorist's

rigorous tools can make an important contribution to the analysis
of applied problems.2

History of Operations Research in Aviation

Operations research, OR, is the application of the principles
and methods of science to problems of strategy.3
The development of operations research (OR) in civil aviation

began shortly after the second World War, in Britain, when the

%William J. Baumol, Economic Theory and Operations Analysis,
(2d ed.; Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1965) peV.

3A1an H. Stratford, Air Transport Economics in the Supersonic
Era (London: Macmillan Co., 1967) p.ll18,
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UK. Ministry of Civil Aviation set up a group to study problems
relating to the planning and operation of airports and air traffic
control systems in the United Kingdom., It was some time, however,
before the first conscious applications of operational research methods
were made by the airlines, and still longer before the first sections
designated as "operationé research" appeared in the airlines.h Not until
the period 1950-55 did BOAC and BEA in the United Kingdom, and United
Air Lines in the U.S.A., pioneer in the uses of this science., Since
1955, about twenty other airlines have established OR groups within
their organizations, varying in size from one to ten members, Early
applications were in the fields of scheduling, simulation of station
operations, and the analysis of engine repair lines,

As recently as 1961, some of the leading operational research
scientists in the airlines formed a special interest group of IFORS
(International Federation Operational Research Societies) which adopted
the name AGIFORS (Airline Group, International Federation of Operational
Research Societies). The purpose of this group was to further the science
of operational research in its application to civil air transportation,

By 1963, there were some 24 airlines with OR groups, (although
even today there are still some quite large airlines who carry out no
formal OR), It is expected that an increasing number of airlines will
establish OR groups in the period 1965-70, to help solve some of their

increasingly complex problems, The picture of operations research is,

-

hA. M. Lee, "Review of Operational Research in Airlines,"
AGIFORS Symposium (1963),
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of course, not new to such large U.,S. aircraft manufacturers as Lockheed
and Boeing who have used the mathematical methods in many phases of
manufacturing, and in aircraft route simulation models,

During the first AGIFORS Symposium in 1961, Mr. J. Taylor of BOAC,
after delivering a paper entitled "The Development and Organization of
Operational Research in Airlines", covering answers to a questionnaire
which was compiled by 1l airlines, said:-

In conclusion then, I think the main point to be drawn from the
results of this joint investigation is that OR in the airline
industry is still in its infancy and subject to the growing pains
of adjustment and orientation that beset those moving toward
adult status.

Mr. A. M. Lee, in reference to Mr. J. Taylor's remarks, later said:

In 1963, I think we %}ght add that infancy has given away to a
healthy adolescence.

The real power of operations research in the airline will be in
the building of mathematical models for almost any area of decision-making,
and to analyze the manner in which decisions affect thg ultimate outcome
of the activity under consideration. The aporoach, via operatiocns
research, in formulating a problem, follows the same procedure as any
scientific method, going from assumption,.to analysis, to test, and finally
to predictions, Some advantages of using these models for airline problems

7

are:

SJ. Taylor, "The Development and Organigation of O.,R, in Airlines,"
Proceedings, lst AGIFORS Symposium (1961).

6A. M. Lee, "Review of Operational Research in Airlines,"
AGIFORS Symposium (1963),

TR. R. R, Jackson and P. A. Longton, "Operational Research and
Aviation Management, Part I: An Introduction to Operational Research,"
Journal of Royal Aeronautical Society, LXIX, (August 1965), p.5L6.
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The facts of the situation can be expressed more precisely and
concisely than with any verbal description, and can, therefore,
be comprehended more easily.

The relationship between the various factors are more readily
appreciated in a mathematical model than in a verbal descrip-
tion,

It makes it easier to ensure that all the major variables of
the problem are considered simultaneously.

A mathematical model is capable of being progressively enlarged
and developed to include factors that are otherwise neglected
or subjectively treated.

The mathematical model indicates the data that have to be
collected to derive a quantitative solution, or the areas
where assumptions must be made.

Many problems involve more factcis than can be dealt with
except by using elaborate data processing procedures, and

large scale electronic equipment. In these cases, the mathe-
matical model forms a bridge between analysis and processing,
The mathematical model, from its nature, permits sophisticated
techniques to be used which otherwise could not be applied,
Since the mathematical model is often developed barometrically,
the shortage of data does not bar its formulation., Conclusions
can be drawn and predictions made in situations where data is
not available,

To adopt the approach of operational research it is first

necessary to determine the structure of the situation,
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l, Prepare a detailed description of all processes or situations,

2. List the factors which vary independently, but are not under
the control of airline management,

3. List the factors which can be regulated or controlled by air-
line management directly.

he List the dependent factors and their suspected relationship

with the independent factors.

The next step is to construct the model and to test if the model
represents the situation; its behaviour should be tested over the entire
range of feasible values. The sensitivity of the niodel's behaviour to
small or large changes in the values of the various factors can be
checked, It is then possible to decide the information that is required
about each factor to give airline management a picture to a degree of
accuracy sufficient for management's purpose. A pilot implementation
can be carried out and the operational method amended as necessary,
Operations research in the form of mathematical modéls lends itself to
many applications in the airline industry, particularly those applications
leading to the efficient use of the factors of production. In procurement
and investment programming it is essential to develop systematically and
compare quantitatively a set of alternatives, as in the selection of a
type of aircraft for a specified objective.8

Lockheed Aircraft Company's Airline System Simulation has been

8R. E, Miller, Domestic Airline Efficiency: An Application of
Linear Programming (Cambridge: The M,I.T. Press, 1963), Chapters L and
6 for an excellent discussion on the use of models to establish airline
operating efficiency,
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a particularly successful example of these techniques.9 The simulation
has helped establish the economic viability of an aircraft fleet., The
Lockheed model incorporates the following factors as computer inputs:

1. Airplane characteristics: Price, performance and operating
costs (expense factors).

2, Traffic forecasts: U.S. domestic and world routes.

3. Route characteristics for the airline route structure: segment
distances, airport data, revenue yields, alternate routings.,

L. Passenger preference: fares, flight frequency, trip time.

5. Level of operation for an aircraft mix to provide an adequate
level of service and a satisfactory return on airline investment.

Thesé.inputs lead to a series of outputs.

l. Route analysis: number of aircraft of each type required, or
to be assigned, flight frequency, load factor, trip times,
passengers served, operating expense, operating revenue,

2. Traffic analysis: Passengers served, passenger routings, flights.

3. System summaries: expense factors, operating revenue, operating
income, number of aircraft, average load factors, utilization,
return on investment,

Airline revenues, expenses, and earnings are, of course, the most inter-
esting economic outputs of this type of simulation. The simulation
indicates the size of the gap (increasing or decreasing) between airline

operating revenues and operating expenses.

Lee R. Howard and James I. Williams, "SST Prospectus - Economics
of the United States SST," Lockheed Horizons, Issue 3 (Autumn Issue, 1965).
5.
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The method may be described as a four-step process:

Step 1:

Step 2:

Step 3:

Step L:

This

Flight evaluation by aircraft type -

This is an evaluation of the results which would follow
from the assignment of one flight with each candidate
aircraft on each candidate route.

Development of route interaction -

This is the determination of the interaction patterns

of system traffic flows for each pair of cities,

Flight Assignment -

The successive selection and assignment of route/aircraft
combinations which produce the most favourable system
economics,

System Summarization and Analysis -

This is a continuation of Steps 1, 2 and 3 until the scale
of operations is reached which will produce the desired
trade-off between service and profitability. A summary
and analysis of the simulation outputs are made at this
point,

simulation has many uses. It helps determine the market for

new types of aircraft. It helps appraise the revenues and expenses

associated with the different ways of meeting market demands. It tests

the sensitivity of the airline system or a portion of that system to

adjustments of the input variables. It assists in year-by-year financial

planning in acquisition and operation of flight equipment. Finally, it

assists in administrative planning for aircraft routing and control.

Some

of the ingredients of the simulation deserve to be recited
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in greater detail, For example, city-pair analysis requires an
occupational and income breakdown of each city, an analysis of all
existing common carrier services, an account of travel preferences, the
particular pattern of the income and occupations of travellers, and even
details on the proportion of business and non-business travellers at
various income levels. Traffic simulation itself, is based on fare
levels, type of equipment and socio-sconomic factors., Schedule simula-
tion depends on route interaction, that is, the effects of routing non-
stop or with intermediate stops. As an example, a Los Angeles to
Pittsburgh segment might include routing non-stop or via Chicago. There
would be a primary interaction with the Chicago to Los Angeles and Chicago
to Pittsburgh segments, but also secondary interactions with a Los Angeles
to Chicago route via Denver, and a Chicago to Pittsburgh route via
Cleveland,

In summary, there is set out some of the many applications of the
tools of advanced mathematics, operations research, and electronic data
processing machines in the airline industryg'0 |

l. The corporate planning process: basic planning (short, medium,
long-range), flight schedule/aircraft routing simulations,
evaluation of flight frequency plans, flight schedule coding,
corporate planning, financial model, information retrieval
service, e.g., socio-economic data.

2. Marketing and sales: sales analysis, market research statistics,

traffic forecasting (demand forecasts), passenger tariffs, cargo

10por an excellent treatise cf. J. T. Dyment, "Tools of Airline
Management," Journal of the Royal Aeronautical Society, LXIX (January
1965), 9-26,
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tariffs, advertising control, telephone sales, office simulations,
reservations records staffing,

Aircraft maintenance: engine repair and overhaul simulation,
automated budget analysis, component records system, in-flight
recording, automated (automatic) maintenance, labour and material
usage reports, fuel consumption analysis, CPS, LESS, and PERT
programming (the scheduling of work for optimum productivity).
Inventory Control: daily records of inventory, support systems,
forecasting consumption, stock allotments, annual inventory,
parts catalogues, automatic card-punch re-ordering,

Finance and accounting: revenue accounting, payrolls, basic
statistical reporting, aircraft depreciation, investment analysis,
common shares accounting,

Operational or on-line processing: electronic reservations
system (e.g. Reservec and Sabre), reservations records system,
teletype switching, aircraft weight and balance, flight planning,
crew scheduling,

Miscellaneous applications: air terminal design (delays in
terminals, passenger check-in systems), delays in landing and
take-off, Air Traffic Control, cargo control and scheduling,
computerized self-service ticket-processing (card-punch ticket
magnetically encoded on the back for mechanized reading), semi-
automated check-in, computer controlled baggage handling, ticket
scanning, quality surveys, personal records, management business
simulation (simplified model of the airline for management train-

ing purposes), KWIC index (method of indexing information contained
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tariffs, advertising control, telephone sales, office simulations,
reservations records staffing,

Aircraft maintenance: engine repair and overhaul simulation,
automated budget analysis, component records system, in-flight
recording, automated (automatic) maintenance, labour and material
usage reports, fuel consumption analysis, CPS, LESS, and PERT
programming (the scheduling of work for optimum productivity).
Inventory Control: daily records of inventory, support systems,
forecasting consumption, stock allotments, annual inventory,
parts catalogues, automatic card-punch re-ordering,

Finance and accounting: revenue accounting, payrolls, basic
statistical reporting, aircraft depreciation, investment analysis,
common shares accounting,

Operational or on-line processing: electronic reservations
system (e.g. Reservec and Sabre), reservations records system,
teletype switching, aircraft weight and balance, flight planning,
crew scheduling,

Miscellaneous applications: air terminal design (delays in
terminals, passenger check-in systems), delays in landing and
take-off, Air Traffic Control, cargo control and scheduling,
computerized self-service ticket-processing (card-punch ticket
magnetically encoded on the back for mechanized reading), semi-
automated check-in, computer controlled baggage handling, ticket
scanning, quality surveys, personal records, management business
simulation (simplified model of the airline for management train-

ing purposes), KWIC index (method of indexing information contained
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in airline's manual of procedures), mathematical processes (e.g.,
any cohplex mathematical process, including queuweing, proba-

bilities, time series, de-seasonalization of economic series),
Trend Towards Computers in the Airlines

Digital computers in the airlines are helping to convert what
was once mainly an intuitive operation into a business pioneering new
management techniques. Computer programs are the key to a commercial
airline system analysis., Basic computer programs can include: an
information retrieval service, airline system simulation model, airline
scheduling program, airline passenger-traffic forecasting, and discounted
cash flow return on investment,

Computer leased systems enable management to be concerned with
broader policy problems which can be approached with increased effective-
ness due to the availability of more meaningful data and increased (model
based) understanding of the management environment,

The primary reason for the acquisition of computers, to implement
management information systems, is to furnish the means for
fundamental changes to systems. Their economic justification is
provided if the increase in the value of information generated
exceeds the increase in cost over existing systems. Management
previously expected computers to do jobs more cheaply; now, it
expects them to do a more effective job and is willing to pay the
price,ll

As of October, 1965, the U.S. Air Transport Association estimated

that U.S, airlines have $140O million invested in computers. Two of the

largest U.S. trunklines, United and Trans-World, who have been leaders

ll"Computers in Marketing - Part VII," Sales Management,
(September 15, 1966), 82.
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in the use of sophisticated mathematical tools, have placed orders for
elaborate new computer systems valued in the area of $4i5 million.,

The trend in the airlines may well be towards a single central-
ized, integrated computer facility designed for multiple functions,
Computer time-sharing will permit many different users in the airline
organization, even widely separated geographically, simultaneously to
use a central computer. The trend could also be to centralize all data
processing aciivities in a single department under one head, Dr, John
J. Deutsch, former Chairman of the Economic Council of Canada and
principal-designate of Queen's University, Ontario, relates computers
to efficiency.

The heart of the matter is the fact that efficiency, in modern

terms, means the fullest possible use of such equipment_as
computers, This has been the revolution in management.

Bibliography - Operations Research Literature

A bibliography, related to the application of the tools of opera-
tions research to airline problems, was compiled from a survey of the
literature and the bibliographiés in this literature., It is included at

the end of this thesis to serve as a ready reference tool.

12Montreal Gazette, December 21, 1967, p.l.




CHAPTER VII
DEVELOPMENT AND RESEARCH
Introduction

The purposeful pursuit of profits and growth must start and end
with sound planning and analysis. The need to survive in economic
competition is largely dependent on the ability to solve problems in
advance, This short chapter deals not so much with an existing fact
as with an existing problem, and the need for a solution in the form
of much extended facilities in development and research departments,

Although prospective airline travel markets are entiecingly
expansive, the airline industry is faced with the economic problem of
periodicity of demand. With large volumes of seasonal vacation traffic,
the airlines must shape their production of capacity to the seasonal
ups—-and-downs bui are still committed to their fixed costs., Scientifi-
cally designed planning, therefore, on a short, medium, and long-range
basis should be one of the most intensive operations in an airline,
Planning in this context can be defined as the exercise of forethought
with reference to an economic operation and to anticipate the scope,

character and results of such an operation,
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The Concept of a Planning and Development Department

It would seem that a separate, self-contained Planning and
Development Department, within an airline's organizational structure,
is essential for the short, medium and long-range planning function and
to assist management in scientific decision-making, A Planning and
Development Department could take the form of a central unit which
would emphasize that, in an airline, the use of advanced mathematical
and computer techniques has one overall purpose; namely, to solve the
difficult problem of keeping aircraft, the production instruments, fly-
ing regularly to the right places and just often enough to satisfy the
public demand for air transportation, at a price which at least covers
cost,

The Planning and Development Department, at corporate headquarters,
would preferably be headed by a senior executive, possibly of vice~presi-
dent status, and should be staffed with highly skilled personnel, at
least at the university graduate levelj résourceful people with a pro-
fessional background who could anticipate the future and plan for change
in an environment conducive to new perspectives, creativity and innova-
tiong who could apply analytical, systems, and planning techniques in
imaginative fashion. These professionals should have formal training in
transportation economics and a broad knowledge of economic theory, econo-
metrics and mathematical economics, Some members, at least, should be
familiar with techniques such as CPS, PERT and LESS. An ability to
communicate effectively at all levels would be a requirement, This

would be a multi-disciplinary team and manpower selection should search
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for economists, mathematicians, operational research and business admin-
istration personnel (finance and statistics), value and systems engin-
eers, and at least one sociologist, psychologist, political scientist,
and demographer, optimally recruited from, and experienced in, other
departments of the airline, and preferably numbering persons with a
knowledge of the quantitative aspects of financial analysis, methods of
production and the capabilities of electronic data processing,

This team could also benefit from the addition of graduate faculty
students, in specified disciplines, through an exchange arrangement
between airline and university on a one or two semester basis. The
above would complete the organization objective to bring this full range
of talent and resources together in one department to synthesize the
knowledge of the several disciplines and focus in on specific airline
problems. A close relationship would be maintained with professional
associations, research establishments and universities., The personnel
of this closely knit group should be capable of going into any area or
department in the airline on a specific project, collecting all the
facts and arranging this information in an orderly fashion for scientific
planning.

The Department would assume prime responsibility for developing
a comprehensive plan for applying advanced mathematical techniques in
the airline, and would implement this plan and administer operations
research activities throughout the company. These functions would in-
clude statistical activity, the retrieval and analysis of data, develop-
ment of sampling plans, time studies, methods improvement and/or work

simplification. The Department would also create guidelines for a sub-
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stantially more sophisticated approach to short, medium and long-range
economic planning, and the application of a rigid cost control system.
The Department would initiate financial planning procedures for the
yearly preparation of long-range corporate objectives and strategies.
The long-range plan would include route structure, fare structure and
equipment, as well as assumptions, capacity forecasts and traffic fore-
casts,

There would be extensive further duties. The Department would
deal with equipment and facilities planning, fleet composition, the
writing of aircraft specifications and recommendations for procurement
and capital financing. Also included would be responsibility for schedules
and system planning. The Department would provide management with more
accurate and more relevant information on which to base decisions and
action, and would present systematic quantitative analysis in terms of
economic criteria.

The Depariment would also assess the passenger market, create a
transportation forecasting capability to make short, medium, and long-
range economic forecasts of transportation demand and develop the ana-
lytical techniques required in establishing the various forecasts,
establish sales obJectives and recommend ways of implementing these
objectives, It would conduct scientific marketing research in an attempt
to reduce the lag between slow social change and rapid technological
change and would establish marketing and sales information systems and
field sales effectiveness research. It would plan paséenger service
requirements to meet marketing objectives and financial targets, and

would recommend rearrangement of tariff structure to promote a high-



89

occupancy rate within the economical operation of the airline, Feasi-
bility studies would be conducted to select investments in transporta-
tion facilities on the basis of the highest economic returns. Finally,
it would maintain a close liason with and act as co-ordinator for the
various functional departments, as a major task in itself, limiting
duplication and unnecessary expense in the formulation of a practical
operation plan. This would include active participation in any special
committees dealing with the second and third-round jet equipment planning
programs, and would also mean the group would act as a plan evaluation
team for the compilation of a final budget report to meet the airiine's
economic target,

On approval of the overall plan by management, the data would be
programmed by the Planning and Development Department for the computer,
allowing timetables and station movement needs to be determined. The
plan would then be implemented by the major departments, operations,
sales, and finance,

To summarize the above concept of an Department of Research and
Development, the members of this multi-disciplinary team would be
responsible for developing an overall program whose objective is to
improve the economic status of the airline, These key personnel would
utilize sophisticated, and sometimes experimental, approaches in an
operational context in their responsibility for: economic plannihg,
equipment and facilities planning, schedules, systems planning, and the

many functions under these headings,



CHAPTER VIII
THE COST APPROACH
Introduction

Dr. J. J. Deutsch, Chairman of the Economic Council of Canada,

said:
Transportation costs enter in such large measure into the final
costs of products, that the uneconomic use of these resources
can only contribute to the inefficiency of the economy...for a
misallocation of transportation resources...can lead to a mis-
allocation of resources elsewhere in the country,

The MacPherson Royal Commission on Transportation and the Economic
Council of Canada have both recommended that the use of transportation
resources should be directed to meeting the greatest demand, and not for
the support of means of transportation for which the demand has fallen
below the point of economic Justification.2

The ability to generate airline earnings is a function of con-
trolling unit capacity costs, and of controlling éapacity offered
relative to traffic and the level of unit revenues, If unit capacity
costs can be reduced and load factors improved, the airlines will be able

to generate the necessary cash flows for re-equipment programs and/or

what they consider acceptable profit margin, Each year greater numbers

1Canada, Economic Council of Canada, Fourth Annual Review
(Ottawa: Queen's Printer, September 23, 1967).

2Canada,Ro;yal Commission on Transportation, (MacPherson Report)
(3 vols., Ottawa: Queens Printer, 1961/62),

90
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of people are carried, more ton-miles of freight are transported and,
the average fare per passenger-mile has decreased substantially even in
terms of a depreciating currency.

The rate of growth can be attributed to progressively faster,
more comfortable and safer aircraft, and partly to the progressive
decrease in fares over the past 17 years. Both the airline industries
and the regulatory bodies seem to be in agreement that the benefits of
lower unit costs should be passed on to the consumer., Stuart G. Tipton,
President of the Air Transport Association of America, brought out this
point graphically by comparing changes in U,S. international air carrier
rates against consumer price changes for the years 1950 to 1965.3
Taking the 1950 index as equal to 100 units in both cases, he illus-
trated that, in 1965, the average fare per passenger mile was only 73
units, and the average rate per freight ton mile was 58. On the other
hand the consumer price index in 1965 was approximately 130, or a
spread of 57 points above the average rate per passenger mile and 72
points above the average rate per freight ton mile. This has been made
posgsible largely by the increased efficiency of each new aircraft model
brought into operation, a succession that has resulted in decreased unit
operating costs that have more than offset the increased cost of air-
planes, materials, services and wages.

This technological efficiency in aircraft design and other

supporting facilities, coupled with the management attention to cost

3Stuart G. Tipton, The Success Story of World Aviation, Address
to International Aviation Club, Washington: June 23, 1966.
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controls, and the growth of the cheaper coach and economy services,

has reduced the cost of producing a ton mile of 1lift (or an available
seat mile), Each new civil aircraft has been a more economic producer
of transportation except, perhaps, the Douglas DC-7 piston-engined
transport. This has placed the air transport industry in a most favour-
able position to take advantage of the technological progress in air-
craft design and the diffusion of modern technology to all economically
important sectors of the industry. The opportunity to lower unit costs
still further can be achieved through the economic application of
electronic data processing in a very large number of areas.

The introduction of subsonic jet transports in 1957, of the
Boeing 707 and the Douglas DC-8 type initially lowered direct seat mile
costs by as much as 30 percent below the piston-engined Lockheed Super
G Constellation and the Douglas DC-7. Table 21 which follows, gives
representative details of the lower unit direct operating costs, even
at the introductory stage of the Boeing 707.

In addition to the overall reduction in costs, jet operation
has affected the composition of operating costs. For example, fuel
and maintenance account for two-thirds of total direct costs on jet
aircraft as compared with approximately one half on thé reciprocating-
engined Lockheed Constellation. Correspondingly, crew salaries and
depreciation are lower percentages on the subsonic jets, This is

illustrated in Table 22 which follows.
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TABLE 21

ATRLINE DIREGT OPERATION COSTS - JET vs PISTON

pnp—
et

Cost

|

Per Per Passenger

Aircraft Airplane Mile Seat Mile Load Factor
(dollars) (cents) Required to

break even,

excluding

cargo

(percentage)
Boeing Jet 707-120 1.93 1,68 57
Lockheed Piston 1049G 1.49 2,40 75

Source: ™WA Forecasts Jet Costs, Operations," Aviation Week,
(October 1L, 1957), pp. 38,39.

TABLE 22

ATRLINE OPERATING COST CATEGORIES
AS PERCENTAGES OF TOTAL DIRECT COST

—
=

Category Boeing 707-120 Lockheed Constellation

10L49G
Crew Salaries 8 13
Insurance 6 6
Fuel Lo 32
Maintenance & overhaul 26 19

Depreciation __2_9__ 30
100 100

Source: "TWA Forecasts Jet Costs, Operations," Aviation Week,
(October 1k, 1957), p.39. '
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Utilization

High daily utilizatibn makes for high profits and, combined
with increased speeds, results in progressive lowering of unit pro-
duction costs, Utilization is not a function of airplane reliability
alone, but is also a function of the operational system in which the
airplane is to serve, The scheduling requirements of an airline route
system are determined by economic geography, desired flight frequencies,
and deparfure times. These, in turn, are functions of the traffie
demand, the capability of the airplane, and competition. A desirable
operational schedule is the best economic compromise between competi-
tion, schedule reliability and passenger convenience, on the one hand,
and high utilization and maintenance considerations on the other,

The influence of hourly productivity on unit costs, and the
continuing imporjance of a high utilization rate, are brought cut with
clarity by ICAOh and R, R. Shaw, Technical Director, IATA.S Table 23
shows a comparison of actual direct unit operating costs and productive
capacity for successive generations of aircraft, based on U.S, CAB data
for aircraft in operation on U.S. domestic service in 196), with projected
costs for the Douglas DC-8-60 ("stretched"), Boeing 747 ("jumbo"),
Concorde and Boeing SST's. The data used is particularly valid as it is
derived from the U.S. CAB standardized system of accounting for the air-

craft which are now in operation, and the costs for the four projected

hICAO Secretariat,Air Transport Operating Costs, ICAO
Circular.??AT/lg (Montreal:  ICAO, May 1968), p. 2L,

SR. R, Shaw,;"Technological Progress and the Airlines," Journal
of The Royal Aeronautical Society, LXXI (September 1967), 600.
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models are based on formula costs relative to the Boeing 707-320B, In
addition, the wage structure in U.S. domestic airlines is reasonably
consistent.

TABLE 23

COMPARISON OF DIRECT UNIT OPERATING COSTS AGAINST HOURLY
PRODUCTIVITY OF SUCCESSIVE GENERATIONS OF AIRCRAFT

” Direct Operating Cost Aircraft Productivity
AIRCRAFT (U.S. #/ton kilometre (1000 of ton kilometres
available) available/hour)
Douglas DC-3 20,5 2.0
Lockheed 1049 1.0 3.0
Lockheed 1138 13,0 L.0
Convair 880 10.5 10,0
Douglas DC-8-10 8.1 1.0
Boeing 700-200/300 8.0 12,0
Boeing 707-300B 5.0 16.0
Douglas DC-8-61/63 k1% 20.,5*
Boeing 747 3.7* 40.0*
Concorde SST 5.6* 23.0"
Boeing SST h.1* 62,5*

*Projected, other figures ares actuals.

Source: ICAO Secretariat, Air Transport Operating Costs, ICAO
Circular 77AT/12 (Montreal: ICAO, May 1968), p.2l. and R. R. Shaw,
"Technological Progress and the Airlinesi" Journal of The Royal
Aeronautical Society, LXXI (September 1967), 800.(Data derived from
graphical presentations),

An examination of Table 23 from top to bottom, shows that each
successive generation of subsonic aircraft is more productive and has
progressively lower unit direct operating costs. This emphasizes the
importance of the product of block speed, payload and rate of utiliza-
tion. It is of interest to note that the introduction of the more

efficient fan, or by-pass, jet engine in the Douglas DC-8-50 and the
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Boeing 707-320B was largely responsible for lowering the unit direct
costs below those of their predecessors, the DC-8-10 and the Boeing
707-200/300.

In the case of the Concorde and U,S. Boeing SST, it would appear,
from Table 23 that the trend for each successive generation of aircraft
to give lower unit operating coste, is breaking down. The supersonic
speed of the Mach 2 Concorde is not matched by an increase in capacity
and the productivity has not increased in proportion to the speed. The
carrying capacity of the Boeing SST is more in line with its Mach 2,7
speed and Table 23 shows the aircraft productivity to be high and the.
unit cost at about the same as that of the current "stretched" DC-8-61/63,
but higher than that of the Boeing 747 "jumbo". Table 23 shows that
unit direct costs were also high for the first generation of subsoniec
transports so that later models of the SST may still follow the histor-
ical downward unit cost trend.

| The speed of jet aircraft has its own special appeal and
influence in the travel market - but the relation of speed to higher
capacity aircraft, to give higher hourly productivity, explains why its
influence on the airlines is to procure larger and larger aireraft. In
past years scheduled airlines attempted to purchase the optimum aircraft
for their route structure, based on their load factor, frequency and unit
cost calculations. However, the rapid growth of the air travel market,
the difficulties in expanding staff and facilities, and the increasing
congestion at airports and terminals is tending to influence the air-
lines towards the purchase of large capacity aircraft rather than

attempt to meet the market growth by purchasing a larger number of
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smaller aircraft, The large high-spsed, high-capacity aircraft has the
ability to produce several times as much work in a day and does not
cost as much more proportionately.

The Operations Department of an airline should only producs
that capacity (available ton miles of 1ift and/or available seat miles)
to meet the demand of the Sales Department, and should sell this capacity
to the Sales Department at a price which at least covers production
costs, The Sales Department must then be responasible for attempting to
market this capacity at a price (fare or tariff) which will at least
cover airline costs, It is an almost inevitable fact that considera-

tions of national interest will, upon occasion, dictate an operation

not otherwise required,

Airline Cost Structure

Airline total unit operating costs are broken down, according to
the U.S. Air Transport Association (ATC).method, between two categories:
1, Direct Cost (DOC): this is aircraft opsrating expense
(usually referred to as direct cost, direct expense or direct
operating expense); and
2. Indirect Cost (IOC): this is gggggg and indirect expense

(usually referred to as indirect cost or indirect expense.)

There is general agreement in the industry on the nature and
structurs of airline costs. The Air Transport Association of America

(ATA) "Standard Method of Estimating Comparative Operating Costs of
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Transport Airplanes"d and the U.S, Civil Aeronautical Board (CAB)
Uniform System of Accounts and Reports7 are in use by all U.S. air
carriers, although some airlines may slightly modify the CAB Account
formulas, for their own internal use, to cover particular costing pro-
blems, In the United Kingdom, however, the Society of British Aerospace
Companies (SBAC) formulas have limited use, but for absolute cost coﬁ-
parisons the ATA method of costing is in general acceptance. The ATA
method differs from the SBAC method in that landing fees are included
as an indirect cost and interest charges on capital are not usually
included in the direct costs. (Capital funds to support the cost of .
new equipment and spares may be generated by internal cash flows or by
borrowing in the capital markets). The airlines have shown little dis-
position to break costs up into the two groups, basic (overhead), and

variable (associated with hours flown and number of landings performed).
History of ATA Method of Costing

The first universally recognized method for estimating direct
operating costs of aircraft was published by the Air Transport
Association of America in 194);. The method was developed from a paper,
®*Some Economic Aspects of Transport Airplanes,™ presented by Messrs,

Mentgzer and Nourse, of United Air Lines, which appearsd in the Journal

6Air Transport Association of America, ATA Standard Method of
Estimating Comparative Operating Costs of Transport Airplanes
(Washington: June 1960 and June 1965, draft).

7Civil Aercnautics Board, Uniform System of Accounts and Reports,
1 June 1965 (Washington: U.S. Government Printing Oifice, July 1965).
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of Aeronautical Sciences in April and May of 1940, The basis of this
method was taken from statistical data obtained from airline operation
of DC-3 aircraft and was extrapolated to encompass the direct operating
costs of the larger aircraft which were then coming into the air trans-
port picture.

In 1948, it was determined that the 194; method of estimating
direct operating costs fell short of its goal. This was during a period
when the costs of labour, material, crew and fuel and oil were rising
rapidly. Consequently, the Air Transport Association reviewed the
statistical data then available, including data for four-engined as well
as twin-engined aircraft, and, in July 1949, published a revision of
the 194} method., The ATA method was again revised in 1955 for similar
reasons, and also to cover the introduction of the turbo-prop and turbo-
jet aircraft. In 1960 a further revision was based on experience gained
to that date with turbine powered aircraft, A draft of proposed changes
in the formule was again issued in June 1965 . This draft includes , for
the first time, cost formulae for the supersonic transports, The draft

also included a new section on Indirect Costs,

Objectives of Standard Costing Method
The objectives of a standardized method for the estimation of
operating costs of an airplane are to provide a ready means for comparing
the operating economics of competitive airplanes under a standard set of
conditions, and to assist an airline operator and aircraft manufacturer
in assessing the economic suitability of an airplane for operzation on a

given route. Any system evolved for these purposes must be general in
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scops, and for simplicity will employ standard formulae into which the
values appropriate to the airplane under study are substituted. Clearly,
these formulae, which seek to give precision to complex economie problems,
can never attain this aim completely. The objective, though, can be
approached by ensuring that the method uses realistic M"average® data.

Data derived from ATA method of costing cannot be compared
directly to actual cost data for an individual airline. These individ-
ual airline costs are dependent upon many things which the formulae do
not take into account. These would include, but not be limited to,
fleet size, route structure, geographic location, and accounting proced-
ures, The total operating environment of an individual airline must be
reviewed in order to evaluate the commercial attractiveness of an air-
plane. The economic versatility of the basic design must be examined
with respect to growth, and in terms of range, speed, and payload.
(Load factor/frequency/cost), Particular care has to be taken in com-
paring airline short term operating cost statistics to data derived from
the ATA method.

With the present rapid development in airline operation it will
be necessary to make frequent revision if the ATA method is to retain
its value. The formulse are designed to provide a basis of comparison
between differing types of airplanes and should not be considered a
completely reliable assessment of actual true value of the operating
costs experienced on a given airplane in a specific airline, Where data
are lacking, the user of the ATA method must resort to the best informa-
tion obtainable, The ATA cost-estimating methodology has been frequently

modified by agencies and companies to cover an assessment of a transport
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airecraft in a more precisely defined operational environment.
Derivation of Costs

Direct Costs (DOC)
Direct costs cover those cost items which can be directly
traced to the operation of the airplane in a transportation system,
The common method among carriers in computing DOC is to use the U,S,

CAB Form 41 entitled "Uniform System of Accounts for Air Carriers", or

some similar form, which is broken down into three main groups:8
CAB Account Number Item
1. 5100 Flying Operations - Direct
2, 5200 Direct Maintenance - Flight
Equipment
3. 7000 Depreciation - Flight Equipment

1. Flying Operations - Direct Cost

a) Flight crew

b) Fuel and oil

¢) Insurance
Insurance, as associated with the operation of an airplane,
covers ground and flight risk, passenger liability, third
party liability, and freight liability. Both the passenger
and freight insurance are considered as indirect costs and

are, therefore, not included in this item.

8Detail formulae, to serve as criteria for the assessment of the
economic value of an airplane under the standard airline account system,
are set out in: Air Transport Association of America, ATA Standard
Method of Estimating Comparative Operating Costs of Transport Airplanes
(Washington: June 1950 and June 1965 draft).
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2, Direct Maintenance - Flight Equipment
Some factors that influence maintenance as a direct cost are a
function of the airplane design itself, while some are a function
of the particular environment in which the airplane is operated,
Individual operating procedures and business decisions also influence
maintenance direct operating costs. The major factors, though, are
the actual cost of spare parts and other maintenance materials, the
reliability of the parts, their planned overhaul period and actual
repair and replacement rates. The maintenance procedures used, such
as CPS, PERT, and LESS, also influence costs, as do overhaul
"hardware" and facilities, but these are secondary factors, Use of
computers as automated maintenance fault-finders can markedly reduce
the number of maintenance man-hours per flying hour,

3. Depreciation Costs - Flight Equipment
Reserves for depreciation are largely a matter of business policy.
The method of taking depreciation is influenced by the expected use-
ful life of the capital asset, tax policies, regulatory considerations,
accounting practices and stockholder reporting procedures. The latter
items aside, the depreciation policy to be used in evaluating the
economic feasibility of an airplane is primarily concerned with the
expected useful life of the aircraft in the given environment, the
depreciation life of aircraft currently in use, and the competitive
value of the airplane to the airline, Empty airplanes do not retum
a profit no matter what the depreciation rate. There is a trend to
depreciate engines on the same "life basis" as the airframe, on the

assumption that maintenance costs have already provided for the
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refurbishment of the airframe and engine together and that the
engines are not generally separable from the airplane in an
accounting sense. Engine retrofit is uncommon in the dynamic
airline industry.

The current subsonic jet airplane is, in general, being deprec-
iated over a 10-12 year period to a residual value of 5-15 percent.‘
The trend, though, is towards longer depreciation periods, as
management shows more confidence in the future of the air travel
market. Airplanes really do not wear out. They are made obsolete
by new developments and new passenger expectations. Airplanes in
the future may be depreciated over a period of 15 years or more,
Extending the depreciation period of air-frame and engines to, say,
a 15-year period, would lower the direct operating cost.

The ATA standard cost formula for depreciation of the airplane and
its components is as follows:?

Complete aircraft including engines and all spares

Depreciation Residual
Period (yrs) Value(%)

Reciprocating engine aircraft 10 S
Subsonic turbine engine aircraft 12 5
Supersonic aircraft 15 0

Depreciation factor = 1 - Residual value
Original price

To summarize, the direct cost accounts, in their abbreviated

form, are: crew,oil and fuel, insurance, maintenance, and depreciation.

air Transport Association of America, ATA Standard Method of
Estimating Comparative Operating Costs of Transport Airplanes
(Washington: June 1960 and June 1965 draft) p.C.
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Historically, until about 1962, there has been a tendency for
direct costs to rise slightly as a percentage in relation to indirect
costs. In 1962, direct costs for the U,S. domestic trunklines accounted
for 52 percent of the total cash operating dollars in the course of
performing scheduled services. With the higher density loading of the
subsonic and supersonic aircraft this tendency is likely to be reversed
by the higher indirect costs in such accounts as passenger service, air-
craft servicing, traffic and sales servicing, and landing feesz. This is
brought out by comparing total direct and indirect costs in Table 31
for three subsonic and two SST aircraft. (Table 31, page 125),

Table 2 sets out comparative direct costs for the current sub-
sonic jet, the forthcoming "stretched" and very lafge "jumbo" subsonic
Jets, and the SST. The figures were extracted from graphical presenta-
tions in a Lockheed Airﬁg;ft Co. analysis, and may appear optimistic
compared to costs obtained in other analyses and which are shown in
other Tables. Costs shown for the large advanced subsonic jet came
from curves for the 500-700 passenger Lockheed C-SA logistics military
airplane, which is expected to have a civilian counterpart able to carry
at least 500 passengers plus considerable freight tonnage., These
figures again appear optimistic, Tables 25 to 28 set out direct costs
for the U.S. Boeing SST, as projected in 196}, for various operating
configurations. The Boeing SST, now under construction, is actually
larger, with considerably more capacity, than was envisioned in the

development stages in 196}4. More realistic cost figures are shown in

Table 31 on page 125,
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TABLE 24

DIRECT OPERATING COST

(cents/seat mile)

SUBSONIC AND SUPERSONIC AIRCRAFT

Distance | Standard | Stretched Large Concorde U.S.
(st.mi,) | Subsonic | Subsonic Advanced
. Jet Jet Subsonic SST SST
Jet
1000 1.2 1.0 o6 1.9 1.3
2000 1,15 85 5 1.6 1.05
' 3000 1. 1 Y 8 .5 1.h .9
4,000 1,05 8 o5 1.3 «85
Source: Lockheed Aircraft Company, Lockheed Horizons, Issue 3,
(Autumn 1965), p.9. (Figures in above table extracted from graphical
presentation.s

Tables 24 to 28 bring out one of the important factors in air

transport economics, namely the decrease in unit cost with increase in

length of flight leg.

This is one of the elements which explains the

wide cost differences between carriers, and it is also related to econ-

omies and diseconomies of scale,

respect are:

Other important elements in this

size of airline (capacity ton miles produced), route

structure (route turnover: aircraft miles per route mile flown daily),

length of haul, station strength (utilization and "throughput"), and

volume of economy class operations,



DIRECT OPERATING COST SUMMARY FOR DOMESTIC OPERATION

TABIE 25

BOEING 733-197 SST PROPOSAL

ANNUAL UTILIZATION 4000 HOURS/YEAR; 3000 HOURS BETWEEN ENGINE OVERHAUL;

ATRFRAME DEPRECIATION PERIOD 12 YEARS

CAB distance (st.mi,.) L72 943 1415 1887 2358 2830 3302 3774
Block spsed (mph) 499 764 928 | 1037 | 1119 | 1168 | 1190 | 1192
Fuel cost (dollars/ste.mi.) 1.36 .98 .88 84 «83 .83 «83 «83
DOC less fuel (dollars/stemi.)| 2495 | 1493 | 1.60 | 1.4k | 1.33 1.29 1.26 1.26
TOTAL DOC (dollars/st.mi.) he3l | 2491 | 2448 | 2.28 | 2416 | 2412 [ 2.09 é.09

(dollars/block hour) 2151 2223 2301 2364 2417 21;76 2487 2691

(cents/seat statute mile) 2.87 1.94 1.65 1.52 l.44 1.1 1.39 1.39

Source: Boeing piroraft Co., Direct Operating Costs and Economic Analysis, Commercial SST,

January 15, 1964, p.2/5.

(data extracted)

90T
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TABLE 26

DIRECT OPERATING COSTS

BOEING 733=197 SST FROPOSAL

(654 load factor)

Direct
CAB Cost Cost Cost
Distg.nce Por Revenue Per Revenue Por Seat
T (SteMis) Block Hour Aircraft Statute Mile
(Dollars) Statute Mile (Cents)
(Dollars)

500 $ 2200 Le25 275
1060 2300 2.85 1.95
1500 2350 2450 1.60
2000 24,50 235 1.50
2500 2500 2625 145
3000 2500 2.20 1.45
3500 2550 2.15 1.39
4000 2550 2.15 1.39

Source: Boeing Aircraft Company, Direct Operating Costs and

Economic Analysis, Commercial SST, Jan. 15, 1964, p.2/2.

(Data derived from graphical presentations)
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TABLE 27
DIRECT OPERATING COSTS FOR A GROWTH SST

BOEING 733-197
DOMESTIC SERVICE FOR VARIOUS SEATING ARRANGEMENTS

Seating Arrangement
Range 198 2 227
Mixed Tourist Economy
(St.Mi.) (cents/seat st. | (cents/seat st.|(cents/seat st.
mi,) mi,) mi,)
1000 1,72 1.58 1.5
1500 145 1l.35 1.26
2000 1.32 1,22 1.16
2500 1.27 1,18 1.11
2750 1.27 1,17 1.1

Source: Boeing Airoraft Co., Direct Operatingz Costs and Economic

Analysis, Commercial SST, Jan. 15, 1964, p.3/16.

(Data extracted from graphical presentations.,)
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TABLE 28

BOEING SST, MODEL 733-197

Veraion Basic Extended Body
Gross Weight (1bs) 130,000 520,000 108,000
Design Range (N.M.) 3,500 3,500 3,000
Pagsengers 150 214 214
Total Airplane Price (§) | 22,460,000 | 24,500,000 | 23,000,000
Fuel Price (¢/gal.) 12 12 12
Utilization (Hr/¥r) 3,000 3,000 3,000
Time between Engine
Overhaul (hours) 3,000 3,000 3,000
Direct
Cost per seat Statute
Mile for CAB Statute Mile
Distances (centa/seat st.
mi,)
1000 215 1.7 1.6
1500 1.85 1.45 1,35
2000 1.70 1.30 1.25
2500 1.60 125 1.20
(2900) 1.55 1.25 (1.20)
3000 1455 1.25
3500 1.53 1.2,
4000 1.50 1.23

Source;

Boeing pireraft Co., Direct operating Costs and Economiec

Anelysis, Commercial SST Proposal, Jan. 15, 1964.

(Cost data extracted from graphical presentation.)
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Derivation of Costs
Indirect Costs (IOC)

Indirect costs cover all cost items other than direct costs,
for example, the costs of ground operations, traffic solicitation, and
handling and administrative expenses. These indirect costs are depend-
ent upon the particular service the operator is offering, although in
certain particulars indirect costs are influenced by and dependent upon
the characteristics of the airplane being operated. Indirect costs are
sometimes loosely referred to as "support" costs, emphasizing that
direct costs are concerned with the operation of the airplane itself,

In 1956, 49.2 percent of U.S. scheduled airline expenses were
indirect, and in 1962, indirect expenses were 48 percent. Because of
the stability of these percentages, within close or known limits, there
has been a trend for an airline to compute direct costs and then to
double this figure to arrive at an approximate total operating cost.

The major indirect cost accounts are listed hereunder. There
follows in Table 29, a U.S. Boeing Aircraft Company analysis detail-
ing the major indirect cost accounts to show the items sensitive to
aircraft design. The Table also sets out the indirect cost alloca-
tion for the U,S, Boeing SST proposal, and for the current Boeing 707
subsonic jet as experienced on major U,S. domestic route patterns,
Comparative unit costs for the two types are set out in Table 30,

page 123 and Table 31, page 125 of this chapter,



Indirect Cost Accounts

I Passenger service
IT Aircraft servicing
IIT Traffic servicing
IV Servicing administration

Reservations and sales

<

VI Advertising and publicity
VII General and administrative
VIII Ground facilities (including maintenance and
depreciation for all facilities and equipment
other than flight equipment)
IX Pre-operating

X Landing fees
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TABLE 29

MAJOR INDIRECT COST ITEMS WITH INDICATION OF THOSE ACCOUNTS

SENSITIVE TO AIRCRAFT DESI@T AND SHOWING INDIRECT COST

ALLOCATION IN PERCENT FOR MAJOR U. S. DOMESTIC ROUTE

PATTERNS FOR BOEING SST PROPOSAL AND

CURRENT LARGE SUBSONIC JET

Percent of Total Accounts Affected

Account
SsT Subsonic | by Aircraft Type
I. Passenger Service Cost x
As a % of Indirect Cost 18 2,

Functions-A8 % of Acct,

Food 17 x
Stewardeas 34 : X
Liability Insurance
and Miscellaneous 49
II. Alrcraft Servicing Coat x
As a % of Indirect Cost 10 7

Functions-As % of Accte
Alreraft Ground Serv. 87 x

Alreraft Ccontrol and
communications 13 x

IIX. Traffic Servicing Cost

A8 a % of Indirect Cost 10 10
Functions-As % of Accte
(conttd next page)
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TABLE 29 (cont'd)

MATOR INDIRECT COST ITEMS

Percont of Total

Accounts Affected

Account
SST Subsonic | by Aircraft Type
III. Traffic Serv.Cost (contd)
Functions-As % of Acct,
Cargo & Baggage Hand, 53
Passenger Handling 28
Rentals & Services 12
Miscellaneous 7
IV, Servicing Admin. Cost
As a % of Indirect Cost 2 2
Functions-As % of Acct,
Records 31
Communications 27
Aireraft & Traffiec
Servicing Personnel 21
Miscellaneous 21
V. Reservations and
Sales Cost
As a % of Indirect Cost 13 13

Functions-As % of Acct.

(cont'd next page)




TABLE 29

11
(Cont' d)

MAJOR INDIRECT COST ITEMS

Poercent of Total

Acecount

SST | Subsonic

Accounts Affected

by Aircraft Type

V. Reservations and
Sales Cost (cont'd)

Functions—-As % of Acct.
Pagsenger Handling
Commissions
Communications
Rentals

Miscellaneous

VI. Advertising and
Publicity Cost

As a % of Indirect Cost
Functions-As % of Acct.
Adve;rtising
General Personnel

Miscellanseous

VIiI. Gen. & Admin. Cost
As a % of Indirect Cost

Functions=-As % of Acct,
Clerical and Records

Rentals
Management
Taxes and Fees

(Cont'd next page)

53

i0

82

11

21 21

56

28
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TABIE 29

(Cont'd)

MAJOR INDIRECT COST ITEMS

Account

Percent of Total

Accounts Affected

SST Subsonic | by Alrcraft Type
VIII. Ground Fecilities Cost
As % of Indirect Cost 13 13
Functions-As % of Acct
Facilities Mtce, 60
Facilities Deprec. 25
Hanger Depreciation 15
IX. Fre~Operating Cost x
As a % of Indirect Cost 1 1l
Functions-As % of Acct.
Training 90 x
Advertising 5
Miscellaneous 5
X. Ianding Fee Cost X
A8 a % of Indirect Cost 3 2

Source: Boeing Aireraft Co., Direct Operating Costs and Economic

Anelysis, Commercial SST Proposal, Jan. 15, 1964, p.G/2
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Indirect Cost Accounts
A description of each indirect cost account follows:10
I Passenger Service Cost

The passenger service cost as a component of indirect cost
covers food, stewardesses and liability insurance. Due to the economic
regulation of fares, there is 1ittle or no price competition in the air-
lines, so the attempt to attain competitive advantage through services
can introduce waste, such as very expensive mealg, free drinks, and
gifts to passengers, These frills all raise the’level of passenger
gservice costs and diminish the airlines profit, except where the extras
are paid for in additional fare, for example, first class,

II Aircraft Servicing‘Cost (less lahding fees)

The costs of aircraft ground service, such as fueling, cabin
cleaning, galley service, ramp positioning, umbilical services and
inspection, are dependent upon aircraft size and the number of departures,
Using gross weight as an aircraft size parameter, it is found these costs
have tended to remain relatively constant over time, at approximately )42
to 52 cents/1000 1b. gross weight/departure. Application of this para-
meter to the SST indicates higher costs per revenue passenger mile
because of the great difference in the ratio of gross weight to passenger
capacity for the SST as compared to the subsonic jet,

Aircraft control and communications costs are properly related
to departures performed, and to the complexity of the dispatching,

meteorological, and air-to-ground communication functions. These costs,

1oBoeing Aircraft Co., Direct Operating Costs and Economic
Analysia, Commercial SST Proposal, (Renton, Washington: The Boeing Co.,
January 15, 196L) pp. G/1 = G/12.
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in terms of dollars per aircraft departure, increased substantially
during the transition to subsonic jets, and it is reasonable to assume
that the same factors will be at work during the transition to SST and
" jumbo" operations. The aircraft control cost increased from $21/air-
craft departure in 1957 to a level of $37/aircraft departure in 1961-62,
IIT Traffic Servicing Cost

These costs encompass all expenses associated with the preces-
sing of passengers, baggage, mail, express and freight through the term-
inal area including the loading of the airplane. The costs, when
expressed in terms of dollars per passenger enplanement, remained
constant during the transition to subsonic jets in the years 1957-62,
in the area of $3/passenger enplaned. This has occurred in spite of
the influence of larger aircraft, and the resulting decreased departures
per day, per station, and despite the rapidly increasing number of seats
per airplane departure. On an historic trend, traffic servicing costs
should be very much the same for the SST as for the subsonic Jet.

IV "Servieing Administration®” Cost

This is primarily an overhead account for the Aircraft and
Traffic Servicing Accounts discussed above, The principal expenses are
for communications and record-keeping personnel, rentals of facilities
and equipment and other miscellaneous items. These costs, historically,
have been directly related to the level of expenditures inherent in the
basic Aircraft and Traffic Servieing functions,

.V Reservations and Sales Cost
This account includes those functions associated with securing

business, both internally, at downtown sales offices and airport terminal
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facilities and, externally, through travel agencies and interline sources.
The costs incurred are for the salaries of sales and reservations person-
nel for outside commissions, for reservations communications expenses,
and for facilitlies and equipment rental charges. These expenditures per
passenger increased from a low of $li/passenger origination in 1957 to
almost $5 in 1960, and then held relatively constant, just below $5/pas-
senger origination in 1962, This trend reflects the industrial transi-
tion to fully automated computer-handled reservations systems, and a
major system-wide terminal and sales offices facility improvement
program. The figures for 1960/62 indicate that the inherent economics
of the new mechanized reservations systems are beginning to be realized
and, as business volume continues to increase in the future, costs per
passenger handled should tend to remain constant, As the aircraft type
operated is apparently not a factor, these costs should be virtually

the same for any type of scheduled aifline transport,

VI Advertising and Publicity Cost
These expenses represent those costs associated with all pur-

chased promotional media. These functions are generally handled through
an accredited outside agency and are contracted for annually. The
magnitude of these expenditures is dictated by airline management.

There has, however, historically been a significant relation between
these costs and total revenues, with the costs amounting to 3.3 percent
of air transport revenues in 1957 through 1959, dropping to just over

2 percent in 1960, rising to 3 percent in 1961, and to approximately 2.3
percent of transport revenues in 1962. A new aircraft type usually

receives additional, introductory promotional expenditures, but these
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are short-lived, temporary costs and, in most cases, are capitalized
and included in the Pre-Operating Cost Account for each new aircraft
type. The type of aircraft operated has little or no effect on these
costs, The airlines, with a very small share of the travel market, are
naturally trying to sell their product to a larger group,
VII General and Administrative Costs

These result from general system overhead functions, including
management salaries, record-keeping personnel, facility and equipment
rentals, and corporate taxes and expenses. These costs have no relation-
ship to the type of aircraft being operated and are properly allocated
on the basis of revenues generated. There has been a consistency in
these expenditures for the past several years, when related to revenue
passenger miles performed, being of the order of .003 dollars (.3 cents)
revenue passenger-mile for 1957 through 1962, It can be assumed that
there would be equal allocation of these costs for any type of trans-
port alrcraft. The costs of administration are essentially related to
the size of an organization rather than the size of output. As the
overall productivity of the airlines' operating departments is increased,
the unit cost of administration falls proportionately. The costs of
accounting which may constitute up to 20% of general administration
costs, varies between the short-haul operator where there are a large
number of tickets and way-bills and the long-haul bperator. There is
a large field for economies in this area by simplification of methods

and use of digital computers.
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VIII Ground Facilities Cost

These expenses consist of maintenance and depreciation
costs for all facilities and equifiment other than flight equipment.
This includes hangars, aircraft maintenance equipment and facilities,
ground property and equipment and all buildings. The introduction of
a completely new aircraft technology has always necessitated airline
investment in new facilities and equipment to maintain and service the
aircraft. The depreciation of these facilities and equipment (hangars,
maintenance equipment, and aircraft and traffic servicing ground
property and equipment), however, accounts for only approximately 30
percent of the total Ground Facilities Cost, as normal write-off periods
are 10-20 years, The remainder of the Ground Facilities expenditures
is for the maintenance of these facilities and equipment which, assum-
ing equal equipment reliability and complexity, is probably independent
of the aircraft type operated. The introduction of new alrcraft types
in the past has had little effect on these costs, especially when
account is taken of constantly growing system available seat miles.
With technological improvement also occurring in design of ground equip-
ment, Ground Facility costs may contimue to follow the historical
pattern and be virtually constant for future types of airplanes, The
Ground Facilities Cost, for the period 1957-1962, was relatively constant
between ,0008 dollars/available seat mile and .00l3 dollars/available
seat mile, There was a slight tendency for the unit cost of this account

to decline from 1959-62, being .0012 dollar/available seat mile in 1962,
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IX Pre-Operating Cost

Some 90 percent of these capitalized pre-operating costs
result from training activities, and most of these training costs are
for flight-crew personnel, These trainees have historically required
approximately the same number of hours training to become proficient in
their duties regardless of aircraft type. Flight crew training costs,
therefore, should .be essentially proportional to the hourly cash oper-
ating costs of the aircraft (DOC-dollars/hour), Although the Pre-
Operating costs per aircraft will be higher for the " jumbo" and SST,
this higher work rate will permit the system to be handled by substan-
tially fewer aircraft, which more than offsets these higher unit costs,
Pre-~Operating costs can be amortized over the full expected 1ife of the
equipment.

X Landing Fee Cost

These fees are generally assessed against the airline at a rate
per 1000 pounds of landing weight. The current ratevfor nine U.S.
domestic terminals, weighted for estimated arrival frequencies, average
approximately 30 cents per 1000 pounds. The highest rate in the U.S, is
49 cents/1000 1bs. landing weight, and the lowest 10 cents/1000 1lbs.
landing weight. The heavier B-747 "jumbo" and SST will incur greater
costs per landing than the subsonic jet. Landing fee rates have histor-
ically increased as new and larger aircraft were introduced, and the rate
can probably be projected still higher per 1000 pounds landing weight
for the "jumbo" and SST,

In 1956 the amount paid by airlines for airport services equaled

only four cents on the passenger's air fare dollar. In 1966 the rate
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was up to 10 percent and the charges for "jumbos®" and supersonics

could be even higher, Go=.;rnments now charge taxes on fuel and use
progressive scales to assess landing fees on the basis of weight. The
"jumbo" will weigh twice as much as the current. subsonic jet, and the
SST will use twice as much fuel for the same weight., If charges for
the SST continue to multiply, particularly in the major countries, the
SST (which is potentially a large part of the airline industry's future)
could become an uneconomic airplane, The government monopély of air-
ports presumably should not permit administrations to charge the airlines
vastly in excess of user charges. It is admittedly difficult, though,
to establish fair charges even with efficient cost accounting (which

appears to be lacking at the present time,)

2D

Table 30 shows the comparative annual indirect costs, by accounts,

for a subgonic jet aircraft of the Boeing 707/Douglas DC-8 type and the
projected U.,S. Boeing SST, It should be pointed out that the Boeing Co.
analysis based the SST indirect costs on an aircfaft in tﬁe 200-passenger
class whereas the U.S, SST, when constructed, is expected to accommodate
at least 350 passengers, and cost in the area of $36 million, rather than
the $25-$30 million projected in the earlier analysis, The larger SST,
with its higher ground and service charges, can be expected to have higher
indirect costs,

Airline indirect operating costs are higher than for any other
form of transportation. This is the result of several factors, thus,a
‘technology requiring elaborate ®"base" operations, the use of expensive

reservation services to obtain a high utilization of equipment, and the
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TABLE 30

ANNUAL INDIRECT OPERATING COST ALLOCATION IN CONSTANT 1962

DOLLARS FOR A TYPICAL U. S. DOMESTIC SYSTEM FOR A CONTEMPORARY

SUBSONIC JET AND BOEING SST FROPOSAL

. Subsonic Boeing SST
Account

(’ U'SO) ‘# UOS.)

I Passenger Service $14,649,000 | $10,547,000

II Aircraft Servicing 45 594,000 5,813,000

IIT Traffic Servicing 5,420,000 5,420,000

IV Servicing Administration 1,202,000 1,348,000

Vv Reservations and Sales 7,521,000 7,521,000

VI Advertising and Publicity 5,033,000 5,033,000

VII General and Administrative 12,000,000 12,000,000

VIII Ground Facilities 7,385,000 7,385,000

IX Pre-operating 618,000 438,000

X Landing Fees 1,431,000 1,703,000

TOTAL $59,836,000 | $57,208,000
Source; Boeing Aircraft Co., Direct Operating Costs and Economic

Analysis, Commercial Supersonic Transport Proposal,

(Januery 15, 1964) p. G/3.
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importance of service competition which creates high sales expenses
of one form and another., These indirect expenses underlie various
economies of scale in airline operation and are particularly exper-

11
ienced by medium-sized trunklines,
Cost Comparisons - Subsonic and Supersonic Transports

Table 31 can be considered as current with the "state of the
art" as at the beginning of 1967. The tabulation shows direct,
indirect, and total operating costs, in both unit and absolute terms,
for three subsonic and two supersonic aircraft, over a 3500 statute
mile range. The value of the individual cost accounts, as a percent-
age of the total operating cost, has been calculated for the Boeing
707 subsonic jet and the U,S, SST, and added in brackets beside the
respective aircraft cost figures, Table 31 permits comparisons in all
cost categories for the aircraft which are expected to form the nucleus
of world airline fleets in the 1970's. Although a load factor figure
does not appear in Table 31, an indication of the fares which might
reasonably be expected for a 3500 mile non-stop flight, may be calcu-~
lated by dividing the total unit cost per seat mile, for example, by
a conservative airline break-even load factor of 52 percent, Table 32
shows the time consumed by the U,S. SST in each block-to-block segment

and the block time, for various flight distances.

lle. John Meyer, M. J. Peck, John Stenason, and Charles Zwick,
The Economies of Competition in the Transportation Industries
(Cambridge: Harvard University Press, 1959) pp. 135-139.




TARLE 31

COMPARATIVE OPERATING COST - PER TRIP, PER MILE AND PrR SEAT-MILE, SUBSONIC AND SUPERSONIC AIRCRAFT

(International rules - 3500 statute miles)

B-707 DC=8-63 B=747 Concorde U.S, SST
Seating Capacity 161 224 384 12 30h
Direct cost
“§per trip . .
Crew (10) $1288 $i21 $1406 $ 737 $ 676 (3)
Fuel (11) 1438 2305 2798 © 2088 3960 (18)
Insurance (2) 260 370 637 182 1236 { 5)
Depreciation (9) 1224 1731 2l01 1222 2591 (12)
Maintenance (11) 1379 156l 3592 1308 2387 (11)
Total (L3) 5589 7391 10834 5887 19650 (49)
¢ per seat mile
Total 0099 009)4 0.81 1336 1-07
$ per mile ‘ '
Total 1.60 2.11 3.10 1068 3005
Indirect cost
$ per EPIP
1, Ground property & equipment ( 2) 240 276 520 204 328 ( 2)
2, Aircraft servicing (5) 632 679 1319 693 1232 ( 6)
3. Aircraft control (=) 65 65 65 65 65 ( =)
L. Cabin attendants (5) 623 9ls 1379 219 her ( 2)
5. PAX food (8) 1038 151 i L8 942 ( h)
6, Traffic servicing (9) 172 1631 2795 7 903 2046 (10)
7, Servicing administration (2) 300 425 976 175 307 (1)
8, Reservations & sales (20) 2553 3551 6088 1966 LS5 (21)
9, Cargo sales (=) 719 113 301 00 00 ( =)
10,  General administration (6) 1705 L7 1558 595 13 ( 5)
Total (57) 7410 10083 17472 5228 10945' (51)
¢ per seat mile .
Total 1,31 1.29 1.30 1,20 1,115
$ per mile
Total 2.12 2,88 lse99 149 3,13
Total cost
§ per trip (100) 12999 1747l 28306 11115 21595 (100)
¢ per seat mile 2,30 2,23 2.11 2,56 2,21 .
$ per mile 3.72 Le99 8,09 3.17 6,16

Source: Robert A, Booth et al, Cost Analysis of Supersonic Transport in Airline Operaticn, A Report
Prepared under contract for the U.S, Federal Aviation Agency (VMcLean, Virginia: Research Analysis Corp.,

December 31, 1966), p.59.

'Figurea in brackets were calculated to show the percentage value of the individual cost accounts,
as a percentage of total operating cost, for the B-707 and 7,5, SST.

I TAY
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TABLE 32

BLOCK TIME SUMMARY

BOEING MODEL 733-197 SST PROPOSAL

Mission | Paxi | Climb M2.7 | Descent | Approach! Taxi Block
Distance| out and Cruise and In Time
(st.mi.) | Take~ | Accel.| (hrs) Landing
oft {hrs) (hrs) (hrs) (hrs) (hrs)
(hrs)

500 «167 .138 «037 o420 +100 «083 945
1000 0167 | W155 | o310 | .420 2100 | 4083 | 1.235
1500 167 «170 585 o420 «100 +083 | l.525
2000 0167 o187 863 420 «100 »083 1 1,820
2500 «167 205 l.133 o420 «100 083 ] 2,108
3000 167 0225 | 1,428 o420 +100 «083 | 24423
3500 «167 296 11,709 o420 «100 083 | 2775
‘4,000 0167 o275 1 2,120 o420 +100 «083 | 3.165

Source: Boeing Aircraft Co., Direct Operating Costs and Eeconomic

Analysis, Commercial SST Proposal, (Tan. 15, 1964) p. 4/63,
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Table 33 gives a composite overall picture which may represent
short-to-long range planning for the early 1970's by a major scheduled
airline. The tabulation shows operating capabilities and earning
powers, including purchase price, speed, seating capacity, utilization,
unit costs, unit revenues, and return on investment for a flset of
aircraft composed of Boeing 707-320B or Douglas DC-8 subsonic aircraft,
Boeing 747 "jumbo" subsonic aircraft, Concorde SST, expected in service
in 1971, and the U,S, SST, expected in service in 197k.

Of the four types, the Boeing SST is capable of earning the
largest revenues and has the greatest work capacity. Its earnings, how-
ever, may not be the highest because the interest charges on the high
capital investment (purchase price), may not be offset unless there are
very high load factors or a fare surchargs, The airline industry,
generally, is looking forward to the high load factors of the "super-
sonic desire years",

Table 33 was suggested by reliable and informative data which
appeared in Fortune, February 1967. The information was expanded as an
economic exercise by using a load factcr figure of 52 percent with unit
costs and revenues projected to give a picture of what the air trans-
portatior industry could expect in the 1970'3.12 Table 33 indicates
that, at a 52 percent load factor and a fare of 5.5 cents per revenue

seat mile, the return on investment could be 10 percent, or higher, for

I?A load factor of 52 percent was selected for the calculations

because the average break-sven passenger load factor for the free
world's airlines in 1965 was 52 percent. ICAO has used this figure for
forecasts into 1970 and 1975, International Civil Aviation Organization,
A Review of the Economic Situation of Air Transport (Montreal: ICAO,
June 1965) p.38.




COMPARATIVE OFERATING CAPABILI

BOEING
(1) (2) (3) (4) (5) (6) (7) (8)
_ Alrcraft purchase Cruise | Utilization | Block-Block Seat Available Lo0ad Revenue
' price per speed speed capacity geat-miles | Pactor seat
Type aireraft per per day nmiles 1
(U.S. & (mph) (hrs/day) (mph) gtage per %e
millions) length day

(3)x(&)x(5) | (%) (6)x(7)

Boeing 707-320B

or $ 1.7 540 11 14 485 140 783,000 52 408,000
Douglas DC-8 _ .

Subsonic

Boeing 747
! Jumbo? $ 20 595 10 2/3 525 370 2,108,000 52 1,089,000
Subsonic ‘

Anglo-French
Concorde $ 18 1450 81/2 1025 130 1,139,000 52 592,500
SST

U.S. Boeing $ 36 1780 .81y 1125 300 2,720,000 52 1,412,000
SsT

gource: Table suggeste
That Reshapes
Time Inc., Chi
co8t8, Ievenue
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TABLE 33

COMPARATIVE OPERATING CAPABILITIES AND EARNING POYZRS OF BOEING 707-320B/ DOUGLAS De-8,

BOEING 747, CONCORDE SST, AND BOEING SST

128

(6) (7) (8) (9) (104 (11) (12) | (13) () | @5
Available 1.08d Revenue Fare Total cargo Total Total Total Total
gseat-milegs | Factor seat per passenger revenus revenue direct indirect| operat.

per day miles revenue revenue per per operating operat, costs
per %eat-mile per day day costs costs per day

day day , - ' per day per day
(¢) (UeSe $) (US4 §) (U.Se $) (UsSe §) (Uese $)] (U.S. $)
(3)x(4)x(5) | (%) (6)x(7) (8)x(9) (100(11) ' (13)#(14)
13,00 | 52 | 408,000 | 55 | & 22,30 | $4600 | $2690 | § 9,90 | $ 11,903 21,80
2,108,000 52 1,089,000 5e5 $ 60,400 $ 7,400 $ 67,800 $ 18,900 $ 29,600 $ 48,500
1,139,000 52 592,500 565 $ 32,75 1 $55% | $ 38300 | $ 17,600 $ 16,000 ¢ 33,600
t
2,720,000 52 11,412,000 | 5.5 § 77,000 | $6,500 | $83,500 | $ 33,300 $ 34,700 [ 4 68,000
gource; Table suggested by data: Macklin, J., "The 3h-§1111'on Machine

That Reshapes (eography, Fortune, Feb. 1967, Vol. LXXV. No. 2,
Time Inc., Chicago: 1967, Pp. 1l4-115 (detailed columns, unit
costs, revenues, etc., calculated).



DOUGLAS DC-8,
) (13) a4y | (15 (16) (17) () | (19 | (20 (a1) | (22)
al Total Total Total Direct | Indirect | Total Interest Net Post-tax| Return
e direct indirect] operat, operat. | operating | operating cost revenue return on
g operating operat. costs cost per | cost per | cost per per per day on invest.,
. eosts - costs per day| available| available | avajlable day invest. | with 15%
' per day per day seat-nmile| seat-mile | seat-mile (Uess §) SST
$) (UsSe §) (UeSe $)1 (UeSe $)|  (¢) (¢) (¢) (U.S. $)] (12)-(15)] (%) | surcharge
(11) ' (13)¢(14) (13)%(6) | (14)#(6) | (16)#(17) -(19) (%)
00 $ 9,900 $ 11,900 $ 21,800 1.26 1.53 2,79 ¢ 300 4 4,800 23,0 -
00 $ 18,900 $ 29,600 $ 48,500 0.91 1,39 2.30 g 900 418,400 | 33.0 -
00 | ¢ 17,600 $ 16,0001 ¢ 33,600 1.5k 1.41 295 % 745 |$ 4,000 | 10,0 19
t
X $ 33,300 $ 34,700 | 3 68,000 1.22 1.28 2.5 |$1,50 |$ 14,000 | 15.5 26
‘hine
'O 2,

nit
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all four types of aircraft. At this tariff rate the price of a one-way
trans-Atlantic crossing, Montreal to London, England would be of the
order of, 3200 miles at 5.5¢ per mile, or $176.

The cost per revenue passenger mile tends to approach the
cost per available seat mile as the load factor increases. It would,
therefore, be possible, if the airline desired, to lower the tariff rate
to approximate the cost per available seat mile, for example for a
charter flight with a guaranteed 100 percent load factor. At a fare of
even 3¢ per revenue seat mile (which is higher than the cost per avail-
able seat mile for any of the four types of aircraft shown in Table 33),
the Montreal to London fars, for a fully loaded charter flight, could
be just below the "long-sought™" $100 target. Even today air trdvéllers
in a Group Inclusive Tour Fare Plan can travel from Montreal to Paris
and return, for $225 so the $100 oné-way fare may be closer to reality
than is generally thought.

Airline costs are only slightly influenced by volume of traffic
carried except as the number of passengers carried.influence the length
of flight leg, the size of aircraft that can be employed, or the total
number of aircraft required on a given route. (The airplane is crewed
and prepared for a full load regardless of the load that is actually
boarded at scheduled departure time) Specifically, for fixed equipment
and route characteristics, the airline costs will be influenced by
changes in the number of passengers earried only to a very minor extent
in fuel cost, some ground expense categories such as ticket and baggage
handling and number of meals boarded. The relative insensitivity of

these costs to the load factor dictates that an airline reservation and
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ticketing system should aim at attaining high load facters and high
aircraft utilization even at the cost of high sales expenses. As
mentioned above, under such relatively rigid cost conditions, the
cost per revenue pasﬁenger mile tends to approach the cost per avail-
able seat mile as the load factor goes up. It is an oft-repeated
statement in airline circles that any other industry can place its
unused product on inventory for future sale, but once an airplane

departs, the unused outputs (empty available seats) are a complets

write-off,



CHAPTER IX
THE MARKETING APPROACH

Introduction

'Thez_'e is probably no other industry that knows as much about
its actuai customers as does the business of air transportation. The
airline industry has researched, questioned and probed into the tastes
of its customers, Conversely, there 1is probably no major business that
knows as little about its non-users as does the businsss of air trans-
portation, The airlines have neglected thorough surveys on why people
do not travel by air, or why they do not use air travel more frequently.
Studies of the motivation and pattern of air transport demand are of
special importance as is the distribution of this demand im location,
in time, by age group and by income group. A motivation pattern can
only be determi.tied by having the fullest possible understanding of the
customer's tastes and social judgement, and his needs in private and
business life.l

A marketing survey must start with the basics, that is the reas-
ons why people travel and transport goods, is it for personal, or busi-
ness, or holiday tourism reasons, what does the traveller really want

and what is the order of preference; for example, safety, price (fare

lAlan He. Stratford, Air Transport Economics in the Supersonic
Era (London: Macmillan Co., 1967), pp. 98-12h
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level), aircraft environment (comfort, seating arrangement, meals,
beverages, personal touch of stewardess and purser services), speed
(portal-to-portal), convenience, reliability, schedule frequency,

terminal facilities, security.

Market Research

The function of market research is to determine and interpret
existing and potential travel markets relative to consumer behaviour,
from the study of socio-economic and politico-economic data. The air-
line industry is a consumer product industry and market research should
be a continuous process, on a short, medium, and long range basis., It
should be performed by highly skilled personnel, who can continuocusly
measure the product in the travel market place to assess its penetra-
tion and competitive status relative to modes of surface transporta:l;ion.2

Market research should be rigorous and it should be independent;
it is of little value if it is a service confined to sales support, even
though active selling requires, constantly, the provision of basic
information, and interpretation on products and markets. Market research
can rationally be divided into three parts: (1) information covering
the raw material (dynamic, not static data); (2) interpretation of the
facts and, (3) the thorough investigation of the problems confronting
management in critical decision-making, for example, procurement decis-

ions to meet future route and traffic forecasta.3 Sophisticated airline

2A balanced multi-disciplinary group, for performance of this

function, is suggested in Chapter VII, "Development and Research", p.86.

3Tbid., p.119
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marketing techniques facilitate solutions in these areas. Computers
give the market researcher the ability to maintain and manipulate micro
data. Computer based information services aid in the analysis of con-
sumer buying trends, and effectiveness of marketing and advertising,

The market researcher cannot be satisfied with aggregate
figures - these do not account for length of Journey, frequency of travel,
the economic status of the traveller, or the motiya and purpose for
travel, Any generalized travel figures require extensive breakdown and
elaboration to become useful as merchandising tools., The breakdown of
aggregate travel figures must be obtained from the qualitative and
quantitative information which exists (or should be compiled and placed
in computer memory as a retrieval information service) in the form of
detailed airline and government statistics on passenger traffic, broken
down into major route segments, route points and flights, This must
include origin, destination and interline routing of all ticket sales.
This statistical data should be combined or weighedeith an increasing
amount of "qualitative™ information (obtainable from internal and exter-
nal surveys) which indicate the type of passenger handled and the basic
motive for travel, including, in some instances, preferences for future
travel. Since 1961, in particular, several enlightening travel surveys
have been conducted in the United States, In 1961 the Opinion Research
Corporation of Princeton, New Jersey, on behalf of four U,S. airlines
and two major aircraft manufacturers, compiled data based on a sample of

3680 interviews.h The interviews were particularly concerned with auto-

bTvid., pp. 108-109.
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mobile trips of 40O miles or more, return., Between 1 and 3 percent of
the journeys made were assessed as being the. most likely prospective
diversions to air transport. 1 percent of the car journeys made
represented approximately 5 percent of the annual domestic air carrier
volume at that time. Although 48 percent of the adults interviewed took
a journey of 40O miles or more in 1961, only 10 percent of them consid-
ered that the possession of a car at the destination was a key consider-
ation in the planning of a trip of this length,
Dr. J. B. Lansing's data on air travel penetration, presented
in a paper in November 1964, is set out in Tabls 3} overlea.f.5
From these various air travel surveys by government agencies,
private enterprise and the airlines, it is possible to correlate inform-
ation on such important items as the following: |
1. Nu;nber o‘f persons who had taken at 1east‘ one air trip of
100 miles; number who had taken two or mére, and so on,
2. Percentage of the population who had trévelled by air in
the preceding year.
3. Percentage of population who had never travelled by air.
ho Percentage of air travellers using first-class, economy,
air coach, or shuttle service,
S5 Average income of air travellers, related to the type of

service,

: 5J . B. Lansing, The Motivation of the Demand for Air Transport,
I.T.A. International Symposium on Demand Elasticity, November 196k,
reprinted in Alan H. Stratford, Air Transport Economics in the Super-
sonic Era, (London: Macmillan & Co., 1967), p.109.




TABLE 3}

PER CENT OF PASSENGER MILES ACCOUNTED FOR BY EFACH MODE
OF TRAVEL BY DISTANCE TO DESTINATION

(Weighted percentage distribution of passenger miles:
) 1955, 1956 and 1957 data combines)

Mods Used Airline distance to destination (miles)
100-199 200-299 300-499 500-699 700-999 1000-1499 1500 & over
Alr 1 L 9 10 16 18 38
Rail 3 L 7 9 10 7 1
Bus 3 3 2 L L L )
Auto 93 89 82 77 70 71 L2
Total 100 100 100 100 100 100 100
% of all
passenger-
miles 27.4 e 14.6 10.8 9.2 12.9 10.8
Source: J. B. Lansing, The Mptivation of the Demand for Air Transport I.T.A. International

Symposium, Nov. 190l reprinted in A. H. Stratford, Air Transport Economics in the
Supersonic Era, (London, Melbourne, Toronto, New York: MacMillancand St, Martin's

Yress, 1967), p.109 -

SET
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6. Percentage of air trips for company busineas, personal business,
vacation, other pleasures and personal; class of air service
used; frequency of use; alternate choice of means of trans-
portation had a class of air service not been available,

7. Air travel differences between regions of a country and
between communities of various types; distribution and con-
centration of air travel (percentage of air travel from
central cities; percentage from rural, farm and open country
areas).

8. Sensitivity to price.

9. Reason for choosing air travel.,

Combining qualitative and quantitative information permits
certain conclusions to be drawn for a vigorous marketing program.
Relatively accurate demand curves can be established for the various
classes of travel with separate demand curves for business and non-

business travel.

Composition of Air Travel Markets
It is indicated in Chapter V "The Economic Setting" that the

major factors favouring high growth rates in passenger air travel are:
population growth, a favourable economic climate (high GNP, high dispos-
able personal or family income), virtually full-employment, a declining
ovar-all fare structure, technological advance in aircraft désign (speed,
capacity and range), and the aircraft environment itself. In addition,
other significant factors influencing growth of air travel are: amount

of service offered (schedules and capacity), quality of service offered
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(safety, comfort), public acceptance of flying, leisure time, propens-
ity to travel, and competition of other goods (consumer price index).
The current buoyant economy and the other elements, which stimulate air
travel growth, would appear to support optimistic traffic forecasts.

The growth in domestic air passenger miles does not reflect the
growth of a single monolithic market, It is the sum of separate growths
and growth rates of many different markets - markets between particular
pairs of points or over particular routings: markets that have differ-
ent seasonal, weekly, and even daily patterns; apd markets that respond
to widely different reasons for travelling or for using air transporta-
t.ion.6

Accompanying the change in traffic levels is a change in traffic
composition. The industry, in general, feels that the major opportunity

for growth in the next ten to fifteen years lies in the discretionary,
or pleasure travel market. Increased family incéme, leisure time, and
promotion fares, are expected to create this market. The percentage of
women among the total air travellers will increase, particularly in the
pleasure travel market, and to a lesser extent, in the business travel
market, The demand for transportation will be influenced by the great
surge of children born just after World War II, who accept air travel
as a way of life, and who will be forming families in the 1966-1980 era.

The adolescent and "over 65" age groups offer a large potential market.

6James E. Gorham, "The impact of Continuing Traffic Growth and
of New Transport Equipment on Route and Corporate Structures of the Air
Transport Industry,® A speech delivered at the Aerospace Program spon-
sored by Brush, Slocumb and Co., Los Agenles, California, Nov. 3, 1966,

p.1l
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The composition of traffic on different routes is also subjJect
to change because of differences in relative growth of particular
industries and in the growth of segments of these industries in different
regions.7 Differences in the relative attractiveness of particular
areas and the accommodation facilities offered, will affect their rela-
tive abilities to participate in new traffic. The interaction of
patterns of industrial growth and changes in economic and demographic
factors characterizing cities comprising different route segments, will
result in market shifts in traffic generated between various city pairs.
Any structuralichanges in the economy, that bring about shifts in govern-
men% expenditure, will also have their affect.

The boom in commercial airline travel in recent years has been,
in large part, a response to the needs of the travelling executive who
must add productive hours to his working day. Airline travel provides
the high-priced executive and company official with a time-saving method
of personal on-the-spot communication. The businessman now uses the
airline as a most useful business tool to create time for further business,

About two-thirds of air travel is for business reasons, for a
group composed of executive, professional and technical personnel who
are required to travel frequently in conjunction with their business.,
This group, in general, travels on expense accounts, and frequency of
travel and destination are dictated by economic factors. During the
1950's, this segment of the airline market continued to divert passenger
traffic from the railroads (to the point where, in the United States,

first-class rail travel in 1961 was down to 3 billion passenger miles

TIbid, ,ps1k.



139

from 10 billion in 1950.)

Subsonic jets have increased the medium and long-haul business
travel market. At the same time automobiles have cut into the business,
short~haul markets , where short-range pure-jets are just starting to
be introduced and where, in any case, air provides a relatively less
advantageous service. An elastic demand curve has evidenced itself
during the past few years in the switch by business travellers out of
first-class into coach or tourlst accommodations at the behest of
their employers, who do not consider the approximately 25% fare differ-
ential as warranted for the extra benefits.

Expansion in the airline market could be in three directions,
first, by inducing existing air travellers to take more frequent trips,
second, by inducing short and medium-range business travel automobile
riders to switch to air, and third, by intensified penetration of the
nonbusiness and pleasure travel markets. Attractive, improved service
can come from & number of directions, e.g., pooled or consolidated
schedules, still further improvements in computerized ressrvations
systems, intreduction of automated computerized ticketing, computer
baggage handling, greater ease in clearing customs (computers, and com-
munication by satellite, to facilitate movement through custom inspec-
tion and immigration check points, pre-baggage and immigration clearance,
enrouts customs inspection on very large aircraft), installation of
rapid-transit systems to facilitate flow of traffic to and from airport.
Table 35 shows the Lockheed Aircraft Co. forecast of business travel as
a percentage of total airline travel in six different markets.

The airline sales departments, with all the socio-economic
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TABLE 35

BUSINESS TRAVEL AS A PERCENTAGE OF TOTAL AIRLINE TRAVEL

. Business Travel
Percent of Total Airline Traffie
Trip
Region Distances ,
1965 1975 1985
1.ess8 than
TeSe 1000
statute 69% 65% 60%
Domestic miles
1000
statute
miles and & 59 55
greater
Leas than
1000
Europe statute 70 65 60
miles
Atlantie All 30 30 30
Pacific All 25 25 25
North America to
Latin America ALl <0 =0 20
Latin America '
Asia and Other ALl 7 75 75

Source: Lockheed Aircraft Co., U.8.A. Lockheed Horizons,
Issue 3, 1965.p,11.
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conditions which are conducive to growth in their favour, with new air-
craft types, and with a declining over-all average fare structure,
should be in a most favourable position to offer real service differ-
ences to the time-conscious business traveller and the cost-conscious
pleasure traveller. There is available a proper package of services
to suit the different classes and types of travellers, who have differ-
ent needs and tolerances with regard to arrival and departure times,
There is a wide variety of separate travel markets to exploit.8
Today the airlines carry almost 90 percent of the travellers
who undertake journeys of over 300 miles but carry less than 10 percent
of those who take trips of less than 300 miles., This is explained by
the high coefficient of correlation between total unit cost per seat
mile and length of haul, with 70-80 percent of costs variable with dis-
tance, and this shows up as a declining cost curve when cost per.pas-
senger mile is related to flight leg distance.9 This is one reason
why, even if a carrier desired to price its short-haul service in accord-
ance with its costs, surface transport competition would normally pre=-
clude such a price,
In the absence of an economical short-haul air vehicle, and to
capture a larger share of the short-haul market, the airlines tend to
establish a rate structure based on actual costs and then modify the

fare to what the traffic will bear. Short-haul services are more

8Gorham, p.1k.

9Civil Aeronautics Board, General Passenger Fare Investigation,
docket 5509, Exhibit AA 38, 1952, pp. 9-10.
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-expensive to operate than long-haul and operators face difficulties

unless very high load factors can be achieved on high density inter-
city routes, If costs exceed revenues on the short-haul stages, the
carrier who has medium long~haul operations, may trade off something
in price from these operations to the short~haul,

Although there are several factors to be considered, short-
haul routes are inherently more expensive to operate than long-haul
because take-offs and landings are costly, there is increased main-
tenance due to : more frequent application of take-off power and climb
power; circling time at the airport; structural wear on the airframe,
instruments and components; and higher costs for flight crew due to
taxi time, climb-out and let-down. There are also more frequent ground
expenses associated with short-haul operation.

Rate experimentation and promotional fares in relation to size
of party, with the lower group fares aimed at achieving a higher load
factor, can not only increase traffic on medium and long-haul routes,
but could also offset the economies of the private car, in parties of

three or more on the short<haul routes,



CHAPTER X
THE PRICING APPROACH
Introduction

The connection between the airline cost of ﬁroduction and the
market is through fares and rates developed by the airline and submitted
to the government regulatory agency for approval, In the domestic United
States segment of the air transport industry both the airlines and the
U.S. government regulating agency, the Civil Aeronautics Board (CAB),
have considerable freedom in establishing domestic fares. (rates or
tariffs), In the international arena, the International Air Transport
Association (IATA) is the avenue used by the airlines for collective
action on their behalf to develop fares and tariffs which are submitted
to the respective governments for their approval.' The fares and rates
are formulated at TATA Traffic Conferences where the international air
carriers are the active participants. This chapter, however, is devoted
to passenger fare pricing under regulation in the U,S. domestic airline

market,

Pricing Under Regulation

As a basis for pricirg, the U.S. Federal Aviation Act, 1958,
provides that the carrier shall "establish, observe and enforce just and
reasonable individual and joint rates, fares and charges,...". The

carriers are also enjoined from giving any "undue or unreasonable prefer-~

U3



ence..." or from subjecting their traffic to "any unjust discrimination or
any undue or unreasonable prejudice or disadvantage in any respect whatso-
ever".l This language is meant to encompass all the prices which an air-
line charges.

The above language probably owes a heavy debt to the various
regulatory statutes which have grown up for the control of rates and fares
of surface carriers,? Under the U,S. Federal Aviation Act the question of
when preference or discrimination becomes undue, unjust or unreasonable is
left in the hands of the carriers in the first instance and in those of
the CAB on review, There is, of course, an ultimate appeal to the courts.

A review of the U,S, CAB action in the pricing area would appear
to leave for separate consideration a number of substantive regulatory
areas of importance to the airlines such as the standard for measuring
unreasonableness, undue discrimination, preference, and prejudice and the
permitted degree of inter-carrier collaboration on fare matters, and the
amount of carrier - CAB consultation on fare matters which is to take place,

Although the statutory terms, "reasonableness, discrimination,
preference and prejudice" are often used together, the CAB has attached,
over a period of time, individual meanings to the individual words,

Generally speaking, reasonableness goes to the question of whether a rate

1y.S., Federal Aviation Act of 1958, Public Law 85-726,
Washington, D.C., August 23, 1950,

2Paul W. Cherington, Airline Price Policy: A Study of Domestic
Airline Passenger Fares (Boston: The Plimpton Press, 1958), pp.7L4-135, for
an authoritative work to which considerable reference was made to complete
this chapter of the study.
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is too high or too low in relation to the costs of performing the service
and perhaps in relation to the value of this service to the custoper,
Discrimination occurs when there is a difference in a charge made to two
customers for approximately the same service performed at the same time,
The term"preférence“, and its alternative "prejudice" have been applied
to both individuals and localities, and relate to the issue of whether
individuals or the localities involved are receiving special treatment,
not justified on a cost or other basis,

Most regulatory actions in the price (fare) field relate to
"reasonableness" as to whether fares are too high or too low in comparison
with the costs of performing the service, The U,S. CAB appears to have
changed its standards of reasonableness over time, particularly in relation
to the state of the carriers' earnings. It is attaching considerable
weight to earnings today, following the profitable years of 1962 through
1966. In the past, when airline earnings were markedly high or low, the
CAB gave principal attention to the question of whether proposed fares
were unreasonably high or low., When "low" fares were under review, this
action could be interpreted as attempting to protect the revenues (both
gross and net) of the airlines against unwise or overly competitive price
reductions,

The subsidy provisions of the U.S., Federal Aviation Act calls for
the government to fill the "need" of the carrier for revenue to meet its
expenses and make a profit, This provision makes it virtually inevitable
that the CAB will take steps to preserve airline revenues against sharp
price reductions, particularly if a subsidized carrier is involved, With

the recent rapid decline in the importance of subsidy, though, this
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previously available regulatory floor appears to be losing its signifi-
cance.

The CAB also appears to apply the 'reasonableness" concept where
increases or decreases in fares have a broad application, as with overall
fare changes., Where the fares involved have only a limited application
the concept of "unjust or undue discrimination" is more often seen,
although the logic of rulings on discrimination, and when it becomes
unjust, are more difficult to trace than the treatment of "reasonableness".
"Discrimination" usually involves value judgements on the part of the
passengers, since with cost differences in servicing one or another group
of customers, it is difficult to say whether fares supposedly reflecting
these different costs constitute unfair discrimination., The rationale
of the CAB evidently follows that of the U.,S, Robinson-Putnam Act con-
cerning price discrimination among buyers, a philosophy which has been
widely applied in the public utility field. The test of "undue prefer-
ence and prejudice" is even more difficult to trace than the tests used
for "unjust discrimination", although it appears to be closely linked with
the basic question of "reasonableness",3

Air carrier collaboration and agreement in connection with rates
and fares appears to be less frowned upon by the regulatory agencies than
would be true in most other industries, As the regulatory agency has
the final approval of fares, agreement amongst the carriers does not
appear to infringe on anti-trust laws.

At the level of the tariff technician there may be considerable,

even daily, contact between carriers and the regulatory agency. Even

3Tbid., 125.
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with respect to substantial fare issues, discussions between the regula-
tory agency and an airline exist on an "informal" (and sporadic) basis
though officially there is usually a prohibition against consultation
without "specific permission".h

The above is intended to give some indication of the regulatory
atmosphere, which is prevalent in similar, but often varying, degrees in
other countries in which the carriers try to develop fare and route
policy. In the U,S.A. as elsewhere, although the air carriers do not
have a free hand in setting prices they do have an important freedom in

that the initiation of fare change appears to rest with the carriers.,
- Pricing Within The Airlines

Before 1949, the U.S. air carriers had to adapt to first-class
rail fares on the one hand, and on the other, to unit costs which often
were higher than first-eclass rail fares.5 . The result was that the air-
lines had little latitude within which to price théir product. After 1949,
the area in which the carriers could exercise some degree of freedom in
price began to enlarge greatly., Larger and more economical equipment, and
notable increases in traffic, meant that unit costs were brought down
well below the level of first-class rail fares which, in turn, were tend-
ing to rise, In setting passenger fares, there thus appeared a consider-
able choice for the air carriers, The freedom of choice for the airlines
also increased with the decline and virtual elimination of subsidies in

their many forms,

brbiq., 133.
SIbid., 2-9.
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The focal point of decision-making corresponds to the legal
framework established for the development of rate and fare policy. The
regulatory body leaves the carriers the obligation and right to develop
prices and propose price changes. The primary role of the regulatory
body, in a technical and legal sense, is to arbitrate price policy
disputes, differences between carriers, and between carriers and the pub-
lic. The regulatory body may set aside proposed rates and fares in the
public interest, say, or it might in theory reduce fares on the grounds
that airline profits were excessive.6 But regulatory bodies, as a
general rule, do not initiate price policy or pricing actions except
where a policy vacuum exists, or an irreconcilable conflict appears.

This, however, is only one set of conditions contributing towards
managerial decision on fares, The really controlling set of conditions
for price-making should be established by the airline cost environment and,
in an overall sense, at least, this is true if the airline is profit-
oriented, Pricing poticy cannot be divorced from other marketing, com-
petition and financial considerations, but because of its importance, it
should, in its initial computation, be made to stand by itself and then
set in relationship to those other elements of airline marketing and
finance, If fares in certain markets are experimental, there should at
least be the basic elements of a controlled experiment to test the var-
iables affecting response to price changes so the airline may assess the
fare change as successful or unsuccessful, In this way, pricing can take

its place as an important policy area in the individual firm,

brbid., g
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The growing importance of airline pricing policy has already
had an impact on other forms of transportation, notably railroads, and
in the international area, on steamship companies. In the future, the
impact of airline prices on all forms of passenger travel is likely to
be still greater and will be closely related to any national transport-

ation policy established by a country,



CHAPTER XI
THE REGULATORY AGENCIES
Intrcduction

In some countries the airline industry is government owned and
enjoys monopoly status, or one airline is designated as the nation's
flag carrier and enjoys a preferred position. Much the most notable
exception, of course, is the United States, where the airlines are
independent business enterprises, financed by private capital and man-
aged by private businessmen. Even there, though, industry throughout its
history, has been strongly influenced by powerful government agencies.

The airline industry in the United States is regulated in the
same sense that public utilities are, and in particular is directly
regulated by the Civil Aeronautics Board.1 This agency is authorized
to exercise a wide range of discretion, for as R.I. Barnes says, its
duty is:

+«eoto interpret the general principles of the statute in the
light of the requirements of the particular utility and
community, to exercise continuing supervision over the operations
of the companies subject to its jurisdiction, and to report to

‘the legislature on the effectiveness of the existing controls
and on possibilities of improvement.2

ls. B. Richmond, Regulation and Competition in Air Transportation
(New York: Columbia University Press, 1961), p.12.

2R. I. Barnes s The Economics of Public Utility Regulation,
(New York: Crafts, 1946), p.173.
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The function of the agency then, is to protect the public
interest, and to protect the life and the earnings of the alrlines
themselves where that protection is in the public interest. The Board
is a five man agency, and has been responsible since 1940, under the
terms of the Civil Aeronautics Act of 1938, for the regulation of public
air services in the United States. Today it is the Aeronautics Act of
1958 that is the law under which the industry operates, still with the
CAB as the regulatory authority. Before an airline can take part in
inter-state commerce, a certificate of public convenience and necessity
is required, and this is issued as thought fit for particular routes,
sectors and specified terminal and transit points,

In‘the United States, since 1953, the CAB has determined the
respective levels of subsidy and mail pay to an airline., Richard Caves,
in his study of United States air transport regulation, says:

Air mail compensation fills the gap between the cost incurred

by honest, economical and efficient management, and the rev-

enues supplied by Jjust and reasonsable rates.
The development of air transport in the United States has reached the
stage where the trunk operators ares independent of government subsidy,
apart from the possibly hidden subsidies in services to the airlines at
less than cost (airways, navigational and meteeorological service and in

some cases, airports).h

3R. E, Caves, Air Transport and Its Regulations, (Harvard
University Press, Cambridge, Mass., 1962)

bptan H, Stratford, Air Transport Economics in the Supersonic
Era, (Toronto and New York: Macmillan and St, Martin Press, 1967)




152

Charles S. Murphy, newly appointed in 1965 as Chairman of the
Board, produced an important innovation by establishing, as a department,
a Bureau of Economics for planning, programming and research, He
observed that:
The future of the air commerce of the U.S., both foreign and
domestic, depends in large measure upon the plans and programs
of the CAB. In exercising its regulatory functions...the CAB
does in fact shape the economic future of American air trans-
portation. It follows, therefore, that only the CAB can
effectively develop and imple?ent plans for the economic devel-
opment of air transportation.
In a detailed way the policies to which the CAB seems to be
committed, on the basis of its decisions, and from the formal language
of the Act, might bte read as set out hereunder, In the exercise and
performance of its powers and duties under the Civil Aeronautics Act,
the Board shall consider the following, among other things, as being
in the public interest and in accordance with the public convenience
and necessity=6
a) The encouragement and development of an air transportation
system properly adapted to the present and future needs of
the foreign and domestic commerce of the United States, of
the Postal Service, and of national defence;

b) The regulation of air transportation in such a manner as to

recognize and preserve the inherent advantages of, assure

5James R. Ashlock, "Government Pushing Harder for Fare Cuts,"
Aviation Week, LXXXIII, No.l?7 (October 25, 1965), 49,50,

6r. E. Miller, Domestic Airline Efficiency, (Cambridge, Mass:
The M,I,T, Press, 1963), hl.
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the highest degree of safety in, and foster sound economic

conditions in such transportation, and to improve the

relations between, and co-ordinate transportation by, air

carriers;

¢) The promotion of adequate, economical and efficient service by
air carriers at reasonable charges, without unjust discrimi-
nation, undue preferences or advantages, or unfair or destructive
competitive practices;

d) Competition to the extent necessary to assure the sound develop-
ment of an air-transportation system properly adapted to the
needs of the foreign and domestic commerce of the United States,
of the Postal Service, and of the national defence;

e) The regulation of air commerce in such a manner as to best
promote its development and safety; and

f) The encouragement and development of civil aeronautics.?

An alternative definition that amplifies some parts of this
listing can be found in a tabulation by Professor Samu:l B, Richmond of
Columbia University. He itemizes the role of the CAB under the headings
below:8

a) The regulation of fares and rates for carriage of persons and
property;

b) The fixing of subsidy and service mail rates;

TThe Civil Aeronautics Board is also responsible for the
consideration of any proposed airline mergers, or pooling arrangements,
interlocking arrangements and intercarrier agreements of any nature
between airlines,

8. B. Richmond, Regulation and Competition in Air Transportation,
(New York and London, Columbia University Press, 1961),15.




c)

d)

e)

£)

g)

h)

i)

J)

k)

1)

1Y

The guarantee of loans to certain classes of carriers for
purchase of flight equipment;

The enforcement of the economic provisions of the Federal
Aviation Act of 1958;

The approval or disapproval of mergers and control and inter-
locking relationships, and of intercarrier agreements affecting
air transportation;

The regulation of air carrier accounting practices and the
development of air carrier reporting systems;

The maintenance of public records of tariffs, schedules, and
other material required to be filed by air carriers,

The licensing of domestic air routes and, with approval of U.S.
President, of international air routes operated by the U.S. and
foreign air carriers,

Participation in the negotiation of air agreements between the
United States and other governments covering the exchange of air
rights;

Authorization of the navigation of foreign Civil Aircraft in the
United States;

Assuring protection of the public by (1) requiring the performance
of safe and adequate air carrier service, and (2) eliminating
rate discriminations and unfair competition or unfair and
deceptive practices in air transportation,

Investigation and determination of probable cause of civil air-
craft accidents; and

Adjudication of appeals from safety enforcement decision of the
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Administrator of the Federal Aviation Agency (FAA), and
participation in safety rule making proceedings of the FAA as
appropriate.

There would appear to be embodied in the U.S. Federal Aviation
Act an affirmative recognition of competition as an element in the
public interest, intended as a characteristic of airline regulation,

But one very important power of the CAB is that it is authorized to
exempt many operations from antitrust actions, that is, the Federal
Aviation Act provides that any person affected by an order made under
certain sections of the Act shall be relieved of the operations of the
antitrust laws in so far as may be necessary to enable each person to
do any thing authorised, approved, or required by such order.

The original route patterns in the U.S. were awarded individual
airlines by the U.S. Post Office Department as air-mail contract routes,
operated with short-range two engine aircraft. This partially expléins
the haphazard route patterns which the CAB has been asked to extend into
four-engine medium to long-range route systems. The CAB's attitude, in
the issuance of certificates of public convenience seems to be a matter
of determining if the applicant is fit, willing and able to maintain a
proposed operation in the public interest. These are elastic terms and
although the Federal Aviation Act does not define "fit, willing, and able",
the CAB has set up three tests; first, a proper organizational basis for
the conduct of air transportation; second, a plan for the conduct of the
service made by competent personnel; and third, adequate financial

resources,
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Effectiveness of the Federal Aviation Act

The CAB's consideration of 'bromotion of adequate, economical,
and efficient service by air carriers" has come under heavy criticism
on many occasions, particularly in relation to route pattern problems,
In defence of the CAB, though, it could be said that under their terms
of reference, no particular goal can be considered to the exclusion of

all others,

Howard C. Westwood in referring to the Civil Aeronautics Act of

19387 (which was incorporated into the Federal Aviation Act of 195810)

has this to say:

«seit is reasonably fair to say that the Congressional decision of
1938 amounted to a determination that a new agency of five men,
vested with sweeping authority, should see to it that an infant
transport industry of more than passing importance to our military
power, should be spared the evils of overbuilding, wasteful
competitive warfare, bankruptices, rate discrimination, and business
piracy which, in surface transportation has concerned Congress for
many years before it took remedial action., If any of these evils
were to appear in the air as they had on earth it would be due to
the faulty judgement of five men, not of CongreSsi That is just
about the substance of the Civil Aeronautics Act.

With regard to its interpretation of %"efficiency of operation"
the CAB has declared:

In all new route cases much attention is devoted to the comparative
costs which applicants expect to incur in the development of the

9The Civil Aeronautics Act of 1938, Title 1, Section 2,
Aeronautical Statutes and Related Material, Revised June 1, 1956, Civil
Aeronautics Board, Washington, D.C,

10The Federal Aviation Act of 1958, Public Law 85-726, August 23,
1958, in Title IT, Civil Aeronautics Board, Washington, D.C,

Ly.c. Westwood, "Choice of the Air Carrier for New Air Transport
Routes", George Washington Law Review, XVI, (December, 1947).
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new service, Of course, it is essential to an economically sound
enterprise that costs be kept at the lowest minimum consonant with
adequate and efficient service, However, immediate costs are not
necessarily controlling, as in that svent that factor might conflict
with other important statutory objectives,l?

Interpretation of Competition

A market situation of nearly homogeneous oligopoly closely
approximates the facts of the airline industry where two or more air-
lines, operating the same city-to-city service, at the same tariff rates,
on the same schedule and with the same or equivalent equipment, try to
secure a competitive edge by small elements of "product differentiation'.
Competition resolves itself into details of aircraft type, meals, and
stewardesses though safety comparisons are generally avoided, The
Federal Aviation Act clearly proposes to promote air transportation
through regulated competition, that is, a blend of competition and
regulation, and this is probably why the U,S, airline industry goes
through a changing mixture of competition as a substitute of regulation

and regulation as a substitute for competition.
The Concept of Regulated Competition

With respect to "...competition to the extent necessary to
assure the sound development of an air transportation system.,." the

Federal Aviation Act indicates a mechanism whereby three sometimes

12pocket 6 CAB 837, 900. Latin American Air Service, 1946 .
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conflicting objectives - commerce, the postal service, and the national
defence - might be served, 13 Conversely, it is because of the close
relationships and possible conflicts between the development of a
privately owned air transportation system and these non-economic factors,
which might be thought of as representing the "national interest", that
many of the nations of the world have not permitted competition to exist
among airlines, but have preferred to foster the growth of a single air
carrier system,

The domestic airline system in the U.S. might be described as
"regulated competition", under which twelve "trunk" airlines, a compar-
able number of "local® airlines, plus helicopter and all-cargo carriers
gerve specific routes, many of which are assigned to more than one air-
line so that competition for traffic and profits may exist among the air
carrier involved, In the U,S., both in the Federal Aviation Act and in
actual fact, competition has been regarded as a supplement to and as a
tool of regulation.

The interpretation of the term "competition", applied to
regulatory functions, has been contentious, The original airline or
airlines on a route historically oppose the entrance of a competitive
airline even though they themselves may be trying to enter other lucra-
tive markets. Any attempt to increase competition on a route nearly
always results in complex, lengthy and costly hearings,

Stephen Wheatcroft in an article, May 30, 1963, said:

Competition has, however, often been a double-edged sword., In some

civi1 Aeronautics Act, 1938, Title 1, Section 2.
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cases it has resulted in improved service to the traveller, lower
prices and the development of traffic to such an extend that
profitable operations were attainable in furtherance of the
industry's goal of self-sufficiency. On the other hand, competition
has, in some cases, not only not had such beneficial results, but
has been instrumental in bringing about less desirable service,
higher fares, and such a diversion of traffic and revenues as to
retard or even reverse certain carriers! progress towards self-
efficiency.

Perhaps the financial difficulties of some major airlines,
particularly in the U.S., spring from the authorization of an excessive
degree of competition during the past ten years. There is some statist-
ical evidence to support this thesis, for as competition increased, load
factors fell, with a resultant decline in airline profitability and
return on capital invested. For example, with an increase in the index
of competition in the U.S. from 1952 to 1962, the average passenger load
factor of the domestic airlines fell from 67 percent to 55 percent. There
is thus strong support for the view that low load factors in the early
1960's were not solely due to excess capacity created by the jet revo-
lution, but were a reflection of a much longer-term malaise of the
industryo

In the years 1952 to 1962, the average rate of return for U.S.
domestic airlines fell from 15 percent to l percent and during the years
1960-1962, return on capital was inadequate to cover the amount paid out
by the airlines in interest. (An interesting point is that each time the
fare level was raised in the United States, 1958 (twice), 1959, 1960 and
1962, the rate of return increased). In 1961 the four biggest United

States airlines earned 75 percent of their revenue in competitive

]')"Stephen Wheatcroft, "Airline Competition in the U,S.,"
Flight magazine, May 30, 1963.
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markets and achieved an average rate of return of only 1 percent on
their invested capital.15

The ultimate arbiter of air transportation requirements is the
user, Any extension of air services should be subject to the need to
bring self-supporting air services to within convenient reach of a very
large number of people. In a lecture to the Royal Aeronautical Society
in December 1960, Stephen Wheatcroft said:-

I fully accept the assumption that there are circumstances in

which airline competition, within an effective system of

economic regulations, may provide a valuable stimulus to more

efficient operations and to the provision of better service

to the public. It is the responsibility of any licensing

board to ensure that competition is encouraged only ghere and
when it is likely to have these beneficial results,t

1SIt has been maintained that in the air transportation industry,
because of the contrel (and thus limitation) of merger, regulation
makes for more competition than would prevail in the absence of
regulation. This is discussed by Samuel B. Richmond, Regulation and
Competition in Air Transportation,(New York and London: Columbia
University Press, 196l1), p.l2. Warren L. Piersin, Chairman of the
Board of U.S. Trans World Airlines, in testimony before the U.S. Senate,
Thye Committee Irregular Airline Heariggg, Washington, D.C., 1953, p.77,
said: "I believe there is more competition in the air transportation
system today than if it were completely regulated. We have all observed
the tendency towards centralization in major unregulated industries to
the point where a handful of units dominate the entire field, and I am
sure that in a completely unbridled competitive atmosphere, the air-
transportation system would have undergone the same evolution. A4s a
matter of fact, it has been stated by those who have made studies that
the air-transport industry is one of the most intensely competitive in
the United States today.

léWheatcroft, Paper read before the meeting of the Royal
Aeronautical Society, London, England, December 1960,
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Regulatory Action on Fares

In general, in the United States, the procedure to obtain CAB
approval of airline prices has the following pattern. Scheduled airline
proposals for passenger fares must be approved by the CAB and the airlines
are expected to propose just and reasonable fares. The carriers are
obligated to initiate and file fares but the regulatory authority may
negate or alter these proposals if it finds them unjust or unreasonable,
unjustly discriminatory, unduly preferential or unduly prejudicial.l7
The regulatory body also must give authority for free and reduced rates.
A complaint may be filed against an air carrier's tariffs, high or low.
If a fare proposal does not involve important matters of rate or fare
level or structure, or if it does not involve essentially legal questions
such as that of discrimination, it passes through the CAB regulatory
board and becomes effective thirty days after filing,

Where proposed tariff represents an important change in the price
of air transportation, it cames under review by a board generally
consisting of one or more tariff technicians, economists and lawyers.

This board may approve the proposed tariff, recommend it become effective

with some changes to be voluntarily made by the carrier, or it may

170nder the heading of unjust discrimination, such items as
discounts to air travel card holders and government employees on
government business, must be placed. Tests of preference and prejudice
have tended to become blurred with the basic question of reasonableness.
The government regulatory body not only has the authority to approve or
negate tariff proposals by the scheduled airlines, award routes and have
authority over the cancellation of flights or service but may issue a
show-cause order to an airline,
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institute an investigation as to the legality of the tariff from the
standpoint of reasonableness or other standards mentioned above, If
an investigation finds the fares are illegal, the board will generally
establish new fares or set minima and maxima, Fare investigationé often
consume long periods of time and any implementation of a proposed fare
by a carrier would be "unwise" while an investigation was being conducted
even if legally the airline could do so after a certain lapse of time.
Economics and not politics or national pride, should determine

the number of airlines and the volume of airline services.
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GLOSSARY OF AIR TRANSPORT TERMS

As a supplement to this thesis there is a glossary of air
transport terms, most of which are used in the U.S. Civil Aeronautics
Board "Handbook of Airline Statistics™ and other aviation statistical
reports. Each term is defined in what is thought to be its most common
#ir-transport usage which, in some instances, is somewhat different
from the commonly accepted definition of the term. The definitions are
meant to be brief and generally helpful, rather than technically
precise and exhaustive, The glossary is available to any interested
reader unfamiliar with air transport terms, but has not been seen as
an intrinsic part of ihe thesis and so has not been submitted with it.

In air transportation, acronyms (words formed from the initial
letters or syllables of the successive parts of a compound term) are
in very common use and some are defined in the glossary without resort-
ing to extensive cross-referencing. Numbers in parenthesis, following
financial terms, identify the accounts encompassed by each term in the
United States Civil Aeronautics Board (CAB) Form 41. This form covers
statist}cal returns to the CAB by each U,S. aifiine. All governments
require a very similar type of return from airlines registered in the

respective country.



GLOSSARY OF AIR-TRANSPORT TERMS
A e

abandon, A cessation of passenger service at a given community
because of lack of sufficient traffic.

absolute ceiling, The maximum height above sea level in a standard

atmosphere at which a given airplane under specified operating
conditions can maintain horizontal flight,

aerodynamic center, A point in a cross section of an airfoil or

other aerodynamic body or combination of bodies, about which the
pitching moment remains practically constant with nearly all
changes in angle of attack,

aerodynamic efficiency., The efficiency with which a body overcomes

or makes use of aerodynamic forces or actions; specifically, the
efficiency with which an airfoil or other lifting body produces
1ift in proportion to drag, determined numerically from the lift-
drag ratio (L/D).

aerodynamic heating. The heating of a body produced by passage of

air or other gases over the body, significant chiefly at high
speeds, caused by friction and by compression processes,

aerodynamic stability., The stability of a body with respect to aero-

dynamic forces,



aircraft miles or plane miles, The miles (computed in airport-to-airport

distances) for each inter-airport flight hop actually completed,
whether or not performed in accordance with the scheduled pattern. For
this purpose, operation to a flag stop is a flight hop completed even

though a landing is not actually made.
aircraft performance. This refers to that combination of powerplant and

aircraft performance that gives the overall performance of the aircraft
(for the purpose of this study this is confined to aircraft flying
within the atmosphere and propelled by air-breathing power plants).

airframe, The structure of an aircraft, excluding engines and accessories.
The principal parts of the airframe of an airplane include the fuselage
(the body), wings, empennage (the assembly of stabilizing and control
surfaces at the tail), landing gear, and nacelles or pods (engine
housings).

airline., An established system of aerial transportation - especi#lly a
commercial system - together with its equipment, holdings, and faci-
lities. For all practical purposes, Mairline" is synonymous with

"air carrier.”

airline terminal., Also "air terminal®, "terminal", and "terminal build-

ing."™ An airport building where outgoing and incoming passengers are
processed. It includes such facilities as ticket and check-in counters;
waiting rooms; concession areas; loading fingers and gate positions;
customs, immigration, and public health facilities (at international
gateway terminals); and specialized airline offices. An airline termi-
nal may also be at a downtown or centrally located part of a city

where passengers may be processed (ticketing and check-in) and furnished



bus or limousine transportation to the airport airline terminal prior
to enplaning. "Airline terminal™ is often used as a synonym for
"airport".

airplane or aircraft. As used throughout this study the term denotes

the complete operational unit which includes airplane, engines, radio

and related accessories.

airplane characteristics. This includes complete performance and oper-

ating data and operating expense for each aircraft considered.

airport. A complex of runways and aprons for the taking-off and landing
of aircraft, together with associated control tower, terminal buildings,
hangars, etc., for accommodating air passengers and air cargo, as well
as providing facilities for parking and servicing aircraft.

air transportation. The carriage of passengers and/or freight, express,

and mail, from one geographic point to another, by fixed-wing aircraft
or helicopters. In the past, air transportation has included autogiros‘
and rigid airships (dirigibles), and in the future it may well include
them again. The future may also include tilt-wing aircraft, compound
helicopters, and missiles, all of which have already been used experi-
mentally.

air vehicle. A vehicle designed to carry a burden through air - a
conceptual term for "aircraft*,

airworthiness, noun. The state or quality of an aircraft or of an air-

craft component or accessory being fitted safely to perform or be used
within the limitations imposed by its intended purpose or use;
especially this state or quality as certified by proper authority.

all services. The sum total of scheduled plus nonscheduled services.




all weather, adj. Designed or equipped to perform by day or night under

any weather condition.
alternate airport. An airport at which a landing is, or may be, made if

a landing at the intended airport is inadvisable or impossible.

anoxia, noun., Complete deprivation of oxygen; oxygen deprivation serious

enough to cause death; loosely, HYPOXIA.

applied economics. This is the application of economic theory to the

solution of economic problems,

assets, The items on the balance sheet of a business showing the book
value of its resources,

ATA, Acronym for the Air Transport Association of America, the major
trade association of the U.S. certificated route air carriers.
(Pronounced by the letters)

ATC., Air Traffic Control.

available seat-miles. The aggregate of the products of the aircraft

miles flown on each inter-airport hop multiplied by the number of
seats available on that hop, representing the total passenger-carrying
capacity offered.

available seats. The number of seats installed in an aircraft (including

seats in lounges) exclusive of any seats not offered for sale to the
public by the carrier, and inclusive of any seat sold,

available seats per aircraft. The average number of seats available

for sale to passengers, derived by dividing the total available seat-
miles by the total aircraft revenue miles in passenger services,

available ton-miles. The aggregate of the products of the aircraft

miles flown on each inter-airport hop multiplied by the available



aircraft capacity (tons) for that hop, representing the traffic-

carrying capacity offered,
average passenger trip length, Calculated by dividing the number of

revenue passenger-miles in nonscheduled service by the number of
revenue passenger originations in nonscheduled service. Hence, it
.givea one-way trip length. Trips in nonscheduled service almost
never involve more than one airline, hence this is an "on-line" trip

length. (Also see '"on-line passenger trip length®,)

-B -
backhaul. The return trip of a cargo-carrying aircraft. (Backhaul is
of considerable importance in cargo operations because cargo - unlike
passengers - tends not to make "a return trip". Hence, with cargo
also tending to flow more in one direction than in the opposite one,
the directional imbalance characteristic of much air-cargo transpor-
tation often makes it quite difficult to'achieva a profitable backhaul,)

balance-of-payments deficit. This is the excr:s of the country's spend-

ing, lending and gifts abroad over the receipts from foreigners.

balance sheet. A statement of assets, liabilities, and stockholder

equity (or equivalent interest of individual proprietors or partners)
at a particular date,

Big Four. The four largest U.S. domestic trunk carriers (American,
Eastern, TWA, and United.) A separation of operational statistics is

generally made in U,S. publications between the "Big Four" and "other



Trunks",
bilateral air-transport agreement. An agreement between two nations to

exchange certain air-transport rights over specific routes.

block speed. Often called "block-to-block speed", The average speed
(in statute miles per hour) of an aircraft between the time of start-
ing the engines at the departure point and the time of stopping the
engines at the destination, Since this speed is from airport ramp to
airport ramp, it includes taxi time before take-off and after landing,
engine warm-up and check time (if required), and take-off landing time,
as well as airborne time, (Differs from "airborne speed" and "normal
cruising speed"),

block time or block-to-block time. This is the elapsed time betwéen the

closing of the aircraft doors before taxiing for take-off and the
opening of the doors after taxiing from the landing., It therefore
includes the time required for the starting of the engines, taxiing
before take-off, and taxiing after the landing. These ground times
have absolutely nothing to do with the critical cruising speed of the
aircraft but constitute a percentage of the entire block time which
becomes higher the shorter actual flying time becomes. Block speed is
therefore distance flown divided by block time,

boundary layer control (BIC)., The design or control of airfoils and

certain airfoil attachments to reduce or remove undesirable aerodynamic
effects (e.g., parasitic drag), thus improving over-all aircraft
performance, sometimes by dramatic amounts. BILC is still in the
development stage so far as commercial air transportation is concerned,

but BLC and LFC (laminar flow control) - a more sophisticated version



of BLC - promise to have important safety and economic implications,
bow wave, A shock wave in front of a body, such as an airfoil, or

attached to the forward part of the body,

business-class service., An experimental service during the period

August 24, 1962 to January 27, 196k, based on carrying passengers at
fares and quality of service intermediate to first-class and coach

gservices, It was available only on certain large jet aircraft in a

limited number of markets.
- c -

CAB, Acronym for United States Civil Aeronautics Board.

cabotage, noun, Air traffic that originates and terminates within the

boundaries of a given country, and is carried by an airline of another
country. Rights to such traffic are usually entirely denied or

severely restricted. Hence, "cabotage privileges".

capital gains, or losses, operating property. Gains or losses on

retirements of operating property and equipment, flight equipment
expendable parts or miscellaneous materials and suppiies when sold
or otherwise retired in connection with a general retirement program

and not as incidental sales performed as a service to others. (8181.1)



cargo. Although this term is one of long usage in the air-transport
field, its meaning has never become stabilized. Perhaps most often,
cargo is used to mean freight plus express; another common meaning
combines freight, express, and mail, especially when making compari-
sons among the various modes of transportation; a third usage is
synonymous with the term "property", and includes freight, express,
and excess baggage; and, finally, cargo is sometimes used as synony-
mous with freight alone,

cargo aircraft. An aircraft expressly designed or converted to carry

freight, express, etc., rather than passengers. Until recently,
most cargo aireraft in ourrent U.S. commercial airline service were
pasgenger airceraft that had been converted for cargo-carrying pur-
poses., This is usually done by replacing the floor of ﬁassengu'
aircraft with a high-load-bearing cargo floor equipped with tie-down
devices and, in some cases, rollers; providing one or more oversize
cargo doors; and providing special cargo-restraining bulkheads and
cargo nets,

cash and special deposits. General and working funds available on

demand which are not formelly restricted or earmarked for specific
objectives, and special deposits for payment of current obligations,
(1010, 1030)

certificate of Qublic convenience and necessity. A certificate issued

to an air carrier by the regulatory body authorizing the cerrier to

engage in air transportation.



gertificated route air carrier. One of a class of air carriers holding

certificates of public convenience and necessity authorizing the per-
formance of scheduled air transportation over specified routes and a
limited amount of nonscheduled operations. This general carrier
grouping includes the all-purpose carriers (i.e., tﬁe so-called passen-
ger/cargo cerriers) and the all-cargo ocarriers, and comprises all of
the airlines certificated by the regulatory body, except the supple=-
mental air carriers. cCertificated route air carriers are often re-
foerred to as m"acheduled airlines®, although they also perform non-
scheduled service. "

charter revenues. Revenues from nonscheduled air transport services in

which the perty receiving the transportation obtains exclusive usge of
an aireraft and the remuneration paid by such party acerues directly
to, and the responsibility for providing transportation is that of,
the accounting air carrier. Passenger charter revenues are from
charter flights carrying only passengers and their personal baggage.
Freight charter revenues are from charter flights carrying either

(1) freight only or (2) passengers and freight simultaneously.
(3907.1, 3907.2) |

charter service., A passenger or cargo air-transportation service in

which an individual or an organization obtains the exclusive use of
an aircraft for one or more trips, usually on a reduced-price basis.
Such a service is considered nonscheduled even if conducted with pre-

arranged regularity. (See mentity charter"™ and "pro rata charterw.)



chosen~instrument j;_)olicy. A proposed poliey of long standing that a

8ingle air carrier be selected to conduct all international air-
transport operations, as distinguished from the existing practice
under which a number of airlines are authorized to perform internatio-

nal operations,
ceilinng, ncun. The maximum height attainable by an aircraft or airborne

voehicle under given conditions and at which it can perform effectively.

circle trip. A type of round-trip journey whose going and coming routings
contain an elemsnt of circuity, although the trip starts and ends at the
same place. The precise definition will vary in different applicatioms,
not being the same for fare purposes as for origin-destination statis-
tics. (Also see "open=-jaw trip" and "round trip©.)

circuitry. Refers to the degree that an actual aii' fr:lp deviates from
the most direct air routing available between a pair of spec.:lfied
traffic points. In another sense, it refers to the absoluf_ge or re-
lative degree to which the most direct routing for different modes of
transportation deviates from the great-circle city-center-to-cit&-
center distance between two cities.

cities. communities that are terminal points on an origin-destination
trip.

cities served, (Communities receiving scheduled air service as of a

specified date.,
city gair. The terminal communities in an air trip, i.e., the origin

and destination on a one-way basis,




Civil Aeronautics Board (CAB). The U.S. Government economic regulatory

agency for interstate civil aviation. The CAB is also responsible for
investigating aircraft accidents to determine their probabl% cause.
Interstate surface trensportation is regulated by the Interstate
Commerce Commission.

clags rate. A rate that applies to a group of commodities or to a
group of carriers,

clear-air turbulence. Turbulence that occurs in clear air and not

agsociated with cloud formation, such as that associated with winds
at low altitudes and with the jet stream at high altitudes,

coach passenger revenues, Revenues from the air tremsportation of

passengers at fares and quality of service below first-class service

but higher than or superior to economy service. (3901.2)

coack service. Transport service established for the carriage ol passen-
gers at fares and quality of service below that of first-class service,
but higher than or superior to the level of economy service.

combination aireraft. An aireraft having both passenger and cargo

accommodations., Also used in the sense of an aircraft providing

mixed-class service.

common carrier, A transportation business that holds out its services

for public hire. JIncludes most airlines, railroads, buslines, truck-
lines, and water carriers. Excludes contract carriers and non-trans-
portation companies and the public at large who provide transportation

services for themselves.



common-carrier air operations or common air carriage. Tramsportation

operations eonducted on a .lﬂ‘.?.:.".’.:.?. for-hire basis, e.g., scheduled
passenger and cargo services, as well as nonscheduled services based
on published tariffs. Most of the operations of a certificated route
air carrier are, thus, common~-carrier operations.

common fare. Ah identical fare or rate which, for competitive pricing
reagsons, is applicable between either a multiplicity of traffic points
or betwsen a pair of traffic points over varying competitive routings.
For example, an identical fare between New York and Los Angeles as
ietwaon New York-l.os Angeles-San Francisco.

common stoék'outstandinﬁ. The par or stated value of ecmmon stock

outstanding. In case of no-par stock without stated value, the full
congideration received. (2840, 2860 as applicable)

connecting flight. Any flight other than an originating flight; eny

flight of the same or another carrier to which a passenger must
transfer in order to proceed to his destination.

consolidated ah:lynent. A number of small individual shipments, received

from different shippers, combined into a single large shipment by an
air-freight forwarder, in order to take advantage of the rate spread
between large and small shipments. The forwarder (an indirect carrier)
accepts small shipments at rates that may be competitive or lower than
the direct carriers' rates for shipments of the seme size, consolidates
them with other shiﬁments, and consigns the cohsolidated shipment to
an airline (a direct carrier) at that carrier's lower rate for ship-

ments of that size,

conglomerate, Business mergers between firms in unrelated fields,



constructed fare, A fare that must be determined by totaling the

individual published fares for the component segments of a total
routing because no single fare has been published for the complete
itinerary. Also applies to cargo rates,

containerization. A method of handling individual air-cargo shipments

by assembling and packaging them into larger specially constructed
containers for the purposes of easier handling and protection against
breakage, pilferage, and exposure to the weather,

CPS, Critical Path Scheduling,
critical altitude. Any altitude above which the performance of equip-

ment falls off, above which some particular danger exists, above which
some condition is encountered requiring special attention, etc., and

therefore regarded as eritical.

eritical Mach number. The free-stream Mach number at which a local Mach

number of 1.0 is attained at any point on the body under consideration,
For example, an airplane traveling at a Mach nuﬁber of 0.8 with respect
to the undisturbed flow might attain a Mach number of 1 in the flow
about the wing; the critical Mach number would thus be 0,8.

cruise, verb intr. To fly at approximately constant speed and altitude,

especially at power settings recommended for maximum range, efficiency,

etc.
cube rule, A provision in air-cargo tariffs that if a shipment has a
density of less than a specific minimum (usually less than 6.9 pounds

per cubic foot), the minimum rate charged will be on the basis of the

actual weight,



current assets. Cash and other resources expected to be realized in cash,

or sold, or consumed within one year. (1010-1420)

current liabilities, Obligations the liquidation of which is expected to

require the use, within one year, of current assets or the creation of
other current liabilities. (2010-2190)

current notes payable., Face value of notes, drafts, acceptances, or other

similar evidences of indebtedness payable on demand or within one year to
other than associated companies, including the portion of long-term debt
due within one year of the balance sheet date (unless expected to require
the use of resources other than current assets). (2010)
cybernetics., The science of communication and control in human beings and
machines,
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deferred charges., Debit balances in general clearing accounts including

prepayments chargeable against operations over a period of years,
capitalized expenditures of an organizational or developmental character,
and property acquisition adjustments. (1820-1890)

deferred credits, Credit balances in general clearing accounts including

premiums on long-term debt securities of the air carrier. (2330-2390)

departures performed, Number of aircraft take-offs made,

depreciation and amortization, other. Charges to expense for depreciation

of property and equipment other than flight equipment (i.e., maintenance
equipment, hangars, general ground property). Also, charges for the~
amortization of capitalized developmental and pre-operating costs and
other intangible assets applicable to the performance of air transport-
ation and for obsolescence and deterioration of flight equipment

expendable parts. (7073, 707h.1, 7074.2, 7075.8, 7075.9)



depreciation, flight equipment. Charges to expense for depreciation

of airframes, aircraft engines, airframe and engine parts, and othexr
flight equipment. (7075.1-7075.5)

developmental and preoperating costs. Costs accumulated and deferred

in connection with alterations in operﬁtional characteristics such as
the development and preparation for operation of new routes and the
integration of new types of aircraft or services., (1830)

direct flight. Any noncircuitous single~ or multi-carrier flight -

regardless of the number of enroutse stops - that does not require

transfer to another plane, hence, a noncircuitous single-plane

(i.0., through~-plane) flight. Although the terms "direct flight"
and "through-flight" are often used interchangeably, the latter also
1nc1ﬁdes circuitous 'single-plane flights.

directional, adj. Refers to fares and rates that are reduced to mini-

mize a significant directional imbalance of traffic, e.g., the low

level of westbound passenger traffic across the Atlantic in the early

summer (and the low level of eastbound traffic in the late summer)
and the low level of eastbound U.S. transcontinental cargo traffic.)

(Also see "backhaulw,)

direct maintenence, flight equipment. The costs of labor, materials,

and outside services consumed directly in periodic maintenance opera-
tions and the maintenance and repair of airframes, aireraft engines,
and other flight equipment. (5278)

direct maintenance, gound equipment. The costs of labor, materials,

and outside services consumed directly in the repair and upkeep of

ground property and equipment. (5200 execlusive of 5278)



distance~-msasuring equiEnt gmzo Electroﬁic navigation equipment
for finding the distance between an aireraft and a ground station

by measuring the time interval betvyeen the transmission of interro-
gation pulses from an airborne radar and the reception of answering
pulgses from a transponder at the ground station.

diversion of traffic, The attraction of traffic from one airline to

another because of lower prices, better service, or new route awards,
(Also see mgelf-diversion".)

dividends, Includes dividends payable, in cash or in stock, to pre-
ferred and common stockholders, declared but not necessarily paid
during the accounting period. The current liability is created by
the decleration, the amount ordinar:lly being charged to retained

earnings. (9830)

dcmestic operation. In general, operations within a nation's own

territory but may include trans-~border as opposed to intofcontinental.

domestic trunks (domestic ‘trunk _o_pgratidns). In general use as a

descriptive term in the U.S. Domestic operations of the domestic

trunk carriers. This group of ‘carriers operates primarily within the
geographical limits of the 48 ocontiguous States of the United States
(and the District of Columbia) over routes serving primarily the

larger communities. International and territorial operations of these
carriers are shown under #international and territorial operations",
and not under "domestic trunk operations®, Designation of the

domestic ®grandfather" carriers as "trumk carriers” was not pertinent
until 1945-6, when "feedern carriers (now called local service carriors)
were granted certificates by the Board to perform local feeder air

gervice,




down time, noun., The amount of time during a given period that an air-

craft was not available for revenue service., Includes time necessary
for maintenance and overhaul, positioning, etc.
dry lease. 4A contractual aircraft-leasing arrangement wherein the lessor
leases only the airplane, whereas the lessee provides the personnel,
fuel, and provisioning necessary to operate it., (Also see "wet lease",)
ducted fan. 1l. A fan enclosed in a duct. 2. Also, less frequently,

ducted-fan engine. An aircraft engine incorporating a fan or propeller

enclosed in a duct; espscially a jet engine in which a ducted fan or
ducted propeller is used to take in air to augment the gases of combustion
in the jet stream. The air may be taken in at the front of the engine

and passed around the combustion section, or it may be taken in aft of
the combustion chamber or chambers., In the former case it may be
considered a type of bypass engine,

Dutch roll, A complex oscillating motion of an aircraft involving rolling,
yawing, and sideslipping. (So nameé from the resemblance to the
characteristic rhythm of an ice skater.) Especially peculiar to high
speed swept-wing jet alreraft,
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economic, This term is used to characterize the productior of goods and
services, designed to satisfy human wants, by the most effective means and
in accordance with the existing technical knowledge.

economic efficiency., The ratio between total input and total output in

the pursuit of an objective.

economic regulation., This concerns the broad powers of a government

regulatory body over the economic phases of air transportation. These



powers include the issuance of certificates of public convenience and
necessity; the regulation of tariffs and tariff practices; control over
rates for the carriage of persons and property; the fixing of rates for
the transportation of mail; the power to require, and to prescribe the
form of, accounts, records, and reports; and the approval or disapproval
of consolidations, mergers and acquisitions of control, interlocking
relationships, and certain agreements entered into by the air carriers,

economy cruise, The cruise of an aircraft operated so as to achieve the

most economical flight in terms of fuel consumption.

economy passenger revenues, Revenues from the air transportation of

passengers at fares and quality of service below coach service.

economy service., In domestic operations, transport service established

for the carriage of passengers at fares and quality of service below
coach service. In international operations, economy is the generally
used term for coach service having taken the place of the term
"tourist service",

effective demand, The demand for a service at prices which will meet the

cost of providing that service,

elasticity of substitution, This measures the extent to which an increase

in the demand for one commodity can be related to reductions in the

demand for close substitutes for that commodity. A change in the price
of any product may affect the demand for it, not because it alters the
total level of consumption of that general type of product, but because
it makes one particular type of product more (or less) attractive than
close substitutes, This concept is particularly important in analyzing

air travel demand; a reduction in air fares may increase the volume of



air travel by diverting passengers from surface transportation without
necessarily increasing the total volume of travel, This is important
because air traffic increases which come from substitution are obviously
limited by the extent of the existing market,

Division of air travel into different classes, e.g., first class and

economy, is another aspect of substitution,

entity charter., A type of charter in which the transportation cost is
borne by the chartering organization (usually a Business firm), and not
by the individual passengers (who are usually employees of the chartering
organization)., Also see "pro rata charter",

enroute, adj. On or along the way. As in "enroute stops", i.e., aircraft

landings made before reaching the trip's final destination (contrasted
with "nonstop"). Or as in "enroute navigational aids", i.e., aids
used during flight rather than during take-off or landing.

ETA., Abbreviation for "estimated time of arrival",

excess baggage., Passenger baggage in excess of a free allowance based
on volume or weight. This excess is subject to a charge for its
transportation.

excess baggage revenues., Revenues from the transportation by air of

passenger baggage in excess of the free allowance, (3906.3)



excursion fare. A low fare designed to stimulate traffic volume in

certain travel markets, and, hence, a type of promotional fare.
Usually it is applicable only to round trips, with limits set on the
season, days, and/or elapsed trip duration, Sometimes such a fare
is made available only on specific alrcraft types.

exosphere, noun., The outermost layer of the atmosphere.

explosive decompression. A very rapid, elmost instantaneous, decom-

pression, as may occur, 6.g., in the rupture of an aircraft cabin
at high altitude.
express. Property tramsported by air under published air express

tariffs,

express revenues., Revenues from the transportation by air of express

as defined in published tariffs.

extra section. A flight conducted to accommodate the overflow traffiec

of a fully-booked scheduled flight.

eyelid, noun. Either of two movable parts of the exhaust nozzle of a

Jet engine, suggestive of an eyelid in appearance and action, which
are moved to vary the exhaust opening. Also called a "clemshell

shuttern,
-l o

FAA. Acronym for Federal Aviation Agency, the U.S. Government agency
responsible for initiating and executing the policies and programs
for supporting and promoting safe and efficient flight. (Pronounced
by the letters.) Successor of the old Civil Aeronautics Administra-

tion (caa).
FAR. Acronym for Federal Aviation Regulations,




fesl, noun. The sensation or impression that a pilot has or receives
as to his, or his aircraft's, attitude, orientation, speed, direction
of movement or acceleration, or proximity to nearby objects, or, as
most often used, as to the aircraftts stability and responsiveness
to control. '

forry charter rate. That portion of the total charter rate, charged

by a carrier, covering the airoraft miles (or hours) necessary to
deliver the chartered aireraft to the point of origin required by
the charterer and to return the chartered aircraft from the point
of destination to the point required by the carrier. In almost all
cases, the ferry rate is less than the live rate.

final approach. That portion or leg of an approach pattern after the

last turn, in which the aircraft is in line with the runway in the
landing direction and descending.

fineness ratio. The ratio of the length of a body to its maximum dia-

meter, or, sometimes, to some equivalent dimension -~ said esp. of a
body such as an airship hull or rocket.

first-class passenger revenues. Revenues from the air transportation

of passengers at standard fares, premium fares, or at reduced fares
such as family plan and first-class excursion for whom standard or
premium quality services are provided. (3901.1)

first-class service, Transport service established for the carriage

of passengers at standard fares, premium fares, or at reduced fares
such as family plan and first-class excursion for whom standard or

premium quality services are provided.



fixed-area exhaust nozzle. On a jet engine, an exhaust nozzle exit

opening which remains constant in area,

fixed-wing aircraft. Alreraft having wings fixed to the airplane fuse-

lage and outspread in flight, i.e.,, nonrotating wings,

flight onvelciq_. The boundary depicting the limits of altitude and

speed wnich a given aircraft cannot safely exceed, Loosely, the

flight regime within this boundary.
flight equipment. Airframes, aircraft engines, and other flight eguip~

ment used in the in-flight operations of airecraft. (See "flight eguip-

ment - cost",)

flight equ}gnent - ¢cost. Total cost to the air carrier of complete

airframes, fully assembled engines, installed airecraft propellers and
rotary wing aireraft rotors and similar assemblies, installed airborne
communications and electronic navigational equipment and other similar
asgemblies, complete units of miscellaneous airborne fiight equipment
and costs of modification, conversion or other improvements to leased
flight equipment. (1601-1607) _

flight-equipment interchange. An arrangement that provides single-plame

service over a long route, without involving additional competitive
carriers over one or more segments of the route. On a given inter-
change flight, a plane of one of the interchange partners flies the
entire trip, but the crew is changed so that each carrier flies only
over its own route segment. Most interchanges involve only two
carriers, although occasionally there are three. Interchanges must

be approved by the regulatory body.



flight-equipment spare parts and assemblies. Parts and assemblies of

meterial value which are rotable in nature, are generally reserviced
or repaired and used repeatedly, and possess a service life approxi-
mating that of the property type to which they relate. (1608)

flight Mach number. A Mach number attained in flight, as distinguished

from one attained in a wind tunnel.

flight stage. The operation of an aircraft from take~off to landing.
Also called "hopr.

flight plan. A detailed outline or statement, written or orsl, relative
to a given flight, submitted to Air Traffic Control prior to take-off,
The flight plan contains information such as the pilot's name, type
of aircraft, point of departure and destination, :I.ntended. cruising
altitude and true airspeed, etec.

flight profile. A graphic portrayal or plot of an aireraft's flight

path in the vertical plane.
flight simulator. 1l. 3Specif., a training device or apparatus that

gimulates certain conditions of actual flight or of flight operations,
such as piloting, bombing, gunnery, etec. 2., More generally, any=-
thing that simulates some condition of actual flight, such as an
altitude chamber,

flight time, 1., Time spent in flight or in flying operations, mea-
sured, when exactness is required, between specified instances, as
between the commencement of the take-off run and the end of the land-
ing run. Als0 called "flying timem, 2. The time at which a flight

begins,



flying laboratory. An aireraft specially equipped and instrumented

to carry out experiments or tests while airbormne, such as aerody-
namic experiments, tests of icing systems, etc.

flying operations expenses. Expenses incurred directly in the in-

flight operation of aireraft and expenses attaching to the holding of
aircraft and airoraft operational personnel in readiness for assign~
ment to an in-flight status. (5100)

free air. Unconfined or undisturbed air, or air outside of some region
itn;der consideration, as: a. The air encountered in flight, as dis-
tinguished from the air in a wind tunnel. b. The air shead or out-
side of a region affected by the passage of a body. c¢. The air outside
of a cabin, a duct, a compressed-air tank, etc. d. In néterology, the
air or atmosphere uninfluenced by objects or features on the surface
of the earth, as mountains or buildings; air above the range of sur-
face recording instruments.

free-air temperature. The temperature of the air outside an aircraft

and unaffected by the aircraft with respect to temperaturo.

free baggage allowance. The present domestic free baggage allowance

is 4O pounds on first-clasa or coach tickets, with excess baggage

charged at the rate of one-half of one percent of the applicable

firgt-class adult one-way fare for each excess pound, for all classes

of service., On international trips, the free allowance is 66 pounds

for first-class passengers, and 44 pounds for coach and economy

ptissengers, with excess &harges being based on one Ercent of the

applicable adult first-class one-way fare, for all classes of services.



rroigt revenues, Revenues from the trangportation by air of property

other than express or passenger baggage. These revenues are pree
dominently from individually-waybilled shipments carried in scheduled
gervice. (3906.2)

fuel, noun. Any substance used to produce heat, either by chemical orx
nucléar reaction, as used, e.g.,, in a heat engine.

fuel reserve. Specif., an amount of fuel carried in excess of that

calculated to be sufficient for a given flight.
fuel taxes. Excise taxes paid by the airlines on the aviation gasoline

and jet fuel they purchase,
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&, noun. An acceleration equal to the acceleration of gravity, appro-
ximately 32,2 feet per second per second at sea level - used as a
unit of measurement for bodies undergoing acceleration. For example,
if a pilot is subjected to four g's in recovering from a dive, he 1s
undergoing acceleration at the rafe of approximately 32.2 x 4 feet
per second per second; if he weighs 200 pounds, his effective weight
is 800 pounds. Sometimes called a "g-forcen,

gas-turbine engine. An engine 1ncorp6rating as its chief element a

turbine rotated by expanding gases. It consists essentially in its
most usual form of a rotary air compressor with an air intake, one
or more combustion chambers, a turbine, and an exhaust outlet. Air-
craft engines of this type usually have their power applied mainly
either as jet thrust (turbojet engine) or as shaft power to rotate a

propeller (turbopropeller engine). The aircraft gas-turbine engine



also has a powsrplant application as a source of compressed air,
esp. on certain helicopters. Gas-turbine engines are sometimes
combined, esp. in the turbopropeller type (double, dual, or twin
turboprop), and the essential principle is used in a compound engine,
Gas~turbine engines are sometimes classified according to: (1) the
manner of gas or air flow in or through the engine, as in axial-flow
engine, bypass engine, centrifugal-flow engine, reverse~flow engine,
or (2) the treatment of the working substance, as in closed-cycle
eng:lné , open=cyele engine,

GCA. Abbreviation for ground-controlled approach,

general and administrative expenses. Expenses of a general corporate

nature and expenses incurred in performing activities which contri-
bute to more than a single operating function such as general financial
accounting activities, purchasing activities, representation at law,
and other general operational administration not directly applicable
to a particular function. (6800)

general commodity rate. A rate thét applies to a group of commodities,

as contrasted with a specific commodity rate.

glide slope. The slope of a glide path.

great-cii'cle distance., The distance on a course along a great cirele

of the globe, the shortest distance between two points on the earth's

surface.

great-circle course. A course laid out or taken along a great circle.

gross thrust. The total thrust of a jet engine, the drag due to the

momentum of the ircoming air (ram drag) not being deducted. The gross

thrust is equal to the product of the mass rate of fluid flow and the



velocity of the fluid relative to the nozzle, plus the product of
the nozzle exit area and the difference between static jet pressure
and ambient pressure.

gross weight. The total weight of an airecraft, rocket, etc., as loaded;
specif., the total weight with full crew, full tanks, payload, etc.

grounding, noun. A voluntary determination by a carrier or carriers

or an order from the Federal Aviation Agency to refrain from flying
a particular type of aircraft as a result of suspected or actual
malfunction of such aireraft, until the cause can be determined and
appropriate action taken,

ground-controlled a&pi’gach; l. An approach under conditions of poor

visibility in which the pilot is continuously advised from the ground
by radio of his position and direction as determined by radar,

2. The equipment or system used in this approach. See Precision
Appi'oach Radar.

ground pro_perty and equipment. Property and equipment other than fiight

equipment, land, and construction work in progress. (1630-1640.9)

ground speed, noun. The speed of an aircraft relative to the ground,

or surface of the earth. It is the same as true air speed only if
the air 1s stationary with respect to the earth's surface.

group-travel fare or group fare. A term used to descr:lbe any reduced,

promotional fare offered to a group of people who will fly togethex
under stipulated conditions. Such a group differs from a chart”er
group in that it does not contract on a plane-load basis, and is usu-
ally accommodated on regular, scheduled flights. The international

group fare initiated om March 10, 1962, for travel between the United



States, Rurope, and the Middle East is such a fare. It applies to
groups of 25 or more persons who are members of either (a) affinity
groups (established organizations whose principal purpose is not
travel) or (b) spontaneous groups (people who get together to take
advantage of the group fare, without direct solicitation by airlines
or travel agents).

gust, noun. A sudden and brief change of wind speed or direction.

gust load. A load imposed upon an aircraft or aireraft member by a gust.
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hearing examiners. Regulatory body personnel who conduct formel econo-

mic regulatory and safety enforcement proceedings.

high altitude. An altitude considered in context to be comparatively

high, Sometimes given specific definition, thigh altitude" is pro-
perly a relative term. It is used particulai'ly to dea:l.gnate any
altitude high enough that atmospheric tenuity, low temperature,
distance to earth, etc., become of significance in the design,
operation, or behavior of aireraft or aircraft equipment, or in the
functioning and behavior of the human body.

high speed. A comparatively fast speed. A relative term, "high speed”
is often used to designate any speed high enough that speéial prob=- )
lens arise, as in aerodynamics, navigation, maneuvering, the opera-
tion of pressure instruments, ete,

hold, verdb intr. To wait. Specif., to circle or fly about in a parti-

cular pattern near a specified point while waiting for permission or

instructions to land or to proceed along a course,



holding pattern, A particular or specified pattern flown while holding,

hop. Synonym for "flight stage",

horizontal integration. Mergers with competing companies,

hypersonic flow., Flow at very high supersonic speeds; as arbitrarily

defined, flow at a Mach number of 5 or greater,

hypersonics, noun. That branch of aerodynamics that deals with very high

supersonic speeds, sometimes defined as dealing with Mach numbers of 5
or greater,

hypoxia, noun, A deprivation of oxygen, especially a deprivation of oxygen

extensive enough to cause impairment of the physical faculties. See Anoxia.
-TI-

JATA, Acronym for International Air Transport Association, the trade
association of airlines engaged in international air transportation.
(Pronounced "ee-ah'-ta" or "eye-ah'-ta'",)

ICAO. Acronym for the International Civil Aviation Organization, the
organization representing governments engaged in international air trans-
portation. (Pronounced "ick-ay'-o"; sometimes "ick'-ee-o",)

IFR. Abbreviation for Instrument Flight Rules - also used as an adjective
or adverb, as in IFR traffic, or as, to fly IFR.

ILS, Abbreviation for instrument landing system.

incidental revenues, net. Revenues less related expenses from services

incidental to air transportation, such as sales of service, supplies, and
parts and rental of operating property and equipment. (4600)

income elasticity of demand. This measures changes in the volume of demand

arising from changes in the level of personal income. Numerically this
represents the percentage change in the volume of travel which results

from a one percent change in the income level,



income statement., A statement of revenues and expenses and resulting

net income or loss covering a stated period of time, as reported to
the CAB by certificated route and supplemental air carriers on CAB

Form 4l.

indirect maintenance expenses. Overhead or general expenses of acti-

vities involved in the repair and upkeep of property and equipment,
including inspections of equipment in accordance with prescribed
operational standards. Includes expenses related to the adminis-
tration of maintenance stocks and storea, the keeping of maintenamnce
operations records, and the scheduling, controlling, planning, and
supervision of maintensnce operations. (5300)

inherent stability. The stability of something inherent in its desigm

and construction; specif., with an aireraft, that built-in stability
that causes the aireraft, when disturbed from a condition of steady
flight, to return to that condition without corrective action being

necessary.

initial approach, In instrument landing, the approach or holding

pattern flown by an aircraft preparatory to the final approach.

instrument approach. An approach during which the pilot is dependent

entirely upon instruments and ground-based electronic and commnica-
tion systems for orientation, position, altitude, etc.

instrument landing system. A radio-guidance and communication system

designed to guide alrcraft through approaches, letdowns, and laﬁdings
under conditions of 1little or no visibility. The instrument landing
gystem consists essentially of directional radio transmitters estab-
lishing the angle of the glide path and indicating the direction of

the runway, and of radio marker beacons establishing locations along

the approach path.



interrogation, noun. Radar, The act of sending forth radar pulses to

trigger a transponder to receive answering signeals; the radar pulses
so sent,

intraline, adj. Within the system of a given airline. For example,

an wintraline transfer" is a situation in which a passenger changes
planes on a given trip; without changing airlines. Such a passenger
is, therefore, counted only once, i.e., as one "passenger origination©,
If the passenger changes airlines, as wéll as planes, on a given trip;
he is counted as many times as he changes airlines.

investments andggggcial funds. JLong-term investments in securities;

funds set aside for specific purposes; and other securities, recei-
vables, or funds not available for current operations. (1510-1550)

investments in associated companies. Net investments in associated

companies together with advances, loans and other amounts not settled
currently. (1510)

isothermal layer. A layer or region of the atmosphere considered to

have uniform temperature throughout. This layer, conterminous with
the stratosphere, varies in thickness, but its lower limit generally

occurs at about 35,000 feet. Also called the isothermal region.
J =K

jet fuel. Practically all airlines use kerosene as the fuel in their
turbine-powered aircraft. This kerosene is commonly refarred to as
rjet fuel", in contrast to the "aviation gasolinem used in ﬁipton-
engine aircraft, Occasionally, a carrier uses JP;L instead of straight

kerosene.,



jet aircraft. Aircraft, or an aircraft (usually a fixed-wing airplane),

powered by one or more air-breething jet engines.

jet engine. 1. Broadly, any engine that ejects a jet or stream of gas
or fluid, obtaining all or most of its thrust by reaction to the
ejection, 2. Specif., an aircraft engine t'hat derives all or most
of its thrust by reaction to its ejection of combustion products
(or heated air) in a jet and that obtains oxygen from the atmosphere
for the combustion of its fuel (or outside air for heating, as in
the case of the nuclear jet engine) - distinguished in this sense
from a rocket engine., A jet enginé of this kind may have a compres-
sor, commonly turbine-driven, to take in and compress air (turbojet),
or it may be compressorless, taking in and compressing air‘by other
means (pulsejet, ramjet).

jet stream. l. A strong, narrow band of wind or windé in the upper
troposphere or in the stratosphere, moving in a general direction
from west to east and often reaching velocities of hundreds of miles
en hour. 2. A stream moving in a Jet, such as the streem of combus-
tion products issuing from a reaction englne,

joint fare or rate. A single, combined fare or rate that applies over

the routes of two or more carriers, as contrasted with a local fare

or rate, which is one that applies over the routes of a single carrier,
_:r_p_-li. A nmixture of kerosene and gasoline used as a fuel in turbine-

powered aircraft. (The "Jp" stands for "jet propulsion".) Also

known as "wide-cut gasoline';. Up to now, JP-4 has been used pri-

marily by'military jets., Most civilian turbine-powered aircraft

now use kerosene,



knot. A unit of speed, equivalent to one nautical mile (6076.1033 ft.)
per hour, In general, all civil air transport statistiecs are in

statute miles per hour,

-'L -

landing distance. The distance that an airplane covers in its landing

run,

landing speeds 1. The minimum speed at which an airplane may touch down

under control, 2, The speed of an airplane at touchdown in a normal
landing, 3. The speed of an airplane at touchdown,

large aircraft. A fixed-wing aircraft having a maximum gross take-off

weight in excess of 12,500 pounds, These are the most commonly used
aircraft in commercial air transportation, and range from such types
as the 2-engine piston DC-3 (having a take-off weight of about 25,000
pounds) to the L-engine turbo-fan Boeing 707-320B (in excess of
310,000 pounds).

leg, noun, 1. A distinct segment, as between landings, of an air journey,
as, the leg between Seattle and Anchorage. 2., One of the straight-line
sgements of a pattern flown in the air, as, a cross-wind leg.

LESS., Least Cost Estimating and Scheduling.

letdown, noun., An act or instance of letting down, especially the

gliding descent of an aircraft from cruising altitude prior to an
approach or landing,

1ift, noun, That component of the total aerodynamic force acting on a
body perpendicular to the direction of the undisturbed airflow relative

to the body., This 1lift, sometimes called "zerodynamic 1lift", acts



on any body or system of bodies such as an airfoil, a fuselage, an

airplane, an airship, a rotor, etec., at a suitable angle of attack

in the airflow.

Lift is usually thought of as a force acting in an upward direction,
giving sustentation to aircraft. By definition, however, lift can,
and doeg, act in any direction: downward, as with a horizontal tail
when required for longitudinal trim; sideward, as with a vertical
tail when an aircraft is turned. when lift in a direction other than
upward is under discussion, it may be specified in the expressions
"negative (dowmward 1iftw, or "horizontal 1ift", although the latter

éxpression is usually avo:ldod.'

This phenomenon of aerodynamic lift is explained by either or both
of two laws or theorems: (1) By Newton's third law of motion, in
which a body, deflecting air in one direction, obtaina a force upon
itself acting in the other direction. (2) By Bernoulli's law, in
which an increase of air velocity over the body gives a'pressure

decrease resulting in 1lift,

1ift coefficient. A cosfficient representing the 1lift of a given air-

foil or other body. The 1lift coefficlent is obtained by dividing
the 1ift by the free-stream dynamic pressure and by the representa-
tive area under consideration.

load factor. In air transport, a factor representing the ratio of

the actual load carrisd to the maximum load that could be carried.



localizer, noun., A radio beacon used in an instrument landing system

to give lateral guid_ance along the final approach. The localizer
transmits two signal patterns overlapping along the center line of
the runway and along the projection of the center line from both
ends of the runway. Sometimes ealled a "runway localizerw,

long-haul, adj. Used in such terms as "long-haul trip"™ and "long-haul

farew, Although the meaning of this expression camnot be precisely
stated, it generally refers to a distance of 1,000 miles or more.
When used in relationship to aircraft, the term "long-range" (as in
nlong-range plane®™) is often applied instead. 4 |

1oﬁg—r%e airecraft. A plane that normally cen fly 1,000 miles or more

nonstop, without refueling. The precise range implied by the term
nlong-range" has never been firmly established. The _l_o_gﬂ long-range
aircraft like the Boeing 707-320 and 707-320B and the Douglas DC=-8-30
and DC-8-50 are often called rintercontinental" aircraft, and have a
nonafop range of from 3,500-6;000 statute miles. E.g., New York-London
(3,450 miles); Los Angeles-Tokyo (5,150 miles); Los Angeles-London
(approx. 6,000 miles). |

long~term debt. The face value or principal amount of debt securities

issued or assumed by the air carrier and held by other than associated
companies, which has not been retired or cancelled and is not payable
within 12 months of the balance sheet date., (2210)

long-term pr_e_Paymehts. Prepayments of obligations, ﬁpplicable -to periods

extending beyond one year. (1820)



Mach cone. 1., The cone-shaped shock-wave theoretically emanating
from an infinitesimally small particle moving at supersonic speed
through a fluid medium, It 1s the loocus of the Mach lines,

2. The cone-shaped shock wave generated by a sharp-pointed body,
as at the nose of & high-speed aircraft.

Machmeter, noun. An instrument that measures and indicates speed

relative to the speed of sound, i.e., that indicates the Mach number.
Also called a "Mach indicator®,

Mach number. (Pfonounced "mook®, After Ernst Mach (1838-1916),
Austrian scientist.) A number expressing the ratio of the speed
of a body or of a point on a body with respect to the surrounding
air or other fluid, or the speed of a flow, to the speed of sound
in the medium; the speed represented by this number. Thus, a Mach
number of 1.0 indicates a speed equal to the speed of éound, 0.5
a speed one half the speed of sound, 5.0 a speed five times the
speed of sound, ete,

Mach wave, 1, A shock wave theoretically occurring along a common
line of intersection of all the pressure disturbances emanating from
an infinitesimally small particle moving at supersonic speed through
a fluid medium, such a wave considered to exert no changes in the
condition of the fluid passing through it. The concept of the Mach
wave is uged in defining and studying the realm of certain distur-
bances in a supersonic field of flow. 2. A very weak shock wave
appearing, e.g., at the nose of a very sharp body, where the fluid

undergoes no substantial change in direction.



maximum _gross take=-0off weight. The maximum permissible weight of an

aireraft and its contents at take-off. Includes the empty weight
of the aireraft, accessories, fuel, crew, and payload.

merger. The acquisition of one airline by another, either through
purchase of stock or direct purchase of assets, and the merging of
operations,

mile., A statute mile (5280 feet).

minimal flight jath. The flight path between two points that affords

the shortest possible time enroute. The minimal flight path may be
planned to take advantage of winds and pressure systems, and is thus
not necessarily the shortest flight path between two points,

miscellaneous materials and suipliea. Materials and supplies held in

stock including motor fuels and lubricating oils, shop materials,
expendable tools, stationery and office supplies, passenger service
supplies, and restaurant and food service supplies. (1330)

mixed-class service, Transport service for the carriage in ény combi-

nation of first-class, coach (tourist), and/or economy (thrift)
passengers on the same aircraft. The aircraft could also carri
freight, expreas, and/or mail. Excludes all-first-class, all-coach,
and all-economy services. '

multistage sompressor. An axial-flow compressor having two or more,

or, usually, more than two stages of rotor and stator blades; a
radial-flow compressor having two or more impeller wheels. Also

called a "multiple-~-stage compressor®.
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NASA. Abbreviation for National Aeronautics and Space Agency.

nautical mile. The more generally accepted technical or scientifiec

measure of distance, but one not commonly used otherwise; equals
6,076.1033 feet. One nautical mile equals 1.15 statute miles and

one minute of a great circle.

net income after<ggeciél items. The net gain of the business, i.e.,

the net of operating profit or loss, nonoperating income and expen-
ses, income taxes, and special items. (9799)

net income before income taxes. Operating profit or loss plus or

minus nonoperating income and expenses, net. This is the net income
before income taxes and special items. (8999)
net thrust. The gross thrust of a jet engine minus the drag due to

the momentum of the incoming air.
noncurrent liabilities. Obligations the liquidation of which is not

expected to require the use, within one year, of current assets or
the creation of current liabilities., (2210-2290)

nonoperating income and expenses, Income and loss of commercial ven-

tures not part of the common carrier air transport services of the
accounting entity; other revenues and expenses attributable to fi-
nancing or other activities that are axtraneous to and not an inte-
gral part of air transportation or its incidental services. (8180-8189)

nonoperating property and eqqigmbnt - net. Cost less related reserves

for depreciation of property and equipment (1) assigned to other than
air transportation and its incidental services but not accounted for

within a nontransport division and {2) property and equipment held

for future use., (1799)



nonscheduled service. Revenue flights that are not operated in regular

gcheduled service, such as charter flights ard all nonrevenue flights
incident to such flightas.

nonstop, adj. Made without an enroute stop. As in "nonstop flight".
(See m"enrouter.)

nontransport revenues. Federal subsidy (where applicable) and incidental

revenues, net (revenues less related expenses from services incidental

to air transportation). (4100, 4600)

normal climb. A regularly ugsed climbing performance made at cruising

airspeed and at more than cruising power but less than maximum power.

normel cruise. (ruise at a specified and regularly used percentage of

rated horsepower or thrust,

normal cruising speed. The average speed (in statute miles per hour)

at which an aircraft operates in level flight at cruising altitude,
resulting from a power setting recommended by the manufacturer to
produce optimum operating efficiency. It is usually greater than
block~-to-block speed or airborne speed (both of which see), but

is less than maximum cruising speed. However, since it varlies with
altitude and wind direction, it is a figure that is not so precisely
determinable as either block or airborne speed. (For a given flight
in which an aireraft has the advantage of a jet stream of high speed
and long duration, the higher resultant ground speed could produce
even a block speed in excess of normal cruising speed, but on the
average - including east-to-west flights under adverse wind conditions -~

the reverse tends to be the case,)



normal rated power. The meximum horsepower or thrust an engine can

deliver for a protracted period of time without damage, as specified
by the manufacturer or other qualified authority.

no-show, adj. and noun. A "no-show" (noun) is a person who makes a

flight resexrvation but fails either to use the seat or to cancel
the reservation. The term is also commonly used in such expressions
as "no-show passenger" and "no~show penaltyv,

no=-show penalty. A "no-show" penalty was a charge assessed against a

passenger who made a flight reservation but failed either to use
the seat or cancel the reservation. This expsrimental assessment
was in effest from May 1, 1962 through January 31, 1963 and was
applicable to travel within the continental U.S. only.

notes and accounts receivable, Notes receivable and amounts due on

open accounts., (1220-1280)

nozzle, noun. A duct, tube, pipe, spout, or the like through which a

fluid is directed and from the open end of which the fluid is dis-
charged, designed to meter the fluid or to produce a desired direc-

tion and type of discharge.

nozzle efficiency. The efficiency with which & nozzle converts poten-

tial energy into kinetic energy, commonly expressed as the ratio of
the actual change in kinetic energy to the ideal change at the given
pressure ratio.

nuclear turbojet. A turbojet engine having a nuclear reactor, rather

then a combustion chamber, to heat the incoming air for expansion

through the turbine and out the jet nozzle.
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off-line. Installations maintained, or facilities used, by certificated

route air carriers for other than scheduled service,

off-peak, adj. Refers to fares, services, traffic, etc., during days,

hours, or seasons when traffic tends to be at a low ebb, e.g., for
passenger traffic, late at night, Tuesday through Thursday, etc.; for
cargo traffic, during the day. (Also see "off-season",)

off-gseagon, adj. Refers to fares, services, traffic, etc., during a

calendar period when traffic reaches a seasonal low ebb, e.g., in
the winter months across the Atlantic. Contrasts with "on-gseason".

omnidirectional radio ramnge. A type of radio range that gives bearings

in all directions from the transmitter,

The omnidirectional radio range transmits two signals, one (the re-
ference phase) having a constent phase throughout 360° of azimuth,
the other having a variable phase. The two signals are in phase at
magnetic north and out of phase in all other directions. By means
of airborne equipment that mbasures the phase difference between the
reference phase and the variable phase, a flier can find his bearing
in terms of azimuth angle from magnetic north.

one-way trip. A journey that goes from the point of origin to the
point of destination either by a direct or a circecuitous routing.
(Also see "round trip* and "open-jaw tripm.)

on-line, Refers to installations maintained, or facilities used, by

coertificated route air cerriers in conducting scheduled service.
Wwhen used in such an expression as "on-line passenger trip length",
it refers to activities within the ioutes of one carrier or within a

domestic or an international operation of a carrier.



on-line passenger tr:lﬁ length, Average length of a passenger trip,

calculated by dividing the number of revenue passenger-miles in
scheduled service by the number of revenue passenger originations in
scheduled service. Hence, it glves one-way trip length in terms of

only one carrier or of a domestic or an international operation of

a carrier. Thus, "on-line passenger trip length® will be somewhat
smeller than mpasgenger trip length"™ obtained frbm origin-destination
gurveys, since the latter figure gives one-way journey length regard-
less of the number of airlines involved in a specific one~way trip.
‘This term pertains solely to scheduled service.

on-geason, adj. Refers to fares, services, traffic, etc.; during a

calendar period when traffic reaches a seasonal high, e.g., the summer
months across the Atlantic or the winter months in the domestic
north-gouth Miami merket. Contrasts with "off-season",

open-jaw trip. Air travel that is generally of a mund;trip nature,
but that has different points of beginning and ending, e.g., an air
trip from washington, D.C., tc lL.os Angeles and back to New York
(instead of Washington, D.C.)

operating expenses, Expenses incurred in the performance of air trans-

portation. Includes direct aircraft operating expenses and ground and

indirect operating expenses. (5100-7000)

operating profit or loss. The profit or loss from performance oi air

transportation, based on over-all operating revenues.and. over-all
operating expenses. Does not include nonoperating income and expen-

ses or special items and is before income taxes. (7999)



other current assets. Prepayments of rent, insurance, taxss, etc.,

which 1if not paid in advance would require the expenditure of working
capital within one year, and other current assets not provided for
in specific objective accounts. (1410, 1420)

other deferred charges. Unamortized discount and expense on debt;

unamortized capital stock expense; and debits, not provided for
elsewhere, the final disposition of which must await receipt of addi-

tional information. (1840, 1850, 1890)

other deferred credits, Unamortized premium on debt and credits, not

provided for elsewhere, the final disposition of which must await
receipt of additional information. (2330, 2390)

other inveatments and receivables. Notes and accounts receivable not

due within one year and investments in securities issued by others
excepting associated companies. (1530)

other noncurrent liabilities. Iiabilities under company-administrated

employee pension plans and for installments received from company
personnel under company stock purchase plans, and other noncurrent

liebilities. (2245, 2250, 2260, 2290)

other nonoperating income and expenses, net. Capital gains or losses

on retirement of nonoperating property and equipment and investments
in securities of others, interest and dividend income, and other non-
operating items except capital gains or losses on operating property
and interest expense. (8100, excluding 8181.1 and 8187)

other paid-in capital. Premium and discount on capital stock, gains

or losses arising from the reacquisition and the resale or retire-

ment of capital stock, and other paid-in capital. (2890)



operating property and egyipmsnt. Land and units of tangible property

and equipment that ars used in air transportation services and ser-

vices incidental thereto. (1600)

operating property and egglgnent, net, as 8 percent of cost. The cost
of operating property and equipment less related depreciation and
overhaul reserves as a percent of the total cost of operating pro-
perty and equipment before deducting such reserves,

operating revenues. Revenues from the performance of air transporta-

tion and related incidental services. Includes (1) transport reve-
nues from the carriage of all classes of traffic in scheduled and
nonscheduled services including the performance of aircraft charters
and (2) nontrensport revenues consisting of Federal subsidy (where
applicable) and the net amount of revenues less related expenses
from services incidental to air transportatiom. (3900, 4100, 4600)

operating weight. The weight of an aircraft equipped for flight.

The term requires special definition whenever used, but usually
ineluded is the weight of oil, crew, crew's baggage, and emergency
or extra equipment,

operations, noun. The organization or activity at an airport or air

base that controls and directs flying operations.

other accrued taxes. Accruals for taxes, exclusive of Federal income

taxes, constituting a charge borne by the air carrier, (2139)

other current and accrued liabilities. Accruals for liabilities against

the air carrier for personnel vacations, dividends declared but unpaid
on capital stock, and other miscellaneous current and accrued lia-

bilities. (2120, 2140, 2290)



other temporary cash investments. Securities and other collectible

obligations acquired for the purpose of temporarily investing cash,
other than those issued by the United States Government or associated
companies. (1120)

other transport revenues, Miscellaneous revenues associated with the

air transportation performed by the air carrier, such as reservations
cancellation fees, not covered under other revenue classifications,

(3919;
other trunks. Domestic trunk carriers other than the Big Four.

outer marker, In an instrument landing system, the outermost location

marker from the end of the runway,

over-all (ton-miles, load factor, available capacity, etc.). This term

applies to the sum total of Dbassenger plus nonpassenger trarfic, ie.,

to the sum of passenger, free baggesge, excess baggage, freight,
express, mail, and foreign meil,

over-all cqgacity;gpr aircraft, The average over-all carrying cepacity

(tons) offered for sale per aircraft in revenus services, derived
by dividing the over-all available ton-miles by the over-all aircraft

miles flown in revenue services,

over-all efficiency. a. A net efficiency, i.e., the product of two

or more efriéiencies pertaining to the apparatus or system under
consideration; specif., the efficiency with which an engine con-
verts the heat energy of its fuel into effective propulsive energy,
i.e., the product of thermal efficiency and propulsive efficiency.

b, Seme as Brake Thermal Efficiency.



over-all flight stage length. The average distance covered per air-

craft hop in revenue service, from take-off to landing, including
both passenger/cargo and all-cargo aireraft. Derived by dividing
the over-all aircraft miles flown in revenue services by the num-
ber of over-all aircraft revenue departures performed.

over-all revenue aireraft hours, scheduled service. Aircraft hours

are the airborne hours computed from the moment an aircraft leaves
the ground until it touches the ground at the end of the flight.

over-all revenue load factor. The percent that total revenue ton-

miles (passenger plus nonpassenger) are of available ton-miles in
revenus services, representing the proportion of the over-all
capacity that is actually sold and utilized.

over-all revenue load‘gg; aircraft., The average over-all tonnage

carried per aircraft in revenue services derived by dividing the
over-all revenue ton-miles by the over-all aircraft miles flown

in revenue services.

overbookiggg noun. The act, either by design or inadvertance, of

selling more tickets for a particular flight than there are sgeats
available on that flight. The term "oversellingr is synonymous
with "overbooking". (Also see "overéale".)

overcast, noun. A cloud cover of'all, or very nearly all, the sky;

specif., a cloud cover of more than nine-tenths of the sky.

oversale, noun, A ticket sold for a particular flight which is in

excess of the total number of seats available on that flight, so
that a person who holds a confirmed reservation on that flight is
unable to get a seat (corresponding to the class of service indi-

cated on his ticket) at flight time.
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oversale penalty. Compensation paid a passenger who has a reserva-

tion but cannot obtain a seat because of oversales. The domestic

trunkline and local service carriers primarily constitute the par-
ticipants. The assessment, generally applicable to travel within

the continental U.S., is8 504 of the fare, with a $5.00 minimum

and a $,0.00 maximum,

over-the-weather, adj. Above a region of bad weather or poor visi-

bility, as in over-the-weather flying.

ozonosphere, noun. A layer or region in the atmosphere in which

most of the ozone present in the atmosphere exists, beginning at

about 13 miles above the surface and extending to about 22 miles

or more,
P-Q

package, noun. Specif,, any assembly or apparatus, complete in

itself or practically so, identifiable as a unit and readily
available for use or installation, such as an air-conditioning

system for an alircraft, an engine, etc.

package tour. A Joint service that gives a traveler a significantly

lower price for a combination of services than could be obtained
if each had to be purchased separately by the traveler. Thus,
the total price of a package tour might include a roundstfip
plane ticket, hotel accommodations, meals, several sight-seeing
bus tours, and theater tickets., Also called tinclusive tour" and

nall-inclusive tour", especielly in British usage.



Pan Am. Official acronym of Pan American World Airways, Inec.

(Written without a period at the end, and pronounced "pan' am'",)
A few years ago, this carrier was known as "PAWA", and earlier
as "PAA". The designation "Pan Am" has become widely used in
aircraft merkings, advertisements, and in the trade press.

PAR. Abbreviation for precision approach radar. |

passenger, noun. Specif., a person other than a crew member who

rides or travels in an aircraft, often a revenue-producing tra-

veler,

This word is much-used as an attributive in compounds (all self-
explenatory), such as passenger aireraft, passenger oabin, passen=
ger door, passenger load, passenger manifest, passenger tranaport, etc.

paessenger/cargo air carrier. One of a class of air carriers holding

certificates of public convenlence and necessity, authorizing the
performance of scheduled air transportation of passengers and
property over specified routes, as distinguished from the certi-
ficated all-cargo carriers. The passenger/cargo carriers are also
known as "all-purpose air carriers®.

passenger-mile. One passenger transported one mile, Passenger-

miles are computed by summation of the products of the airecraft
miles flown on each inter-airport hop multiplied by the number of
passengers carried on that hop.

passenger revenues. Revenues from the transportation of passengers

by air. These revenues are predominantly from individually ticketed

passengers carried in scheduled servics. (3901)



passenger service expenses. Costs of activities contributing to

the comfort, safety, and convenience of passengers while in flight
and when flights are interrupted, Includes salaries and expenses
of cabin attendants and passenger food expense. (5500)

passenger ton-mile. One ton of passenger weight (including free

baggage) transported one mile. (See also "passenger weight".)

passenger weight. In general, fbr/reporting purposes, a standard

weight of 190 pounds per passenger (including free baggage) is
used for domestic operations, and 215 and 200 pounds for first-
clags and coach passengers, respectively, in territorial and inter-
national operations.

pattern, noun, Specif., the horizontal configuration or form of the

flight path flown by an aireraft, or prescribed to be flown by
aircraft, as in making an approach to a landing.

payload. The actual or potential revenue-producing portion of an
aircraft's take-off weight, i.e., the passengers, free baggage,
excess baggage, freight, express, and mail,

performance, noun. The way in which something operates or performs,

such as an engine, a propeller, an aircraft, etc.

The performance of an aircraft, for example, is judged by its
speed, range, stability, rate of climb, and other qualities and
capabilities (also referred to as flight characteristics and
performance characteristics) as determined under the given con-

ditions and measured against the appropriate criteria,



performance characteristic, A characteristic or capability exhibited by

something in its operation or use.

The performance characteristics of an airplane, for example, include its
rate of climb, speed, length of take-off and landing run, range, and
ceiling; the performance characteristics of an engine include its power,
fuel consumption, and endurance,

percent scheduled aircraft miles completed. Scheduled aircraft miles

completed as a percent of scheduled aircraft miles.

PERT., Programme Evaluation and Review Technique

pilot, noun, A person who flies an aireraft, i.e., who rides in the air-
craft and handles its controls so as to guide it in the desired manner
of flight; a person trained or rated to fly an aireraft,

piston planes, An aircraft operated by engines in which pistons moving

back and forth work upon a crankshaft or other device to create
rotational movement.

pound, noun. Specifically, a unit of measurement for the thrust or force
of a reaction engine, representing the weight the engine can move, as,
an engine with 5000 pounds of thrust.

precision approach radar, Radar equipment or a radar system used in an

airport traffic control system, that displays, on radar screens in the
airport control tower, highly accurate indications of the range, azimuth,
and elevation of aircraft on approach to a landing., Used in conjunction
with airport surveillance radar,

preferred stock outstanding, The par .r stated value of preferred capital

stock outstanding. In the case of no-par stock without stated value,



the full consideration received., (2820, 2860 as applicable).

pressure altitude., Altitude above the standard datum plane, i.e.,

altitude measured from standard sea-level pressure (29.92" Hg) by a
pressure, or barometric, altimeter,

pressure-pattern flying., Flying and navigating an aircraft with consider-

ation of the atmospheric pressure distributions so as to take advantage
of favorable winds, the object being to achieve the shortest time enroute.

pressurize, verb tr, To introduce and maintain a higher-than ambient

pressure inside of, as, to pressurize an aircraft or aircraft cabin.

price elasticity of demand. The extent to which relative changes in air

fares and rates will produce relative changes in traffic volume. If a
10-percent decrease in fares produces a l0-percent increase in traffic,
the amount of total revenue received remains unchanged, and the elasti-
city equals =1,0. If a fare decrease produces no change in traffic,

the coefficient of elasticity equals zero. If a fare decrease results
in an increase in traffic that is not sufficient to increase total
revenve, demand is said to be inelastic (and the coefficient of elasti-
city is between iero and -1,0), If a fare decrease results in an
increase in traffic that is sufficient to increase total revenue, demand
is said to be elastic (and the coefficient of elasticity is greater
than -1,0)., Expressed in a slightly different way, price elasticity of
demand measures the responsiveness of volume of air travel to changes in
the level of fares. Numerically, this can be defined as the percentage
change in volume of travel which results from a one percent change in

fares, percentages being calculated in both cases as the change from



the smaller number (e.g., a reduction in fare from $100 to $80

represents a change of 25 percent),

where p = price
q = quantity bought at each price level

If demand is elastic (©p)-l) a reduction in price (fares) will lead
to a more than proportionate increase in volume of traffic and, hence,
increase total revenue, If demand is inelastic (®p(-l) a reduction
in price will lead to a less than proportionate increase in volume of
traffic and, hence, reduce total revenue,
If elasticity of demand is unity (®p = -1) a reduction in price will
lead to an exactly proportionate increase in volume of travel and,

hence, total revenue will remain constant,



Promotion and sales expenses. Costs incurred in promoting the use

of air transportation generally and creating a public preference
for the services of particular air carriers. Includes the func-
tions of selling, advertising and publicity, space reservations,
and developing tariffs and flight schedules for publication. (6700)

prombtional fare., A low fare designed to stimulate traffic volums,

It is generally considered successful if, in the short run, the
revenue from the fare covers the additional costs attributable to
it, and also makes a contribution toward meeting overhead costs,

propulsive efficiency. fThe efficiency with which power available

for propulsion is converted into thrust, expressed as the ratio
of (a) thrust power to shaft power (for propellers) or (b) the
ratio of thrust power to the rate of production of kinetic energy
in the jet (for jet and rocket engines).

pro rata charter., A type of charter in which an over-all charge is

made for the hire of the plane, but the passengers share the cost
of transportation on an equal basis. This type of charter is much

more common than the entity charter.
-R-

radar, noun. (From "Egpio-gptectionigpd.Epnging".) 1l. A method,
system, or technique of using beamed, reflected, and timed radio
waves for detecting, locating, or tracking objects (such as éir;
borne aireraft), for measuring altitude, etc., in any of various
activities, such es air traffic control, guidance, oxr gunnery.
2. The electronic equipment or apparatus used tc generate, transmit,

receive, and, usually, to display radio scanning or locating waves.



radio aide Any navigation aid utilizing radio, such as a radio
beacon, radio compass, etc,

rate of return on stockholder equity. The ratio (expressed as a

percentage) of (a) net income after special items to (b) stock-
holder equity. A measure of the return upon the capital invested
in the business by the stockholders.

rate of return on total investment. The ratio (expressed as a per-

centage) of (a) net income after special items, but before interest
expense, to (b) total investment. A measure of the earnings on

total invested capital.

regular service. Also called "standard service". These are both

synonyms for "first-classv,

reserves for depreciation. Acecruals for depreciation of property

and equipment.

reserves for obsolescence and deterioration - expendable parts.

Accruals for losses in the value of expendable perts. (1311)

resgerves for overhaul. Accumulated provisions for overhauls of

flight equipment. (1629)

regserves for uncollectible accounts., Accruals for estimated losses

from uncollectible accounts. (1290)

retained earnings ad justments. Charges or credits to unappropriated

retained earnings, other than dividends, that reflect transfers
to paid-in capital accounts or appropriations. (9840)

retained earnings appropriated. Retained earnings segregated for

contingencies and other special purposes, including retained

earnings segregated in connection with self-insurance planas. (2930)



retained earnings unappropriated. The cumulative net income or loss

from operations of the air carrier less dividends declared on

capital stock and amounts appropriated for special purposes.

(2940,2941)
retrofit, verb. To modify an aircraft or aircraft part - after the

aircraft hes come off the production line or gone into service -~
for the purpose of incorporating changes made in later models.
(Also used as a noun.) Many of the Boeing 707-120 turbo-jet air-
craft were retrofitted with turbo-fan engines, new leading edge
flaps, end new wing leading edges, after having been in service
for a year or two, and redesignated 707-120B turbo-fans.

revenue aircraft departures performed. The number of aircraft take-

offs actually performed in scheduled passenger/cargo and all-cargo

services,

revenue aircraft miles. The total aircraft miles flown in revenue

gervice.

revenue passenger. Person receiving air transportation from an air

carrier for which renumeration is received by the air carrier.
Air carrier employees or others receiving air transportation
against whom token service charges are levied are considered non-
revenue passengers. Infants for whom a token fare is charged are
not counted as passengers.

revenue passenger enplanements. The count of the total number of

revenue passengers boarding aircraft, including originating, stop-
over, and transfer passengers. This count may be measured on the
basis of a standard number of passenger enplanements per on-line

originating passenger.



revenue passenger load factor. The percent that revenue passenger-

miles are of available seat-miles in revenue passenger services,
representing the proportion of aircraft seating capacity that is
actually sold and utilized,

revenue passenger-mile, One revenus passenger transported one mile

in revenue service. Revenue passengser-miles are computed by
summation of the products of the revenue aircrait miles flown on
each inter-airport hop multiplied by the number of revenue passen=-
gers carried on that hop.

revenue passenger origcinations. The number of revenue passengers

boarding aircraft at the points of initial enplanement on the
reporting carrierts operation, with the return portion of a round
trip counted separately as an initial origination. Passengers
traveling on an interline ticket are counted as an initial ori-
gination on each of the carriers in the journey. In addition,

a passenger traveling on a carrier thet has two or more reporting
entities is counted as an initial origination on each reporting

entity.

revenue passengers per aircraft. The average number of passsengers

carried per aircraft in revenue passenger services derived by
dividing the total revenue passenger-miles by the total aireraft
miles flown in revenue passenger services.

revenue ton-mile. One ton of revenue traffic transported one mile.

revenue yields for scheduled freight and express services, The

yields derived by relating ton-mile volumes to revenues reported for
freight service and for express service, in some instances, indicate

inconsistency in reporting traffic and revenue data for these services.



round trip. In air travel, a round trip is generally a journey that
gtarts and ends at the same point, although it may involve a cer-
tain amount of circuity. (See "circle trip" and "open-jaw trip©.)
In air origin-destination statistics usage, however, the meaning
is considerably more restricted, being limited to going and re-
turning travel by identical routings, i.e., by the same airline
or airlines, by the same connecting points, and by the same class

of service.
-s-

scheduled aircraft miles. The sum of the airport-to-airport dis-

tances of all flights scheduled, excluding those operated only
as extra sections to accommodate traffic overflow,

scheduled aircraft miles completed. The aircraft miles performed

on scheduled flights, computed solaiy between those scheduled
points actually served,

scheduled service, Transport service operated over an air carrier's

certificated routes, based on published flight schedules, 1nclu—ﬂ
ding extra sections and related nonrevenue flights.

seagonal imbalence of traffic, Air-passenger traffic tends to be

highly seasonal, especially pleasure travel, Most traffic peaks
tend to occur in the summer months, especially transatlantic and
east-west travel. North-south travel, especially the Florida
market, on the other hand, tends to peek in the winter months.,

Unless an airline carries both summer-pesk and winter-peak traffic,



it tends to suffer from seasonal imbalance, which generally re-
sults in excess capacity during the off-peak season. (Also see
noff-geasont® and "on-season",)

seif-diversion of traffic, Tﬁe attraction of traffic from one class

of service to another on a given airline because of lower prices
or better service. (Also see "diversion of traffic".)

self-insurance reserves, Accruals through charges against income

for uninsured losses. (2350)

show-cause order, noun, More properly, but rather uncommon, order

to show cause. An order issued by the regulatory body directing

the respondent to show cause why the regulatory body should not
adopt the findings and conclusions specified in the oxder.

shock wave., A surface or sheet of discontinuity (i.e., of abrupt
changes in conditions) set up in a supersonic field of flow,
through which the fluid undergoes a finite decrease in velocity
accompanied by a marked increase in pressure, density, temperature,
and entropy, as occurs, e.g., in a supersonic flow about a body.
Sometimes called a "shock",

singlefg}ane service.’ Air éransport service provided between two

cities so that passengers can make the trip without changing planes,
even though the flight involves one or more enroute stops. Synony-

mous with "through-plane servicen,

"sixth-freeddmﬁ traffic. A controversial term (often prefaced by

the word "so-calledr) describing traffic that originated in one

country, stops at the home country of the airline carrying the traffic,



and then continues on and terminates in a third country. The

stop in the home country may or may not involve a stopover of

the passenger or a change of planes. (Also see "the five free-
doms”,) One view is that such traffic is really fifth-freedom
traffic; another view is that the intermediate stop in the airline's
home country makes such traffic different from fifth-freedom trarfic;
8t111 another view is that such traffic is in reslity a combination
of third - and fourth-freedom traffic. An example of "gixth-freedom"
traffic 1s a passenger, flown by Air France, who originates in New
York and terminates in Rome, but goes via Paris.

skin temgerature. The outer-surface temperature of a body, e.g., of

an aircraft, which is increased in flight by viscous drag.

sonic boom. An explosive noise generated by a plane flying at sonic
or supersonic speed, and heard especially on the ground. The
force of the sonic boom is often great enough to shatter windows

and cause other damage,

special funds. Special funds not of a current nature and restricted

as to general availasbility. Includes items such as sinking funds,
pension funds under the control of the air carrier, equipment
purchase funds, and funds segregated as part of a plan for self-

insurance. (1540, 1550)

special income credits and debits, net (special items). Extraordinary

croedits and debits that are of sufficient magnitude to materially
distort the total opsrating revenues or total operating expenses

if included therein. (9796)



special income tax credits and debits, net. Income taxes applicable

to special income credits or debits and other extrasordinary in-
come tax items not allocable to income of the current accounting
year. (9797)

52222: For statistical purposes generally expressed in statute
miles per hour, unless otherwise indicated. (See "airborne speedr
and vblock-to-block speed",)

sonic barrier. A popular term for the large increase in drag that

acts upon an aircraft approaching the speed of sound. Also called
the rsound barrier",

sonic boom. A noise caused by a shock wave that emanates from an
airecraft or other object traveling at or above the apeed of sound.
A shock wave is a pressure disturbance, and is received by the ear
as a noise or clap.

sonic speed. The speed of sound. Sound travels at different speeds
through different mediums and at different speeds through any given
medium under different conditions of temperature, etc, In the
standard atmosphere at sea level, sonic speed is approximately
1100 fps, or 760 mph.

specific fuel consumption. The amount of fuel, measured in pounds

per hour, consumed or required by an engine for each horsepower or

pound of thrust developed.

standard atmosphere. A fictitious atmosphere of assumed composition

and characteristics, used as a standard for comparing the perfor-
mance of airceraft, for calibrating altimeters and similar instru-
ments, etc. A standard atmosphere represents ihe average conditions

found in the actual atmoaphere in a particular geographical region.



statute mile. The more usual, nontechnical measure of distancse;

equals 5,280 feet. (Also see "nautical mile" and "knot".)

stratopause, noun, The upper boundary of the stratosphere.

stratosphere, noun. A layer or region of the earth's atmosphere

lying immediately above the troposphere and characterized by
approximately uniform tempe:-ature and an absence of storms or

turbulence,

The lower limit of the stratosphere varies with conditions and
with latitude, but it 1s considered to be at a height of about
6 or 7 miles. Different authorities consider the upper limit
to be either at about 20 miles or at about 50 miles. In the
former case its top boundary would meet the chemospheré s in the
latter case it would meet the ionosphere.

stockholder equity. The aggregate interests of holders of the air

carrier's stock in assets owned by the air carrier., (2995)
_S'_I_'O_I;- Acronym for short take-off and landing, A heavier-than-air
aireraft capable of taking off and landing within a relatively
short horizontal distance. (Pronounced by the letters, or some-

times as "stall",)

stopover, adj. and noun. An enroute stop by a passenger (having a

through~ticket) made by his own choice not merely to obtain connec-
ting-plane service. The term is used as an adjective in such ex-
preasions as "stopover privileges" and "stopover charges".

subsidy. Revenues from the government as direct grants for provi-
ding z=ir transportation facilities. Does not include revenues from
the carriage of mail at service rates or the performance of other

contractual services for the government. (4100)



sugersonic, adj. Pertaining to, or dealing with speeds greater
than the speed of sound; designed to perform at speeds above the

speed of sound.

supersonic transport aircraft (SST). A transport plane capable of

flying faster than the speed of sound, i.e., faster than 760
miles per hour at sea level, in standard atmosphere, or faster
than 660 miles per hour at an altitude of 40,000 feet. A Mach
3 supersonic transport would, thus, have a spesd three times the
speed of sound, or about 2,000 miles per hour at 40,000 feet.
The present subsonic jetas have a speed of about ébo miles per

hour at 30,000 feet.
subsonic, adj. Pertaining to, or dealing with, speeds less than the

speed of sound; that moves slower thamn the speed of sound, as in

subsonic aircraft; designed to operate or perform at speeds below

the speed of sound.

substratosphere, noun, A region of indefinite lower limit Just

below the stratosphere, The subatratosphere is not a recognized
region of the atmosphere in scientific contexts. The term is
used only informally, as in "The airliners cruise through the sub-
stratosphere at 575 miles an hour?,

surcharge. An extra charge for a special service, as a jet surcharge.

sweepback, noun. The backward slant from root to tip (or inboard

end to outboard end), of an airfoil, or of the lsading edge or
other reference line of an airfoil. m"Sweepback" usually refers to
a design in which both the leading and trailing edges of the air-

foil have a backward slant,



systeme The sum total of all operations (domestic, international, or
territorial) performed by an air carrier.

T =
tacan, noun. (From "tactical air navigation"; sometimes capitalized.) An
ultra-high-~frequency electronic air-navigation system combining the
functions of the omnidirectional radio range and of distance-measuring
equipment to indicate the distance and bearing of an aircraft from a

transmitting station,

take-off, noun, Also "takeoff". The action of getting an aircraft into

the air., An aircraft departure,

tariff, A schedule of fares or rates for air-transport service,
taxi, verb. To run an aircraft about an airport under the thrust of its
own engines, especially before take-off and after landing.

technological or technical efficiency. The achievement of a given output

with the least input of resources. Technological efficiency is in the
firm's own interest, since it is a condition of maximum profit,

terminal building. Generally, the main building in an airport complex

in which most of the ticketing and checking-in facilities are located.

(see "airline terminal",)

the five freedoms. These are the broad traffic rights relating to

international air transportation that one country receives from the

other when a bilateral air agreement is made, The first freedom is the
right to fly across the territory of the foreign country. The second
freedom is the right to land in that country for technical, or nontraffic,
purposes - such as for refueling and aircraft maintenance. The third
freedom is the right to deplane traffic in the foreign country

that was enplaned in the home country of the



carrier. The _t_‘_g_t_x_r_t_l_a_ freedom is the right to enplane traffic in
the foreign country that 18 bound for the home country of the
carrier. The fifth freedom 18 the right to enplane traffic in

one foreign country and deplane it in another foreign country.
(Such traffic is generally referred to as "fifth-freedom traffic".)
The above definitions are simplifications, Actual situations can
become quite complex. For example, see "sixth;-freedom" trarfic.

thermal barrier. A popular term for flight speed limitations imposed

by aserodynamic heating. Also called the "heat barrier",

thermal efficiency. The efficiency with which a heat engine trans-

forms the potential heat of its fuel into work or output, expressed
a8 the ratio of the useful work done by the engine in a given time
interval to the total heat energy contained in the fuel burned
during the same time interval, both work and heat being expressed
in the sems units,

thermal jet en:grine. A jot engine that utilizes heat to expand gases

for rearward ejection. This is the usual form of aireraft jet engine.

through=-fare or throug} fare., A single, totel fare that applies from

point of origin to point of destination. It may be a local fare,
a joint fare, or a combination of separately established fares,
but is one that is generally smaller than the sum of the consti-
tuent fares that are involved.

through-flight or through flight. Any flight, regardless of.the

degree of circuity and the number of emnroute stops, that does not
require transfer to another plane; a single-plane flight, whether
eircuitous or not; in a more limited usage, it refers only to inter-

change flights (i.e., flight-equipment interchanges). (See "direct flight")



thrust, noun. The forward-directed pushing or pulling force deve-

loped by an airecraft engine.

thrust augmentation, The increasing of the thrust of an engine or

power plant, especially of a jet engine and usually for a short
period of time, over the thrust normally developed by the engine
or power plant. The principal methods of thrust augmentation are
the introduction of additional air into the induction systenm,
liquid injection, and afterburning.

ton. A short ton (2,000 pounds).

ton-mile. One short ton transported one statute mile. Ton-miles
are computed by summation of the products of the alrcraft miles
flown on each inter-airport hop multiplied by the number of tons
carried on that hop.

total general services and administration expenses. Pagsenger ser-

vice, aireraft and traffic servicing, promotion and sales, and
general and administrative expemses. (5500-6900)

total investment., Average [arithmetic mean) of five qtiarterly

balancee of stockholder equity, long-term debt, and advances from
associated companies representing investment. The period covered
includes the end of the preceding 12-month period and ths end of
each quarter of the current 12-month period. Where applicable,
total investment is prorated between (a) domestic and (b) interna-
tional and territorial operations on the basis of relative reported

operating expenses,



total number of quloyees. The number of full- and part-time

employees, both permanent and temporary, during the pay period
ended nearest December 15. Alr carriers with more than one opera-
tion (domestic or international and territorial) generally do not
report a breakdown of total employees corresponding to these
operations so that the employee counts do not provide a reliable
basis for measuring avérage productivity por'employee in such
separate operations,

tourist service., In international operations, this term once desi-

anated that service equivalent to domestic coach service. The
term economy now designates such service.

track, noun, The path or actual line of movement of an airecraft,
rocket, etc. over the surface of the earth., It is the projection
of the flight path on the surface.

traffic. A generic term to indicate that which is transported.
It can apply separately to passengers, freight, express, or mail,
or to some combination of these, or to all of these, As.in "passen-
ger traffic", mfreight traffict, "ecargo traffic", "over-all trafficn,
"revenue trafficn, "nonrevenue»traffic", vgcheduled trafficn,
rdirectional trafficn, etec., A term such as "passenger traffic®
can>denote passengers, passenger-miles, or passenger toanilés.
depending on the context.

traffic pooling. Also called rrevenue pooling" and "schedule pool-~

ing®., An agreement between two or more air éarriefs as to the
capacity to be offered by each on a common route or routes, with

all revenmues to be paid into a common pool and then shared on a



predetermined basis., The object of such pooling is generally to
cut coats by minimizing duplicatory schedules. Although quite
common in Europe and other parts of the world, traffic pooling
has not been accepted in this country.

transit air cargo. A new Customs Bureau procedure (initiated March 15,

1962) to expedite international airfreight shipments to inland

cities beyond points of entry. The procedure permits constant

movement of freight and its uninterrupted flow from airline to

airline and flight to flight by eliminating previously required
paperwork,

transit pasgengers. In international air cpsrations, travelers

entering countries, colonies, etc., other than those of the home
country of the carrier, for the sole purpose of continuing to a
destination in enother country, colony, etc., via the first avai-
lable connection of the same or a different carrier,

transonic speed. The speed of a body (e.g., aircraft) relative to

the surrounding fluid at which the flow is in some places subsonic
and in other places supersonic.

transport aircraft. An aireraft designed to carry either people or

cargo.

transport investment. Total investment less investments in other

companies, nontransport divisions, intangibles other than capi=~
talized development costs, and nonoperating property.

trangggrt revenues. Revenues from the transportation by air of all

classes of traffic in scheduled and nonscheduled services, inclu-

ding the performance of charters. (3900)



treasury stock. The cost of capital stock issued by the air carrier

reacquired by it and not retired or cancelled. (2990)

trip, noun. In common speech, the term "trip" tends to include both
the going and returning portions of a journey. In airline usage,
it is important to distinguish between whether "trip® is used in
a one-way or round-trip sense., Published statisties on average
length of air trips are almost always one-way distances, since it
is virtually impossible to determine, from reported data, what the
round-trip distance is, Fares, on the other hand, are sometimes
quoted as one~way prices, and at other times as round-trip prices,
and the round-trip price is not always equal to twice the one~-way
price.

tropopause, noun. The upper boundary of the troposphere.

troposphere, noun., The lowest layer of the earth's atmosphere,

characterized especially by a relatively steady temperature lapse
rate, varying humidity, and turbulence. The troposphere meets
the lower boundary of the stratosphere; hence, its thickness varies,

true airspeed. a. Actual or exact airspeed. b. More usually, an

airspeed measurement or value accepted as actual or exsct airspeed,
as determined from a series of corrections applied to the reading

of an airspeed indicator, or as shown by a true airspeed indicator.

Variocus velues of airspeed, having different degrees of accuracy,

are called "truemr., Traditionally, the term has been applied to

the airspeed value determined by the application to calibrated air-
speed of corrections for temperature and pressure; latterly, correc-
tions have also been applied for compression of the air and sometimes

for other factors to find "true" airspeed.



turbine-powered aircraft. Includes aircraft with either turbojet,

turbofan, turboprop, or turboshaft engines.

turbofan planes, Aircraft operated by a turbojet engine whose thrust

has been increased by the addition of a low pressure compressor (fan),
The turbofan engine can have an ovef-sized low-pressure compressor at
the front with part of the flow by-passing the rest of the engine
(front-fan or forward-fan) or it can have a separate fan driven by a
turbine stage (aft-fan).

turbojet planes, Aircraft operated by jet engines incorporating a

turbine-driven air compressor to take in and compress the air for the
combustion of fuel, the gases of combustion (or the heated air) being
used both to rotate the turbine and to create a thrust-producing jet,

turboprop planes, Aircraft operated by turbine-propelled engines, The

propeller shaft is connected to the turbine wheels, which operate both
the compressor and the propeller,
-l -

ultrasonic, adj. Pertaining to very high supersonic speeds; hypersonic,

unappropriatl.d retained earnings., See "retained earnings unappropriated".

unearned transportation revenue. The value of transportation sold, but not

used or refunded, for travel over the air carrier's own lines, (2160)

unit cost per available ton-mile. This can be expressed numerically as:

' total costs
figure measuring transport capacity available

unit cost per revenue ton-mile, This can be expressed numerically as:

total costs
figure that represents transport capacity actually used.

upper atmosphere, The atmosphere at high altitude. Recently it has been

used in reference to the atmosphere above a higher level (e.g., 65,000 feet).



user charges. Payments made by airlines and other users for (a)

general airport use and (b) the use of airway facilities. General
airport-use charges are made in the form of 1and1ng fees. (Pay-
ment for the use of specific airport buildings and space is made
geparately, usually on some kind of a rental basis,) On the other
hand, for example, alirway-user charges in the U.S. are in an un-
certain state of flux., Airlines currently pay a 2-cent-a-gallon
Federal tax on aviation gasoline (which is rapidly declining in
use), but there is no Federal tax on jet fuel (which is rapidly
increasing in use); however, the gasoline tax that is being paid
is not specifically earmarked as a user charge. Airline passen-
gers in the U.S. pay a 5-percent ticket excise tax, but this 1is
not earmarked as an airway-user charge either.

nuse-it-or—lose-it"Agolicy. A policy of the U.S. CAB, adopted in

1958, designed to give communities having possibly marginal traffic
potentials an opportunity to demonstrate their ability to support
local air service. In effect, this policy requires that a given
route must produce an average of at least five passengers per
flight operated, and that each community served must generate at
least five passengers daily. After = newly certificated point or
route has been in operation for 18 months, the Board reviews the
traffic experience of the point or route, and determines whether
to institute formal proceedings to consider suspension or termina-

tion of the authorized air service,



useful load. The entire load put aboard an alrcraft, including
fuel, oil, crew, passengers, mail, cargo, etc.; the amount of
this load, measured in pounds, equal to the difference between
the gross weight and the empty weight of the airecraft,

variable-area exhaust nozzle., On a jet engine, an exhaust nozzle of

which the exhaust exit opening can be varied in area by means of
some mechanical device, permitting variation in the jet velocity.

vehlicle, noun, Specifically a structure, machine, or device such

as an sircraft designed to carry a burden through air.
VFR. Abbreviation for visual Flight Rules ~ also used as an adjec-

tive or adverb, as in VFR flight, or as, to fly VFR.

visibility, noun. The range of vision within which prominent objects

can be distinguished, depending upon the condition of the atmosphere

and illumination.
VZSTOL. A combined form of VIOL/STOL, meaning an aircraft that can
take off and land vertically or with only a short run. (Generally

pronounced "vee~stall",)

VTOL. Acronym for vertical take-off and landing. A heavier~-than-sir

aircraft that can take off and land vertically. (Pronounced by
the letters.) Although the term VIOL has become quite common, its
usage has not been entirely stabilized., Usually, however, it is

not used to refer to helicopters, although helicopters are VIOL

aireraft.

vertical integration., Mergers which, for example, create retail outlets

which handle a manufacturer's products and even competitive products,



-w-

waybill. A document prepared at the point of origin of a cargo
shipment, showing the points of origin and destination, routing,
consignor, consignee, commodity description, charges, etec. Also
used in such an expression as nindividually-waybilled" to indicate
that a particular shipment was not a charter shipment;

weighted average route miles operated. The shortest distance connec-

ting all of the points served by a carrier on all of its routes
alcng flight paths authorized in its certificates of public con-
venience and necessity, computed separately for each reporting
entity. These data are weighted for the time element involved
in route changes and differ from certificated route miles which
contain varying amounts of duplication in route segments. (Some-
times referred to as "unduplicated route miles",)

wet lease, A contractual aircraft-leasing arrangement wherein the
lessor leases the airplane 26._ the persounel, fuel, and provision-
ing necessary to operate it. (Also see "dry lease".)

wing loading. The ratio of the gross weight of an airplane to the
total planform area of its wing or wings.

work stoppage. An incident of labor-management strife arising from
disputes over wages, hours, rules, and/or conditions of work, as
well as from jurisdictional problems of craft representation of
airline employees. A strike or lockout. sSuch incidents may or

may not affect normally scheduled airline services,



—z-

zero-zero weather. Flying weather in which there is no effective

visibility in either a horizontal or a vertical direction,



