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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 shaw cost and revenue trends with industry grawth, 

there are frequent references to, and statistics from the piston-engine 

periode 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 econamic forecasts could be examined. 

As far as possible, statistical data is given in tabular form 

rather than being depicted graphically, and ia 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 extensive~ used 

source in this study because of the availability of detailed concurrent 

statistics and financial data collected by the ~.S. Civil Aeronautics 

Board (CAB) on standard accounting definitions. A large amount of the 

study actual~ is based on the operations of the ~jor 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 material in 

this study refers to the domestic U.S. segment of the industry, where 

both industry and the gover.nment regulatory agency have greater clear-
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eut freedom to operate than they have in some segments of international 

service. 

In general, the literature dealing with the airline industr,y has 

been focussed on certain aspects of an airline's d~-to-d~ 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 régulated. 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 industr,y tod~ 

which can 50 profitably convert economic theor,y directly into applied 

economics in a commercial environment, beneficially achieving a reason

able balance between theor,y 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 ver,y 

much from borrowed knowledge in collating mate rial scattered over many 

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 ta the operational and economic aspects of current subsonic 

aircraft transportation, and projected his views, on the facts, into the 
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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 devélopments occur almost daily, and the the sis is 

vulnerable to these developments. 

As a supplement to the the sis 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 ter.m is defined in what is thought to be its 

MOSt common air-transport usage which, in sOlne instances, is somewhat 

different fram the commonly accepted definition 01 the terme The 

glossary is available to any interested reader unlamiliar with air 

transport terms, but has not been seen as an intrinsic part of the 

thesis, and so has not been submitted vith it. 

The author is deeply appreciative of the critical, precise and 

valuable guidance given by his D1rector of Research, Dr. J. C. Weldon, 

Professor, Department of Economies, 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 a180 desires to acknowledge the information made avail

able through Air Canada, International Air Transport Association (IATA) 

and International Civil Aviation Organization (ICAO). 
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CHAPTER 1 

PURPOSE AND SCOPE 

The Prob1am 

The prob1em studied in this the sis is how to move a sched-

uled aj,r transport airp1ane in the Most eff'icient manner over high-

density traf'f'ic routes between principal traff'ic centres. The air-

plane is the productive instrument of' the air1ine industr,y and 

throughout the study is considered as the principal competitive weapon 

of' the air1ines. It is taken as a natural assumption, throughout, 

that prof'itabi1ity, on the one hand, and public service, on the other, 

are the s1mu1taneous aims of' the air1ines. Such a study invo1ves the 

consideration of overa11 air1ine economics, techno1ogy and opera-

tiona1 f'lexibi1ity. These three factors are c1ear1y related since 

the eeonomies are a direct function of' techno1ogy and operational 

f1exibi1i ty • 

Economies is the study of' the operation of' economic organi
zations, and economic organizations are social arrangements 
to dea1 vith the production and distribution of' economic 
goods and services.1 

Techno1ogy and economics are the two sides of a prob1em. 

Techno1ogieal progress will gradually improve transport ef'f'iciency 

loeorge J. Stigler, The Theor,y of Priee (New York: The 
Macmillan Company, 1964), p .1. 
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and in the process, the speed selection. Speed, in itself, is 

interesting technically- since, in air transportation, it nearly' alway-s 

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 fiexibility, that is, equip

ment utilization, scheduling, and competitive advantages to the airline 

operator. 

The technical or operational perfonnance in an airline i8 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. 

Scopa of the Study 

The scheduled airline industr,y, whichis 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 econo~, 

not 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 

sorne 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 vith respect to 

economie (including finaneial)efficieney , technologie al and operational 

effieiency- in the labour-sensitive airline industry functioning in a 
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regulatory environment. 2 It dea1s with air1ine 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 1essened or e1iminated. 
(economic evaluation)3 

The study aims to relate theoretica1 work and economic doctrine 

to the given facts of air1ine operating conditions under the hard measure 

of economic viabi1ity. 

To emphasize the intimate relationship between theory and 
empirica1 evidence: how the theor,y is tested by evidence - not 
mere1y logic - and how evidence instructs us on the forms of 
re1ationship.4 

The study mentions on1y briefly the implication of a modern air 

transportation system as related to mi1itary posture and international 

prestige. The notion of public service is implicit throughout, and bound 

up with it are the interp1ay of socio-economic and po1itica1 forces. The 

criterion for judging an air1ine is usua11y whether revenue is sufficient 

to meet a11 expenses and paya return on investment. In this respect, 

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

2The airline industry cou1d be judged as especia11y sensitive to 
any labour unrest because labour is a high input, with wages representing 
over 40 percent of gross revenues. 

3Tibor Scitovsky, Welfare snd Competition (Chicago: Richard D. 
Irwin, Inc., 1951), p.4. 

4aeorge J. Stigler, The Theory of Price (New York: The Macmillan 
Compaqy, 1961), p.4. 



Transportation but, in 1964, Chainnan 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" acc~pting 
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 contradictor,r because the airlines' pursuit of 

both objectives could result in service at minimum fares compatible with 

profitability. In a perfectly free competitive econornr (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 or efficiency. However, in a commercial 

environment: "Selling one's wares or services at a prorit i8 essential 

to remaining in business." 

Objectives 

In itemized fonn, this study has as objectives: 

1. To provide sufricient qualitative and quantitative 

information for an understanding or airline economic, 

technological and operational problems. 

2. To examine economic and technologie al 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. 
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efficienc7 in sensitive areas and to suggest sorne techniques 

which eould 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 firme 

4. To examine the financial structure of the airline industry 

and the impact of the investment program in reference to the 

overall national econo~. 

s. To examine airline industry requirements. 

6. To examine and ernphasize the use of sophisticated 

mathematicaljcomputerjautomation techniques to achieve 

economic and technologie al 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 

7Professor Tibor Scitovsky takes important note of the 
interpretation of technological efficiency and economic efficiency in 
Welfare and C0Itetition (Chicago: Richard D. Irwin, Inc., 1951), p.148, 
by stating: Ut i8 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 be seen to be close~ related, 
i t ilevertheless seems preferable to deal wi th them separately." 
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(rares 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 refJect them in full. Some chapters can be regarded as 

complete in themselves, others are not detachable from the full texte 

The study has the following forro: 

PART 1. INTRODUCTION - Part l covers a statement of the problem, 

objectives, scope of the study, and an outline of the methodology. 

PART II. THE BACKGROUrm - This second part gives background information 

and depicts the organizational structure within an airline. It 

a1so sets out the economic (inc1uding financia1) and operationa1 

environment within which the airline industry functions. 

Chapter l shows, in tabulated forro, the organizational pattern 
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of a typical airline.. Chapter II sets out, again in 

tabulated forro, the genaral characteristics of the various 

types of air vehicles, providing an appreciation of these 

non-militar,y aireraft and emphasizing their limitations as 

they affect the operating p~ofile. There i5 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 infoI~tion 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 aireraft, 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 fiight planning. Chapter V deals with the 

general economi~ background of the airline industry, including 

the capital and investment structure, growth and profits. It 

containa a general review of airline costa, revenues, equip

ment and finance and serves as background to PART III. 

PART III. THE ECONOMICS - The tiret chapter in PART III, Chapter VI, 

attempts a critical examination of the application of advanced 

mathematical theoriea to outline problems, in the form of 

operations researeh and computer techniques which are intended 
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to reduce costs or to increase revenues or to give improved 

service to customers. The mate rial 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 are as 

outlined. The early treatment of this mate rial is intended ta 

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 organisation structure, and its 

value in giving effect te 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 discuBsed. Chapter X examines the composition 

of airline priees (fares and tariffs) in a regulator,y 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 app1ies. The contentious prob1em of the 

necessity, or othenrise, of government regulation is discussed 

only brie fly. 



PARr II 

'ŒB BAOImROOND 



CBAP'l'BR II 

Basie organiza.tion of an Airl1ne 

Only the major departments of an airline are identitied, with 

reterence to funct10n, in this study. In g8Deral, there are only 

slight Yaria.tions between airlines at the upper organ1zational level. 

'!he tollowing Air Canada. basic organization diagram is illustrative 

ot a typioal airline corporate struoture~ 

secretary' 

sr. Vice Pres. 
Operations 

General 
couneel 

Board ot D1reotors ----------~ 

President ------4 

Vice Pres. 
FUrohases 

and 
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Chiet 
MediCal 
ott1cer 

senior 
and 

General 
J'ob ETaluation 

Colllll1 ttees 

Vice Pres. Vice Pres. 
Administrative Finance 

Services 

11) ....... 

Direotor 
pUblie 

Relations 

Gen. Mgr. 
Express 
services 

Pensions 
Comm1ttee 

Sr.Vioe Pres. 
Sales 
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FuDot10n 01' an Air1iDe Organ.izat10n 

A1l airl:1ne organ1zat1on 1s !:ü. th~ business 01' produo1ng 

and se1ling transportation. Operat10n 18 the production end and 

sales or marketing 1s the tra1'1'1c end. !Bese are the two primary 

line departments rsspons1ble 1'or directtng and par1'or.ming the 

prtmary work 01' the organizat10n. A typical airllna orga:1zat1on 

also includes a number 01' so-called staff departments - accountiDg, 

engineering, maintenance, legal, purchasing, personnel, public re

lations, research and development - all 01' which are iDtended to 

1'acilitate and 1mprove the performance 01' the companY' s primary 

f'unctions, namely, operations 8lld sales. 



CHA.PIml III 

THB AIR VEHICLB 

Aircratt Characterlstles 

Table 1 sets out the general eharaeter1stlcs ot the pure

jet subsonlc alrcraft currently iD service, and also the characwr

istlcs ot the pure-jet subsonic (so-called t jumbO') airplanes aDd 

super80nlc transports (SST) whlch will be iD servlce iD t.he 1970' s. 

Tables 2 and 3 give mare generalized characterlstics ot the 

air vehlcle types wlth an 1Dtroductory glance nt approximate priees 

ot a1rcratt and, tor background purposes, some oomparative unit 

costs ot production ot a seat-mile. 

Table 4 sets out comparative block-to-block t1mBs tar the 

U.S. Baeing 707/Douglas DC-8 subsonic jet and the Boe1Dg SS'r to give 

an indication ot the t~e-saving ettect ot speed. 



TABLE 1 

LARGE COMMERCIAL JET TRANSPORTS, EXISTING AND PROJECTED., WITH RANGES IN EXCESS OF 4000 MILES 

Aire raft Airerart Aire raft Approximate 'Maximum Take'- Maximum Number Year of Actual 
Type Designation Manufaeturer Cruise Speed off Weight of Passengers or Probable 

Service Entry 
, 

Supersonic U.S. SST (L.2000 Lockheed 1800 mph ,00,000 lb. 250 1974 
Transports or Boeing 733) or Boeing (Maeh 2.7) 

Concorde BAC/SUD (UK 1450 
& France) (Mach 2.2) 326,000 140 1971 

TU-144 Tupolev 
(USSR) 1550 286,000 121 1971 

(Mach 2.3) 

Present. Boeing 707 Boeing 530 - 570 )27,000 189 1958 
Long-range Series (U.S.A.) 
Subsonic 
Jet Trans-
ports Douglas DC-8 Douglas 540 - 580 315,000 189 1959 

Series (U.S.A.) 

VC-lO & BAC (UK) 550 - 580 335,000 180 1964 
Super VC-la 

1L-62 Ilyushin 62 530 - 560 326,000 186 . 
1966 

(USSR) 

TU .. llL Tupalev 460-500 364,000 220 1961 
(USSR) 

Stretched Dc-8 Series Douglas 540 - 580 335,000 250 1967 
Subsonie 61 & 63 (U.S.A.) 

Super Super BAC (UK) 540 - 590 370,000 285 1968 
VC-lO 

Large C-5A Lockheed 700,000+ 750+ 1970'8 
Advanced (U .S.A.) 

AV-22 Antanov (USSR) 500,000 720 1970'9 

Douglas DC-lO Douglas (U.S.A) 300 - 400 1970'8 

Boeing 747 Boeing (U.S.A.) 
1 

300 - 490 1970'8 

Source: Lee R. Howard and James I. Williams, "SST Perspectus - Economie 9 of the United States SS'1;" 
Lockheed Horizons, Issue 3, (Autumn 1965), p.9. (Aireraft priees updated to ~967 dollars). 



cruise 
A1rcratt Mach 

NUmber 

Standard .84 
Subsonic Jet 

Stretched .83 
SUbson1c .Tet 

targe Advanoed .77 
subson1c Jet 

concorde SST 2.2 

u. S. SST 2.7 

TABLE 2 

- ......... -.- .. -. ______ .... "" ...... V4.J ..... v .......... ,., ~"IJ ..,\,I4.I,;J&'A.lV.&.:W U .l't.. ~.i.~' 

International seat1ng 

lrirst 
.class 

14 

22 

-
9 

26 

Configuration 14ax1mulll Est1llated 
Takeoft Priee 
We1ght 

Tour1st Total (lbs) (t Millions) 

147 161 325.000 7.0 

208 230 350,000 9.0 

700 620,000 20.0 

98 107 326,000' 14.0 

214 240 500,000 28.2 

Assumpt10ns: (1) International Qperation 

(2) 5~ I.oad Factor 

(3) stage tength - 2,000 st. miles 

(4) 3000 hours/year ut111zat!on 

Total. Operating 
hpeJl8e 

(oents/aeat mile) 

2.2 

1.9 

1., 

2.8 

2.0 
---- ------

source: Lockheed Aireraft Co., U.S.A., Lockheed Horizons, ISSue 3. Autumn, 196" p. 9 

, 

1 

~ 



Distance 
(st.mi.) 

1000 

2000 

3000 

4000 
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TABLE 3 

DIRECT OPERATING COST 

(cents/aeat mile) 

SUBSONIC AND SOPERBONIO AIRORAJ'l' 

standard Stretohed Large 
SUbsonic Subsonic Advanced 

Jet Jet subsonic 
Jet 

1.2 1.0 .6 

1.15 .85 .5 

1.1 .8 .5 

1.05 .8 .5 

Concorde 

SST 

1.9 

1.6 

1.4 

1.3 

Source: Lockheed Aircraft company, Lockheed Horizons, Issue 3, 

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

trom graphical presentation.) 

U.S. 

SST 

1.3 

1.05 

.9 

.85 
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TABLE 4. 

COMPARISON OF SUBSONIC .AND 

SUPERSONIC TRIP TDmS 

Trip Times 
(Average tor Both Directions) 

Service 
subsonio U.S. 

Between 707/D0-8 BST 

Hours Minutes Hours Minutes 

New york Los Angeles 4. 55 2 10 

paris New York 6 55 2 45 

~ Francisco Honolulu 4 45 2 05 

Anohorage Tokyo 6 40 2 40 

Frankturt Lagos 5 50 2 25 

Rome Tehiran 4 10 1 50 

caracas New york 4 10 1 55 

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

Autumn 1965, p. 19. 



CHAPTER IV 

THE OPERA TING ENVIRONMENT 

Safety Economies 

Safety is a primar,y 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 

aireraft 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, (4) safe air traffic 

system, (S) safe airports. l The major areas in which research into safety 

is needed include: physiological, ps,ychological 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 forecastingj 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 

aireraft, in its changing forma, must be fitted into an operational ~tystem 

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

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

19 
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rely mainly on the by-produets of militar,y-related research and develop-

ment programs, nor is it efficient for it to run a poor seeond 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 carefu1ly considered distribution of this effort among the several 

seientific disciplines and ~ong basic research, applied research and 

development. 2 

Operational Economies 

To realize the potential value of using high speed airerait of 

the near-sonic and supersonic class, with the ability to transport 

increased p~load, the airlinas are finding it neeessar,y to change marr,r 

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 choiee of flight path. A flight plan is ideally 

the selection of an optimal or ne ar-optimal path between two points. 

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

2The principal burden of future basic research might weIl be grad
ually shifted toward universities and private research organizations as 
their growing capacities permit, with their efforts co-ordinated and their 
ffridings made available directly to industr,y or through government. 
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basis of the weather picture and air trattic conditions, including the 

consideration ot temperature, wind conditions, turbulance, icing, weight 

ot the aircratt at various points along the flight path, and the intorm

ation in aireraft performance charts. From these,aircraft ground speed 

and expected fuel usage (bum-off) can be estimated. To consider even a 

small fraction of the possible paths requires lengthy theoretical calcu

lations along with an assessment of the practical merits of each flight 

path. When auch variables as changes in upper air winds and temperatures 

are taken into account, the cost of manual calculation become prohibitive. 

The operating costs of subsonic jets are $12 to $15 per minute (and thoS8 

of a supersonic aireraft will be much higher) so that the need to obtain 

an optimum flight plan becomes vitàlly important and calle for the 

application of electronic computation. To reduce theae cost consider

ations as limiting factors on flight planning, an electronic computer cao 

be applied in the form of a flight simulation program. 

Air Tra/fic Control (ATC) Economics 

The primary purpose of Air Traffic Control is safety, with 

efficiency and reliability as important but secondar,y considerations. 

Governments provide the necessar,r researeh, development, manpower and 

facilities, with their costs rising in keeping with the growth in air 

traffie volume, and the more stringent safety requirements imposed by 

higher performance aireraft. Costs are only partly borne by thoS8 who 

use air travel, with the balance being paid for by the general public. 

Air Traffie 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 scaree 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 8,1stem which positively identif,ys 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 dela;rs, 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 dela;rs in 

landing and take-off, cause customer dissatisfaction. 

Subsonic jet 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 airtraffic, these air

craft of the various carriers, on the sarne route, naturally want to fly 

in the sarne altitude band. For example, on the prime Europe-North America 

route over the North Atlantic, the subsonic jets are, in general, aIl 

flight-planned to f1y in the 29,000 to 39,OOO-foot altitude band. The 

rapidity at which the subsonic jets can cross the Atlantic creates peak 

scheduling hours 50 that the large st concentration of traffic is in an 

8-hour periode 

The peaking period forces ATC to create a routing 5,1stem which 

prevents many aircraft from flying the "least-time" track or "1east-cost" 

track between the two points. Routing ~~d altitude diversions not only 

introduce an increase in aIl 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 aIl the increased cost, traffic 

disruption and inconvenience that this implies. 

With the sarna inputs, computerized flight planning, while the 

ultimate in efficiency, also has the computerized effieiency of producing 

a flight plan which optimally places aIl aircraft at virtually the Barna 

altitude and on the sarne track. If the optimumtrack is eonsidered as the 

unofficial datum line, then, under current traffie control regulations, 

ATC must separate aircraft tracks by 2 degrees, or about 120 nautical 

miles. An aircraft on the outside traek 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 present~ required for state-of-the-art navigational and 

altimetr,y systems. 

Navigation and Communication Economies 

For long-range, over~ater 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 ls 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, spaclng 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 wqy 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 baJ.ance-of-p~ent problems. 

The l20-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 on~ 

precision equipment and high~ 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 Categor,y l (Decision Height(DH)3 of 200 feet and a visibility of 

l mile) landing limits to be successive~ reduced in two steps to Categor,y 

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. Progressive~, landing minimums are 

expected to be lowered to the ultimate of zero visibility, giving air-

craft operations an all~eather 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 eautiously 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 sarne problems as landing and take-off limits are now zero ceiling and 

l 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 effp.~tive use of the air space 

available. Computerized integration of flight routings would tend to 

eliminate "holding" near term:inal 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 croise, are costly in time and fuel, and are extremely 

costly if allowance has to be made in p~load to allow for the extra 

weight of fuel. Since vertical separation standards are different ovcr 

land and water, traffic frequently backs up over coastal area airways. 

This problem could be especially critical for supersonic aireraft. Time 
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delays and extra fuel increaae unit costs in not one but several airline 

ace ount s , with what might almost be called a ttrepeater" effect. 

The efficient movement of the aireraft on the gound, as weIl as 

in the air, ia essential to low costa, particularlywith subsonic jets 

and the forthcoming supersonics. Here again the use of a computer would 

facilitate an orderly flow of inboundand 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 

aireraft 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:4 

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 

c) Weather detour to avoid bad weather such as thunderstorms 

d) Temperature difference from that forecast affecting gas 

turbine performance and aireraft speed 

e) Air Traffic Control unable to assign an optimum cruise 

altitude and routing 

f) Mechanical irregularities 

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

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

4P.A.Longton and A.T.Williams, "Operational Research and Aviation 
Management, Part II: Procurement and Capital Investment progranunes", 
Journal of the Royal Aeronautical Societl (September, 1965), 608. 
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b) Instrument approach procedures 

c) Time to alternate if diverted 

d) Taxi-way and ramp congestion 

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

a) Taxi-way congestion 

b) Back-Iog of take-off traffic 

c) ATC clearance 

d) Instrument departure procedures 

4. Delaya during turnaround 

a) Delaya in loading and unloading paasengers and baggage 

b) Maintenance enroute inspection 

c) Operations 

d) No available aircraft 

e) Refueling 

f) Weather 

5. Delays and restricted operation account jet noise-control 

a) Curfew restrictions at sorne airports 

b) Restrictions on use of certain runways on account of curfew 

or noise-abatement procedures which sometimes necessitate the 

use of shorter runways at reduced ta~e-off (and payload) 

weights 

c) 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 industr,y, said: 

With demand for ai~ort use approaching capacity and with differ
ences between operational characteristics of the airline ~,d 
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general aviation aireraft increasing, continuation of both types 
of operation at joint-use airports is creating a serious problem. 
l suggest that consideration should be given to the construction 
of relative~ small airports for general aviation rather than 
extensive alterations of air carrier terminaIs or construction of 
new ones. Airport delays are costing airlines an estimated $41 
million annually.5 

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 runw~ operational capacity as opposed to the 

airlines 38 percent. During that period general aviation carried only 7 

percent of the 2,9,0 passengers moving in that hour. 6 

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

6Ibid. 



CHAPTER V 

THE ECONOMIC SETTING 

Future economic historians, loo~ing back on the growth of the 

airline industr,y, will probab~ conclude that in its tiret few decades 

of operation it displayed the chief characteristics of an infant industry 

- lots of growth but litt le or no profit. Not until the year 1963 might 

one say the turning point to adolescence had heen reached.1 

In the ear~ life of the air1ine industr,y, 1ittle effort vas 

made to scientifical~ analyze economic resu1ts, possib~ because modern 

mathematical techniques vere not avai1able, but more probably because the 

industr,y was deployed in the urgent task of technical improvement. To an 

eeonomist or accountant it might seem inconceivable that economics could 

receive so little attention in an industr,y in whieh 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 196, 

and where, from 1951 to 1962, total operating revenues fluctuated auove 

and below total operating expenses but never exceeded that figure by 3 

percent. In 1963, however, the margin vas nearly , percent and, in 1964, 

increased to 8 percent (about $600 mi11ion.)2 In terms·of passenger miles, 

schedu1ed world air1ine traffic· has almost doub1ed ever,y five years sinee 

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

2International Civil Aviation Organization, A Review of the 
Economie Situation of Air Transport, ~ontreal: ICAO, June 1965), p.,. 

?9 
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1946,3the average annual rate of growth from 1946 to 1966 being 14.3 

pereent.4 The international growth rate has been higher than the 

domestie rate .. 

With the arrival of the large subsonic jet transporta, as early 

as 1958, it became apparent that the econom1cs of the industr,r must 

receive more attention if the airlines were to maintain a reasonable 

independence. There were two e1asses of problem: 

1. The economie reaults of air services provided by the airlines. 

2. The economic results of ground services provided by government. 

Only the econoMic resu1ts of the airlines' own services are dealt with 

in this study, exeept for landing, tel"lllinal and similar tees whieh a1r

lines pey to government agencies. If profitable subsonic operations 

continue for the n~t few yeus, there may be pressure from the regulatory 

agencies for either lower fares or a 1arger contribution to governaent 

facilities. The airlines would undoubtedly choose to lover air tares.' 

3world airline traffie covera both domestic and international 
traffie and refera to aIl traffic of those airlines of Member States of 
ICAO. The major exclusi~s are the USSR and Republic of China. 

4An annual growth rate of 10 percent doubles the total traffic 
volume in 71 years and triples it in Il! years. An annual growth rate of 
Just under 15 percent doubles the total traffic volume ever" , years; and 
a rate of 19 percent doubles the traffic volume in Just under 4 years. 

'In ~ attempt to arrive at an equitable method of assessing costa 
against actual users, acknawledgement must alwqs be made of the important 
econollic, social and national seeurity values accruing to any country. AU 
modes of transportation benefit, to a greater or lesser extent, fram in
stallations paid by public tunds. Any regulation of user charges cannot 
be conf1ned only to air transportation but should be extended to aIl fOnDS 
of transportation. Government monopo17 of airports, reasonabl1, should 
not permit admini8trations to charge the airlines vastly in exeess of 
user charges. It ia admittedly difficult, though, to establish fair 
charges even with efficient cost accounting (which appears to be lacking 
at the present time.) 
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~ Most important tactor in the economic improvement in the 

air1ine industr,y tran 1962 through 1965 ta the present date has been 

the introduction of the 1arger, more productive long-range subsonic 

jets.6 This has resu1ted from their high productivity and low opera

ting costa, achieved mai~ through speed and large ~load capacit,y. 

One long-range subsonie jet is capable of carr,-ing, in any given period, 

between three and four times as much traftic as the piston-engine a1r-

oraft it rep1aced, and at a total unit cost approximately" 20 percent 

lower than for the piston-engireaircratt.. This productivity 1ed initial.lJr, 

and inevitably:J ta excess capacity, which troll 1960 .to. 1963 increased. at 

a greater rate than tratfic, and was reflected in a pronounced dec1ine 

in load tactors. The situation began to change in 1964 and in 1965, 

when load factors rose slight~, and this trend bas continued through 

into 1967. In 1961, daily util1zation on the wor1d's Bchedu1ed air-

1ines vas about 8 hours, a figure that is now about 10 heurs, so that 

there h~s been much increased productive capac1ty even for a constant 

number of aireratt. 

The unit operating expense of the subsonic jets has fallen more 

rapidly than unit revenue 50 that the break-even load factor has a1so 

dec1ined. On wor1d schedu1ed air1ines, the break-even load factor for 

the subsonic jets, since their introduction in 19,8, has fa11en froll 57 

percent to 53 percent in 1964, and to 1ess than 47 percent in 1967. ICAO 

projects the break-even 10ad tactor will be 44 percent in 1970 and 41 

percent in 1975 for long-range suh.Bonic jets. OVer the period 1951 to 

1963, the actua1 load factor tor the wor1d's air1ines tel1 steadily, with 

61nternationa1 Civil Aviation Organization, A Review of the 
Economio Situation of Air Transport, (Montreal: 10AO, June 1965), p.S. 
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the exception of one year, 19,6, from a figure of 62 percent to S2 

percent. The figure rose s1ight~ ta appraximate~ S3 percent in 1964. 

The spread of just over 3 percentage points betveen tae actual load 

factor and break-even loRd factor in 1964, vas the large st since 19,1, 

and accounts for the profitable results of 1964, which have continued 

into 1967_ On international routes vhere rates are determined by inter

national agreement through lATA, an airline, once the priee is set, i8 

concemed vi th .reducing costa ta make the maximum profit. In domestic 

operation, an airline ia concemed not oIlly vith competition from other 

airlines, but a1so vith competition fram other modee of transport. 

In 196, there vere some 780 long-range subsonic jets in sched

uled world air1ine service. ICAO calculates that this number vill 

increase to 1,00 in 1972 and 17$0 in 1974 if neither supersonic aireraft 

Dor ver.y large subsonic Rjumbo" jets Cover 400 seats) haTe been intro

duced.7 If supersonic air1iners are not in operation on ~ome routes 

served by the long •. range subsonic jeta it is still estilnated that to 

Meet a conservative annual 12 percent increase in air traffic demand 

there will be a requirement for 1,00 long-range subsonic jets in 1972. 

rCAO further calcu1ates that if a supersonic transport, intro

duced in 1972, had unit operating costa 20 percent above those of sub

sonic jets in 1963, its break-even 10ad factor (without surcharge) would 

be appraximately 65' percent, given the assumption that tares fall at l 

percent per year. The load factor for the SST, howaver, would have to be 

approximately 76 percent if the dec1ine in fares proved to be a8 high ae 

3 percent par year. The ICAO computations indicate that supersonie fares 

7Ibid., p.SO. 
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may we11 have to De h1gher than subson1c fares 1f these latter have 

dropped to the 1eve1s in prospect from low un1t costs and the 

aceompanyj.ng lov break-even load factors. 'l'ables 5 and 6 taken frOll1 

the 1965 ICAO study, have been reprodueed to show the basis of these 

estimates. 

Economie aharaeteristiCB of the Airline Market and A1rline Industr,r 

'l'he airline transport industry 19 today faced vith tremenclous 

opportun1t1es and, on the other band, the pressures generated b.Y rap1d 

growth and change in tecbnology, in traffie 1eve1s, in the cOllposition 

of traffie, in the composition and corporate structure of the induatry, 

and in the economic and social demands that de termine the need for their 

serv1ces.8 

Within the overall conatraint of remaining financ1a1l3' secure, 

the purpoae of an airline should be to provide a level of service wh1ch 

~ be judged in tenna of:9 safety, an acceptable fare 1eve1, comf'ort, 

re11ab111ty, speed (faster portal-portal transportat1on), length of 

hau1, frequency of service, punctua11ty, reapons1b111ty, and security". 

If all other factors are satisfied, the Most important measure 

of the effectivenes8 of any transport system is the total time taken to 

travel from origin to destination (portal-portal). Travelling 1s not 

considered as an end in itse1f but as a meana to other endà which should 

8James E. Gorham, ItThe Impact of Continuing Traffie Grovth and 
of New Transport Equipment on Route and Corporate Structures of tqe Air 
Transport Industr,y," A speech de1ivered at the Aerospace Prograa 
sponsored by Brush, Slocumb and Co., Los Angeles, Ca11forn1a, "Nov. 3,1966, ~l. 

9Cf. P. A. Longton and A. T. Williams, "Operat10ns Research and 
Aviation Management, Part II, Procurement and Capital Investment Programs," 
Journal of the Ro.yal Aeronautical Society, LXIX (September 1965), p.604. 
# .. 
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... - - ...... _....... ' .... t =eeel ....... ~ .. :&:S:I~ .... ",..,.·'·M_ .. =_=.:.::'O:~==:s 

AverllBe number of long-range 1111hsI)nio 
pan~ftnR~r jet Il in eervtce OVGr year 

196$ 1970 197$ Notel!l on ,1970 and 1975 Estimates 

------------------------- ---_ .... _--_ .. _-
780 1200 1900 Ass\Uliing l~ per annum increase in 

passenger demand with aircrart in
oreaslng in 8ize but no SST's or 
very 1argesubsonic airerart 

----------------------------------------------------------
Averas~ Illats par alrcrart 1110 160 

-------------,-----
Average passengerload tactor (~) 54 54 

Average passengerl!l per aireraft 75 86 

175 ASl!luming 250-seat aircraft intro
duced in 1970, more in 1975. Exclud
ing very large subsonic airerart and 
SST's. 

,------------------------
54 Assumed constant at 1965 figures for 

long-range 8ubsonicjets • , 
94 From load factor and seats per air

craft 

.-------------------------------------------
Ope!"ating Cost (total) U.S.~ 

per seat-km 
par seat-mile 

u. s • ri Revenue 
per psgr.-km 
per pagr. -mile 

Passenger Breakeven 
Load Factor (percent) 

1.8 1.5 
2.8 2.4 

3.8 304 
6.1 5.5 

47 44 

, 
1.3. Us1ng sarne reduction rates as for 
2.1 World Averages (approx. ~/yr) 

302 tJsing sarne revenue figur~s as for 
5.1 World Averages (appr.ox. l%/yr) 

41 Breakeven load factor falling sinee 
unit costs raU raster than rares 

Source: ICAO: A Review of the Economie Situation of Air Transport with Special Reference 
to th~ Economie Effects o~_th~~~g-Ran e Jets and the Possible Future Market for Su ersonic Air 
Transport: Montreal, Quebec, Canada, 19 ,p. 1. 



TABLE 6 

ILLUSTRATIVE CALCffi,ATIONS RELATING TO THE POSSIBLE INTRODUCTION OF SUPERSONIC TRANSPORTS 
IN 1972 AND 1974 (UNIT COSTS IN U.S. CENTS) 

Total nurnber of long-range subsonie jets on passenger serviee if no 
SST' s or very large subsonic jets were introduced 

Number assumed on routes suitable for SST's 

Average seats per aire raft 

Average passengers per aireraft 

Average load fa.etor (pereent) 

Number of 250-seat subsonie jets required ta be added each yaar to 
add 12 percent eapacity to the routes suitab1e for SST's 

Number of l20-seat Maeh 2.2 (Concor.de) aireraft required to add 12 
percent capacity in 1972 

Number of 250-seat Mach 3.0 (U.S. 35T) aircraft required to add 12 
percent eapacity in 1914 

Probable prevailing fare level: per passenger-Km (U.S. cents) 
Per passanger-mile (U.S. cents) 

Possible avera~e operating cost of the SST: per seat-km (cents) 
per seat-mile (cents) 

Breakeven load factor of SST at probable prevailing fare level 

Lowest world average fare levels considered likely (fal1ing 3 percent 
per annum from 1963): 

par passenger-km (cents) 
per passenger-mile (cents) 

If fares fall 3 percent per annum until 1975 breakeven load factor for 
SST aircraft, approximately (percent) 

1972 1974 

1500 1750 

750 875 

166 172 

92 

54 54 

60 72 

60 

24 

3.4 3.3 
5.5 5.4 

-- - ... -

2.2 2.0 
3.5 3.2 

69 60 

74 

Source: ICAO: A Review of the Economie Situation of Air Transport with Special Reference 
to the Economie Errects or the Long-Ran e Jets and the Possible Future Market for Supersonic Air 
Transport: Montreal, Quebec, Canada, 19 ., p. 3. 

IN 
IJ\ 

-----



taka up the ainiaum poasibletiae, given certain other adequacies, such 

as comfort and safety. 

The ability of an alrline to provide a rapid, fraquent, punctial 

and reliable service is subject to tvo sets of eon9tra1nts: 

1. Technologieal, in that there are limitations to the speed 

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

airports that ean be eontrolled. 

2. Economie, in tbat a choiee has to be made as to whether 

aore resources shou1d be utilized to iMprove the service 

provided b.1 the air1ines opposed to using these r8sourcas 

to achieve other objectives. 

As the demand for air transportation ia a derived demand, the 

future demand for allch services depends on population growth, the 

economie situation and other factors vhich generate this demande Research 

studies in the U.S., with respect to population growth and economic 

deve1opment, strong~ support the probability of sustained growth in the 

eoonomy J in population, and in per eapita incoe (particu1ar1;r in dis

posabla or discretionary incorne). This grovth in the econGIIT viII 

engender an enOTmOUS expansion in air passenger and cargo traffie that 

will, in turn, demand a substantial en1argement of air carrier fleets, 

facilities and services, to accommodate this traffie (the average &nnual 

ineraase in U .S. domestie trunkline traffie vas 10.8 percent betveen 

1953 and 1965, and of more significanee, for the 1ast three years, 1964, 

1965 and into 1966, the average growth rate vas 15.5 percent annually). 

This points to certain basic re1ationships among traIfie growth, air

eraft and supportiDg equipment requirements, imanoial requirellents, 
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investment needs, and necessar,yearnings •. It tratlie inereases, the 

number of aircraft and the. inveatment required tor these aircraft must 

also grov, and so IlUst earnings if the industry is to remain profitable. 

Ir the growth of cargo 1a such that substantial numbers of all-cargo 

airerait and supporting equipment are required, then these will increase 

the total 1nvestment and earnings needed, that 1s, increase the financial 

requirements for contiDued competitive participation in air transportation.10 

The basic relationships above are dealt vith in their natural order. 

The Growth of Airline Traffie 

Passenger 

One of the Most obvious characteristics ot the airline industry 

i8 ita remarkable growth rate, and one of the greatest failures 01 the 

industry 18 a persistent tendency to under-estimate its fUture growth. 

This leads to inadequate preparation internal.q and in other araaa, 

Most notab~ airports and terminal facilitiea. The best foreeasts of 

world drline trailie of the 1960/61 era t'ailed to estiaate the 1966actual 

traifie by 10 to 25 percent. Thare are probab~ two reasons why this 

bappened .U 

HistoricallJ the growth ot airline traf~ic has been due in part 

to the overall grovth of travel by all m.odes of public transport, and iD 

lOJ81Iles E. Gorham., IIThe Impact of Continuing Traifie Growth and 
of New Transport Equipment on Route and Corporate Structures ot the Air 
Transport Indus.tr;y,· A speech deli vered at the Aerospace Brogram spon
soNd b;y Brush, Slocumb and Co., 10a Angeles, CaUfomia, Nov.J,1966,pp.2,J. 

liR. R. Shaw, "Tecbnological Progress and the Airlines, ft 
Journal of the Royal Aeronautical Society LXII (September, 1967) 598. 



38 

part to the airlines winning an ever increasing share ol the total 

traflic from surface modes of transportation; ships, trains and buses. 

Between 1950 and 1965 the airline share of aIl passenger travel between 

the U.S.A. and other countries outside North America rose lrom 50.6 

percent to 83.3 percent. l2 Over the same pEr iod. the air share of North 

Atlantic passenger travel increased from )1 percent to 86 percent. 

There i8 an ever decreasing percentage of traffic that Carl be won from 

other modes ol transportation and it perhaps seeas logical to assume 

that air traflie growth will follow close~ o~ population and discre-

tionar,y income growth. 

The other principal reason air travel forecasts have been 

short of actuals is probablJ because suflicient importance vas not 

attached to the ability of ~~jor technological advances in airerait 

design to expand the total tra.vel market, to lead people to travel by 

air who otherwise would not have, and to travel further. Improvemente 

in the environment in aireraft, in range, and the inerease 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-economie conditions: GNP (a 4 percent annual increase 

in constant dollars is rnost frequently' used in current fore

casting), population, incame (par capita disposable income), 

12Stephen Wheatoroft, Elasticity of Demand for North Atlantic 
Travel (Montreal: IATA Ju~, 1964). 

13Shaw J p.598 
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edueation, leisure time, propensity to travel. 

2. Introduetion of new aireraft: technologie al advances in 

airerai't design, improV8ments in aireraft envirol1llent, 

range and speed (decrease in portal-portal time). The 

travel market can look forward to: the IlC-8-61/63 

"stretehed" jet now entering service in larger numbersj 

the B-747 "jumbo") the Concorde and U.S. S5T's in the 

early 1970's. 

3. Current aircraft: model improvements to eontinue; older 

jets to be replace d by 1972. 

4. Fares: moderate decrease (in constant dollars) j prolllo-

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 rate. 

i8 still predicted, but Many forecasts are now showing "possible" and 

"probable" air traftic volume based on two different rates of growth. 

The Boeing Co. shows two forecasts for world passenger traffic.14 Theae 

two forecasts show average annual growth rates of 17 percent and 14 

percent respectively, for 1965 to 1970; 13 percent and 9i 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. 

14Boeing Aircraft Co., Traffic Forecast 5637 (Renton, 
Washington: The Boeing Co., January 20, 1967). 
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Table 7 sets out the Boeing Co. U.S. domestic trunk1ine fore-

cast in terms of revenue passenger miles, and passengers. Actua1 

revenue passenger miles, and passengers, for 1955, 1960 and 1965 have 

been inc1uded. 

TABLE 7 

FORECAST OF REVENUE PASSENGER MILES, U .5. SCHEDULED DOMESTIC TRUNKLlNE 
OPERATIONS, 1965-1980 (ACTUALS ARE SHOWN FOR 1955, 1960 AND 1965) 

Year 

1955 

1960 

1965 

1970 

1975 

1980 

(billions) 

Possible 
(billions) 

19'" 

JO. 

49· 

95 

200 

262 

RPM 

Probable Passenger 
(billions) (millions) 

3~ 

47· 

70. 

102 150 

175 250 

275 370 

Source: Boeing Aireraft Co., Traffie Forecast S637 
(Renton, Washington: Boeing Co., January 20, 1967) (data derived trom. 
eurves). 

"Actual. 

A study prepared in the U.S. CAB, foreeasts domestic passenger 

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

15Irving Saginor, Forecast of Domestic Passenger Traffic for the 
E1even Trunk1ine Carriers Scheduled Service 1968-1977, A Research Report 
Prepared for the U.S. CAB which does not necessari~ represent official 
views. (Washington: U.S. Government Printing Office, SepteMber 1967). 
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The scope of the stud,y is the operations within the 48 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 al1 U.S. certified 

route carriers. This study, based upon statistical data, indicates that 

the principal factors or determinants accounting for past changes in traffic, 

are: priee (level of air fares), population, income (disposable personal 

ineome), 8IIlount of service offered (schedules and capacity), quality of 

service offered (safety, eomfort, speed), public aeeeptanee of flying, 

and competition of other goods (consumer priees). The study also indi

eates that income and fares have been the Most important factors associated 

vith the growth of air travel. The study projects revenue passenger-

miles on the basis of three different assumptions: Foreeast A assumes 

that fares will remain level in real dollars (whieh meane an average 

annual increase of 1.8 percent in current dollars); Forecast B assumes 

that fares will remain level in current dollars; Foreeast C assumes that 

fares will dee1ine 1., percent per annum in current dollars. Eaeh of 

the three foreeasts assumes a 4.4 percent annual increase in real 

disposab1e personal ineome. (From 19,8 through 1966 the average annual 

growth of the U.S. GNP, in constant dollars, was 4.7 percent.) The 

resu1ts of this study are set out in Table 8 to show forecasts of revenue 

passenger-mi1es for U.S. schedu1ed 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 

trunk1ine forecast in Table 7, page 40. 
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TABLE 8 

FORECAST OF REVENUE P ASSENGER-MlLES 2 U.S. SCHEDULED DOMESTIC 
TRUNKLINE OPERATIONS 

1967 - 1977 
(billions of RPM) 

Calendar Forecast Forecast Forecast 
Year ~ 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 113 131 147 

1974 122 144 166 

1975 132 159 187 

1976 142 176 210 

1977 153 194 236 

Source: Irving Saginor, Forecast of Domestic Passenger Traffic·· 
for the Eleven Trank1ine Carriers Schedu1ed Service 1968-1977, A Research 
Report Prepared for the U.S. CAB which does not necessari1y ref1ect their 
views.(Washington: U.S. Government Printing Office, September, 1967), p.3. 

Table 9 sets out comparative figures of U.S. domestic trunkline 

average passenger fares, rares adjusted for consumer priee index, dispos-

able persona1 incarne, and population, for each year from 1946 to 1966. 



Year 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

TABLE 9 

CCMPARATIVE FIGURES OF U.S. DOMESTIC TRUNKLlNE AVERAGE PASSENGER FARES, 
FARES ADJUSTED FOR CONSUMER PRICE I~ DISPOSABLE PERSONAL 

INCOME, AND POPULATION, 194 - 1966 

Consumer Air Fare Disposable 
·Av. Fare Priee Index Adjusted by CPI Persona1 Income Population 

(U .S.t/mi.) (CpI) (U.S.~/mi.) (U.S .$billions) (thousands) 

5.360 68.0 7.882 236.8 141,936 

5.860 77.8 7.532 219.5 144,698 

6.659 83.8 7.946 226.8 147,208 

6.685 83.0 8.054 228.4 149,767 

6.434 83.8 7.678 248.1 152,271 

6.482 90.5 7.162 251.7 154,878 

6.429 92.5 6.950 259.1 157,553 

6.301 93.2 6.761 272.5 160,184 

6.056 93.6 6.470 276.5 163,026 

5.913 93.3 6.338 296.7 165,931 

5.875 94.7 6.204 311.3 168,903 

5.855 98.0 5.974 316.5 171,984 

6.214 100.7 6.171 318.3 174,882 

6.458 101.S 6.363 334.2 177 ,830 

6.679 103.1 6.478 339.5 180,684 

~.R6q 104.2 6.~92 349.7 183,756 

7.0ll 105.4 6.652 365.6 186,656 

6.418 106.7 6.015 379.2 189,417 

6.350 108.1 5.874 403.9 192,120 

6.255 109.9 5.692 h26.8 194,572 

5.985 113.1 5.292 41J6.8 196,842 

~Average fare is the average passenger-mi1e yie1d and inc1udes excess baggage revenue and taxes 

Source: Irving Saginor, Forecast of Domestic Passen~er Traffic for the E1even Trunkline 
Carriers Schedu1ed Service 1968-1977. A Research Report Prepared for the U.S. CAB which does not 
necessari1y ref1ect their views. (Washington: U.S.Government Printing Office, September 1967) p.30. 

c;-
V.) 
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Table 10 shows U.S. scheduled airline traffie growth for eaeh year 

from 1954 through 1964, and Table 11 shows traffie statisties for eaeh 

of the U.S. trunklines for 1964. 

In foreeasting ahead 10 years the Most atriking charaeteristie 

of the air travel market is the capaeity of the aireraft whieh are 

expeeted to be in service sneh as the l'stretehedn 00-8-61/63, and 

Boeing 747 "jumbo's". Both these airerait have MUch greater capaeity 

and lower unit operating coste per seat mile than the present DC-8's 

and Boeing 707'8. There is also the possibility of a 200-300 seat 

Lockheed or Douglas airbus vith a potential for lower fares whieh would 

operate on ver,y high density short-to~edium haul routes. The place of 

the Concorde and U.S. SST's on domestie service, at least until 1977, 

is still indefinite on account of the sonie boom. 

Air Cargo 

Air cargo is &lao becoming a major factor in airline growth. 

It yields approximate~ 10 percent of airline revenues today but is 

growing at an appreeiab~ faster rate than passenger traffic. The 

demand curve is more elastie than that for passenger traffic,but is not 

as sensitive to increased speed. The Boeing Co. forecast predicts world 

air cargo growth at lB! percent between 1965-1970; 25! pereent between 

1970-1975; and 15 percent between 1975-1960.16 This foreeast growth 

in air cargo volume indicates that air cargo traffie will become equal 

to forecast passenger traffie beiore 1960. 

The airlines are now vell avare that a 100 percent load in a 

16rhe Boeing Aircraft Co., Boeing Traff'ic Forecast 5637 
(Renton, Washington: Januar,y 20, 1967). 



Passengers 
(in 

Year thousands) 

1954 35,hlt8 

1955 41,709 

1956 46,005 

19~7 49,466 

1958 49,169 

1959 55,999 

1960 57,872 

1961 58,408 

1962 62,549 

1963 7l,41h 

1964 81,714 

TABLE 10 

TRAFFIC GRCMTH - U.S. SCHEDULED AIRLINES 
1954-1964 

Annual Passenger Annual 
Growth Miles Growth 

Total Ton 
Miles'" 

(percent) (in millions) (percent) (in millions) 

12.0 20,612.9 13.0 2,563.8 

17.7 24,3~1.0 18.1 3,087.8 

10.3 21,624.8 13.4 3,618.6 

7.5 31,260.8 13.2 4,082.4 

-.6 31,499.4 .8 4,120.2 

13.9 36,371.8 15.5 4,734.1 

3.3 38,863.0 6.8 5,024.3 

.9 39,830.8 2.5 5,393.9 

1.1 43,760.4 9.9 6,238.3 

14.2 50,361.2 15.1 6,859.3 

14.5 58,493.6 16.1 8,015.9 

# Total Ton Mile figures include charter operations 

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

Annual 
Growth 

(percent) 

12.0 

20.4 

17.2 
~ 

12.8 
\1\ 

.9 

14.9 

6.1 

7.4 

15.7 

10.0 

16.9 



~~ ~~ 

::1 T.A.BLE; ( l~_ ~ 
" 

:~ ., u. s. 'l'RUNKS - 1964 ALI. SERVIOlS 

. < 
Inorease 

Revenue Pagre Change Shara of Revenu.e psgr. Change Share of Revenue Psgr. or 
Miles 1964/63 Market Originat1ng 1964/63 Market Load Factor Deorease Load Factor 

Airline (000) (percent) (peroent) (000) (peroent) Jperoent) (percent) (peroent) Rank 

1. united 9,085,037 f 6.7 21.7 12,834 (- 6.0 21.1 53.0 .. 0.1 8 

2. American 8,026,096 of 13.3 19.1 9,442 f 12.0 15.5 59.7 f 1.0 1 

3. WA 6,562,105 f 23.0 15.6 6,736 f 19.0 11.1 56.4 {- 3.5 4 

4. Eastern 5,510,939 f 14.4 13.1 11,054 f 14.1 18.2 56.4 ;. 1.8 5 
,1 

/1 5. Delta 3,544,741 f 15.9 8.5 5,618 f 16.9 9.2 57.8 - 3.0 2 
~ 

6. National 2,063,433 of 19.6 4.9 2,610 f 20.4 4.3 51.7 f 0.2 10 

7. Northwest 2,047,153 f 25.7 4.9 3,150 f 26.6 5.2 53.1 f 2.0 7 

8. western 1,801,843 f 23.3 4.3 3,4'Z7 f 26.3 5.6 57.6 f 3.6 3 

9. Bran1f'f 1,368,867 f 10.6 3.3 2,748 ~ 8.7 4.5 54.9 .;. 0.6 6 

10. oontinenta1 1.354,971 f 11.9 3.2 1,800 of 6.1 3.0 48.3 .. 1.2 11 

11. Northeast 595,534 - 8.1 1.4 1,412 f 3.0 2.,3 52.8 f 2.6 9 

Total h1,960,819 f 14.~ 100.0% 60,8,31 12.4% 100.~ 55.4% f 1.9 

Source: Nswe Front, Novernber 1965, p.37. 
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nev subsonic jet or passenger/freighter makes more money than a tullJ 

occupied jet psssenger airplane. This is evidenced by the competition 

between the big U.S. schedu1ed trunk1ines and the all-cargo 1ines in their 

efforts to gain the cargo market. The a11-cargo lines claill they cannot 

retaIiate competitivel1' by taking passengers frOll the major air1ines, 

and c1assif;r it as unfair competition. On the other side of the dispute 

the so-ca11ed a11-cargo 1ines have, for years, contracted for the flJ-

ing of ai1itar,y personnel. Forecasts for the 1970-1980 per10d are 

ObTious~ based on the availab11ity of the ver,y large subsonic jets, the 

Boeing 141 and the Lockheed C-5A. 

The factors influencing the rate of growth in the U.S. air 

cargo market environment are: 

1. GNP (again a 4 percent annua1 increase in constant dollars 

1s frequent~ used in current forecasting). 

2. Free Wor1d economic growth of 5-6 percent for long-term. 

(international services). 

3. No serious constraints on international trade. 

4. Surface modes continue to have increasing costs for smal1er 

shipments. 

5. The air1ines: iIIlprove service and lover costa; offer incen

tive rates, give air cargo full management and financia1 support 

(which has probab~ not been the case in recent years), improve

ment in air freight terminal design, containerization and 

pa11etization, and computerization of warehousing, interchange

ability of pallets &Mong aireraft 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 Itreasonable" 

regulator,y decisions. 

7. The airlines and airport authorities assure adequate 

terminal facilities. 

Many commodities which former~ moved by surface modes of 

transportation are now moving by air freight to reach new markets. 

Recent technological 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 ever,y-d~ 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, 

periodicals, books, and other printed matter, cut flowers, fresh fruits 

and vegetables, and increasing quantities of industrial chemicals and 

construction machinery. In addition large numbers of live animals 

are being transported by air. 

A aignificant factor in the growth of air freight traffic i5 

the increased application of computera in industr,y cost control which 

givee management precise information for decision-making in applying 

the theory of total distribution costs. Freight may cast more in line-
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baul movement than surface transport but can save money in total dis-

tribution costs because of lower warehousing costs, less inventor.y 

tied up in transit, less product obsolescence, lower insurance costs, 

lower packaging costs and a shorter re-order-deliver,y cycle. Jet 

airerait 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.l7 

Many of the new subsonic jet aireraft, now being delivered to 

the airlines, can operate as passenger airplanes during the daytime 

and can be quick~ converted to freighters at night by aliding out 

the aeats on rails and stacking in vans with multi-floor levels until 

again required. This "new-found'I 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 demande Directional or diurnal imbalance May be turned 

to advantage by these flexible aireraft which enhance jet transport 

economics. 

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

AlI mail capable of being expedited by air movement ie expected to 

move by air without rate differential. High speed (within one business 

day) transcontinental and transatlantic air express ls also PQssible. lB 

17Gerald G. Godbout, ''What's Causing the Boom in Air Freight," 
A Paper Delivered to Air Cargo Club of New England, Boston, February 8, 
1966. 

18 Gorham, p.l.5a 
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Tsb1e 12 shows a comparison of direct operating costs for 

movement of cargo by air, truck and rai1road piggyback, in the U.S. 

domestic market. 

TABLE 12 

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

(U.S. cents/revenue ton~i1e) 
L.F. • 10ad factor 

Air Truck Piggyback 

Distance Boeing 747 Boeing 707 

70% L.F. 50% L.F. 70% L.F. 50% L.F. 

400 6.2 9.0 8.6 12.7 3.5 2.0 

600 5.9 B.o 8.4 Il.B 3.3 2.0 

BOO 5.5 7.6 7.8 Il.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 

1400 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.B 7.0 9.B 3.1 2.0 

2200 5.00 6.B 7.0 9.75 3.1 2.0 

Source: Boeing Aircraft Co., Traffic Forecast S637 (Renton, 
Washington: Boeing Co., Januar,v 20, 1967). (Figures derived trom curves). 
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The Financing of Investment In The Air Transport Industl'T 

A financ~ stable airlue is potantially a safe airline. 
Not only ce it afford to buy the best and Most modern air
craft, bllt it can afrord. the skilled staff and tecbnical 
equipment necessar,y for safet,y. Financial health i9 an 
essential to safety.19 

The usual .easures of effectiveness, in judging results on an 

absolute basis .or several results on a relative basis, are rate of 

return on investaent and net earnings. 

By its nature, once investIllent is undertaken it is associated 

with fixed costs. Investment decisions cancern the allocation of 

capital. The characteristic of capital and investment decisions 11es 

in the inflexibility of the commitment in the sense that a considerable 

period elapses befora returns are tully realized. Capital resources are 

allocated to a project in the present, in the expectation that they will 

20 produce a return in the fUture. 

An airline .ust make decisions concarning !leet composition and 

!light 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 ioto account 

(as the airline must, too,) immediate demand, trequency of service, 

the persistence and variab11ity of demand, and the taste of passenger& 

for such things as seating arrangements and other devices. Additional 

considerations tbat both manufacturer and airline must take ioto 

&Caount, include route interaction resulting from alternative means ot 

traval, system direction and directional imbalance of demand, prevailing 

190. G. Anderson, Director General of Civil Aviation, Australia. 

2<tongton and Williams, p.604. 
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windtt, fieet size, cargo and ërport data, and scheduling periods. 

Utilization must be related to the operating dq (including night 

curtew considerations~SST sonic boom, frequency, scheduling losses, 

black time, enroute stop tilte, tel"lllinal stop tinte, (or turnabout tim.e), 

maintenance time, Jlean fiight time per sector, msan distance per sec

tor. (In introducing a new aireratt there are also "learning" slope 

effects, with improvement in util1zation as ope rational experi.nce i8 

gained.) 

InvestJO.ent 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 airl1ne 

invests its capital resources predollliDantl1' iD aircratt, and allocates 

the available aircratt to the transport of passengers, cargo and mail 

at determined frequencies over a net.ork of routes between statiüüa in 

order ta satist,y the'demand for these services. 

The demand for aireraft from the airlines for revenue earaing 

purposes is thus a derived demand (the dependent variable i8 a growth 

equation). The revenue earning part of the !leet 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 aTen the net !leet of aireraft is reduced 

by delqs enroute, during arrival, during turnaround, and during 

departure. The net fleet supplied by the airline ia revenue eaming 

within a timetable of services and allocated frequencies and a network 

of routes betveen a scatter of stations. It is in this complex of 

factors that operations research can be used to advantage to give a 



53 

pattern of traffic. 

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

gives riee to a cash nov over t1:ma. There normally appears: 21 

1. A negative outnow or stream of operating expenditures 

paid out as expenses, including operating, maintenance 

and inventor" costa but excluding depreciation and 

interast. 

2. A positive inflow of operating revenue. 

3. An operating profit or 106s which is the difference 

betv8en expenditure and revenue and vhich 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, converse~, to achieve a given return with the m~ of capital 

out~. 

The objective of an airline to provide adequate air transport 

service to its customers at a fair priee MUst be reconciled vith the 

airline 1 s financial policy. The airline must aim ta operate vi thin the 

overall constraint of remaining financially secure. This constraint 

embraces the folloving goals tor the airline: 

1. To meet all operating costa trom 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 
Ibid., p.601. 
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to the airlines the reservation al sullicient cash by 

the airline to Meet all of a lIontb's ahort-term expenses, 

apart tram all other demands on working capital.) 

2. To be in a position ta raiae long-term capital when 1t 18 

neeessar,y to finance development or expansion. 

3. To depreciate plant and equipment at a high rate, so as 

to be prepared for foreseeable eontingencies. 

4. To give an equitable return on the capital invested. 

Investment in Airline Equipment 

~e trend the airlines have alvays experienced ie a stead7 

increase in the priee of basic flight equipment: 

TABLE 13 

PURe RAS! PRICE OF SUCCESSIVE GENERATIONS OF AIRCRAFT (U.S. dollars) 

00-3 $ 100,000 

00-4 $ 450,000 

00-6 $ 1,000,000 

DC-7 $ 2,000,000 

Subsonic Jet (Basic) $ 7,200,000 
(Boeing 107, Douglas 00-8) 

Douglas DC-8-63 (Stretched) $ 9,400,000 

Boeing 747 HJumbo" $19,000,000 

Concorde S5'!' $16,000,000 

U .S. SST $40,000,000 

Source: Amer1can Research Counc11, Airlines 1964 (Larchmont, 
New York: Ame rie an Research Ccnmci1, Ine., 1964>, p.12. Robert A. Booth 
et al. Cost Arla4rsis of Su rsonic Trans ort in .A.irline eration, A 
lteport Prepared under contract or the U.S. Fe eral viation Agency 
(Mc1ean, Virginia: Researoh Analysis Corp., Decellber 31, 1966), p.59. 
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The largest and Most recent increase in priee was the big step 

from the Douglas DC-7 and Lockheed Super-Constellation class to the 

current Douglas DC-B and Boeing 707 subsonic jet. The priee step to 

the B-747 "jumbo" and to the supersonic aircraft will be mueh greater. 

The progression shows itself again in the dollar value of investment 

in aireraft by 10 representative U.S. airlines in the years between 

1946 and 1962. (Table 14). 

A conservative, relatively sure forecast of an annual rate of 

growth of 8.3 pereent in U.S. domestic trunkline passenger traffic, 

would Mean an increase fram 53 billion revenue passenger miles in 1966 

ta 108.7 billion by 1975, and approximate~ 162 billion by 1980. If 

the annual rate of growth, in the U.S. domestic 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 ta 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, 

inereased fram $486.0 million in 1953 to $2.4 billion in 1965, 

and would inerease ta $8 billion by 1980 as equipment i8 added ta 
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TABLE lu 

lJ • S. AIRLlNES AIRCRAFl' INVESTMENT 

($ U.S. millions) 

Airline 1946 1948 1952 1958 1962 

Ame rie an 61.0 101.8 118.4 296.6 647.4 

Brani!! 8.3 12.6 28.3 61.2 116.9 

Delta 4.6 7.4 14.7 94.0 238.9 

Eastern 14.9 30.5 100.2 302.6 469.8 

National 4.5 10.7 15.4 65.1 123.5 

Northwest 11.0 31.8 49.6 111.9 196.8 

Pan Ameriean 74.3 93.4 175.6 315.5 571.7 

'1WA 45.2 71.4 155.4 339.0 626.0 

United 38.0 90.0 139.2 383.6 813.5 

Western 9.0 12.3 17.4 46.3 105.0 

Source: Ameriean Research Couneil, Airlines 1964 (Uarchmont, 
New York: American Research Couneil, Inc., 1964), p.12. 
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accollUnodate expanding traffic.22 

The Most important problem for airline managements over the 

next 13-1, years will, obviously, be obtaining and maintaining the 

earnings necessary to keep the industry in a profit position while 

adding the n~ equipment and expanding operations and investment. 

The expansion of an:y industry, which doubles its capacity every 

four to five years, inevitably involves heav.y capital investment and 

the airlines are no exceptiQn. The trend is towards the purchase of 

larger and larger aireraft thereby allowing an increased nov of tratfic 

without a proportionate increase in the number of aireraft and number 

of take-offs and landings. The vastly increased complexity of the 

larger airerait has, as shawn, substantially increased the unit priee. 

(In the world airline picture, as at June 1967, LlTA member airlinea 

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-Constellation, has alw~s made use of 

conventional methode, thus, equity financing, short-term (four-to-fiYe

year) borrowing, interna! financing from growing cash novs, this last 

finaneing at least the down payment on new aircraft. 23 

22James E. Gorham, "The Impact of Continuing Traifie Growt.h and 
of New Transport Equipment on Route and Corporate Structures of the Air 
Transport Industry, If A speech delivered at the Aerospace Program spon
sored by Brush, Slocumb and Co., Los Angeles, California, Nov.3, 1966, p.4. 

23rhe liquid assets necessary for the purchase of airline equip
ment can be fram five sources: profits, depreciation and amortization 
charges, sale of surplus equipment, issuance of lquity securities, 
issuance of debt securitiee. 



I~ i8 true, though, that the unit cost of the subsonic DC-8 

and B-101 jets, and the large number ordered to maintain a competitive 

advantage, necessitated a major change in airlines' capital structure. 

Long-term debt came to represent 50% or more of the typ1eal pattern 

of cap1talization. Comparison of debt as a percentage of total capital, 

frOID just before the jet age in 1951 to a time when Most of the program 

was complete in 1962, 1s set out for ten representative U.S. airl1nes 

in Table 15. 

'MaLE 15 

PEST AS PERCENTAGE OF TOTAL CAPITALIZATION 

(Major U.S. airlines) 

Airlines :1.951 

Ame rie an 62.0% 

Bran1ff 30.0 

Delta 33.9 

Eastern 43.3 

National 13.1 

Northwest 46.2 

Pan American 39.3 

TWA 33.7 

United 44.2 

Western 49.1 

:1.962 

70.4% 

48.0 

46.9 

53.1 

64.0 

63.4 

80.1 

63.8 

52.6 

.Source: American Research Counei1, Airlines 1964 (Larchmont, 
New York: American Research Counci1, Ine., 1964), p.12. 
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By conventional standards the current debt-to-equity struc

ture of the airlines ia excessive. For ever,y $1 of equity, there ia 

roughly $2 of debt. On top of the $3.5 billion the aubaonic jets coat 

the U.S. domestic airlines, there was at least a $1.9 billion outl~ 

(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 $43,950,000 in 1960, an increase of 53~. Interest charges on 

debt, in 1964, cost the 11 major U.S. air1ines 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-term 

financing comes through the reassuring belief of the large institu

tional lenders in the future eal~ings potential of the industry. This 

confidence is much stronger than that indicated by the stock market in 

its buying of airline equities. 

The financing prob1ems of the B-747 Ir jumbos lt and the SST may 

put a considerable financial pressure on the industry, and could have 

a dampening effect on airlina stocks. The Most important figure, that 

is, the per-unit cost figure of the B-747 and SST'8, is still a very 

uncertain one. The cost of the SST depends heavily on how development 

costa are to be shared by industry and governrnent. 

Financing the SST May prove less disrupting than the earlier 

subsonic equipment did since at first their utilization is like~ to 
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be on~ for long-range flights, vith subsonic jets still constituting 

the 1arger part of the !leets. As most of the subsonic debt ie being 

amortized over a 10 to 14-year period.fUnds should be available from 

internal cash f10ws to make the, at 1east, first payments on the "jumbo" 

and supersonic aireraft. 

The high debt of the air1ine industry gives an added degree of 

rlsk, but this alao means a 8trong investment incenti ve in tel'll18 of the 

high 1everage. With the fixed cost of servicing the debt so very large, 

future improvements in eamings will show up very noticeably. One 

potential hazard though, to the profitabi1ity of the supersonics 18 the 

attitude of the regulato17 bodies. Tt is suggested that these have 

been gui1ty, 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 

financia1 obligations in the period fram 1960 to 1970, and to have & 

picture of the air1inea' ability to finance the supersonic transports 

and "jumbo" jets in the early 1970'8, the U.S. CAB asked for a torecast 

of most of the major financial categories for a11 air1ines for the per

iods 1961-1965 and 1966-1970. (The CAB request did not ask for profit 

forecasts.) The resu1ts of the forecasts are as shawn in Table 16 

Forecasts for the 1961-65 per1od, 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 sorne $211 

million was in fact avoided. The forecast made in 1960 for the 1966-

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

FORECASTS OF MAJOR. FINANCIAL CATEGORIES - U.S. TRUNKLlNES 

1961 - 1965 

For equipment acquisitions 

For debt retirement 

Total cash requirements 

Expected cash sources: 

Depreciation and amortization 

Credits available 

Sale of surplus aircraft 

Total 

1966 - 1970 

For equipment acquisitions 

For debt retirement 

!otal cash requirement 

Expected cash sources: 

Depreciation and amortization 

Sale of surplus airerait 

Total 

Million of dollars 

$1,900 

643 

2,543 

1,800 

467 

65 

$2,332 

$ 795 

825 

1,620 

1,570 

15 

$1,585 

Source: Insti tut Du Transport Aérien, Economie Aspects of U.S. 
Air Transport from the ItProject Horizon" Report, Info:rmation Paper 
Ni 165 (Paris: ITA, Januar,y 1962), p.14. 
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~conomic upsurge since 1963 and the still heavier investment in 

equipment. 

Return on Invested Capital in the Airlines 

On November 2" 1960, the U.S. Civil Aeronauties Board (CAB) 

announced as a general policy statement that the domestic airlines 

should earn an average return of lOi percent on invested capital. 24 

This policy stat~ment vas reaffirmed in October, 1963. A baseline 

of, s~ la! percent return,has some justification from the histor,y of 

the U.S. airlines. Operations in 19,0-1955 resulted in earnings in 

the 10-15 percent range, but heavy expenditures for equipment, begin

ning in 19,6, brought the beginning of an erosion in rate of return 

figures. Table 17 shaiS summarized operating results, including rates 

of return, for the U.S. domestic trunk airlines for the years 19,7-

1960 inclusive~. 

24The U.S. Federal Aviation Act of 1958 provides for govern
ment regulation of priees, profits and entry into business in the 
air transportation industr,y, and assigns the Civil Aeronautics Board 
(CAB) the dut,y 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-Wor1d and United) and Il.25 percent 
for the Intermediate Eight air1ines, resulting in a veighted average 
return of 10.5 percent for the U.S. domestic trunkline industr,y. In 
applying these return-on-investment guide1ines, the CAB applies the 
formula: 

Return on Investment • 

Net Earnings After Tax and Special Items 
+ Interest P~ent. 

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



T A BLE 17 

SUMMARIZED OPERA TING RESULTS OF U. S. DOMESTIC TRUNK AIRLINES 

1957 - 1960 

Total operating revenues 

Depreciation and arnortization 

Operating profit 

Capital gains 

Interest expense 

Net incarne before incarne taxes 

Net incarne after special items 

Total Investrnent 

Rate of Return 

(in thousands of dollars) 

1957 

$1,419,615 

146,967 

42,094 

13,794 

16,322 

44,662 

27,028 

903,668 

4.80 

1958 

$1,515,250 

139,254 

95,125 

11,006 

24,457 

91,411 

44,795 

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 

34,851 

15,078 

43,950 

22,692 

1,191 

1,579,640 

2.86 

Source: Institut Du Transport Aérien, Economie Aspects of U.S. Air Tran~ort from 
~ject Horizonlt~rt; Information Paper Ni 16$, (InstiturDU Transport Aerien, ~nuary 1962~ p.12. 

'" "'" 
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Rates of return, as recent as 1962, were of the order shawn 

in Table 18be1ow. The range of rates ref1eets varying definitions of 

invested capital and tax credits. 

TABLE 18 
1962 

U.S. Air1ine Rate of Retum 

American 4.4% to 4.7% 

Braniff 5.4 to 8.2 

Continental 5.7 to 7.0 

Delta 14.4 to 15.9 

Eastern deficit 

National 11.0 t.J 13.9 

Norlhwest ,.0 to 7.9 

'lWA 1.5 to 3.8 

United 3.6 to 4.6 

Western 8.9 to 10.5 

Pan American 6.7 to 6.9 

Source: American Research Counci1, Air1ines 1964 (Larchmont, 
New York: American Research Counci1, Inc., 1964), p.14. 

On1y Del ta, National and Western air1ines showed a rate of return on 

investment in the area of lOi percent vhich vas put forth by the U.S. 

CAB. Specifica1~, in 1953, net income of U.S. domestic carriers before 

interest vas over $50 million, a return on investment of Il.2 percent. 

After being close to zero in 1961, net income, belore interest, climbed 

to $295 million in 1965, a retum on investment of 12.3 percent. To 

achieve the 10.5 percent return that CAB accepts as reasonable, earnings 

would have to expand by 1980 to permit a net return, belore interest, of 
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$8~n 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 industr,y's financial upturn, which began in 

1963, gained momentum and continued into 1964, then through 1967. The 

detail 1964 financial statement set out in Table 19 for the 10 large st 

u.s. carriers, was the result of f~ing 81.8 million passengers over a 

distance of 58.5 billion passenger-miles. This was an increase of 14.5 

percent in passengers and 16.1 percent in passenger-miles over 1963. 

(This table includes both domestic and international operations.) On 

the international side, U.S. international airlines in 1964 grossed 

over $1 billion for the firet t1me, deriving this revenue from over 14 

billion passenger-miles, up by 21 percent over 1963 and with a profit 

margin increased by 59 percent. In 1964 air cargo accounted for 10 

percent of gross airline revenues. 

Regulator,y Action and Profits 

Regulator,y 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 uaed in the 

industry promise increasing returns to scale. A consolidation process 

through mergers, and especi~ mergers of sound companies, could well 

be in the public interest and could have a beneficial affect 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 
Transport Industr,y," A speech delivared at the Aerospace Program 

sponsored by Brush, Slocwnb and Co., Los Angeles, California, Nov. 3, 1966, 
p.8. 



Change 
Revenue 1964/63 

(1 millions) (percent) 

uni ted Airlines 669 7 

Pan Am. world 604 8 

NA 575 21 

American Airlines 544 Il 

Eastern ft 414 17 

Northwest t: 212 25 

National ft 148 22 

Western ft 118 18 

Branitt ft 110 11 

Continental ft 88 12 
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tA.BU ~9 .-. _ ... ~-.-
FINANCIAL POSITION OF TEN LARGEST U. s. 

AIRLINES AT mm OF OPERATING D'AR, 1964 

Pro1'it to 
Profit to Stookho1der No. 

~~:: 
~<f": 
:y' 

o1'i~ 
Net Profit Revenue Equity DnP1oyeii', 

($ millions) (percent) (percent) 
, 

{1000's ; 

L 

.f;'" 

Of ... ,-
Zl.3 4.1 16.3 31.0~; 

~ 
37.1 6.1 6.1 26.5 :~ 

<! 

6.4 
:~ 

37.0 26.4 22.0 k 
~: 

33.5 6.2 17.8 23.0 ~ , , 
5.8 -L 1.4 L 13.5 17.9 

~ 
26.8 12.7 21.8 6 ;l .0 -; ., 

i 

15.1 10.2 26.4 4.3 ~ 
" 
-~ '. 13.4 1 11.3 24.7 3.5: 

6.0 5.4 13.1 5.4 ? 
t 

5.7 6.5 15.5 
~, 

3.0 ' \ 
!\ 

1 
(The above 111ustrates.the tavOrable new ) 

ï 
profit era that the air1in,s entered in 19~4) 

.~. 

~ 

f~ 
.~ 

~ 
:~ 

ï:-' 

'.'" . 
. ~ 

',"l. ; 

Souroe: News Front, November: 1965_ p.hO. - l 

Îi, 
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Addi tions to Earnings 
plant and par 

No. of ·Equipment Depreciation Total Assate Current Rates Oash Flow Cammon Rank 
Aircratt ($ millions) ($ millions) ($ millions) Asseta/L1ab. ($ milliona)Share-$ 1964 1965 

251 85.8 59.9 730 1.1 87.2 4.04 1 1 

118 129.2 54.1 663 1.0 91.2 2.69 2 2 

161 128.8 49.2 624 1.2 86.2 5.47 3 4 

163 75.8 54.0 721 1.6 87.4 3.93 4 3 

186 75.5 40.0 366 1.7 L 1.80 5 5 

53 43.0 22.9 237 1.2 49.6 5.86 6 6 

34 19.8 12.7 157 1.5 ZI.7 7.65 7 7 

48 14'.7 11.7 124 1.3 25.1 3.11 8 8 

52 4.7 8.4 99 1.9 14.3 2.03 9 9 

28 15.5 9.5 105 1.1 15.2 1.82 10 10 
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airline profits and on fares. The industry understands the value of 

lawer fares, and the special illlportance of this fact for the years 

ahead. Industry- efforts to achieve international rates favouring mas. 

transportation have already resul.ted in progress to date through 

International Air Transport Association meetings in Salzburg, Austr1a 

and in Nassau in late 1963. Through these meetings lover fares have 

been introduced and further lov 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 large st increase in the Dow Jones average 

. 26 
of any mdustry. This illpressive leadership held into the early" months 

of 1964. This parad!Jxieal strength by a 1011 return group is alm.ost 

unpracedented in market histor,y. Many individual airline stocks more 

than doubled in Talue in 1963, and then went on to appreciate another 

5~ in 1964. Those who bought into the airlines in late 1962 have 

enjoyed a capital gain. While the general run of industrials vere 

making 25 index points, a ri se of about 40% from October 1962 levels, 

the air tr.msport group rose fro. 20 to 68 on its index, a gain of 240%. 

No similar gain had appeared since 1946, vhen.the airlines vere attract

ing a vide market as a result of their growth prospects. Thare are 

fundamenta1 forces which have supported this rise in airline stocks: 

-2~erican Research Council, Inc., Airlines 1964 - Annual Industry 
Study and Investment Forecast (Larchmont, New York: 1964), p.l. 
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1. The airlines, long a growth indust!'y', vere finally baing 

appraised as growth stocks by the market. 

2. In 1963, a number of favourable forces f.inally began to 

raise the eaming curves of the airlines, indicating the 

potential profits, and restore beliet in the future of 

air transport stocks as investments. 

In 1963 the airlines appeared to have overcoma some of the problems of 

financing the suhsonic jets and their over-capacity and marketing pro

blells. That "one more probleRl" that always seemed to be in the vay 

before profits could be realized, at last seemed to have disappeared. 

For Most of the carriers, 1964 was a year of increased protits enhanced 

by the prospect that the industry would continue to show a profit in 

196, and subsequent years. In 1963 and 1964, the U.S. damestic airline 

business grew very lIlUch faster than the econ0l'l\Y, whereas in the iDmled

iately preceding years, it kept pace with, or only slightl1 bettered 

the economy. This was partially accounted for by air freight, which 

had long needed more attention by the industr.r, and which was now begin

ning to show its profit potential. Contributing factors to this out

come were the airlines' abili,ty to live with a ,0%, or even lover, 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 nev era of 

profits, these plus factors must continue. 

From 194, to 1963, Gross National Product increased in the U.S. 



approximately 21 times. During this sarne period, air1ine revenue 

passenger miles (number of revenue passengers f10wn times the 1ength 

of the trip in miles) grew tenfo1d. There have been only three signi

ficant pauses in the year-to-year increases in U.S. air1ine passenger 

business, viz: 1947-1948, 1957-1958 and 1960-1961. These were aIl 

years of business recession in the U.S. During the recession year 1958, 

the number of revenue passenger miles continued to increase. Sinee 

1961 growth in air1ine passenger traffic has shawn a strong tendency 

to pull aw~ from the rate of growth of the econo~ as a who1e. Such 

deviations from the business cycle are i11ustrated by the year 1961-

1962 when the U.S. GNP grew approximate1y 7 percent whi1e revenue 

passenger miles increased 81 percent and by the fact that in 1963 air-

1ine passenger growth about doub1ed the increase in the GNP (10-11 

percent against 5 percent). 

This faster rate of growth continued during 1964, through 1967 

and m~ we11 continue during the next decade. No doubt there will be 

some ref1ection of the general health of the econo~, but even dec1ines 

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. 
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TABLE 20 

CœPARATIVE GRC1NTH OF U.S. GNP, REVENUE SEAT MILES, AND AIR EXPRESS 
AND FREIGHT TON MILES IN THE UNITED STATES 

Year 

1945 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1945 - 1963 

Air Express and Freight 
GNP Revenue Passenger Miles (1000 ton miles) 

(biliions $)' (billions) MonthlY average 

213.6 

210.7 

234.3 

259.4 

258.1 

284.6 

329.0 

347.0 

365.4 

363.1 

397.5 

419.2 

442.8 

444.5 

482.7 

502.6 

518.2 

554.9 

582.0 

8.0 

10.6 

12.1 

19.2 

21.6 

24.5 

24.4 

28.1 

29.2 

29.5 

31.8 

35.5 

1.81 

10.13 

12.45 

Il.74 

13.13 

14.53 

15.36 

18.41 

20.03 

21.76 

23.87 

28.28 

31.72 

37.13 

45.30 

50.00 

Source: Allerican Research Council, Airlines 1964 (Larchmont, 
New Yor~: American Research Council, Inc., 1964), p.4. 



PART III 

THE ECONOMIes 



CHAnER VI 

THE MODERN TOOLS, OPERATIONS RESEARCH AND COMPUTERS 

Introduction 

·The explosive expansion of scientitic knowledge has created a 

pressing need that the new technology be ~ absorbed by the airline 

industry. This means the recruitment of m.s.ny more trained personnel 

skilled in science and management. The second wave of the jet revolution 

i8 still ahead and will generate new problems for airline management. 

This second wave does not guarantee pro spe rit y but will divide those air

lines with efficient short and long-range planning, who perceive the 

nature of the new forces and meet themwith a11 the sophisticated tools 

of management science now at band, and those airlines without the se 

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~ing and 
control procedures that beco~ 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 steadi~ decreased. This dynamism at the technological 

:Xontreal Gazette, October 2, 1967. A Paper delivered by 
Maurice Archer betore the Second International Symposium on Railroad 
Cybernetics, (Montreal: October l, 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 industr,y's 

development. 

It is true that many economists believe that econom±c growth in 

industr,y 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 theor,y 

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 manage rial 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 theor,y 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 the ory • 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 ana~tical 

models minimizes uncertainty. One of the principal benefits is the cam-

parative study of alternative opportunities to prevent decisions being 

taken arbitari~. 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: 

••• a happy increase in rapport between the economic theorist and 
the manage rial 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 rnake 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 

2william J. Baumol, Economic Theory and erations Analysis, 
(2d ed.; Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 19 p.v. 

3Alan H. Stratford, Air Transport Economies in the Supersonic 
Era (London: Macmillan Co., 1967) p.118. 
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U.K. 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 "operations research" appeared in the airlines.4 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, sorne 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 sorne 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 sorne of their 

increasingly complex problems. The picture of operations research is, 

4A• M. Lee, "Review of Operational Research in Airlines," 
AGIFORS Symposium (1963). 



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 14 airlines, said:-

In conclusion then, l think the main point to be drawn from the 
results of this joint investigation is that OR in the airline 
industr,y is still in its infancy and subject to the growing pains 
of ad j ustment

5
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, l 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 ana~ze the manner in which decisions affect the ulttmate outcome 

of the activity under consideration. The approach, via operations 

research, in formulating a problem, follows the sarne procedure as any 

scientific method, going from assumption,.to analysis, to test, and final~ 

to predictions. Sorne advantages of using these models for airline problems 

are:7 

5J • Taylor, "The Development and Organi~ation of O.R. in Airlines," 
Proceedings, lst AGIFORS Symposium (1961). 

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

7R. 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.546. 
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1. The facts of the situation can be expressed more precisely and 

concise~ than with any verbal description, and can, therefore, 

be comprehended more easily. 

2. The relationship between the various factors are more readi~ 

appreciated in a mathematical model than in a verbal descrip

tion. 

3. It makes it easier to ensure that aIl the major variables of 

the problem are considered simultaneous~. 

4. A mathematical model is capable of being progressively enlarged 

and developed to include factors that are otherwise neglected 

or subjective~ treated. 

5. The mathematical model indieates the data that have to be 

eolleeted to derive a quantitative solution, or the are as 

where assumptions must be made. 

6. Many problems involve more faetc:;:'s than ean be dealt with 

except by using elaborate data processing procedures, and 

large scale electronie equipment. In these cases, the mathe

matieal model forms a bridge between ana~sis and processing. 

7. The mathematical model, from its nature, permits sophisticated 

techniques to be used which otherwise could not be applied. 

8. Since the mathematical model is often developed barometrical~, 

the short age of data does not bar its formulation. Conclusions 

can be drawn and predictions made in situations where data is 

not available. 

To adopt the approaeh of operational research it is first 

necessary to determine the structure of the situation. 
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1. Prepare a detailed description of all processes or situations. 

2. List the factors which var,y independent~, but are not under 

the control of airline management. 

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

line management directly. 

4. List the dependent factors and their suspected relationship 

with the independent factors. 

The next step is to construct the model and totest if the model 

represents the situation; its behaviour should be tested over the entire 

range of feasible values. The sensitivity of the model's behaviour to 

small or large changes in the values of the various factors can be 

checked. It ls th en 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 models lends itself to 

Many applications in the airline industry, particular~ those applications 

leading to the efficient use of the factors of production. In procurement 

and investment programming it is essential to develop systematical~ and 

compare quantitative~ 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 

BR. E. Miller, Domestic Airline Efficiency: An Ap lication of 
Linear Programming (Cambridge: The M.I.T. Press, 19 3 ,Chapters and 
6 for an excellent discussion on the use of models to establish airline 
operating efficiency. 
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a particular~ 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: Priee, performance and operating 

costs (expense factors). 

2. Traffic forecasts: U.S. domestic and wc rld routes. 

3. Route characteristics for the airline route structure: segment 

distances, airport data, revenue yields, alternate routings. 

4. 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. 

1. Route analysis: number of aireraft 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 

incorne, 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. 

9Lee R. Howard and James I. Williams, "SST Prospectus - Economies 
of the United States SST," Lockheed Horizons, Issue 3 (Autumn Issue, 196,). ,. 
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The method may be des~ribed as a four-step process: 

Step 1: 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. 

Step 2: Development of route interaction -

This is the determination of the interaction patterns 

of 5.1stem traffic flows for each pair of cities. 

Step 3: Flight Assignment -

The successive selection and assignment of route/aircraft 

combinations which produce the most favourable system 

economics. 

Step 4: System Summarization and Analysis -

This i8 a continua·tion of Steps l, 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. 

This 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. 

Sorne 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 aIl 

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 incorne levels. Traffic simulation itself, is based on fare 

levels, type of equiprnent and socio-economic factors. Schedule simula-

tion depends on route interaction, that i8, 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 secondar,y 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 industrytO 

1. 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 

lOFor an excellent treatise cf. J. T. Dyment, IITools of Airline 
Management," Journal of the Royal Aeronautical Society, LXIX (January 
1965), 9-26. 



82 

tariffa, advertising control, telephone sales, office simulations, 

reservations records staffing. 

3. Aircraft maintenance: engine repair and overhaul simulation, 

autornated budget analysis, component records system, in-flight 

recording, automated (automatic) maintenance, labour and material 

usage reports, fuel consumption anal1sis, CPS, LESS, and PERT 

programming (the scheduling of work for optimum productivity). 

4. Inventory Control: daily records of inventor,y, support systems, 

forecasting consumption, stock allotments, annual inventory, 

parts catalogues, autornatic card-punch re-ordering. 

5. Finance and accounting: revenue accounting, payrolls, basic 

statistical reporting, aircraft depreciation, investment analYsis, 

common shares accounting. 

6. Operational or on-line proeessing: electronie reservations 

system (e.g. Reservee and Sabre), reservations records system, 

teletype switching, aircraft weight and balance, flight planning, 

crew Bcheduling. 

7. Miseellaneous applications: air terminal design (delays in 

terminaIs, passenger check-in systems), delays in landing and 

take-off, Air Traffie Control, cargo control and seheduling, 

computerized self-service ticket-processing (card-puneh ticket 

rnagnetically 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. 

3. Aireraft maintenance: engine repair and overhaul simulation, 

automated budget analysis, component records S,Ystem, in-flight 

recording, automated (automatic) maintenance, labour and mate rial 

usage reports, fuel consumption ana~sis, CPS, LESS, and PERT 

programming (the scheduling of work for optimum productivity). 

4. Inventor,y Control: dai~ records of inventor,y, support systems, 

forecasting consumption, stock allotments, annual inventor,y, 

parts catalogues, automatic card-punch re-ordering. 

5. Finance and accounting: revenue accounting, payrolls, basic 

statistical reporting, aircraft depreciation, investment analysis, 

common shares accounting. 

6. Operational or on-line processing: electronic reservations 

system (e.g. Reservee and Sabre), reservations records system, 

teletype switching, aircraft weight and balance, flight planning, 

crew scheduling. 

7. Miscellaneous applications: air terminal design (delays in 

terminaIs, passenger check-in systems), delays in landing and 

take-off, Air Trafftc 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 complex mathematical process, including queueing, 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 main~ 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 primar,r 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 
previous~ expected computers to do jobS more cheap~; 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 $140 million invested in computers. Two of the 

largest U.S. trunklines, United and Trans~orld, who have been leaders 

l111Computers 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 S,1stems valued in the area of $45 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 activities in a single department under one head. Dr. John 

J. Deutsch, former Chairman of the Economie Council of Canada and 

principal-designate of Queen's University, Ontario, relates computera 

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. Thia has been the revolution in management.12 

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 bibliographies in this literature. It i5 included at 

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

l~ontreal Gazette, December 21, 1967, p.u. 



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 enticing~ 

expansive, the airline industr,y is faced with the economic problem of 

periodicity of demande With large volumes of seasonal vacation traffic, 

the airlines must shape their production of capacity to the seasonal 

ups-and-downs bu~ are still committed to their fixed costs. Scientifi

cal~ 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. 

85 
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The Concept of a Planning and Development Department 

It would seem that a separate, self-contained Planning and 

Development Departrnent, 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; name~, to solve the 

difficult problem of keeping a ire raf t, the production instruments, fly

ing regularly to the right places and just often enough to satisf,y the 

public demand for air transportation, at a priee which at least cover~ 

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 level; resourceful 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

tion; who could apply ana~ical, S,Ystems, and planning techniquee in 

imaginative fashion. These professionals should have formal training in. 

transportation economics and a broad knowledge of economic theor,y, econo

metrics and mathematical economics. Sorne 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-disciplinar,r team and manpower selection should search 
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for eeonomists, 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 nurnbering pers ons 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 specifie project, eollecting aIl 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 sarnpling 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 weIl 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 aireraft 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 Department 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 w~s 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 passenger service 

requirements to meet marketing objectives and financial targets, and 

would recommend rearrangement of tariff structure to promote a high-



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 lias on 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 ac~ as a plan evaluation 

team for the compilation of a final budget report to meet the airline'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 planning, 

equipment and facilities planning, schedules, systems planning, and the 

Many functions under these headings. 



CHAPTER VilI 

THE COST APPROACH 

Introduction 

Dr. J. J. Deutsch, Chairman of the Economic Counci1 of Canada, 

said: 

Transportation costs enter in such large measure into the final 
costs of products, that the uneconomic use of these resources 
can on1y contribute to the inefficiency of the econo~ ••• for a 
misa11ocation of transportation resources ••• can 1ead to a mis
allocation of resources e1sewhere in the countr,y.1 

The MacPherson Royal Commission on Transportatton and the Economic 

Counci1 of Canada have both recommended that the use of transportation 

resources shou1d be directed to meeting the greatest demand, and not for 

the support of means of transportation for which the demand has fallen 

be10w the point of economic justification.2 

The abi1ity to generate air1ine earnings is a function of con-

tro11ing unit capacity costs, and of contro11ing capacity offered 

relative to traffic and the 1eve1 of unit revenues. If unit capacity 

costs can be reduced and load factors improved, the air1ines will be able 

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

what they consider acceptable profit margine Each year greater numbers 

lcanada, Economic Counci1 of Canadat Fourth Annua1 Review 
(ottawa: Queenls Printer, September 23, 19 7). 

2Canada,Roya1 Commission on Tran~ortation, (MacPherson Report) 
(3 vols., ottawa: Queens Printer, 196172). 
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of people are carried, more ton-miles of freight are transported and, 

the average fare per passenger-mile has decreased substantia11y even in 

tenns of a depreciating currency. 

The rate of grovth can be attributed to progressive~ faster, 

more comfortab1e and safèr aircraft, and part~ to the progressive 

decrease in fares over the past 17 years. Both the air1ine industries 

and the regulatory bodies seem to be in agreement that the benefits of 

lover unit costs should be passed on to the consumer. Stuart G. Tipton, 

President of the Air Transport Association of America, brought out thie 

point graphiea1~ by comparing changes in U.S. international air carrier 

rates against consumer priee changes for the years 1950 to 1965.J 

Taking the 1950 index as equa1 to 100 units in both cases, he illus

trated that, in 1965, the average tare per passenger mile vas on~ 73 

units, and the average rate per freight ton mile vas 58. On the other 

band the consumer priee index in 1965 lifas approximately 1.30, 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 

possible large~ 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 vages. 

This technologie al effieiency in aircraft design and other 

supporting faeilities, coupled vith the management attention to cost 

.3Stuart G. Tipton, The Suecess Stor,y 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 econo~ services, 

has reduced the cost of producing a ton mile of lift (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 ûf mûdern technology to all econornical~ 

important sectors of the industry. The opportunity to lower unit costs 

still further can be achieved through the econornic application of 

electronic data processing in a very large number of areas. 

The introduetion of subsonic jet transports in 1957, of the 

Boeing 707 and the Douglas DC-B type initial~ 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 approxirnately one half on the reciprocating

engined Lockheed Constellation. Correspondingly, crew salaries and 

depreciation are lower percentages on the subsonic jets. This is 

illustrated in Table 22 which follows. 



93 

TABLE 21 

AIRLINE DIRroT OPERATION COSTS - JET vs PISTON 

Cost 

Per Per 
Aircraft Airplane Mile Seat Mile 

Passenger 
Load Factor 
Required to 
break even, 
exc1uding 
cargo 
(percentage) 

Boeing Jet 101-120 

Lockheed Piston 1049G 

(dollars) (cent.) 

1.68 

·2.40 

,1 
1, 

Source: "NA Forecasts Jet Costs, Operation .... ATiation Veek, 
(October 14, 19,1), pp. 38,39. 

TABLE 22 

AIRLINE OPERATING COST CATEGORIES 
AS PERCENTAGES OF TOTAL DIRECT COST 

Categor;y Boeing 101-120 Lockheed Constellation 
104% 

Crew Salaries 8 13 

Insurance 6 6 

Fuel 40 32 

Maintenance & overhaul 26 19 

Depreciation 20 .1Q.... 

100 100 

Source: ~A Forecasts Jet Costs, Operations," Aviation Week, 
(October 14, 19'1), p.39. . . 
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Utilization 

High dai17 utilization makes for high profits and, combined 

vith increased speeds, results in progressive lowering of unit pro-

duction costs. Utilization ia not a tunction of airplane reliability 

alone, but i8 81ao a function of the operational s,ystem in vhich the 

airplane ia to serve. The scheduling requirements of an airline route 

B,Ystem are determ1ned by economic geography, desired flight frequencies, 

and departure timea. These, in turn, are functions of the traftic 

demand, the capability of the airplane, and competition. A desirable 

operational schedule is the best economic compromise betveen 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 importance of a high utilization rate, are brought out vith 

clarity by ICA04 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 onU.S. domestic. service in 1964, vith projected 

costs for the Douglas 00-8-60 ("stretched"), Boeing 747 ("jumbo"), 

Concorde and Boeing SST'a. The data used ia particularly valid as it i8 

derived from the U.S. CAB standardized system of accounting for the air

cratt vhich are nov in operation, and the costs for the four projeeted 

4ICAO Seeretariat,Air Transport Operating Costs, ICAO 
Circular.77AT/l~ (Montreal: ICAO, May 1966), p. 24. 

SR: R: Sh~, "Technologie al Progress and the Airlines," Journal 
of The Royal Aeronautical Societl, LXXI (September 1967), 600. 
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models are based on f'ormula costs relative to the Boeing 707-320B. In 

addition, the vage. structure in U .• S. domestic airline. i8 reasonabl1' 

consistent. 

TABLE 23 

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

AIRCRAn' 

Doug1&s DC-3 
Lockheed 1049 
Lockheed L138 
Convair 880 
Douglas Dc-8-10 
Boeing 700-200/300 
Douglas 00-8-50 
Boeing 707-300B 
Douglas 00-8-61/63 
Boeing 747 
Concorde SST 
Boeing SS'l' 

Direct Operating Cost 
(U .S. ~/ton ki10metre 

availab1e) 

·Projected, other figures are actuals. 

Aircraft ProductivitT 
(1000 of ton kilometre. 
available/hour) 

2.0 
3.0 
4.0 

10.0 
11.0 
12.0 
12.5 
16.0 
20.9 
40.0· 
23.0-
62.5· 

Source: ICAO Secretariat, Air 'l'rançort Operating Costs, ICAO 
Circular 77A'l'/12 (Montreal: ICAO, MaT 1966), p.24. and i. R. ShSW, 
"Technologie al Progress and the Airlines~.~ Journal of' !he Royal 
Aeronautical societi' LXXI (September 1967), 600.(Data derived f'ram 
graphicâl presentat ons) • 

.An examination oi Table 23 f'rOlll top to bottoJll, shows that each 

successive genaration of' subsonic airerait is more productiTe and has 

progressive~ lower unit direct operating costa. This emphasizes the 

importance of' the product of' block speed, pqload and rate of' utiliza-

tion. It is of' interest to note that the introduction of' the more 

ef'iicient fan, or by-pass, jet engine in the Douglas DC-B-SO and the 



Boeing 707-.320B vas largel1' reaponsible .for lowering.the unit direct 

costa beln those of their predecessora, the 00-8-10 and the Boeing 

707-200/300. 

In the case of the Concorde and U.S. Boeing BST, it lfould appear, 

trom Table 23 that the trend for each successive generation of airerait 

to give lover Unit operating coats, i5 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 

carr,ying eapaeity of the Boeing SST ia more in line vith its Mach 2.7 

speed and Table 2.3 shows the aireraft productivity to be high and the 

unit cost at about the same as that of the current "stretched" DC-8-61/6.3, 

but higher than that of the Boeing 747 "jumbo". Table 2.3 shows that 

unit direct costs vere also high for the first generation of subsonic 

transports 80 that later models of the SST may still follov the histor

ical downward unit cost trend. 

The apeed of jet aireraft. bas its own special appeal and 

influence in the travel market - but the relation of speed to higher 

capacity aircraft, to give higher hour~ productivity, explains vh7 its 

influence on the airlines is ta procure larger and larger aircraft. In 

past years scheduled airlines attempted to purchase the opt~ aireraft 

for their route structure, based on their load factor, frequency and unit 

cost calculations. Hovever, the rapid growth of the air travel market, 

the difrieultiea in expanding staff and facilities, and the increaaing 

congestion at airports and terminals ia tending to influence the air

lines towards the purcbase of large capacity aireraft rather than 

attempt to meet the market growth by purchasing a larger number of 
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sma.11er airera!t. The large high-speed, high~apacity aireraft has the 

ability to produce several tinles as IllUch york in a day and does not 

cost as much more proportionate1y. 

The Operations Department of an airline shou1d on1y prOdUG6 

that capacity (avai1ab1e ton miles of lift and/or availab1e .eat miles) 

to Meat the demand of the Sales Department, and should se11 thi. capac1t)" 

to the Sales Department at a price which at 1east covera production 

costa. The Sales Department must then be responsible for attempting to 

market this capacity at a priee (fare or tariff) which w111 at1east 

cover air1ine costa. It is.an almost inevitable fact that considera

tions of nationalinterest will,.upon occasion, dictate an operation 

not otherwise requlred. 

Airline Cost Structure 

Airline total unit operating costs are broken down, according to 

the U.S. Air Transport As.sociation (ATC)method, between tvo categories: 

1. Direct Cost (DOC): this is aircraft operat:ing expense 

(u8ually referred to as direct cost, direct expense or direct 

operating expense); and 

2. Indirect Cost (IOC): this i8 ground and indirect expenae 

(usual~ referred to as indirect cost or indirect expe~8 •• ) 

There is general agreement in the industr,y on the nature and 

structure of airline costa. The Air Transport Association of America 

(ATA) "Standard Method of Estimating Comparative Operating Coats ot 
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Transport Airplanes,,6 and the U.S. Civil Aeronautical Board (CAB) 

tIniform System of Accounts and Reporta 7 are in use by all U.S. air 

carriers, although some airlines may alight~ modif.y the CAB Account 

formulas, for their ovn internal use, to cover partieular costing pro

blems. In the United Kingdom, however,the Soeie.ty of British Aerospace 

Companie. (SBAC) formulas have limited use, but. for absolute cost com

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 usualq 

included in the direct costa. (Capital tunda to support the cost of 

nev equipment and spares ~ be. generated by internal cash flows or b.1 

borrowing in the capital markets). The airlines have shawn little dis

position to break costa up into the wo groups, basic (overhead), and 

variable (associated withhours flown and number of landings performed). 

History of ATA Method of C'Ol.sting 

The first universally recognized method for estimating direct 

operating costa of aircraft was published by the Air Transport 

Association of America in 1944. The method vas developed from a paper, 

·Some Economie Aspects of Transport Airplanes," preaented by Messrs. 

Mentzer and Hourse, of United Air Lines, which appeared in the Journal 

1 June 
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of Aeronautica1 Sciences in April and ~ of 1940. The basis of this 

method vas taken from statistical data obtained from airline operation 

of DC-3 aircraft and vas extrapolated to encompass the direct operating 

costs of the larger aircraft vhic'h vere then coming into the air trans

port picture. 

In 1948, it vas determined that the 1944 method of estimating 

direct operating costs fell short of its goal. This vas ~uring a period 

vhen the costs of labour, material, crew and fuel and oil were rising 

rapid1,y. Consequently, the Air Transport Association reviewed the 

statistical data then available, including data for four-engined as vell 

as tvin-engined aireraft, and, in July 1949, published a revision of 

the 1944 method. The ATA method vas again revised in 195, for similar 

reasons, and also to coyer the introduction of the turbo-prop and turbo

jet aircraft. In 1960 a further revision vas based on experience gained 

to that date vith turbine powered aircraft. A draft of proposed changes 

in the formulle vas again issued in June 196,. This draft inc1udes, for 

the firet time, cost formu1ae for the supersonic transports. The draft 

also included a new section on Indirect Coste. 

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 ot 

conditions, and to assist an airline operator and airerait manufacturer 

in assessing the economic suitability of an airplane for operation on a 

given route. Any 8,Ystem evo1ved for these purposes must be general in 
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SC0p86 and for simplicity- will employ- standard formulae into vhich the 

values appropria te to the airplane under study- are substituted. Clearly 6 

these formulae, vhich seek to give precision to complex econoRie problems, 

can never attain this s1ll cOlllplete17. The objective, though ,can be 

approached by- ensuring that the method uses realistic "average lt data. 

Data derived from ATA method. of costing cannot be comparad 

direct17 to actual cost data for an individual a!rline. These individ

ua1 airline costs are dependent upon many things vhich 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 airl1ne must be 

reTiewed in order to evaluate the commercial attractiveness of an air

plane. The economic versatility of the basic design .ust be exaldDed 

vith respect to grovth, and in terme of range, speed 6 and payload. 

(Load factor/frequency/cost). Particular care has to be taken in COJl

paring airline short term. operating cost statisties to data derived fro. 

the ATA Methode 

With the present rapid development in airline operation it will 

be necessar,y to make fraquent revision if the ATA method is to retain 

its value. The formulae are designed to provide a basis of comparieon 

betveen differing types ot airplanes and should not be considered a 

complete~ reliable assesement of actual true value of the operating 

costs experienced on a given airplane in a specific airline. Where data 

are laeking, the user of the ATA method must resort to the best informa

tion obtainable. The ATA cost-estimating methodology has been frequently

mod.ified by agenciee and companies to èover an assessment of a transport 
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aircratt in a more precise~ defined operational environment. 

Derivation of Costa 

Direct Costs (DOO') 

Direct costs cover those cost items which can be directl1 

traced to the operation of the airplane in a transportation s,ystem. 

The cOllJll.on method 8Il0ng carriers in compu.ting DOO ia to use the U .S. 

CAB F01"l1 41 entitled "Unifom System of Accounta for Air Carriers", or 

some silllilar fOM, which 18 broken dovn into three main groups:8 

1. 

2. 

CAB Account Humber 

,100 

,200 

7000 

Itelll 

Flying Operations - Direct 

Direct Maintenance - Flight 

Kctuipment 

Depreciation - Flight Equipment 

1. ~ing Operation. - Direct Cost 

a) Flight CNV 

b} Fuel and oil 

c} Insurance 

Insurance, as associated with the operation of an airplane, 

covera ground and fiight risk, passenger liability, third 

party liability, and !reight liability. Both the paasenger 

and freight insurance are considered as indirect costs and 

are, therefore, not included in this item. 
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2. Direct Maintenance - Flight Equipment 

Soma factors that influence maintenance as a direct cost are a 

fUnction of the airplane design itself, while soma are a fun=tion 

of the particular environment .in vhich the airplane is operated. 

Individual operating procedures and business decisions also influence 

maintenance direct operating costs. The major factors, though, ara 

the actual cost of. spare parts and other maintenance mate rials , the 

reliabilit,. 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 costa, as do overhaul 

"hardware" and facilities, but these are secondary factors. Use of 

computers as automated maintenance fault-findera can marked~ reduce 

the number of maintenance man-hours per f~ing hour. 

3. Depreciation Costa - Flight Equipment 

Reserves for depreciation are largel,. a matter of business polie,.. 

The methoa of taking depreciation is influenced by the expected use

fuI life of the capital asset, tax policies, regulator,y considerations, 

accounting practices and stockholder reporting procedures. The latter 

items aside, the depreciation polie,. to be used in evaluating the 

economic feasibility of an airplane ia primari~ concerned vith the 

expected use fuI life of the aireraft in the given environment, the 

depreciation life of airerait current17 in use, and the competitive 

value of the airplane to the airline. Empty airplanes do not retum 

a profit no matter what the depreciation rata. There ia a trend to 

depreciate engines on the same "life baais" 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 general~ separable from the airp1ane in an 

accounting sense. Engine retrofit 1s uncommon in the dynamic 

airline industr,r. 

The current subsonic jet airplane is, in genera1, being deprec

iated over a 10-12 year period to a residual value of 5-15 percent. 

The trend, though, i8 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 obso1ete 

by new developments and new passenger expectations. Airp1anes in 

the future m~ 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 lover the direct operating cost. 

The ATA standard co st formula for depreciation of the airp1ane and 

its cornponents is as fo11ows: 9 

Complete aireraft including engines and al1 spares 

Reciprocating engine aircraft 

Subsonic turbine engine aircraft 

Supersonic aircraft 

Depreciation 
Period (yrs) 

la 

12 

Depreciation factor • 1 - Residua1 value 
original price 

Residusl 
Va1ue(%) 

5 

5 

a 

To summarize, the direct cost accounts, in their abbreviated 

fom, are: crew, al1 and fuel, insurance, maintenance, and depreciation. 

of 
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Historically, until about 1962, there has been a tendency for 

direct costs to rise slight~ as a percentage in relation to indirect 

costs. In 1962, direct costa for the U.S. domestic trunklinea accounted 

for 52 percent of the total cash operating dollars in the course of 

performing scheduled services. With the higher density loading of the 

eubsonic and supersonic aircrait this tendency is like~ to be reversed 

by the higber indirect costs in such accounts as passenger service, air

craft servicing, traf'fic and sales servicing, and landing fees. This ia 

brought out by comparing total direct and indirect costa in Table 31 

for three subsonic and two SST airerait. (Table 31, page 125). 

Table 24 sets out comparative direct costs for the current sub-

aonic jet, the forthcoming "atretched" and very large Il jumbo" subsonic 

jets, and the 55T. The figures were extracted !rom graphical presenta-
" 

tions in a Lockheed Aireraft Co. ana~sis, and May appear optimistic 

compared to costs obtained in other analyses and which are shawn in 

other Tables. Costa shawn for the large advanced subsonic jet came 

from curves for the 500-700 passenger Lockheed C-SA logistics militar,y 

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 costa 

for the U.5. Boeing S5T, as projected in 1964, for various operating 

configurations. The Boeing SST, now under construction, ia actually 

larger, with considerab~ more capacity, than was envisioned in the 

development stages in 1964. More realistic cost figures are shawn in 

Table 31 on page 125. 
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TABLE 24 

DIRECT OPERATING COST 

(cents/seat mile) 

SUBSONIC AND SUPERSONIC AIReRAFT 

Standard. Stretched Large Concorde 
Subsonic Subsonic Advanced 

Jet Jet Subsonic SST 
Jèt 

1.2 1.0 .6 1.9 

1.15 .85 S 1.6 

1.1 .8 .5 1.4 

1.05 .8 S 1.3 

U.S. 

SST . 

1.3 

1.05 

.9 

.85 

Source: Lockheed Aireraft Company, Lockheed Horizons, Issue 3, 
(Autumn 1965)~ p.9. (Figures in above table extracted tram graphical 
presentation.) 

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. Other important elements in this 

respect are: size of airline (capacity ton miles produced), route 

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

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

volume of economy class operations. 



TABLlI: 25 

DIRECT OPERATING COST SUMMARY :FOn DOMESTIC OPERATION 

BOEING 733-197 BBT PROPœAL 

ANNUAL UTILIZATION 4000 HOURS/II!:AR; 3000 HOURS BETWEliN ENGINE OVERHAUL; 

AIRFRAME DEPRECIATION PERIOD 12 'YF.ABS 

CAB distance (st.mi.) 472 943 1415 1887 2358 2830 3302 

B100k speed (mph) 499 764 928 1037 1119 1168 1190 

FUel oost (do1lars/st.mi.) 1.36 .98 .88 .84 .83 .83 .83 

DOC 1ess tue1 (dollars/st.mi.) 2.95 1.93 1.60 1.44 1.33 1.29 1.26 

TO~ DOC (do11ars/st.mi.) 4.31 2.91 2.48 2.28 2.16 2.12 2.09 

(do11ars/b10ck hour) 2151 2223 2301 2364 2Ji17 2476 2487 

(oents/seat statute mile) 2.87 1.94 1.65 1.52 1.44 1.41 1.39 
--_._~~~-- ~--- __ ----- ---- L...... -- - -- -- --- - - -

3774 

1192 

.83 

1.26 

2.09 

2491 

1.39 

Source: Boe1ng Airorait Co •• Direct Operat1ng Costa and Economie Analysis. Commercial BBT. 

January 15. 1964. p.~5. (data extracted) 

i 

~ 

& 
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TABLE 26 

DIRECT OPERATING COSTa 

BOEING 733-197 BBT P.ROPOSAL 

(6~ load factor) 

Cost cost 
Fer Revenue Fer Revenue 
Block Hour A1rcratt 

(Dollars) statute Mile 
(Dollars) 

• 2200 4.25 

2300 2.85 

2350 2.50 

2450 2.35 

2500 2.25 

2500 2.20 

2;;0 2.15 

2550 2.15 

Direct 
Cost 

Fer Beat 
Btatute M11e 

(Cents) 

2.75 

1.95 

1.60 

1.50 

1.45 

1.45 

1.39 

1.39 

Source: Boe1ng A1rcratt Company. Direct Operating Costa and 

Economie Analysie. commercial SST, jan. 15. 1964. p.2!2. 

(Data derived tram graphical presentations) 
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TABLE 27 

DIRIOT Ol'lRATING COSTS J'OR A GROW'lH SST 

BOEING 733-197 

Seating Arrangement 

Range 198 214 2'Z1 
M1xed Tourist EconOll7 

(St.Mi.) (cents/seat st. (cents/seat st. (cents/seat st. 
mi.) mi.) mi.) 

1000 1.72 1.58 1.5 

1500 1.45 1.35 1.26 

2000 1.32 1.22 1.16 

2500 1.'Z1 1.18 1.11 

2750 1.27 1.17 1.1 

Source: Boeing Aircratt Co •• Direct Operating Costs and Economie 

Analysis. Commercial S8T, J'au. 15. 1964. p.3/16. 

(Data extracted from graph1cal presentations.) 
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TABLE 28 

BOEmG SST, MODEL 733-197 

version Basic Extended BodY' 

Gross weight (lbs) 430,000 520,000 408,000 

Design Range (N.M.) 3,500 3,500 3,000 

Pas sengers 150 214 214 

TOtal. Airplane Priee (t> 22,460,000 24,500,000 23,000,000 

FUel Pri ce ( vi gal.. ) 12 12 12 

utUization (Rr/no) 3,000 3,000 3.000 

T1me between Engine 
oYerhaul (hours) 3,000 3,000 3,000 

Direct 
cost par seat Statute 
Mile tor CAB Statute Mile 
Distances (cents/seat st. 
mi. ) 

1000 2.15 1.7 1.6 

1500 1.85 1.45 1.35 

2000 1.70 1.30 1.25 

2500 1.60 1.25 1.20 

(2900) 1.55 1.25 (1.20) 

3000 1.55 1.25 

3500 1.53 1.24 

4000 1.50 1.23 

Source: Boeing Aircratt Co., Direct operat1ng Costs and Economie 

Analysis, Commercial. SST Proposal., J'an. 15, 1964. 

(Cost data extracted tram graph1cal. presentation.) 
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Derivation of Costs 

Indirect Costs (IOC) 

Indirect costs cover aIl 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 l~its, 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. Ther. 

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 proposaI, and for the current Boeing 707 

subsonic jet as experienced on major U.S. domestic route patterns. 

Comparative unit costa for the two types are set out in Table 30, 

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



Indirect Cost Accounts 

l Passenger service 

II Aircraft servicing 

III Traffic servicing 

IV Servicing administration 

V 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 

)(AjOR INDIRECT COST l'l'ŒS Wlm DmICA'l'ION 0"8 mOBll: ACOOUN'l'S 

SENSITIVE 'l'O AIRORA!"l' DESIGN AND SHOwmG INDIRICT aœT 

ALt.OCA'l'ION IN PERCENT FOR MA1Œ U. S. DOMI!:S'l'IC ROUTE 

PA'l"l'ERNS J'OR BOEn~G SBT PROPOSAI. AlID 

CURRENT LARGE SUBSONIC JET 

:Percent ot Total. Accounts Attected 
Account 

SST SUbsonic by Aircratt Type 

I. Passenger Service cost x 

As a ~ of Ind1rect cost 18 24 

!UDetions-AB ~ ot Acct. 

Food 17 x 

Ste wardes s 34 x 

L1abi11ty Insuranee 
and Mlseellaneous 49 

II. Aireratt Serv1cing Cost x 

As a ~ ot Indirect Cost 10 7 

PUnet10ns-As ~ ot Acot. 

Aireratt Ground serv. 87 x 

Aireratt Control and 
Communioations 13 x 

III. T.ratfic Serv101ng Cost 

As a ~ of Ind1rect Cost 10 10 

FUnet10ns-As ~ of Acct. 

(eont'd next page) 
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TABLE 29 (cont' d) 

MAJ'OR mDlRECT OOST ITŒS 

Percent ot Total. Accounts Attected 
Account 

SST SUbsonic by Aircratt Typa 

III. Tratt1c serv.Cost (contd) 

JUnctions-As ~ ot Acct. 

Cargo &. Baggaga Hand. 53 

Pa •• enger Handling 28 

Rentals &. services 12 

Miscellaneous 7 

IV. servicng Admin. Cost 

As a ~ ot Indirect Oost 2 2 

FUnctions-As ~ ot Acct. 

Records 31 

Communications Zl 

A1roratt & Tratt1c 
Serviong Personnel 21 

M1scellaneous 21 

v. Reservations and 
Sales Oost 

.As a % ot Indirect Oost 13 13 

Functions-~ % ot Acct. 

(oonttd next page) 
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TABLE 29 (Cont' d) 

MAJOR INDIRECT COST ITEMS 

Percent of Total Acoounts Atfected 
Account 

SST subsonic by- Aireraft Type 

V. Reservations and 
. 

sales Cost (cont'd) 

l!'Unctions-AS % of Aoct. 

Passenger Handling 53 

Commissions 23 

Communications 10 

Rentals 8 

Miscellaneous 6 

VI. Advertlsing and 
PUblicity- oost 

As a~ of Indirect oost 9 
.. 

9 

Functlons-As % of Acct. 

Adve;rtising 82 

General Personnel 11 

Miscellaneous 7 

VII. Gan. & Admin. Oost 

As a ~ of Indirect cost 21 2l 

Functions-As % ot Acot. 

Olerical and Reoords 56 

Rentals 9 
Management 7 

TaXes and Fees 28 

(oont'd next page) 
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TABLE 29 (Oont· d) 

MAJOR INDIREOT OOST ITmS 

Percent ot Total Accounts Attected 
Account 

SST SUbson1c bY' Aireratt Type 

VIII. Ground Facl1ities oost 

AS % of Indirect Cost 13 13 

FUnctions-As ~ ot Acet 

Facl1ities M'tee. 60 

Faci1ities Deprec. 25 

Hangar Depreciation 15 

IX· Pre-Operatlng Cost x 

As a % ot Indirect Cost 1 1 

FUnetions-As ~ of Acct. 

Training 90 x 

Advertlsing 5 

Misce11aneous 5 

x. Landing Fee Cost x 

AS a % ot Indirect Cost 3 2 

Source: Boeing Aircratt 00 •• Direct Operating Costs and Economie 

AllalY'sis. Commercial SST Proposal. Jan. 15. 1964. p.G/2 
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Indirect Cost Accounts 

A description of each indirect cost account tollaws:10 

l Passenger Service Cost 

The passenger service cost as a component of indirect cost 

covers tood, stewardesses and liabilit,. insurance. Due to the economic 

regulation of tares, there is little or no priee competition in the air-

lines, eo the attempt to attain competitive advantage through services 

can introduce waste, such as very expensive meale, tree drinks, and 

gifte to passengers. Theae trilla all raiae the level ot passenger 

aervice costs and dim1niah the airline~ protit, except where the extrae 

are paid tor in additional tare, tor example, tiret class. 

II ' Aircraft Servicing Cost (less lBnding tees) 

The cost'" of aireraft ground service, such as fueling, cabin 

cleaning, galley service, ramp positioning, umbilical services and 

inspection, are dependent upon airerait size and the number of departures. 

Using gross weight as an aircraft size parameter, it is tound these coste 

have tended to remain relativel1 constant over time, at approximatel1 42 

to 52 cents/1OOO lb. gross weight/departure. Application of thie para-

meter to the SST indicatee higher costa per revenue passenger mile 

because ot the great difterence in the ratio of gross weight to passenger 

capacit,r tor the SST as compared to the subsonic jet. 

Airerait control and communications costa are properl1 related 

to departures performed, and to the complexity of the dispatching, 

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

Coste and Economie 
as ington: The Boeing Co., 
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in te1"lll8 of dollars per airerait departure, increased substantially 

during the transition te subsonie jets, and it 18 reasonable to aS5Uae 

that the same factors will be at work during the transitlon to SST and 

"jumbo" operations. The a1rcratt control cast increased from $2l/air

eraft departure in 1957 to a level of $37/aircraft departure in 1961-62. 

III Traffic Servicing Cost 

These costs ennompass all expenses associated with the preces

aing of passengers, baggage, mail,· express and freight through the term

inal area including the loading of the airplane. The eosts, when 

expressed ln terms of dollars per passenger enplanement, remained 

constant during the transition to subsenie jets in the years 1957-62, 

in the area of $3/passenger enplaned. This has oeeurred in splte of 

the influence of larger aireraft, and the resulting decreased departures 

per day, per station, and despite the rapidly inereasing number of seats 

per alrplane departure. On an historie trend, traifle servieing costs 

should be very DlUch the same for the SST as for the Bubsonle jet. 

IV "Servieing Administration" Cost 

This is primari~ an overhead aceount for the Airerait and 

Traffie Servieing Accounts diseussed above. The principal expenses are 

for communications and reeord-keeping personnel, rentals of faeilities 

and equipment and other miscellaneous items. These costs, historica~~J 

have been direet~ related to the level of expenditures inherent in the 

basic Aireraft and Traifie Servieing functions. 

V Reservations and Sales Cast 

This account includes those functions associated vith securing 

business, both internally J at downtown sales offices and airport tenninal 
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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 facilities and equipment rental charges. These expenditures par 

passenger increased fram a low of $4/passenger origination in 1957 to 

almost $5 in 1960, and then held relative:q constant, just belov $5/pas

senger origination in 1962. This trend reflects the industri&l transi

tion to fully automated computer-handled reservations s,ystems, and a 

major 5.1stem-wide terminal and sales offices facilit7 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 apparentl1 not a factor, these costs should be virtual:q 

the same for an,y type of scheduled airline ~ransport. 

VI Advertising and Publicity Cost 

These expenses represent those costs associated vith &11 pur

chased promotional media. These functions are generallY hand1ed through 

an accredited outside agenc7 and are contracted for annual:q. The 

magnitude of these expenditures is dictated by airline management. 

There has, however, historical~ been a significant relation betveen 

these costa and total revenues, vith the costs amounting to J.J percent 

of air transport revenues in 1957 through 1959, dropping to Just over 

2 percent in 1960, rising to J percent in 1961, and to approx1mate~ 2.3 

percent of transport revenues in 1962. A new aircratt type usual~ 

receives additional, introductor,y promotional expenditures, but these 
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are short-lived, tempor8.17 costs and, in Mast cases, are capitalized 

and included in the Pre-OperatiDg Cast Account .for each new airera.ft 

type. The type of aireraft operated bas little or no effect on ~hese 

costs. The airlines, with a very small share of the travel market, are 

natural17 trying to sell their product ta a larger group. 

VII General and Administrative Costs 

These result fram general s,ystem overhead tunctione, including 

management salaries, record-keeping personnel, facility and equipment 

rentals, and corporate taxes and expenses. These costs have no relation

ship ta the type of aireraft being operated and are proper~ allocated 

on the basis of revenues generated. There has been a consistency in 

these expenditures for the past several years, vhen related ta revenue 

passenger miles performed, being of the order of .003 dollars (.3 cent.) 

revenue passenger-mile for 1957 through 1962. It can be assumed that 

there would be equal allocation of these costs·for ~ type of trans

port aircraft. The costs of administration are essentially related to 

the eize of an organization rather than the eize of output. As the 

overall productivity of the airlines' operating departaents is increased, 

the unit cost of administration falls proportionate~. The costa of 

accounting which May constitute up to 20% of general administration 

costs, varies betveen the short-baul operator where there are a large 

number of tickets and vay-bills and the long-haul operator. There is 

a large field for economies in this area by simplification of Methode 

an.d use of digital c omputers. 
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VIII Ground Facilities Cost 

These expenses consiat ot maintenance and depreciation 

costs tor all tacilities and equi~ent other than flight equipment. 

This includes hangars, aireratt maintenance equipment and faci1ities, 

ground property and equipllent and aIl bui1dÜlgs. The Ültroduction ol 

a co~lete~ new aircraft techno10gy has a1vays necessitated air1ine 

investIRent in nev faci1ities and equipment to maintain and service the 

aircraft. The depreciation of these facilities and equipment (hangars, 

maintenance equipaent, and aircraft and traffic servicing ground 

property and equipment), however, accounts for only approximate~ 30 

pereent of the total Ground lI'aci1ities Cost, as normal write-off periode 

are 10-20 years. The remainder of the Ground Faci1ities expenditures 

ia for the aa1ntenance of these facilities and equipaent which, assua

ing equal equipaent re1iability and complexity, is probably independent 

of the aircraf't type operated. The introduction of new aircraft types 

in the past bas bad 1ittle effect on these costs, especial~ when 

account is taken of constantly growing s.ystem avai1ab1e seat ailes. 

Vi th techno1ogical illprovement also occurring in design of ground equ1p

ment, Ground Faci1ity costs May continue to lollow the historica1 

pattem and be virtua11y constant for future types of airplanes. The 

Ground Facilities Cost, for the period 1957-1962, vas relative~ constant 

betveen .0008 do11ars/availab1e seat mile and .0013 do1lars/available 

seat mile. There vas a slight tendency for the unit cost of this account 

to decline l'ra. 1959-62, being .0012 dollar/available seat mile in 1962. 
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IX pre-operating Cost 

Some 90 pereent of these capita1ized pre-operating costs 

resu1t trom training activities, and Most of these training costa are 

for t1ight-crew personnel. These trainees have historica1~ required 

approximate1y the sarne number of hours training to become proficient in 

their duties regard1ess of aircraft type. Flight crew training costa, 

therefore, shou1d.be essentiallf proportional to the hour~ cash oper

ating costs of the aireratt (DOC-do11ars/hour). Although the Pre

Operating costs per aireraft will be higher for the Il jumbo" and SST, 

this higher vork rate will permit the system te be hand1ed b.Y substan

tia11T fewer aircraft, whieh more than offsets these higher unit costs. 

Pre-Operating costs can be amortized over the full expected life of the 

equipment. 

X Landing Fee Cost 

Theae fees are genera1~ assessed against the air1ine at a rate 

per 1000 pounda of 1anding weight. The current rate for nine U.S. 

domestic termina1s, weighted for estimated arriva1 frequencies, average 

appraximate~ 30 cents par 1000 pounds. The highest rate in the U.S. ia 

49 cents/1OOO lbs. landing weight, and the lowest 10 eents/1OOO lbs. 

1anding weight. The heavier B-747 If jUllibo" and SST will incur greater 

costa per 1anding than the subsonic jet. Landing fee rates have histor

ica1~ increased as new and larger aircraft were introduced, and the rate 

can probab~ be projected still higher par 1000 pounds 1anding weight 

for the "jumbo" and SST. 

In 1956 the amount paid by air1ines for airport services equaled 

on~ tour cents on the passenger's air fare dollar. In 1966 the rate 
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vas up to 10 percent and the charges for "jumbos" and superson1cs 

cou1d be even higher. GO';,;rnJUents now charge taxes on fuel and use 

progressive sea1es to assess landing fees on the basis of weight. The 

"jumbo" will weigh tvice as mueh as the eurrent subsonic jet, and the 

SST will use tviee as much fuel for the sarne weight. If charges for 

the SST continue to MUltip~, partieularq in the major countries, the 

SST (whieh ia potentia1~ a large part of the air1ine industr,y's future) 

cou1d become an uneconomie airp1ane. The government monoPQ~ of air-

porta presumabq should not permit administrations to charge the air1inea 

vast~ in axcesa of user chargea. It is admittedq difficu1t, though, 

to eatab1ish fair charges even vith etficient cost aceounting (vhich 

appears to be lacking at the present time.) 
:':> ... <.-:J 

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

for a subsonic jet aireraft of the Boeing 707/Douglas Dc-B type and the 

projected U.S. Boeing SST. It should be pointed out that the Boeing Co. 

ana1ysis based the SST indirect costs on an airerait in the 200-passenger 

c1ass vhereas the U.S. SST, when constructed, is expected to accommodate 

at 1east 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 chargea, can be expected to have higher 

indirect costs. 

Airline indirect operating costa are higher than for ~ other 

fora of transportation. This is the result of sev.eral factors, thus,. 

technology requiring elaborate Itbase" 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 ni CONSTANT 1962 

DOLLARS FOR A TYPlCAL U. S. DOMF.9TIC SYSTEX J'OR A CONTl!m'ORARy 

SUBSONIC JET AND BOEING SST PROPOSAI. 

Aecount Subsonic BoeiDg SBT 
Ct U.S.) CI U.S.) 

l Passe~ger Service 114,649,000 $10,547,000 

II Aircrait Servic1ng 4,594,000 5,813,000 

III '!'raffie Serv1c1ng 5,420,000 5,420,000 

IV servicing Administration 1,202,000 1,348,000 

V Reservations and sales 7,521,000 7,521,000 

VI Aàvertising and pUb1icity 5,033,000 5,033,000 

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

VIII Qround Facl1ities 7,385,000 7,)85,000 

IX Pre-operating 618,000 4.38,000 

X Landing Fees 1,414,000 1,703,000 

TOTAL $59,836,000 $57,208,000 

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

Ana1ysis, Commercial Supersonic Transport Proposa!, 

(January 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 terme, 

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-black segment 

and the block time, for various flight distances. 

ller. John Meyer, M. J. Peck, John Stenason, and Charles Zwick, 
The Economies of Co etition in the Trans ortation Industries 
Cambridge: Harvard University Press, 19 9 pp. 13 -139. 



TABLE J1 

CœPARATIVE OPERATING COST - PER TRIP, PER MILE AND Pi':R SEAT-/lIILE, SUBSONIC AND SUPERSONIC ABCRAFT 
(Int8rnational rules - 3500 statute mi~e8) 

B-707 Dc-8-63 B-747 Concorde U.S. SST 

Seating Capacity 161 224 384 124 304 

Direct cost 
$ per trip 

"(10) $1288 $ 676 (3). Crew $1421 $1406 $ 737 
Fuel (1,1) 1438 2305 2798 2088 3960 (18) 
Insurance ( 2) 260 370 637 1,82 1036 ( 5) 
Deprociation ( 9) 1224 1731 2401 1222 2591 (12) ~ 

Maintenance (11) 1379 1564 3592 1308 2)87 (11) 1\) 
V'\ 

Total (43) 5589 7391 10634 5687 1J650 (49) 

~ per seat mile 
Total 0.99 0.94 0.81 1.36 1.07 

$ par mile 
Total 1.60 2.11 3.10 1.68 30 05 

Indirect cOlt 
$pertrlP 

1. Oround property k equipment ( 2) 240 276 520 204 328 ( 2) 
20 Airerait servicing ( 5) 632 679 1319 693 1232 ( 6) 
3. Aircraft control ( -) 65 65 65 65 65 ( -) 
4. Gabin attendants ( 5) 623 945 1379 219 427 ( 2) 
5. PAX food ( 8) 1038 1451 2471 4tl8 942 ( 4) 
6. Traffic servicing ( 9) 1172 1631 2795 '903 2046 (10) 
7. Servicing administration ( 2) 300 425 976 175 307 ( 1) 
8. Reservations & sales (20) 2553 3551 6088 1966 4455 (21) 
9. Cargo sales ( -) 79 113 JOl 00 00 ( -) 

10. General administration ( 6) 705 947 1558 595 1143 ( 5) 

Total (57) 7410 10083 17472 5228 10945' (51) 

~ per seat mile 
Total 1.31 1.29 1.30 10 20 1.115 

$ per mile 
Total 2.12 2.88 4.99 1.49 3.13 

Total cost 
$ per trip (100) 12999 17474 28306 11115 21595 (100) 

ri per seat mile 2.30 2.23 2.11 2.56 2.21. 

$ per mile 3.72 4.99 8.09 3.17 60 1B 

Source: Robert A. Booth et al. Cost Analysis of Su ersonic Trans ort in Airline eraticn, A Report 
Prepared under contract for the U:s:-Federal Aviation Agency McLean, Virginia: Research Analysis Corp., 
December 31, 1966), p.59. 

.. . 
Figures in brackets were calcu1ated to show the percentage value of the individual cost accounts, 

as a percentage of total operating cost, for the B-707 and U.S. 5ST. 



Mission Taxi 
Distance out 
(st.mi.) Take-

ott 
(us) 

500 .167 

1000 • 167 

1500 .167 

2000 .167 

2500 .167 

3000 .167 

3500 .167 

4000 .167 
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TABLE 32 

BIOOK TDm sm.D4ARY 

BOEINGMODEL 733-197 SST PROPOSAL 

01imb M2.7 Descent Approach 
and Oruise and 

Acce1. (hrs) Landing 
(hrs) (hrs) (hrs) 

.138 .037 .420 .100 

_ . 
.155 .310 .420 .100 

.170 .58; .420 .100 

.187 .86.3 .420 .100 

.205 1.1.33 .420 .100 

.225 1.4213 .420 .100 

.296 1.709 .420 .100 

.275 2.120 .420 .100 

Taxi B10ck 
In Time 

(hrs) (hrs) 

.083 .945 

.08.3 1.2.35 

.08.3 1.52; 

.08.3 1.820 

.083 2.1OS 

.OS3 2.423 

.083 2.775 

.083 3.165 

Source: Boeing Aireraft 00., Direct Operat1ng Costs and Economic 

Analysis, OODDllercial SST Proposa!, (J'an. 15, 1964~ p. A/63. 

/ 
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Table 33 gives a composite overall picture which May represent 

short-to-long range planning for the ear~ 1970's by a major scheduled 

airline. The tabulation shows operating capabilities and earning 

powers, including purchase priee, speed, seating capacity, uti1ization, 

unit eosts, unit revenues, and return on investment for a f1eet of 

aircraft composed of Boeing 707~320B or Douglas DC-B subsonie aircraft, 

Boeing 747 It jumbo" subsonic aircralt 1 Concorde SST, expected in ser!,ice 

in 1971, and the U.S. SST, expected in service in 1974. 

Ol the four types, the Boeing SST is capable of earning the 

large st revenues and has the greatest work capacity. Its earnings, how

ever, May not he the highest because the interest charges on the high 

capital investment (purchase priee), ~ not be offset un1ess there are 

v:ery high 1000 factors or a fare surcharge. The air1ine industry, 

general~, is 100king forward to the high load factors of the Il super-

sonie desire years lt • 

Table 33 was suggested by reliab1e and informative data whieh 

appeared in Fortune, February 1967. The information vas expanded as an 

economic exercise by using a 10ad factor figure of 52 percent vith unit 

costs and revenues projected to give a picture ofvhat the air trans

portation industry cou1d expect in the 1970's.12 Table 33 indicates 

that, at a 52 percent 10ad factor and a fare of 5.5 cents per revenue 

seat mile, the return on investment cou1d be 10 percent, or higher, for 

12, load factor of 52 percent vas se1ected for the ca1cu1ation8 
because the average break-even passenger 10ad factor for the free 
vor1d's air1ines in 1965 vas 52 percent. ICAOhas used this figure for 
forecasts into 1970 and 1975. International Civil Aviation Organization, 
A Review of the Economie Situation of Air Transport (Montreal: 1CAO, 
June 1965) p.3B. 



(1) (2) (3) (4) 
Airerait purchase Oruise utllization Block-Block 

, priee per speed speed 
Type aireraft 

(U.S. $ (mph) (hrs/day) (mph) 
millions) 

• 

Boeing 707-320B 
or $ 7.7 540 11 1/4 485 

Douglas DO-8 
subsonie 

Boeing 747 
'Jumbo' $ 20 595 10 2/3 525 
subsonic 

Anglo-French 
concorde $ 18 1450 8 1/2 102'5 

SST 

u.s. Boeing $ 36 1780 • 8 1/4 1125 
SST 

(5) 
seat 

capaeity 
per 

stage 
1ength 

140 

370 

130 

300 

• 

OOMPARATIVE OPERATING OAPABILI 

(6) 
Avallab1e 
seat-miles 
per day 

(3)x(4)x(5) 

783,000 

2,108,000 

1,139,000 

2,720,000 

BOEING 

(7) (8) 
L08d Revenue 

Factor seat 
miles l 
par ~E 
day 

(~) (6)x(7-) 

52 408,000 

52 1,089,000 

52 592,500 

52 1,412,000 

gouree: Table suggested 
That Reahapea r, 
Time Inc., Chic 
oosta, revenues 
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TABLE 33 

OOMPARATIVE OPERATING OAPABILITIES AND EARNmG PO'UlRS OF BOEmG 707-320B/DOUGIAS DO-8, 

BOIING 747, OONOORDE SST, AND BOEING SST 

(6) (7) 
Avallable L08d 
seat-miles Factor 
per day 

(3)x(4)x(5) (~) 

783,000 52 

2,108,000 52 

1,139,000 52 

2.720,000 52 

source: 

(8) (9) (lOi- (11) (12) 
Revenue Fare TOtal oargo TOtal 
seat per passenger revenue revenue 
miles revenue revenue par par 
par ~eat-mlle par day day 
day day 

(~) (U.S. $) (U .S. $) (U.S •• ) 
(6)x(7-) (8)x(9) (10)+(11) 

~ 

1 

, 

408,000 5.5 $ 22,300 $ 4,600 • 26,900 

. 
.. 

1,089,000 5.5 $ 60,400 $ 7,400 $ 67,800 

. 
592.500 5.5 $ 32,750 • 5,550 $ 38,300 

. . 
1.412,000 5.5 $ 77,000 $ 6,500 $ 83,500 

l 
Table suggested by data: Macklin, 'J., "The i4-Blll1on Machine 
That Reshapas r,eography, Fortune, reb. 1967, vol. Lm. No. 2, 
Time Inc., Ohicago: 1967, pp. 114-115 (detailed columns, unit 
oosts, revenues, etc., calculated). 

(13) 
Total 
direct 

operating 
costs . 

1 par day 
(U.S.$) 

• 9,900 

• 18,900 

• 

$ 17.600 

$ 33,300 

(14) (15) 
Total TOtal 

indirect operat. 
operat. costa 
costs per day 

per day 
(U.S. $) (U.S. $) 

(13)+(14) 

• 11,900 $ 21,800 

$ 29,600 $ 48,500 

$ 16,000 $ 33,600 
, 

$ 34,700 $ 68,000 
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(13) 
Total 
direct 

operating 
costa· 

1 par day 
(U.S.$) 

• 9,900 

• 18,900 

• 

$ 17,600 

$ 33,300 

(14) (15) (16) 
Total. TOtal Direct 

indirect operat. oparat. 
operat. costa coat par 
costa per day aval1ab1e 

per day seat-mile 
(U.S. $) (U.S. $) (~) 

(13)+(14) (13)+(6) 

• 11,900 $ 21,800 1.26 

$ 29,600 $ 48,500 0.91 

$ 16,000 $ 33,600 1.54 
, 

$ 34,700 $ 68,000 1.22 

(17) (18) (19) (20) (21) (22) 
Indirect Total Interest Net Post-tax Return 
oparating operating cost revenue return on 
cost par cost per per par day on invest. 
avallab1e avallab1e day inveat. ·.vtth 15% 
seat-mile seat-mlle (U.S. $) SST 

(It) (~) (U.S. ~) (12)-(15) (~) .. surcharge 
(14)+(6) (16).(171 -(19) (~) 

1.53 2.79 t 300 $ 4,800 23.0 -

. 

1.39 2.30 e 900 $ 18,400 33.0 -

1.41 2.95 ~ 745 $ 4,000 10.0 19 

1.28 2.50 $1,500 $ 14,000 15.5 26 
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a11 four types of aireraft. At this tariff rate the price of a one-vay 

trans-Atlantic crossing, Montreal to London, England would be of the 

order of, 3200 miles at 5.$p per mile, or $176. 

The cost per r8Yenuepassenger 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 v.it.h a guaranteed 100 percent load factor. At a fare of 

even 3r/ per revenue seat mile (which is higher than the cost per avail

able seat mile for any of the four t,ypes of airerait shawn in Table 33), 

the Montreal to London fare, for a ful17 loaded charter fiight, could 

be Just below the "long-sought lt $100 target. Even .today air travellers 

in a Group Inclusive Tour Fare Plan ean travel .fromMontreal to Paris 

and return, for $225 so the $100 one-wq fare III&y be closer to reality 

than ie generally thought. 

Airline costs are onlyslightlf influenced by volume of traific 

carried except as the number of passengers carried,influence the length 

of flight leg, the size of airerait that can be employed, or the total 

number of aireraft required on a given route. (The airplane ie crewed 

and prepared for a full load regardless of the load that is actually 

boarded at scheduled departure ttm~ Specifical~, for fixed equipment 

and rou·te characteristics, the airline coste will be influenced by 

changes in the number of passengers carried on~ to a ver,y minor extent 

in fuel cost, sorne .ground expense categories such as ticket and baggage 

handling and number of meals boarded. The relative insensitivity of 

these costa ta the load factor dictates that an airline reservation and 
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ticketing S,18tem should aia at attaining high load factors and h1gh 

aireraft util1zation eTen at the cost ot high sales expenses. As 

mentioned abOTe, under such relative~ rigid cost conditions, the 

cost per revenue passenger mile tends to approach the cost per avail

able seat mile as the load .tactor goes up. It. is.an oft-repeated 

statement in airline cireles that &q1 otherindustr.y can place its 

unused product on inventoq tor future sa1e,. but once an airplane 

departs, the unused outputs (amptr available seats) are a complete 

write-ott. 
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CHAP'l'ER IX 

THE MARKETIIG APPROACH 

Introduction 

Thereis probabl1' no other indust17 that lmows as IlUCh about 

its actual customere as does the business of air transportatioD. '!'he 

airline industr,r has researched, questioned and probed into the tastes 

of its customers. Conversel1', there is probabl1'" no Jll8.jor business that 

knows as litt le abottt its non-users as doesthe business of air tr&ns-

portation. The airlines have neglected thorough surveys on wq people 

do not travel b,. air, or why the,. do not use air travel more frequentq. 

Studies of the aotivation and pattem of air transport deund are of 

special importance as is the distribution of this demand iD location, 

in tiJn.e, by age group and b,. income group. A motivation pattern can 

on~ be determined b,. having the fullest possible understandiDg of the 

customer's tastes and social judgement, and his needs in private and 

business life. l 

A marketing surve,. must start vith the basics, that is the reu

ons wh,- people travel and transport goods, is it for personal, or busi-

ness, or holiday tourisll reasons, vhat does the traveller reall1' vant 

and what is the arder of preference; for example, safet,., priee (fare 

Era 
lAlan H. Stratford, Air Transport EconOlllic8 in the Supersonic 

(London: Macmillan Co., 1967), pp. 98-124 
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level), aireraft environment (comfort, seating arrangement, aeals, 

beverages, personal touch of stewardess and purser services), speed 

(portal-to-portal), convenience, reliability, schedule frequency, 

terainal facilities, security. 

Market Research 

The fOnction of market research 18 to detennine and interpret 

exieting and potent1al travel markets relative to consumer behaviour, 

from the stud:r of soeio-econolllic and politico-economic data. The air

line industr,y ia a conBWRer product industr,y and market research should 

be a continuous procesl', on a short, aedium, and long range basis. It 

should be performed by highly skilled personnel, who can continuous11' 

measure the product in the travel market place to assess its penetra

tion and competitive statue relative to modes of surface transportation.2 

Market research should be rigorous and it should be independentj 

it ie of little value if it ie 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 mate rial (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 Meat future route and traff1e foreeasts. 3 Soph1stieated airline 

2 A balanced multi-disc1plinar,y group, for performance of this 
f'anct1on, 1a suggested in Chapter VII, "Development and Research", p.86. 

3~., p.119 
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~eting techniques facilitate solutions in these areas. Computera 

give the market researcher the ability to maintain and manipulate micro 

data. Computer based infonnation services aid in the analysis of con-

sumer b~ing trends, and effectiveness of marketing and advertising. 

The market researcher cannot be satisfied with aggregate 

figures - these do not account for 1ength of journey, frequency of trave1, 

the economic status of the traveller, or the motive and purpose for 

trave1. Aqr generalized trave1 figures require extensive breakdown and 

elaboration to become usefUl as merchandising .too1s. The breakdown of 

aggregate trave1 figures must be obtained trom the qualitative and 

quantitative information which exists (or should be compi1ed and placed 

in computer memor.y as a retrieva1 information service) in the form of 

detatled air1ine and government statistics on passenger traffic, broken 

down into major route segments, route points and fiights. This must 

inc1ude origin, destination and inter1ine routing of a1l ticket sales. 

This statist1cal data should be combined or weighed vith an increasing 

amount of ftqua1itativen information (obtainab1e from internal and exter

na1 surveys) which indicate the type of passenger hand1ed and the basic 

motive for trave1, inc1uding, in some instances, preferences for future 

trave1. Since 1961, in particular, severa1 enlightening trave1 surveys 

have been conducted in the United states. In 1961 the Opinion Research 

Corporation of Princeton, New Jeraey, on behalf of four U.S. air1ines 

and two major a1rcraft manufacturera, compi1ed data based on a samp1e of 

3680 interviews.4 The interviews vere particularly' concerned vith auto-

4Ibid., pp. 108-109. 
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mobile trips of 400 miles or .ore, return. Betveen 1 and 3 percent of 

the jOur.n~8 made vere &Sss8sed.asbeing the Most l1kel1 prospective 

diversions to air transport. 1 percent of the car journeys made 

represented appraxt.atelT 5 percent of the annual domestic air carrier 

volume at that tille. Although 48 percent of the adults interviewed took 

a journey of 400 lIi1es or more in 1961, only 10 percent of thell consid-

ered that ~he 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 NoveDiber 1964, is set out in Table 34 over1eat.5 

Fraa these various air travel surveys b.Y government agencies, 

private enterprise and the air1ines, it is possible to correlats inform-

ation on snch important items as the fol1owing: 

1. Humber of persons who had taken at least one air trip of 

100 nIes; nWllber who had taken two or IIlOre, and so on. 

2. Pereentage of the popu1ation who had travelled by air in 

thepreceding year. 

3. Percentage of population who had never travelled by air. 

4. Pereentage or air travellers using first-class, econom,y, 

air coach, or shutt1e service. 

5. Average inc~ of air travellers, related to the type of 

service. 

5J • B. Lansing, The Motivation of the Demand tor Air Transport, 
I.T.A. International SymposiUl'l on Demand Elastieity, November 1964, 
reprinted in Alan H. Strattord, Air TranSj0rt Econollies in the Super
sonie Era, (London: MacDlillan &: Co., 1967 , p.lQ9. 
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Air 

Rail 

BUll 

Auto 

Total 

% of a11 

TABLE 34 

PER CENT OF PASSmGER MILES ACCOUNTED FOR BY 1!'ACH MODE 
OF TRAVEL BY DISTANCE TC DESTINATION 

(Weighted percentage distribution of passenger nd1es: 
- 1955, 1956 and 1957 data combines) 

Air1ine distance to destination (miles) 

100-199 200-299 300-499 ;00-699 700-999 1000-1499 

1 4 9 10 16 18 

3 4 7 9 10 7 

3 3 2 4 4 4 

93 89 82 77 70 71 

100 100 100 100 100 100 

1500 & over 

38 

14 

6 

42 

100 

passenger-
miles 27.4 14.4 14.6 10.8 9.2 12.9 10.8 

Source: J'. B. Lansing, The J.Iotivation of the Demand for Air Transport I.T.A. International 
Symposium, NOv. 1964 reprlntëd 1i A. H. Stratford, Air Transport Economies in the 
supersonic Era, (London, Melbourne, Toronto, New york: 
FTeSB, 1967), p.109 

lIae141l1an..:and st. Martin' B 

~ 
V\ 
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6. Percent age of air tr:i,ps for COllp8D1' business, personal business, 

vacation, other pleasures and personal; class ot air service 

usedj trequency ot use; alternats choice of means of trans

portation had a class of air service not been available. 

7. Air travel difterences between regions ot a country and 

betveen communities of various types; distribution and con

centration of air travel (pereentage of air travel fram 

central cities; pereentage trom rural, fana and open country 

areas). 

8. Sensitivity to priee. 

9. Reason for choosing air travel. 

Combining qualitative and quantitative information perm1ts 

certain conclusions to be draNn tor a vigorous marketing prograa. 

Relative17 accurats demand curves can be established for the various 

classes of travel vith separate demand curves for business and non

business travel. 

COII.pOsition of Air Travel Markets 

It is indicated in Chaptsr V "The Economie 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 pers10nal or family income), virtually full-eDlployment, a declining 

over-all tare structure, technological advance in aireratt design (speed, 

capacityand range), and the aircratt environment itselt. In addition, 

other significant tactors influencing grovth of air travel are: amount 

of service offered (schedules and capacity), quality of service offered 
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(safety, comfort), public acceptance of ~, leiaure tiae, propens

ity to travel, and competition of other goods (consumer price index). 

The current buoyant econo~ and the other elementa, which atiœnlate air 

travel growth, would appear to support opti1llistic traf'fic forecasts. 

The grovth in do.estic air passenger miles doea not reflect the 

growth of a single monolithic market. It ia the SWB of separate growths 

and growth rates of many different markets - markets betw8en particular 

pairs of points or over particular rout1ngs: markets that have differ

ent seasonal, weekl1', and even dail1' patterns; and Jll&rkets that Z"espond 

to widely different reasons for travelling or for using air transporta

tion.6 

Acco.p~1ng the change in traffic levels is a change in traffic 

composition. The indust17, in general, feels that the major opportunitT 

for growth in the next ten to fifteBn Tears lies in the discretionar,y, 

or pleasure travel market. Increased family incom8, leisure time, and 

promotion fares, are expected to create this market. The percentage ot 

wOlllen 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 innuenced 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. 

6 James E. Gorham, "The impact of Continuing Traffic Growth and 
ot New Transport Equipment on Route and Corporate Structures of the Air 
Transport Indust17,Q A speech de1ivered at the Aerospace Program spon
sored by Brush, Slocumb and Co., Los Agenles, California, Nov. 3, 1966, 
p.14 
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The composition of traffic on different routes is also subject 

to change because of differences in relative growth of particular 

industries and in the growth of segments of thes€ industries in different 

regions. 7 Differences in the relative attractiveness of particular 

areas and the accoDDllOdation facilities offered, will affect their rela

tive abUities 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 trarfic generated between various ci~ pairs. 

Any structural. 'changes in the economy, that bring about shifts in govem

ment expenditure, will also have their affect. 

The boom in conanercial 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 d~. Airline travel provides 

the high-priced executive and compaqy 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 turther 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 frequent1y in conjunction with their business. 

This group, in general, trave1s 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 fran the railroads {to the point where, in the United States, 

first-class rail trave1 in 1961 was down to 3 billion passenger miles 

7Ibid. ,p.14. 
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tram 10 billion in 1950.) 

Subsonic jets have increased the medium and long-baul business 

travel market. At the sae time automobiles have cut into the business, 

short-haul markets , where short-range pure-jets are just starting to 

be introduced and whare, in any case, air provides a relatively less 

advantageous service. An elastic demand curve has evidenced itselt 

during the past faw.years in the switch by business travellers out ot 

tirst-class into coach or tour1st accommodations at the behest of 

their employers, who do not consider the approx1aately 25% fare ditfer

ential as warranted for the extra benefits. 

Expansion iin 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 awitch to air, and third, by intensitied penetration ot the 

nonbusiness and pleasure travel markets. Attractive, improved service 

can come trom a number of directions, e.g., pooled or consolidated 

sChedules, still fUrther improvements in computerized reservations 

systems, introduction of automated computerized ticketing, computer 

baggage handling, greater ease in clearing custOIlS (computers, and com

munication by satellite, to facilitate movement through custom inspec

tion and immigration check points, pre-baggage and immigration clearance, 

enroute customs inspection on very large airerait), installation ot 

rapid-transit 8,Ystems to facilitate flow of traffic to and from airport. 

Table 35 shows the Lockheed Airerait Co. forecast of business travel as 

a pereentage of total airline travel in six different markets. 

The airline sales departments, with all the socio-economic 
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TABLE 3$ 

BUSINESS TRAVEt AS A PERCENTAGE OF TOTAL AIRLINE TRAVEL 

Business Travel 
Percent ot TOtal Air1ine Trattic 

Region Trip 
Distances 

1965 1975 1985 

Less than 
U.S. 1000 69f1, 6", 6~ statute 

Domestic miles 

1000 
statuts 64- 59 55 milss and 
greater 

Less the 
Europe 1000 70 65 60 

statuts 
miles 

Atlantic AU ,30 ,30 ,30 

pacitie All 25 25 25 

North America to All 20 20 20 
Latin AJner1ea 

Latin .Ameri ca All 75 75 75 Asia and other 

Source: lockheed Aircraft Co., U.S.A. lockheed Horizons, 
Issue 3, 1965' p.ll. 
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conditions which are conducive to growth in their tavour, with new air

cratt types, and with a declining over-al1 average ~are structure, 

shou1d be in a most tavourab1e position to otter real service ditter-

ences to the time-conscious business travel1er and the cost-conscious 

p1easure trave11er. There is availab1e a proper package ot services 

to suit the difterent classes and types ot travellers, who have ditter

ent needs and to1erances with regard to arrival and departure t1mes. 

There is a wide variety ot separate travel markets to exp10it.8 

Today the air1ines carry almost 90 percent ot the travellers 

who undertake joumeys ot over 300 miles but carry less than 10 percent 

ot those who take trips ot less than 300 miles. This is explained by 

the high coetficient ot correlation between total unit cost per seat 

mile and length ot haul, with 70-80 percent ot costa variable with dis-

tance, and this shows up as a declining cost curve when cost per. pas

senger mile is related to tlight leg distance. 9 This is one reason 

why, even it a carrier deaired to priee i ts short-haul service in accord-

ance with its costs, surface transport competition would norma11y pre-

clude such a priee. 

In the absence of an economica1 short-haul air vehicle, and to 

capture a larger share ot the short-hau1 market, the airlines tend to 

estab1iah a rate structure based on actual costs and then modif.y the 

fare to what the trattic will bear. Short-hau1 services are more 

8Gorham, p.14. 

9Civi1 Aeronautics Board, General Passenger Fare Investigation, 
docket ,,09, Exhibit AA 38, 19,2, pp. 9-10. 



-expensive to operate than 10ng-haul and operators face difficulties 

unIeee ver" high 10ad factors can be achieved on high density inter

cit,y routes. If coste exceed revenues on the short-baul stages, the 

carrier who has medium long-bau1 operations, may trade off something 

in price tram these operations to the short-haul. 

A1though there are severa1 factors to be considered, short

hau1 routes are inherent~ more expensive to operate than 10ng-haul 

because take-orfs and 1andings are cost~, there is increased ma1n

tenance due to: more frequent application of take-off power and c1imb 

power; circ1ing Ume at the airport; structural wear on the airframe, 

instruments and components; and higher costs ·for flight crew due to 

taxi time, c1imb-out and 1et-down. There are a1so more frequent ground 

expenses associated with short-bau1 operation. 

Rate experimentation and pramotiona1 fares in relation to size 

of party, vith the lower group fares a1med at achieving a higher 10ad 

factor, can not only increase traffic on medium and 10ng-baul routes, 

but cou1d a1so 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 production and the 

market is through fares and rates developed by the airline and submitted 

to the government regulator,y agency for approval. In the domestic United 

States segment of the air transport industr,y 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) i8 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 IATA 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 pricir.g, 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 Itundue or unreasonable prefer-



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 

regulator.y statutes which have grown up for the control of rates and fares 

of surface carriere. 2 Under the U.S. Federal Aviation Act the question of 

when preference or discrimination becomes undue, unjust or unreasonable ie 

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 regulator,y 

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 rat~ 

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

2Paul W. Cherington, Airline Price Polic : A Study of Domestic 
Airline Passenger Fares (Boston: The Plimpton Press, 19 , pp.7 -13 , for 
an authoritative work to which considerable reference was made to complete 
this chapter of the study. 



ia 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 custo~er. 

Discrimination occurs when there is a differenee in a charge made to two 

customers for approximately the sarne service performed at the sarne time. 

The term"preference", 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 regulator,y actions in the priee (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 

ehanged its standards of reasonablenesa over time, particularly in relation 

to the state of the carriers' earnings. It is attaching considerable 

weight to earnings tod~, 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 ofwhetherproposed 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 priee 

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 

priee reductions, particularly if a subsldized carrier ls involved. With 

the recent rapid decline in the importance of subsidy, though, this 



previously available regulator.y 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 ltmited 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 priee 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 
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with respect to substantial fare issues, discussions between the regula

tory agency and an airline exist on an "informaI" (and sporadic) basis 

though official~ there is usual~ a prohibition against consultation 

without "specifie permission".4 

The above is intended to give sorne indication of the regulatory 

atmosphere, which is prevalent in similar, but often var,ying, 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 priees 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-elass rail fares.' The result was that the air-

lines had little latitude within which to priee théir product. After 1949, 

the area in which the carriers coUld exercise some degree of freedom in 

priee began to enlarge greatly. Larger and more economical equipment, and 

notable increases in traffic, meant that unit costa were brought down 

weIl 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. 

4 ~., 133. , 
~., 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 

regulator,y body leaves the carriers the obligation and right to develop 

priees and propose price changes. The primar,y role of the regulator,y 

body, in a technical and le gal sense, is to arbitrate priee policy 

disputes, differences between carriers, and between carriers and the pub-

lic. The regulator,y body may set aside proposed rates and fares in the 

public interest, s~, or it might in theor,y reduce fares on the grounds 

that airline profits were excessive.6 But regulator,y 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 policy 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 w~, pricing can take 

its place as an important policy area in the individual firme 

6 
~., 5 



The growing importance of airline pricing policy has already 

had an impact on other forms of transportation, notab17 railroads, and 

in the international area, on steamship companies. In the future, the 

impact of airline priees on all forms of passenger travel is like~ to 

be still greater and will be closely related to any national transport

ation policy established by a countr,y. 



CHAPTER XI 

'.t'HE REGULATORY AGENCIES 

Introduction 

In some countries the airline industr,y is government owned and 

enjoys monopoly status, or one airline is designated as the nationls 

flag carrier and enjo,ys 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 inOuenced by powertul government agencies. 

The airline industr,y in the United States is regulated in the 

same sense that public utilities are, ând in particular is direct~ 

regulated by the Civil Aeronautics Board.l This agency is authorized 

to exercise a w'i,de range of discretion, for as R.I. Barnes says, its 

dut Y is: 

••• to interpret the general principles of the statute in the 
light of the requirements of the particular utility and 
community, to exercise continuing supervision overthe 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 

Is. B. Richmond, Re~lation and Cm;tition in Air Transportation 
(New York: Columbia Univers ty Press, 19 ,p.12. 

2R• 1. Barnes, The Economics of Public Utility Regulation, 
(New York: Crafts, 1946), p.173. 

150 
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The fonction of the agency then, is to protect the public 

interest, and to protect the life and the earnings of the airlines 

themselves where that protection is in the public interest. The Board 

is a five man agency, and has been responsible since 1940, under the 

terme of the Civil Aeronautics Act of 1938, for the regulation of public 

air services in the United States. Tod~ it is the Aeronautics Act of 

1958 that is the law under which the industr,y operates, still with the 

CAB as the regulator,y authori ty. Before an airline can take part in 

inter-state commerce, a certificate of public convenience and neceasit,y 

is required, and this is issued as thought fit for particular routes, 

sectora 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 filla the gap between the cost incurred 
by honest, economical and efficient management, and the rev
enues supplied by juat and reasonable rates.3 

The development of air transport in the United States has reaehed the 

stage where the trunk operators are independent of government sUbaidy, 

apart from the possib~ hidden subsidies in services to the airlines at 

less than cost (airways, navigational and meteDrologieal service and in 

some cases, airports).4 

~. E. Caves, Air Transport and rts Regulations, (Harvard 
University Press, Cambridge, Mass., 1962) 

4Alan H. Stratford, Air Trans ort Economies in the Su ersonic 
~, (Toronto and New York: Macmi an and St. Martin Press, 9 7 
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Charles S. Murphy, newly appointed in 196, as Chairman of the 

Board, produced an important innovation by estab1ishing, as a department, 

a Bureau of Economies 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 fo11ows, therefore, that only the CAB can 
effectively deve10p and imp1ement plans for the economic deve1-
opment of air transportation.5 

In a detai1ed way the po1icies to which the CAB 6eems to be 

committed, on the basis of its decisions, and from the forma1 language 

of the Act, might be read as set out hereunder. In the exercise and 

performance of its powers and duties under the Civil Aeronautics Act, 

the Board sha11 consider the fo11owing, among other things, as being 

in the public interest and in accordance with the public convenience 

and necessity:6 

a) The encouragement and deve10pment of an air transportation 

system proper1y 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 

'James R. Ash1ock, "Government Pushing Harder for Fare Cuts," 
Aviation Week, LXXXIII, No.17 (October 25, 1965), 49,,0. 

6a. E. Miller, Domestic Air1ine Efficiency, (Cambridge, Mass: 
The M.I.T. Press, 1963), 41. 
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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; 

c) The promotion of adequate, economical and efficient service b.1 

air carriers at reasonable charges, without unjust discrimi-

nation, undue preferences or advantages, or unfair or destructive 

competitive practices; 

d) Competition to the extent necessar.y 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.7 

An alternative definition that amplifies sorne parts of this 

listing can be found in a tabulation by Professor Samu.:ll 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; 

7The 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. 

8S• B. Richmond, Re ulation and Corn etition in Air Trans ortation, 
(New York and London, Columbia University Press, 19 1 ,1 • 
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c) The guarantee of loans to certain classes of carriers for 

purchase of flight equipment; 

d) The enforcement of the economic provisions of the Federal 

Aviation Act of 1958; 

e) The approval or disapproval of mergers and control and inter

locking relationships, and of intercarrier agreements affecting 

air transportation; 

f) The regu1ation of air carrier accounting practices and the 

development of air carrier reporting systems; 

g) The maintenance of public records of tariffs, schedules, and 

other material required to be filed by air carriers. 

h) 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. 

i) Participation in the negotiation of air agreements between the 

United States and other governments covering the exchange of air 

rights; 

j) Authorization of the navigation of foreign Civil Aireraft in the 

United States; 

k) 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. 

1) Investigation and determination of probable cause of civil air

craft accidents; and 

m) 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 

~~t an affirmative recognition of competition as an element in the 

public interest, intended as a characteristic of airline regulation. 

But one ver,y 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 necessar,y to enable each person to 

do any thing authorized, approved, or required by auch order. 

The original route patterns in the U.S. were awarded individual 

airlines by the U.S. Post Office Department as air~il contract routes, 

operated with short-range two engine aireraft. This partially explains 

the haphazard route patterns which the CAB has been asked to extend into 

four-engine medium to long-range route systems. The CABls 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. 



156 

Effectiveness of the Federal Aviation Act 

The CAB's consideration of~romotion of adequate, economical, 

and efficient service by air carriers" has come under heavy criticism 

on many occasions, particular~ in relation to route pattern problems. 

In defence of the CAB, though, it could be sa id that under their terme 

of reference, no particular goal can be considered to the exclusion of 

aIl others. 

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

19389 (which was incorporated into the Federal Aviation Act of 19581°) 

has this to say: 

••• it is reasonab~ fair to s~ 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 indûstry of more than passing importance to our military 
power, should be spared the evils of overbuilding, wasteful 
competi ti ve warfare, bankruptices, rate discrimination, and business 
piracy which, in surface transportation has concerned ~ongress 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. l 

With regard to its interpretation of "efficiency of operation" 

the CAB bas declared: 

In aIl 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 l, 1956, Civil 
Aeronautics Board, Washington, D.C. 

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

llH.C. Westwood, "Choice of the Air Carrier for New Air Transport 
Routes", George Washington Law Review, XVI, (December, 1947). 



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 9vent that factor might conflict 
vith other important statutory objectives. l2 

Interpretation of Competition 

A market situation of nearly homogeneous oligopoly closely 

approximates the facts of the airline industr,y where two or more air-

lines, operating the sarne city-to-city service, at the sarne tariff rates, 

on the sarne schedule and with the sarne or equivalent equipment, try to 

secure a competitive edge by small elements of "product differentiation". 

Competition resolves itself ioto details of aircraft type, meals, and 

stewardesses though safety comparisons are generally avoided. The 

Federal Aviation Act clear~ proposes to promote air transportation 

through regulated competition, that is, a blend of competition and 

regulation, and this is probab~ 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 mechanismwhereby three sometimes 

l2Docket 6 CAB 831, 900. Latin American Air Service, 1946. 
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conf1icting objectives - commerce, the postal service, and the national 

defence - might be served.13 Converse~, it is because of the close 

relationships and possible conflicts between the development of a 

private~ 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 wor1d have not permitted competition to exist 

among air1ines, but have preferred to foster the growth of a single air 

carrier system. 

The damestic air1ine s.ystem in the U.S. might be described as 

"regulated competition", under which twe1ve "trunk" air1ines, a compar

able number of "local" air1ines', plus he1icopter and a11-cargo carriers 

serve specific routes, Many of which are assigned to more than one air-

1ine so that competition for traffic and profits may exist among the air 

carrier invo1ved. 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 

too1 of regu1ation. 

The interpretation of the term "competition", app1ied to 

regu1ator,y functions, has been contentious. The original air1ine or 

airlines on a route historically oppose the entrance of a competitive 

airline even though they themselves May be tr,ying to enter other lucra

tive markets. Any attempt to increase competition on a route near~ 

alw,élYS resu1ts in comp1ex, lengthy and cost~ hearings. 

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

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

13Civil Aeronautics Act, 1938, Title l, Section 2. 



cases it has resulted in improved service to the trave1ler, lower 
prices and the development of traffic to such an extend that 
profitable operations were attainable in fUrtherance of the 
industry's goal of se1f-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 eYf'n reverse certain carriers' progress towards self
efnciency-• .L4 

Perhaps the financial difficulties of some major airlines, 

particular~ in the U.S., spring from the authorization of an excessive 

degree of competition during the past ten y-ears. There is some statist

ical ev1dence ta support this thesis, for as competition increased, load 

factors fell, with a resultant decline in airline profitability and 

retum on capital invested. For example, vith an incraase in the index 

of competition in the U.S. from 1952 to 1962, the average p~ssenger load 

factor of the domestic airlines fel1 from 67 percent to 55 percent. Ther. 

is thus strong support for the view that low load factors in the ear~ 

1960's were not sole~ due to excess capacity created by the jet revo-

1ution, but vere a reflection of a MUch longer-term malaise of the 

industry. 

In the y-ears 1952 to 1962, the average rate of retum for U.S. 

domestic airlines fell from 15 percent to 4 percent and during the years 

1960-1962, retum 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 &,d 

1962, the rate of return increased). In 1961 the four biggest United 

States airlines earned 75 percent of their revenue in competitive 

14Stephen 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 ooly 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 ver.y 

large number of people. In a lecture to the Royal Aeronautical Society 
" . 

in December 1960, Stephen Wheatcroft said: " ' 

l !ully 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 on~ ~here and 
when it is like~ to have these beneficial results. l 

l5It has been maintained that in the air transportation industry, 
because of the control (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, 1961), p.12. Warren L. Piersin, Chairman of the 
Board of U.S. Trans World Airlines, in testimony before the U.S. Senate, 
Thye Committee Irregular Airline Hearings, Washington, D.C., 1953, p.??, 
said: uI believe there is more competition in the air transportation 
s.ystem today than if it were compaètely 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 l am 
sure that in a completely unbridled competitive atmosphere, the air
transportation system would have undergone the sarne evolution. As 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. 

l~eatcroft, Paper read before the meeting of the Royal 
Aeronautical Society, London, England, December 1960. 



161 

Regulatory Action on Fares 

In general, in the United States, the procedure to obtain CAB 

approval of airline priees 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.17 

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 le gal questions 

such as that of discrimination, it passes through the CAB regulator,y 

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 

l7Under the heading of unjust discriminatio~such items as 
discounts to air travel card holders and governrnent employees on 
government business, must be placed. Tests of preference ~~d 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. 



162 

institute an investigation as to the legality of the tariff trom the 

standpoint of reasonableness or other standards mentioned above. If 

an investigation finds the fares are illegal, the board will general~ 

establish new fares or set minima and maxima. Fare investigations often 

consume long periods of time and any implementation of a proposed rare 

by a carrier would be "unwise" while an investigation was being conducted 

even if legally the airline could do so arter 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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GLOOSARY OF Am TRANSPORT TEHMS 

As a supplement to this the sis there is a glossar,y of air 

transport· terma, most of which ~ used in the U.S. Civil Aeronautics 

Board "Handbook of Air1ine Statistics" and other aviation statistical 

reports. Each term is defined in what i8 thought to be its most common 

air-transport usage which, in some instances, i8 somewhat different 

from the common~ accepted definition of the terme The definitions are 

meant to be brier and gener~ he1pful, rather than technica1ly 

precise and exhaustive. The glossary i8 avai1able to any interested 

reacier unfami1iar with air transport terms, but has not been sean as 

an intrinsic part of the thesis and so has not been submitted with it. 

In air transportation, acronyme (words formed fram the initial 

letters or sy11ab1es of the successive parts of a compound term) are 

in very common use and some are defined in the glossary without resort

mg to extensive clt'oss-referencing. Numbers in parenthesis, following 

financial terme, identif'y the accounts encompassed by each term in the 

United States Civil Aeronautics Board (CAB) Form 41. This form covera 

statistical returns to the CAB by each U.S. air1ine. AU government. 

require a very similar type of return from air1ines registered in the 

respective country. 



GLOSSARY OF AIR-TRANSPORT TERMS 

~ A-

abandon. A cessation of passenger service at a given community 

because of 1ack of sufficient traific. 

abso1ute ceiling. The maximum height above sea 1eve1 in a standard 

atmosphere at which a given airp1ane under speciiied operating 

conditions can maintain horizontal flight. 

aerodynamic center. A point in a cross section of an airfoi1 or 

other aerodynamic body or combination of bodies, about which the 

pitching moment remains practicall.y constant with nearly a11 

changes in angle of attack. 

aerodynamic efficiency. The efficiency vith which a body overcomes 

or makes use of aerodynamic forces or actions; specif~ca1ly, the 

efficiency vith which an airfoi1 or other lifting bod,y produces 

lift in proportion to drag, determined numerica1ly from the 1ift

drag ratio (L/O). 

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

air or other gasas over the body, significant chie~ at high 

speeds, caused by friction and by compression processes. 

aerodynamic stabi1ity. The stabi1ity of a body with respect to aero

dynamic forces. 



aircraft miles or plane miles. The miles (computed in airpol"t-to...airport 

distances) for each inter-airport flight hop actu81~ completed, 

whether or not performed in accordance vith the scheduled pattern. For 

this purpose, operation to a f'lag stop is a f'light hop completed even 

though a landing is not actually made. 

aircraf't perfomance. This refers to that combination of powerplant and 

aircraf't performance that gives the over81l performance of the aircrait 

(for the purpose of this study this is confined to aircraf't f'lying 

vithin the atmosphere and propelled by air-breathing power plants). 

airhame. The structure of an aire raft , excluding engines and accessories. 

The principal parts of the airframe" of an airplane includ~ 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 8,1stem of aerial transportation - especially a 

commercial 8,1stem - together vith its equipment, holdings, and faci

lities. For 811 practical purposes, "airline" is s,ynonymous with 

"air carrier." 

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

ing. Il An airport building where outgoing and incoming passengers are 

processed. lt 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 dawntown or centr81ly 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. nAirline terminaln is often used as a s.yno~ for 

nairportn• 

aiE2lane or aireraft. As used throughout this stuqy the term denotes 

the complete operational unit vhich includes airplane, engines, radio 

and related aècessories. 

ai~lane characteristies. This includes complete performance and oper

ating data and operating expense for each airerait considered. 

airport. A complex of runw&y's and aprons for the taking-off and landing 

of aireraft, together vith assoeiated control tower, terminal buildings, 

hangars, etc., for accommodating air passengers and air cargo, as weIl 

as providing facilities for parking and servicing airerait. 

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

and mail, from one geographie point to another, by fixed-wing aircra.t't 

or helicopters. In the past, air transportation has included autogiros 

and rigid airships (dirigibles), and in the future i t may weIl include 

them again. The future ~ also include tilt-wing aircraft, compound 

helieopters, and missiles, all of which have alreaqy been used experi

mentally. 

air vehicle. A vehiele designed to carr.y a burden through air - a 

conceptual term for nairerait". 

airworthiness, noun. The state or quality of an airerait or of an air

erait component or accessor,y being fitted safely to perform or be used 

within the limitations imposed by its intended purpose or use; 

espeeially this state or quality as eertified by proper authority. 

a1l services. The sum total of seheduled plus nonscheduled services. 



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

&r1'1' weather condition. 

alternat. airport. An airport at which a landing is, or may be, made it 

a landing at the intëfided airport is inadvisable or impossible. 

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

enough to cause death; loosely, HYPOXIA. 

applied economies. This 1s the application of economic theor,y to th. 

solution of economie problems. 

assets. The items on the balance sheet of a business showing the book 

value of its resources. 

!!!. 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 Traffie Control. -
available seat-miles. The aggregate of the products of the airerait 

miles fiown on eaeh inter-airport hop multiplied by the number of 

seats available on that hop, representing the total passenger-earr,ying 

eapacity oftered. 

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

seats in lounges) exclusive of Any seats not offered for sale to the 

public by the carrier, and inclusive of any seat solde 

available seats par aireraft. The average number of seats available 

for sale to passengers, derived by dividing the total available seat-

miles by the total aireraft revenue miles in passenger services. 

available ton-miles. The aggragate of the products of the aireraft 

miles fiown on eaeh inter-airport hop multiplied by the ava1lable 



aireraft capacity (tons) for that hop, representing the traffic

carrying capacity offered. 

averags passsnger trip length. Calculated by dividing the number of 

revenue paesenger~les in nonscheduled service by the number of 

revenue passenger originations in nonscheduled service. Rence, it 

gives one-w~ trip length. Trips in nonscheduled service almost 

never involve more than one airline, hencs this is an "on-line" trip 

length. (Also se. "on-line passenger trip length~.) 

- B -

backhaul. The retum trip of a cargo-carrying aireraft. (B~khaul is 

of considerable importance in cargo operations because cargo - unlike 

passengers - tends ~ to malee "a retum trip". Rence, vith cargo 

also tending to flow more in one direction than in the opposite one, 

the d1rectional imbalance characterietic of mueh air-cargo transpor

tation often makes it quite difficult to achieve a profitable backhaul.) 

balance-ot-Payments defic,Ü. This is the eXC13JS of the country' s spend

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

balance sheet. A etat.ment ot aesets, liabilities, and stockholder 

equity (or equivalent interest of individual proprietore or partners) 

at a particular date. 

Big Four. The four largest U.S. domestic trunk carriers (American, 

Eastem, TWA, and United.) A separation of ope rational 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 specifie routes. 

black 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 a1rport ramp to 

airport ramp, it includes taxi time before take-off and after landing, 

engine warm-up and check t:1Jne (if required), and taka-off landing t:ime, 

as weIl as airbome time. (Dit'fers fram "a1rbome speed" and "normal 

cruising speed"). 

block ttme or block-to-black time. This is the elapsed time between the 

closing of the aireraft doors before taxiing t'or 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 

befoN take-off, and taxiing after the landing. These ground times 

have absolute~ nothing to do vith the critical cruising speed of the 

aireraft but constituta a percentage of the entiN block time which 

becomes higher the shorter actual flying time becomes. Black speed ia 

therefore distance flown divided by block time. 

boundary layer control (BLe). 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 aireraft 

performance, sometimes by dramatic amounts. BLC 1a still in the 

development stage sa far as commercial air transportation is concerned, 

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



of BLe - promise to have important safety and economic implications. 

bow waV8. A shock wave in front of a boà,y, 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 Januar,y 27, 1964, based on carr,ying passengers at 

fares and qua lit y of service intermediate to first-class and coach 

services. It was available only on certain large jet airerait in a 

limited number of markets. 

- c -

~. Acronym for United States Civil Aeronautics Board. 

cabotage, noun. Air traffic that originates and tenninates within the 

boundaries of a given country, and i5 carried by an airline of another 

country. Rights to such traffic are usually entirely denied or 

severely restricted. Renee, "cabotage privileges". 

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

retirements of operating property and equipment, fiight equipment 

expendable parts or miscellaneous mate rials and supp~ies when sold 

or otherwise retired in connection vith a general retirement program 

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



cargo. Although this te1'll is one ot long usage in the air-transport 

tield, its _aning has never become stabllized. Perhaps I10st otten, 

cargo ls used to _an trelght plUS expres8; another COBOn meaning 

combines treight, exp1'8ss, and mail, especia1ly when making camperi

sons &JIlOng the variou. modes ot transportation; a third usage 18 

S1Don1llOUS W1 th the terDl "propert1", and inc1udes treight, express, 

and excells baggage j and, tlnally. cargo 1s somet1mes used as s1ll0ny

lIOUS -ith treight alOI18. 

cargo airoratt. .An aircratt express1y ds81gned or conTerted to oarry 

tre1ght, express, etc •• rather than passengers. UntU recently. 

most cargo aireratt in current U.S. coaero1a1 air11ne service _e1'8 

pa&s8D.ger aircratt that had been converted tor oargo-carrytng pur

poses. '.l111s is usually done by replacing the tloor ot passenpr 

alrcratt wlth a high-10ad-bearing cargo tloor equlpped with tie-down 

devloes and, ln 80_ cases, rol1ers; providing one or more overa1ze 

cargo doora; and prov1dlng speoial cargo-restra1nlng bul.kheada and 

cargo nets. 

cash and speclal deposits. General and worklng tonds available on 

demand which are not tOrmelly 1'8stricted or e~rked tor spec1tie 

objectives, and special deposits for payment ot current obligations. 

(1010, 1030) 

certificate ot public convenience and necesslty. A certiflcate lssued 

to an air carrier by the regulatory body autbol"iz1ng the carrier to 

engage in alr transportatlon. 



o.rtitioated route air oarrier. one of a class ot !ur carriers holding 

c.rtiticates ot publio conv.Dience and nec.sstty authortztng th. par

tar.aano. ot aoh.duled air transportation over sp8oit1ed routes and a 

11Dlited _ount of nonaohedu1ed operatiOns. ibis geura! carrier 

groupiDg includea the all-purpos. carriers (1 •••• the 8O-oal1ed puaen

gerl cargo carri.rs) and the all-cargo carriers. and ooçris.s all ot 

the airlines certiticated by the regulatory bod7, axoept the suppl.

mental air carriers. O.rtitioated route air carriers are ott en re

terred to as "soheduled airliD8s". although they Blso pertor.. non

schedu1ed service. 

oharter revenues. R.venues troa nonscheduled air tr8D8port serv10es in 

whlch the party reoeiving the transportation obtatas exclusive use ot 

an airoratt and the remun.ratlon paid by such party aocrue8 directly 

to, and the r.spon81bUI ty tor provid1Dg transportation is that ot, 

the aocounting air carrittr. Pa8senger oharter revenue8 are trom 

oharter tlight8 carry1ng only passegers and thelr personal baggage. 

Freight charter revenues are trom oharter tlights c&rrying either 

(1) treight only or (2) passengers and treight s1llul.tan.ously. 

(3907.1. 3907.2) 

charter service. A pusenger or cargo air-transportatloD senice in 

whioh an individuel or an organ1zat1on obta1na the exoluaive use ot 

an aircratt tor ODe or more trips, uaually OD a reduced-prioe bas1s. 

suoh a serTice 1s cona1dered nonschedul.ed .veD it conducted w1 th pre

&rranged regularity. (See "eDt1ty charter" and "pro rata charter".) 



ohosen-instrument polioy. A proposed polley ot long standing that a 

single air oarrier be seleeted to conduot all international air-

transport operat10ns, as dist1ngu1shed tram the exlstlng practloe 

under whlah a nuaber ot alrlines are authorlzed to pertora internatio-

na! operations. 

oei11ng, noun. The aax1aurA helght attainable by an airoraft or airborne 

vehicle under given cond1tions and at wh10h lt oan pertora etteot1vely. 

oirole trip. A type ot round-trip journey whose golng and oomins routlngs 

oontain an element ot clroul ty, al though the trip st arts and ends at the 

saJD8 plaoe. '.l!1e preCise det1n1 t10n will vary in d1fterot· applications, 

not being the seme tor tare purposes as tor or1gln-destlnatlon statls-

tios. (Also see "open-ja. trip" and "round trip".) 
. . 

clrcu1try. Retera to the degree that an aotual air trlp devlates trom 

the mst C11reot air rout1ng avaUable bat.een a pair ot specltled 

trattlc po1nts. In another sense, lt retera \0 the absolu~e or ra-

lat lve degree to wh1ch the JDOst direot routing tor dltterent aodes ot 

transportation deviates trOll the great-circle clty-center-to-c1ty-

center distance bet_een two cltles. 

citles. Communltles that are terminal points on an orlgln-destlnatlon 

trip. 

dUes served. oommunltles reoelving scheduled air service as ot a 

specitied date. 

oit Y pair. The terminal communities in an air trlp, i.e., the orlg1n 

and destination on a one-way basi •• 



• 

Civil Ae1'ODautics Board (OAB). The U.S. Govermaent economio regulatory 

agenoy tor interstate civil aviation. !be CAB la also reaponslble tor 
a, 

1nvestlgating airoratt ao01dents to deter.m1ne the1r probably cause. 

Interstate surfaoe transportat10n ls regulated by the Interstate 

Oomaeroe oommission. 

olass rate. A rate that applles to a goup ot 00JlllLOd1tles or to a 

group ot oarriers. 

clear-alr tuibulenee. TUrbulence that ooeurs in cleu air and not 

8Ssoclated .1th cloud tor.mat10n. such as that 88soctated .ith winda 

at 10. altitudes and with the jet stream at higb altitudes. 

coaoh pa8senger revenues. Revenues tram the alr transportation ot 

passengers at tares and quality ot serv10e below t1rat-class service 

but higher than or super10r to econoay servioe. (3901.2) 

ooaoh servioe. Transport servioe establ1shed tor the oarriage ot pas sen-

gers at tares and quality ot service belo. that ot tirat-claas service, 

but higher than or superior to the level ot economy servioe. 

combination aireratt. An aireratt having both passeDg~r and oargo 

accommodations. Also used in the sense ot an aircratt provid1ng 

mixed-olass serv10e. 

oODlllOn oarrier. A transportation business that holds out its services 

for publl0 hire. Inoludes moat airl1nes, railroads, buslines, truok-

lines. and water oarriers. Excludes oontract oarriers and non-trana-

portation companies and the publio at large who provide transportation 

servioes tor themselves. 



cORDOn-carrler air operations or common air oarri8§e. ~ortation 

operations conduoted on a puolio tor-h1re oasls, e.g., scheduled 

pusenger and cargo servloes, as well as nonsoheduled serv108s oued 

on published tarltts. ](ost ot the operations ot a oertit1eatad route 

air oarrier are, thus, oommon-carrler operations. 

oommon tare. .Ah identioal tare or rate which" tOI' oOllpati t1ve prioing 

rauons, ls applicable between elther a DUltlpll01ty ot trattic points 

or bet_en a pair ot trattic points over varying eoapetitive routings. 

J'or eX8JIlple, an identioal tare bet.een New York and Los Allgeles as 

DetweenNe. York-Los Angeles-san Jrancisoo. 

oommon stock· outstanding. The par or stated value ot oOIIDIOn stock 

outstanding. In oase ot no-par stock without stated value, the full 

oonsideration reoeived. (2840, 2860 as applicable) 

cOJmecting tllght. A:4y tllsht other than an originating tlleJ1tj &ny 

tlight ot the seme or another oarrier ta which a pusenger aust 

transter ln order to prooeed to his destination. 

oonsolidated shipment. A number ot BIIl8.l.l indiv1dual ahlpmsnts, reoeiv8d 

trOll ditterant shippers, oombined into a single large shipD8nt by an 

air-traight tonarder, in order to take advantage of the rate spread 

between large ane! small shipments. The tONarder (an imUreot carrier) 

accepts amall shipments at rates that may be oompetitive or lower than 

the direct carriers' rates tor shipments ot the s .. e size, consolidates 

them .i th other shlpments, and oonsigna the coJ1sol1dated sh1paent to 

an airliD8 (a direct carrler) at that oarrier' s lower rate tor ship

ments ot 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 

itinerar,y. Also applies to cargo rates. 

containerization. A method of handling individual air-cargo shipments 

by assembling and pac~aging them into larger specially constructed 

containers for the purposes of easier handling and protection against 

breakage, pilferage, and exposure to the weather. 

~, Critical Path Scheduling. 

critical altitude. Aqy 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 critical. 

critical Mach number. The free-stream Mach number at which a local Mach 

number of 1.0 is attained at aqy point on the body under consideration. 

For example, an airplane traveling at a Mach number of 0.8 with respect 

to the undisturbed flow might attain a Mach number of l in the flow 

about the wing; the critical Mach number would thus be 0.8. 

cruiae, verb intr. To f~ 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 specifie minimum (usually less than 6.9 pounds 

per cubic foot), the minimum rate charged will be on the basis of the 

actual weight. 



çurrent 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 p~able. 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. 

-D-

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 ta~e-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 as sets applicable to the perfolmance of air transport

ation and for obsolescence and deterioration of flight equipment 

expendable parts. (7073, 7074.1, 7074.2, 7075.8, 7075.9) 



depreclatlon, tllght equlp!ent. Charges to expense tor depreoiatlon 

ot alrtr8lll8s, alrcratt engines, alrtrame and englne parts, and other 

tll8bt equlpment. (7075.1-7075.5) 

developmental and preoperatlng costs. Costs aooumulated and deterred 

ln oonnectlon wlth alteratlons ln operatlonal Characterlstlcs 8uoh ès 

the developm.ent and preparation tor operation ot ne. routes and the 

Integration ot ne. types ot aircratt or services. (1830) 

direct tlight. A1l7 noncircuitous single- or multi-carr1er tllght -

regarclless ot the num.ber ot enroute stops - that doss not require 

transter to another plane, hanoe, a nonoircuitous single-plane 

(l.e ., through-plane) tlight. Al though the terme "d1rect tlightlt 

and Itthrough-tlight" are otten used intercheDgeab17, the latter &lso 

includes circuitous single-plane tlights. 

directional, adj. Retera to tares and rates that are reduced to mini

mize a signltlcant directlonal imbalanoe ot trattic, e.g., the low 

level ot westbound passenger trattlc across the Atlantlc in the ear17 

summer (and the 10. level ot eastbound trattic in the late summer) 

and the low level ot eastbound u.s. transcontinental cargo trattic.) 

(Also see Itbackhaul".) 

direct aalntenance, tllght equlpmeDt. srhe oosts ot labor, materiels, 

and outside services consumed direct17 in periodlc maintenance opera

tions and the maintenanoe and repair ot airtrsmes, aircratt engines, 

and other tlight equipment. (5278) 

dlreot Il8.1ntenanoe, gNund equipment. The costs ot labor, aaterials, 

and outside services consumed direot17 in the repair and upkeep ot 

ground property ed equipaumt. (5200 exclusive ot 5278) 



d1stanoe-aeasur1ng equ1pment (JIll) 1> Electron10 naT1gat10n equ1pment 

tOI' tiDdtng the d1stance bat.een an airoratt and a ground stat10n 

b,. aeasur1ng the t1me 1nterYal. bet.een the transm1ss10n ot 1nterro

gation pulses tram an airborne radar and the reception ot ans.er1ng 

pulses trOll a transponder at the ground stat10n. 

d1Ters10n ot tratt1c. The attraot10n ot trattlc trom one air11ne ta 

another beoauae ot lower pr1ce8, better 8en108, or new route awarda. 

(AlBo S8e "selt-d1Ters10n".) 

d1v1denda. Includes d1T1dends payable, iD cash or in stock, to pre

terred and common stookhold8r8, declared but DOt neoessar1l,. paid 

dur1ng the aooountiDg per10d. The ourrent 11abll1t,. ls created b,. 

the deolarat10n, the amount ordinarll,. being oharged to retained 

earn1ngs. (9830) 

dc=est1c operat10n. In generel, operations withiD a nat10nt s own 

t8rr1tor,. but may inolude trans-border as opposed to 1nteroontinental. 

domest10 trunks (dom&st1ctrunk operations). In generel use 88 a 

descr1pt1Te term 1n the U.s. no.e8t10 operat10ns ot the domest10 

trunk carr1ers. Th1s group ot carriers operates pr1mar11,. with1n th8 

geograph1cal 11mits ot the 48 oont1guous states ot the United states 

(and the D1striot ot Columbia) over routes sening pr1maril,. the 

larger cOlllDlUl1ities. Internat10nal and territorial operations ot these 

carriers are shown under "international and territor1al operations", 

and not under "do-.estic trunk operations". Designation ot the 

doll8stio "grandtather" oarriers as "trunk oarriers" was not pertinent 

untU 1945-6, when "tee der" carriers (now oalled looal servioe carriers) 

were granted cert1t1cates b,. the Board to pertorm local teeder air 

serv1ce. 



down time, noun. The amount of time during a given period that an air

eraft was not available for revenue service. Includes time necessar,y 

for maintenance and overhaul, positioning, etc. 

dry lease. A contractual aircraft-leasing arrangement wherein the lessor 

leases on~ the airplane, whereas the lessee provides the personnel, 

fuel, and provisioning necessary to operate it. (Also see "wet lease".) 

ducted fan. 1. A fan enclosed in a duct. 2. Also, less frequently, 

ducted-fan engine. An aireraft engine incorporating a fan or propeller 

enclosed in a duct; especial~ 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 rnay 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 fonner case it may be 

considered a type of bypass engine. 

Dutch roll. A complex oscillating motion of an aireraft involving rolling, 

yawing, and sidesl1pping. (50 narned from the resemblance to the 

characteristic rhythm of an ice skater.) Especially peculiar to high 

speed swept-wing jet airerait. 

- E 

economie. This terrn is used to characterize the production of goods and 

service~designed to satisf,y human wants, by the most effective means and 

in accordance vith 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 

regulator,y body over the economic phases of air transportation. The se 



powers include the issuance of certificates of public convenience and 

necessity; the regulation of tariffs and tariff practicesj control over 

rates for the carriage of persons and propertyj 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 aireraft operated so as to achieve the 

most economical flight in terms of fuel consumption. 

econOm7 passenger revenues. Revenues from the air transportation of 

passengers at fares and quality of service below coach service. 

econo~ service. In domestic operations, transport service established 

for the carriage of passengers at fares and quality of service below 

coach service. In international operations, econo~ is the general~ 

used term for coach service having taken the place of the term 

"tourist service". 

effective demande The demand for a service at priees 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 substitutea for that commodity. A change in the priee 

of any product mayaffect the demand for it, not because italters the 

total level of consumption of that general type of product, but becauae 

it makes one particular type of product more (or lesa) attractive than 

close substitutes~ This concept is particularly important in ana~zing 

air travel demand; a reduction in air fares may increase the volume of 



air travel by diverting passengers from surface transportation without 

necessari~ 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., firat class and 

econo~, is another aspect of substitution. 

entitl charter. A type of charter in which the transportation cost is 

borne by the chartering organization (usual~ a business firm), and not 

by the individual passengera (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., aireraft 

landings made before reaching the tripls final destination (contrasted 

with "nonstop"). Or as in "enroute navigational aida", i.e., aids 

used during flight rather than during take-off or landing. 

§!!. Abbreviation for "estimated time of arrivaI". 

excess bagga~e. 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 frae allowance. (3906.3) 



exoursion tare. A 10. tare designed to st1œDlate trattlc volume in 

certain travel markets, and, hence, a type ot promotional tare. 

usual17 it is applicable onl7 to round trips, fi th limits set on the 

season, day's, and/or elapsed trip duration. Sometimes such a tare 

1s made available onl7 on specitic aircratt types. 

exosphere, noun. The outermost layer ot the atmosphere. 

explosive decompression. A Ter7 rapid, elmost lnstantaneous, decom

pression, as JIlaY' occur, e.g., in the rupture ot an a1rcraf't cabin 

at h1gh altitude. 

express. PrOpert7 transported b7 air under published air express 

taritts. 

express revenues. Revenues trom the transportation b7 air ot express 

as detlned 1n published taritts. 

extra section. A tlight conduoted to accommodate the overtlo. trattic 

ot a tul17-booked schaduled tlight. 

878l1d, noun. l!:ither ot two movable parts ot the exhaust nozzle ot a 

jet engine, suggestive ot an e7e11d in appearance Gd action, which 

are moved to V&r7 the exhaust opening. Alsa called a "clemshell 

shutter". 

-p-

PM. Acronym tor Federal Aviation Agenc7, the U.S. Government agenc7 -
responsible tor lnitlat1ng and executing the polleies and programs 

tor supporting and promoting sate and etficient t11ght. (Pronounced 

b7 the letters.) Successor ot the old Clv1l Aeronautlcs Admln1stra-

tion (CAA). 

~. Acronym for Federal Aviation Regulations. 

-



teel, noun. The sensation or ~pres8ion that a pilot has or receives 

as to his, or his aircratt'8, attitude, orientation, speed, direction 

ot DlOVement or acceleration, or prox1lllity to Marby objects, or, as 

most otten used, aB to the atrcratt's stability and responsiveness 

to control. 

terry charter rate. 'l'hat portion ot the total charter rate, charged 

by a carrier, covering the aircratt miles (or hours) necessery to 

de 11 ver the charterad aircratt to the point ot origiD required by 

the charterar and to return the eherterad aireratt trom the point 

ot destination to the point required by the carrier. In alJIost all 

cases, the terry rate i8 less than the live rate. 

tinal approach. 'lhat portion or leg ot an approach pattern atter the 

lut turn, iD which the aircratt i8 in line _Uh the runway in the 

landing direction and descending. 

tineness ratio. The ratio ot the length ot a body to its maxima dia

meter, or, somet1mes, to some equivalent dimension - said esp. ot a 

body such as an airship hull or rocket. 

tirst-class passenger revenues. ReTenues trom the air transportation 

ot passengers at standard taree, premia tare., or at reduced tares 

suoh as tamily plan and tirst-class excursion tor lIhom standard or 

premiwa qualUy services are provid8d. (3901.1) 

tiret-class service. Transport service establlshed tor the carriage 

ot passengers at standard tares, pram1um tares, or at reduced tares 

such as tamily plan and tiret-class excursion tor whom standard or 

premiwa quallty services are provided. 



tixed-area emaust nozzle. On a jet engine, an emaust nozzle exit 

opening 1Ifilich remainll oonstant in &rea. 

tued-wiDS alrcratt. Alrcraf't havlng w1ngs tlxed to the alrplane tuse

lqe and outspread in tllght, 1.e •• nonrotating w1ngs. 

tlight envelope. The boundary deplcting the limits ot altitude and 

spaed .uich a glven aircratt cannot sately exceed. Loosely, the 

tllgb t regae w1 thln thls boundary. 

tligbt equipmant. Airtrames, aircraf't englnes. and other tl1ght equip

ment used in the 1n-tlight operations of' alrcraf't. (See "f'light equip

ment - cost".) 

tlight equipment - cost. TOtal co st to the air carrier of' complete 

airf'raaes. tully assambled engines. installed aireraf't propellers and 

rotary wing a1rcraf't rotors and s1miler asse.blies, 1nstalled airborne 

com.unlcations and electronlc navlgational equipment and otner s1m11ar 

assemblies, complete units ot m1scellaneous airborne f'light equipment 

and costs ot modltlcat10n. conversion or other tmprovements to l~ased 

f'light equipment. (1601-1607) 

f'llght-equipment 1nterchange. An arrangement that provides single-plane 

service over a long route, without involving additional competitive 

carriers over one or more segments of' the route. On a given lnter

change f'light. a plane of' one ot the interchange partners fiies the 

entire trip. but the crew is changed so that eaoh carrler tlies only 

over lts om route sesment. laost 1nterohanges 1nvolve onlytwo 

carriers. although occaslonally there are three. Interchanges must 

be approved by the regulatory body. 



tlight-equipmant spar! parts and assemblies. Parts and assemblies ot 

material value which are rotable in nature. are generally reserYiced 

or repa1red and used repeatedly. and possess a service lite appraEi

aating that ot the property type to which they relate. (1608) 

flight Maoh numbe~. A Mach number attained in tlight, as distinguishe4 

tram one atta1ned in a wind tunnel. 

tlight stage. '!he operation of an aircratt f'rOIll talee-ott to landing. 

Also called "hop". 

tlight plan. A detailed outl1ne or stateJll8nt, written or oral, relative 

to a given tligbt, submitted to Air Trattic Control prior to take-ott. 

The flight plan conta1ns information such as the pilot' s n8118, type 

ot aireratt. point ot departure and destination, intended cruising 

alt itude and trus airspeed, etc. 

tlight protile. A graphie portrayal or plot ot an aircratt' s tl1ght 

path ln the vertical plane. 

tlight s1llulator. 1. speclt., a training device or apparatus that 

s1mulates certain conditions of actual tlight or ot tlight operations, 

such as piloting, bombing, gunnery, etc. 2. More generally, llDy

thing that simulates soma conditlon ot actual tlight, such as an 

altitude chamber. 

tlight t1me. 1. Tille spent in tllght or in nying operations, mea

sured, when exactness 18 required, bet.een sp8cltled instances, as 

between the cOllllllencemant ot the taJœ-ott run and the end ot the land

ing rune Also called "tly1ng t1me". 2. The time at whlch a tl1ght 

begins. 



tlnng laboratory. An airorait "pecially equipped and inatrum,ented 

to carry out expariments or tests while airbor.ne, snch as aerody

namic experi.ents, tests ot ieing systems, etc. 

tlylng operations expenaes. Expanses incurred directly in the in

tlight operation ot aircratt and expenses attachlng to the holding ot 

aircratt and aircratt operational personnel in readiness tor a&slgn

ment to an in-tl~t statua. (5100) 

tre8 air. uncontined or undlsturbed air, or air outside ot some ragion 

under considefttion, as: a. The air encountered in tlight, as d1s

tingu1shed t1'Olll the air in a wind tunnel. b. The air ahead or out

s1de ot a reglon attected by the pa8sage ot a body. c. The air outsia. 

ot a cabin, a duct, a compre"8ed-air tank, etc. d. In meterology, th. 

air or atmo8phere unintluenced by objects or teatures on the surface 

ot the earth, as mountains or buildings; air aboTe the range ot sur

taoe racording instruaent". 

tree-air temperature. The tem.perature ot the air out8ide an aircratt 

and unattected by the airoratt with re8pect to temperatUN. 

trae baggage allowanoe. The present dome8t10 tree baggage allowance 

is 40 pounds on tirat-class or coach tickets,with 8xoess baggage 

charged at the rate ot one-halt ot one percent ot the applicable 

tirst-olass adult one-way tare tor eaoh exoess pound,tor all classes 

ot servloe. on international trips, the tree allowance is 66 pounds 

tor tirst-class passengers, and 44 pounds tor ooach and econOlll1' 

passengers, with excess 6harges be1ng based on one f!rcent ot the 

applioable adult tirst-elass one-w87 tare, tor all classes ot services. 



tre1ght reTenues. ReTenues troll the transportation by air ot property 

other the express or passenger baggage. These reTenues are pre.." 

dOll1naD.tly troll individually-waybUled sh1paents oarried in soheduled 

servioe. (3906.2) 

tuel, noun. Any substance used to pro duce heat, either by chem1cal or 

nuclear reaction, as used, e.g., in a heat engine. 

tuel raserTe. Speoit., an 8JIIOUIlt ot tuel carried in excess ot that 

ealculated to be suttieient tor a given tlight. 

tuel taxes. Excise taxes paid by the airlinea on the aviation gasoliJ18 

and jet tuel they purchase. 

- G-

g, noUll. An acceleration equal to the acceleration ot gravit y , appro

ximately 32.2 teet par second par second at sea leTel - used as a 

unit ot ll8asurem.en.t tor bodies undergoing aeceleration. l'or eX8llple, 

it a pilot ls subjected to tour g's in recoverlng trom a dive, he is 

undergoing aoeelerat10n at the rate ot approximately 32.2 x 4 teet 

par seoond par seoond; it he welghs 200 pounds, his ettective welght 

is 800 poUllds. sometimes oa1led a "g-toroe". 

gas-turbine engine. An engine lnoorporatlng as lts chlet element a 

turbine rotated by expanding gases. It consists essentially in 1ts 

most usual t'orm ot a rotarY' air oompressor w1 th an a1r intake, one 

or more combustion ch8llbers, a turbine, and an exhaust outlet. A1r

cratt engines ot th1s type us~ly have the1r power applied ma1nly 

e1ther as jet thrust (turbojet engine) or as ahatt power to rotate a 

propeller (turbopropeller engine). The a1reratt gas-turbine engine 



also has a powerplant application as a source ot compressed air, 

esp. on certain helicopterso Gas-turbine engines are sometiDl88 

cOlllbined, esp. in the turbopropeller type (double, dual, or twin 

turboprop), and the essential principle is used in a compound engine. 

Gas-turbine engines are somet1mes classitied according to: (1) the 

Dl8Dller ot gas or air tlow in or througb. the engine, as in axial-tlo. 

engine, bypass engine, centritugal-tlow engine, reverse-tlo. eng1D.e, 

or (2) the treatment of the working substance, as in closed-cyole 

engine, open-cyele engine. 

GOA. Abbreviation tor ground-controlled approach. -
genera! and adainistrative expense8. Expenses ot a general corporate 

1 

nature and expense8 incurred in pertorming activities whioh contri-

bute to more than a single operating tunction such as general tinancial 

account1ng act1vit1es, purchasing act1v1t1es, representat10n at law, 

and other genera!. operat1onal administration IlOt d1rectly app11cable 

to a part1cular tunction. (6800) 

general co_odi ty rate. A rate that applies to a group ot commodi ties, 

as contrasted with a specit1c commodity rate. 

glide alope. The slope of a glide path. 

great-circle distance. The distance on a course along a great circle 

ot the glObe, the shortest distance between two points on the earth' 8 

surtace. 

great-circle cour8e. A course la1d out or taken along a great circl •• 

gross thrust. The total thrust ot a jet engine, the drag due ta th. 

momentum ot the incoming air (ram drag) not being deducted. '!he gr08S 

thruBt 1s equal to the product ot the mess rate ot tluid tlow and th. 



velocity ot the tluld relatlve to the nozzle, plus the produot ot 

the nozzle exit area and the dltterence betwe8n statl0 jet pressure 

and amblent pressure. 

gross welght. The total welght ot an alreratt, rocket, etc., as 10a48d; 

specit., the total welght with full crew, full tanks, payload. etc. 

groundiDg, noun. A voluntary determlnatlon by a carrler or carriers 

or an order trom the Federal Avlation Agenoy to refrain troll tly1Dg 

a partloular type ot aircratt as a result ot suspeoted or actual 

maltunction ot such airoratt, untU the cause oan be det8rmlned and 

approprlate actlon taken. 

ground-controlled appl'O~ch. 1. A1l appl"Oach under conditions ot poor 

vislblllty iD wh1ch the pUot 1s contiDuously adviaed trom. the ground 

by rad10 ot his pos1tion and direction as determlned by radar. 

2. The equlpment or system used ln thls appl"Oach. SIe Preclslon 

Approach Radar. 

ground property and equlpment. l'ropert;?' and e~lpm.ent other than tllght 

equipment. land, and construction work ln progresse (1630-1640.9) 

ground speed. noun. The speed ot an airerait relative to the ground, 

or &urtace ot the earth. It i8 the S&1118 as true air speed onl;?' lt 

the air 1s stat10nary with respect to the earth's surtace. 

group-travel tare or group tare. A ter.m used to desoribe any reduced, 

promot1on&! tare ottered to a group ot people who will tly together 

under stipulated conditions. such a group ditters tram a charter 

group in that 1t does not oontract on a plane-load basis, and is usu

ally accommodated on regular. scheduled tlights. The international 

group tare initiated onMarch 10,1962. tor travel between the United 

, .. ,,:;,. 



states, .Et1l"Ope, and the M1ddle East 1s suoh a tare. It app11es to 

groups ot 25 or more pers ons who are mem.bers ot either (a) att1n1ty 

groups (estab11shed organ1zations .nose prinoipal purpose 1s not -
travel J or (b) spontaneous groups (people who get tosether to take 

advantase ot the group tare, w1 thout d1reot so11oitation by a1rl1nes 

or travel agents). 

guet, DOUD. A sudden and briet chanse ot wind speed or d1rection. 

sust load. A load imposed upon an aircratt or a1rcratt maber by a sust. 

-H-

heariDg ex8ll11ners. Regulatory body persoDDel who oonduot tormal econo-

mio resulatory and satety entoroement prooeedings. 

h1sh alt1tude. An altitude considered in context to be oomparatively 

hish. Somet1mes given specit1e detinit10n, "h1sh alt1tude" 1s pro-

parly a relat 1 va terme It 1a used particularly to des1snate any 

alt1tude hish enoush that atmospher10 tenuity. low temperature, 

distanoe to earth, etc., become ot s1gn1tioance iD the desisn, 

operat10n, orbehavior ot a1reratt or airoratt equipment, or 1n the 

tunotioning alld behav10r ot the hwa.an body. 

hish speed. A comparat1vely tast speed. A relat1ve term, "hish speed" 

1s otten used to dea1gnate any speed hish enough that special prob-

leJll8 arise, as 1n aerodynamics, navigat10n, maneuvering, the opera-

t10n ot pressure instruments, etc. 

hold, verb intr. To wait. Specit., to circle or tlyabout in a parti-

culer pattern near a apecitied point _hile wa1t1ng tor permission or 

instruotions to land or to proceed slong 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 ver,y high supersonic speeds; as arbitrari~ 

defined, flow at a Mach number of 5 or greater. 

l!Ypersonies, noun. That branch of aerodynamics that deals vith very high 

supersonic speeds, sometimes defined as dealing with Maeh numbers of 5 

or g~eater. 

hlPoxia, noun. A deprivation of oxygen, especial~ a deprivation of oxygen 

extensive enough to cause impairment of the physical faeulties. See Anoxia. 

- l -

~. Acronym for International Air Transport Association, the trade 

association of airlines engaged in international air transportation. 

(Pronouneed "ee-ah'-ta" or "eye-sh'-ta".) 

~. 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".) 

~. Abbreviation for Instrument Flight Rules - also used as an adjective 

or adverb, as in IFR traffie, or as, to ~ IFR. 

~. 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 rentaI of operating property and equipment. (4600) 

incorne elasticity of demande This measures changes in the volume of demand 

arising from changes in the level of personal incarne. Numerical~ this 

represents the percentage change in the volume of travel which results 

from a one percent change in the incorne level. 



inoOJll8 statement. A statement ot revenues and expenses and resulting 

net inoome or loss oovering a stated period ot time, as reported to 

the CAB by oertiticated route and supplement al air carriers on CAB 

]!'Orm 41. 

indirect maintenance expenses. Overhead or general expenses ot acti

v1ties involved in the repair and upkeep ot property and e~ipment, 

inaluding inspections ot equipment in accordance with prescribed 

operational standards. Includes expenses related to the adminis

tration ot maintenance stocks and stores, the keep1ng ot maintenance 

operations records, and the scheduling, controll1ng, planning, and 

supervision of maintenance operations. (5300) 

iDherent stabi11ty. The stability ot something iDherent in its des1gn 

and construction; specif., with an a1rcratt, that bu1lt-in stabllity 

that causes the aircrait, when d1sturbed trOlll a condition ot steady 

tlight, to return to that oondition without oorreotive action being 

necessary. 

in1tial approach. In instrument landing, the approach or holding 

pattern tlown by an aircrait preparatory to the final approach. 

instrument approach. An approaoh during which the pilot is depandent 

entirely upon instruments and ground-based electronic and commun1ca

tion systems for or1entat1on, position, alt1tude, eto. 

instrument landing system. A rad10-guidance and communication system 

designed to gu1de airerait through approaohes, letdowns. and land1nga 

under cond1t1ons ot little or no v1sib1lity. The instrument landing 

system cons1sts essentially ot d1rectional radio transmitters estab

l1sh1ng the angle ot the glide path and indioating the direction ot 

the runway. and ot radio marker beacons estab11shing locations along 

the approach path. 



interrogat10n, noun. Radar. The aot ot sending torth radar pulses to 

tr1gger a transponder to rece1ve ans.er1ng s1gnals; the radar pulses 

so sent. 

1ntral1ne, adj. W1th1n the system ot a giTen a1r11ne. For eX8IIlple, 

an tt1ntral1ne transter" 1s a s1tuat1on in wh1ch a passenger changes 

planes on a g1ven tr1p, w1thout ohang1ng airlines. SUch a pusenger 

1s, theretore, counted only once, 1.e., as one "pusenger or1ginat1ontt • 

It the passenger changes a1rlines, as well as planes, on a g1ven tr1p, 

he 1s counted as many t1mes as he changes air11Jl8s. 

1nvestDl.8nts and spec1al tunds. Long-tem 1nvestments in securit1es; 

funde set as1de tor specific purposes; and other secur1t1es, rec81-

vables, or tunds not ava1lable tor current operat1ons. (1510-1550) 

1nvestments 1n usoc1ated companies. Net 1nvestments 1n a8soc1ated 

compan1es together wlth advances, loans and other 8mOunts not settled 

currently. (1510) 

isothermal layer. A layer or reg10n of the atmosphere oonsidered to 

have un1form temperature throughout. Th1s layer, conteminous w1 th 

the stratosphere, var1es in thickness, but 1ts lower l1m1t generally 

occurs at about 35,000 feet. Also oalled the 1sothermal region. 

1-1: 

jet tuel. Praot1cally all airlines use kerosene as the fuel in the1r 

turbine-pollered a1rcratt. Th1s kerosene 1s commonly retened to as 

"jet fuel". 1n contrast to the "av1at1on gaso11nett used in p1ston

engine a1rcratt. Occas1onally, a carr1er uses :rP-4 1nstead of stra1ght 

kerosene. 



jet aireratt. Aireratt, or an aircratt (usuall:y a f'ixed-w1ng airplane), 

powered b:y one or more air-breathing jet engines. 

jet eng1ne. 1. Broadl:y, an:y engine that ejects a jet or stream of' gas 

or tluid, obtaining all or mst ot its thrust b:y raaction to the 

ejection. 2. Specit., an a1rcratt engine that derives all or most 

ot its thrust b:y reaction to 1ts ejection ot combus.tion produGts 

(or heated air) in a jet and that obtains ox:ygen trom the atmoephere 

tor the combustion ot its tuel (or outside air tor heating, as in 

the case ot the nuolear jet engine) - distinguished in this sense 

tram a rocket engine. A jet engine ot this kind ma1' have a co.pres

sor, commonly turbine-driven, to take in and compress air (turbojet), 

or it ma:y be ooapressorless, taking in and compressing air b:y other 

means (pulse jet , raajet). 

jet stream. 1. A strons, narrew band ot wind or winde 1n the upper 

troposphere or in the stratosphere, moving in a general direction 

trOll west to east and otten reach1ng velocities ot hundreds ot miles 

an hour. 2. A stream moving in a jet, such as the stre8Jll ot combus

tion products issuing tram a reaction engine. 

joint tare or rate. A single, combined tare or rate that applies over 

the routes ot two or more carriers, as contrasted w1th a local tare 

or rate, which is one that applies over the routes ot a single carrier. 

ll;i. A mixture ot kerosene and gasoline used as a tuel in turbine

powerad aircratt. (The "J'P" stands tor "jet propuls10n".) Also 

known as "w1de-cut gasoline". Up to now, JP-4 has been used pr1-

marlly by m1l1tary jets. Most civi11an turbine-powered a1rcratt 

now use kBrosene. 



~8 A unit of apeed, equivalent to one nautica1 mile (6076.1033 ft.) 

per hour. In genera1, a11 civil air transport statiatics ara in 

statute miles per hour. 

-'L -

1anding distance. The dist~ce that an airplane covera in its 1anding 

rune 

1anding apeed. 1. The minimum speed at which an airplane may touch down 

under control. 2. The apeed of an airp1ane at touchdown in a normal 

1anding. 3. The speed of an airp1ane at touchdown. 

large aireraft. A fixed-wing aircraft having a maximum gross take-off 

weight in excess of 12,,00 pounds. These are the Most common~ used 

airerait in commercial air transportation, and range trom such types 

as the 2-engine piston DC-3 (having a take-off weight of about 2,,000 

pounds) to the 4-engine turbo-fan Boeing 701-320B (in excess of 

310,000 pounds). 

1eg, noun. 1. A distinct segment, as between 1andings, of an air journey, 

as, the 1eg between Seattle and Anchorage. 2. One of the straight-1ine 

sgements of a pattern f10wn in the air, as, a cross-wind 1eg. 

~. Least Cost Estimating and Schedu1ing. 

1etdown, noun. An act or instance of 1etting down, especia11y the 

gliding descent of an aircraft from cruising altitude prior to an 

approach or 1anding. 

lift, noun. That component of the total aerodynamic force acting on a 

body perpendicular to the direction of the undisturbed airf10w relative 

to the body. This lift, sometimes ca11ed "~arodynamic lift lt , acts 



on any body or system ot bodies such as an airf'oll. a fuselage, an 

airplane, an airship, a rotor, etc., at a su1table angle of' att&ck 

in the alrflow. 

Lltt ls usually thought of as a force acting in an up_ard direotlon, 

glving sustentatlon to aireraft. By definltion, ho_ever. lift can, 

and does. aot in 01' dlreotlon: dawn_ard, as -1 th a horizontal ta11 

_hen required tor longltudinal tr1m; sidewud, as with a vertical 

ta11 1II1en an aireraft ls turned. When lift in a direction other than 

upward i8 under discussion, lt may be sp8cifled in the expressions 

"negati ve (down_ard lltt". or "horizontal litt", although the latter 

expression is usually avoided. 

Thls phenoJll8DOn of aerodyn8Jllic 11tt ls explained by elther or both 

ot t_o laws or theorems: (1) By Newton' s third law of IIOt10n, in 

whlch a body, deflecting alr in one direction, obtalns a force upon 

ltselt acting ln the other directlon. (2) DT Bernoulll's law, in 

whlch an increase of alr veloolty over the bOdy glves a pressure 

decrease resulting in lltt. 

lltt coefflcient. A coefflcient representing the litt of a given air

toil or other body. The llf't coetficlent ls obtained by divlding 

the lltt by the tree-stre8lll dynam1c pressure and by the representa

tive area under consideration. 

load tactor. ID air transport, a tact or representing the ratio ot 

the actuel. 10ad carried to the maximum load that could be carried. 



localizer, noUD. A radio beacon used in an instrument land1Dg system 

to give lateral. guidance along the tinal approach. The localizer 

tranSRits two signal patterns overlapping along the center line ot 

the runway and along the projeotion ot the center line mm both 

ends ot the runwa1~ SOMetimes oalled a "runway localizer". 

long-haul, adj. used in such tel'llS as "long-haul trip" and "long-hau! 

tare". Although the Jleaning ot this expression oannet be precis.ly 

stated, it general.1y reters to a distance ot 1,000 miles or more. 

When used in relationship to airerait, the te1'Jl "long-range" (as in 

"lo~range plane") is otten applied instead. 

long-range airerait. A plane that normally oan tly 1,000 miles or lIOn 

nonstop, without retuel1Dg. The precise range 1Ilplied by the tera 

"long-range" has never been ttr.mly established. The 10D§!r long-range 

aircratt like the Boeing 707-320 and 707-320B and the Douglas nc-8-30 

and 00-8-;0 are ottan called "intercontinental" aireratt, and have a 

nonatop range ot trOll 3.500-6.000 statute mUes. E.g •• Ne. York-London 

(3.450 miles); Los Angeles-Tolc1O (5,160 miles); Los Angeles-London 

(approx. 6,000 miles). 

long-term debt. The tace value or principal amount ot debt securities 

issued or aBsumed by the air carrier and he Id by other than a&soclated 

companles, which has not been retired or cancelied and i8 not payable 

Within 12 months ot the balance sheat date. (2210) 

long-term prepayments. Prepayments ot obligations. applicable.· to per10ds -
extending beyond one ysar. (1820) 



-M-

lIach cone. 1. The cone-shaped shock-wave theoretioal11 emanating 

tl"ODI. an 1ntinites1Jlal11 small partiole JIOving at suparson1c speed 

through a tluid madium. It is the locus ot the Mach lines. 

2. The oona-shaped shock wave ganerated b,- a sharp-pointed bod1, 

as at the nose ot a high-speed aircratt. 

Kaohmeter, noun. .An instrument that me~ures and indicates speed 

relative to the spaed ot sound, i.e., that 1l:Ldicates the lIaoh nUilber. 

Also called a "Kach 1ndicator". 

Mach nUilber. (Pronouncad "JlDok". Atter Ernst Mach (1838-1916), 

Austrian scientist.) A numher expressing the ratio ot the speed 

ot a bod1 or ot a point on a bod1 111 th respect to the surrounding 

air or other tluid, or the spead ot a tlow, to the speed ot sound 

in the medium; the speed represented b1 this number. Thua, a llaoh 

number ot 1.0 indicatas a spsed equal to the speed ot sound, 0.5 

a speed one halt the sp8ed ot sound, 5.0 a speed tive times the 

speed ot sound, etc. 

Mach waTe. 1. A shock wave theoretical11 occurring along a oODIIIOn 

line ot intersection ot all the pressure disturbanoes emanating tram 

an intinites1mally small particle maving at supersonic speed through 

a tluid medium, such a wave cons1dered to exert no changes in the 

oondition ot the tluid passing through it. The concept ot the Mach 

wave is used in detin1ng and stud1ing the realm ot certain distur

bances in a supersonic tield ot tlow. 2. A ver1 weak ahock wave 

appearing, e .g.. at the nose ot a very aherp bod1. where the tluid 

undergoes no substantial change in direction. 



maxilllum gl"OSS talce-ott weight. '.Ibe mu1Jlum permissible waight ot an 

airoratt and its oontents at talce-ott. Includes tha empty weight 

ot th6 aircratt, acoassories, tual, orew, and payload. 

aergar. The aoqllisition ot ona airlina by anothar, a1thar through 

purchase ot stock or direot pllrchase ot assats, and the merging ot 

operations. 

mile. A statute mile (;280 teat). 

minüaa! tlight path. The tligbt path bat_een two points that attords 

the shortest possible time enroute. !ha aintmal tligbt path may be 

planned to talce advantage ot winds and pressure systems, and is thus 

not necassarily the shortest tlight path bet.een two points. 

misoallanaous mater1als and supplies. Materials and supplies held in 

s~ock tnclading mator tuels an~ lubricating oils, ahop materials, 

axpendable tools, stationery and oftice supplies, passengar service 

supplies, and restaurant and tood sarvice supplies. (l,3,30) 

m1xed-olasa service. Transport service tor the carriage in any combi

nation ot tirst-class, coach (tourist), and/or economy (thritt) 

passangers on the same aircratt. The aireratt could also oarry 

treight, express, and/or mail. Excludes all-tirst-class, all-coach, 

and all-aconolll7 sarvices. 

multistage oompressor. An axial-flow compressor having two or more, 

or, usually, more than two stages ot rotor and stator blades; a 

radial-tlow compressor hav1ng two or more 1apaller wheels. Also 

called a "multiple-stage compressor". 
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RASA. Abbreviat10n tor National Aeronautics and Spaoe Agency. -
nautioal mile. ~e more generally acoepted teohnical or sc1entitic 

measure ot distance, but one not commonly used otherwise; equals 

6,076.1033 teet. One nautical m11e equals 1.15 statute m1les and 

one minute ot a great oircle. 

net income atter spec1al items. The net gain ot the business, i.e., 

the net ot operating protit or loss, DOnoperat1ng income and expen-

ses, income tues, and spec1al items. (9799) 

net incame before income tues. Operating protit or loss plus or 

minus nonoperat1ng inoome and expenees, net. This 1s the net income 

betore inCOJ118 tues and special items. (8999) 

net thrust. The gross thrust ot a jet engine a1nus the drag due to 

the momentUlll ot the inooming air. 

noncurrent 1iabilities. Obligations the liquidation of which is DOt 

expected to require the use, within one year, ot current assets or 

the creation of ourrent liabilities. (2210-2290) 

nonoperat1ng incane and expenses. Income and 10ss ot com.ro1al 'Ven

tures not part of the common carrier air transport. services of t~e 

account1ng entity; other revenues and expenses attributable to ti-

Dancing or other act1vities that are axtraneous to and not an inte-

gral part ot air transportation or its incidental services. (8180-8189) 

nODOperat1ng property and equ1pment - net. Cost le88 re1ated reservee 

for depreciation of property and equipment (1) ass1gned to other than 

air transportation and its incident&! services but not accounted tor 

within a nontransport division and (2) property and equipment held 

tor future use. (1799) 



nonaoheduled servioe. Revenue tlights that are not operated in regular 

soheduled service, such as oharter tlights 8lI.d all nonrevenue tlights 

incident to suoh tlights. 

nonstop, adj. Made without an enroute stop. As in "nonstop fiight". 

(See "enroute".) 

nontransport revenues. Pederal subsidy (where applicable) and 1noldental 

revenues, net (revenues less related expenses trom servloes 1noldental. 

to air transportation). (4100, 4600) 

nomal olimb. A regularly used climbing performanoe _cie at cruislng 

airspeed and at more than cruising power but less than max1mulll power. 

normal cruise. cruise at a speoitied and regularly used parcentaBe ot 

rated horsepower or t~st. 

normal orulsing spaed. The average speed (in statute miles par hour) 

at whioh an alrcratt operates in level tlight at oruising altitude, 

result1ng trom a power setting recommended by the manufacturer to 

produce optimum operat1ng ett1c1ency. It 1s usually greater than 

block-to-block speed or a1rborne speed (both ot wh1ch see), but 

1a less than max1mum 01~ia1ng speed. However, s1nce it varies with 

altitude and w1nd direotion, it is a tigure that is not so precisely 

determinable as ei ther block or airborne speed. (For a ghen fiight 

in which an aireratt has the advantage ot a jet stream ot high spaed 

and long duration, the higher resultant ground speed could produce 

even a bloek speed in excess ot normal oruising speed, but on the 

average - including east-to-west fiights under adverse wind oonditions -

the reverse tends to be the oase.) 



normal rated power. The maximUlll horsepower or thrust an engine can 

deliver tor a protracted period ot ttme w1thout damage, as spec1t1ed 

by the manutacturer or other qual1t1ed authority. 

no-show, adj. and noun. A "no-showtt (noun) 18 a person who makes a 

tlight reservat10n but tails either to use the seat or to cancel 

the reservation. The tera is also commonly used in such expressions 

as "no-show passenger" and "no-show penaltY". 

no-show penalty. A "no-show" penalty was a charge assessed against a 

passenger who made a t11ght reservation but tailed either to use 

the seat or cancel the reservation. This experimental assessment 

was in etteot t'rom May 1, 1962 through janUBrY 31, 1963 and _as 

applicable to travel within the continental U.S. ~rrl~= 

notes and accounts receivable. Notes rece1vable and amounts due on 

open accounts. (1220-1280) 

nozz1e, noun. A duct, tube, pipe, spout, or the like through which a 

tluid is d1rected and trom the open end ot wh1ch the t1uid is dis

charged, des1gned to meter the t1uid or to produce a desired direc

tion and type ot discharge. 

nozzle ett1c1ency_ The ett1ciency With wh1ch a nozzle converts poten

t1el energy into kinet1c energy, commonly expressed as the ratio ot 

the actual change in kinet1c energy to the ideal change at the given 

pressure rat10. 

nuclear turbojet. A turbojet eng1ne hav1ng a nuclear reactor, rather 

than a combustion chamber, to heat the 1ncom1ng air tor expansion 

through the turbine and out the jet nozzle. 
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ott-line. Installations maintained, or tac111t1es used, by certiticated 

route air carriers tor other than scheduled service. 

ott-peak, adj. Reters to tares, serYices, trattic, etc., during days, 

hours, or seasons when trattie tends to be at a low ebb, e.g., tor 

passenger trattic, late at night, Tuesday through Thuraday, etc.; tor 

cargo trattic, during the day. (Alao aee "ott-season".) 

ott-season, adj. Retera to tares, services, trattic, etc., during a 

calendar period when trattic reaches a seasonal low ebb, e.g., in 

the winter menths across the Atlantic. Contrasts with "on-season". 

omnidirectional radio range. A type ot radio range that gives bearings 

in all directions trom the transmitter. 

The omnidirectional radio range transmits two Signala, one (the re

terence phase) having a constant phase throughout 3600 ot az1muth, 

the other having a variable phase. The two signala are in phase at 

magnetic north and out ot phase in all other directions. By means 

ot airborne equipment that measures the phase ditterence between the 

reterence phase and the variable phase, a tl1er can tind his bearing 

in terms ot azimuth angle tram magnetic north. 

one-way trip. A journey that goes trom the point ot origin to the 

point of destination either by a direct or a cireuitous routing. 

(Also see "round trip" and "open-jaw trip".) 

on-line. Reters to installations maintained, or taci11ties used, by 

certiticated route air carriers in conducting scheduled serTiee. 

When used in sueh an expression as "on-line passenger trip length", 
-

it retera to activities within the routes ot one carrier or within a 

domestic or an international operation ot a carrier. 



on-lins passenger trip length. Average length of a passenger trip, 

oalculated by dividing the number of revenue passenger-miles in 

scheduled service by the number of revenue passenger originations in 

scheduled service. Hence, it gives one-way trip 1ength in terme ot 

only one carrier or of a domestic or an international operation ot 

a carrier. Thus, "on-line passenger trip length" will be somewhat 

smaller than "passenger trip length" obtained trom origin-destination 

surveys, slnoe the latter figure gives one-way journey length regard-

less of ~he number of alrlines involved in a specific one-way trip. 

This term pertains solely to 8cheduled service. 

on-season, adj. Retera to tares, services, trattic, etc., during a 

calendar period when trafflc reaches a seasonal hlgb, e.g., the summer 

months across the Atlantic or the winter months in the domestic 

north-south M1811l1 market. Contrasts -i th "ott-season". 

open-jaw trip. Air trave1 that Is genera11y of a l\")und-trip nature, 

but that has d1tferent points of beginning and ending, e.g., an air 

trip tram washington, D.C., to Los Angeles and back to New York 

(1nstead ot Washington, D.C.) 

operating expenses. Expenses incurred in the performance ot air trans-
-------~--------

portation. Inc1udes dlrect airerait operating expenses and ground and 

Indirect operatlng expenses. (5100-7000) 

operatlng proflt or loss. The profit or 10S8 tram performance of air 

transportation, based on over-all operating revenuea ... and..over-all 

operating expenses. Does not include nonoperating income and exp en-

ses or special items and Is before Income taxes. (7999) 



other current assets. Prepayments of rent, insurance, tuas, ete., 

which if not paid in advance would require the expendi ture ot working 

capital within one year, and other eurrent assets not provided for 

in specitie objective accounts. (1410, 1420) 

other deterred charges. Ull8DI.ortized discount and expense on debt; 

unamortized capital stock expensej and debits, not provided tor 

elsewhere, the tinal disposition ot whieh must await reeeipt ot addi

tional information. (1840, 1850, 1890) 

other deferred credits. UDamortized premium on debt and credits, not 

providad tor elsewhere, the tinal disposition ot which must await 

receipt ot additional intormation. (2330, 2390) 

other investments 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. Liabilities under company-administrated 

employee pension plans and tor installments recei ved from company 

personnel under company stock purchase plans, and other noncurrent 

liabllities. (2245, 2250, 2260, 2290) 

other nonoperating income and expenses, net. Capital gains or losses 

on retirement ot nonoperating pro pert y and equipment and investments 

in securities ot 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-ln capital. Premium and discount on capital stock, gains 

or losaes arising trom the reacquiaition and the resale or retire

ment of capital stock, and other paid-in capital. (2890) 



operaUng property and equipment. Land and units ot tangible property 

and equipnent that are used in air transportation services and ser

vices incidental thereto. (1600) 

operat1ng property and equipment, net, as a percent ot cost. The cost 

ot operat1ng property and equipment less related depreciation and 

overhaul raserves as a percent ot the total cost ot operating pro

pert y and equipnent bef'ore deducting such resenes. 

operating revenues. Revenues f'rom the perf'ormance ot air transporta

tion and related incidental services. Includes (1) traüaport reve

nues trom the carriege ot al1 classes ot tratf'ic in scheduled and 

nODScheduled services 1ncluding the pertormance ot aireraf't charters 

and (2) nontransport revenues eonsist1ng ot Federal subsidy (where 

applicable) and the net amount of' revenues less related expenses 

f'rom serv1ces 1ncidental to air transportat1on. (3900, 4100, 4600) 

operat1ng we1ght. The we1ght ot an aireraf't equipped f'or f'11ght. 

The term requ1res special detin1t1on whenever used, but usually 

1ncluded is the we1ght of 011, crew, crawl s baggage, and emergency 

or extra equ1pment. 

operations, noun. '!he organ1zat1on or activity at an airport or air 

base that controls and d1rects f'lying operations. 

other accrued taxes. Aecruals tor taxes, exclus1ve of' Federal 1ncome 

taxes, const1tut1ng a charge borne by the air oarrier. (2139) 

other current and accrued 11ab111ties. Accruals to~ 11abilities aga1nst 

the air oarr1er f'or personnel vacat10ns, dividends declared but unpaid 

on capital stock, and other miscellaneous current and accrued 11a

bi11t1es. (2120, 2140, 2190) 



other tempor~y 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. Mlscellaneous revenues associated with the 

air transportation performed by the air carrier, such as reservations 

cancellation fees, not covered under other revenue classifications. 

(39l9) 

other trunks. Domestic trunk carriers other than the Big Four. 

outer marker. In an instrument landing system, the outermost location 

marker trom the end of the runway. 

over-all (ton-miles, load tactor, available capacity, etc.). This term 

applies to the sum total ot passenger plus nonpassenger tratfic, ie., 

to the sum of passenger, tree baggage, excess baggage, freight, 

express, mail, and fore1gn mail. 

over-all capac1ty par aircratt. The average ove~all carrying capac1ty 

(tons) offered tor sale par aircraft in revenU3 services, derived 

by dividing the over-all avaUable ton-mUes by the over-all airerait 

miles flown in revenue services. 

over-all eff1ciency. a. A net eff1oiency, i.e., the product of two 

or more eft1cienoies perta1n1ng to the apparatus or system under 

consideration; specif., the efficiency with which an engine con

verts 1ihe heat energy of Us fuel into effective propulsive energy, 

i.e., the produot of thermal efficiency ~d propulsive eff1ciency. 

b. Seme as Brake Thermal Efficiency. 



oV81"-al1 f1ight stage 1ength. The average distance covered par air-

cratt hop in revenue service, trom take-off to 1and1ng, inc1uding 

both passenger/cargo and al1-cargo aircraft. Derived by d1viding 

the over-al1 a1rcratt miles f101fD. in revenue services by the num

ber of over-a11 aircratt revenue departures performed. 

over-aJ.1 revenue aircratt hours, scheduled service. Aircratt hours 

are the airborne hours computed trom the moment an aircratt 1eaves 

the ground unti1 1t touches the ground at the end of the f11ght. 

over-&11 revenue load factor. The percent that total revenue ton

miles (passenger plus nonpassenger) are of ava11able ton-miles in 

revenue services, representing the proportion of the over-a11 

capacity that is actual1y sold and ut111zed. 

over-&11 revenue 10ad par aircratt. The average over-a11 tonnage 

carried per aircraft in revenue services der1ved by div1ding the 

over-a11 revenue ton-miles by the over-a1l aireratt miles tlown 

1n revenue services. 

overbook1ng, noun. The act, e1ther by design or inadvertance. ot 

se11ing more tickets for a particular t1ight than there are seats 

avai1able on that t1ight. The term "overse111ng" 1s synonymous 

with "overbook1ng". (Also see "oversa1e".) 

overcast. noun. A cloud cover ot al1. or very near1y al1, the skYj 

specit., a cloud cover ot more than n1ne-tenths ot the skYe 

oversale, noun. A t1cket sold for a partieu1ar tlight which 1s in 

excess of the total number ot seats avai1able on that tlight, so 

that a person who holds a confir.med reservat10n on that tlight is 

unab1e to get a seat (corresponding to the class ot service 1nd1-

cated on his t1cket) at t1ight time. 



oversale penalty. Oompensation paid a passenger who has a reserva

tion but cannot obtaln a seat because ot oversales. The domestic 

trunkline and local service carriers pr1marlly constltute the par

ticipants. The 8Saessment, generally appllcable to travel wlthln 

the continental U.S., ls 5~ ot the tare, with a $5.00 minimum 

and a $40.00 maximum. 

over-the-weather, adj. Above a ragion ot bad weather or poor visi

bility, as in over-the-weather tlylng. 

ozonosphere, noun. A layer or region in the atmosphere in which 

most ot 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 

itselt or practically so, identifiable as a unit end readily 

available for use or installation, such as an air-conditioning 

system tor an aircratt, an engine, etc. 

package tour. A joint service that gives a traveler a signlticantly 

lower priee for a combinat ion ot services than could be obtained 

it each had to be purchased separately by the traveler. Thus, 

the total priee ot a package tour might include a round-trip 

plane ticket, hotel accommodations. meals, several sight-seeing 

bus tours, and theater tickets. Also called "incluslve tour" and 

"all-inclusive tour". especially in British usage. 



Pan .AJn. Otticial acronya ot Pan American World Alrways, Inc. 

(wrltten without a perlod at the end, and pronounced "pan' am'".) 

A tew years aga, thls carrier was known as "PAWA", and earller 

as "PAA". The designation "Pan Am" has become widely used in 

aircratt markings, advertisements, and in the trade press. 

PAR. Abbreviation tor precision approach radar. -
passenger, noun. specit., a person other than a crew member who 

rides or travels in an airerait, otten a revenue-producing tra-

veler. 

This word is muah-used as an attributive in co~ounds (all se1t-

exp1anatory), such as passenger aircratt, passenger cabln, passen-

ger door, passenger load, passenger manitest, passenger transport, etc. 

passenger(cargo air carrier. One ot a olass ot air carriers holding 

certitioates ot public convenience and neoessity, àuthorizlng the 

performance ot scheduled air transportation ot passengers and 

property over speoitied routes, as dlstinguished tram the oerti

ticated al1-oargo carrier a • The pas s enger/ cargo carriers are also 

known as "al1-purpose air carriers". 

passenger-mile. One passenger transported one mile. Passenger-

miles are computed by summation ot the products ot the aireratt 

miles t10wn on each inter-alrport hop multip1ied by the number ot 

passengers carried on that hop. 

passenger revenues. Revenues trom the transportation ot passengers 

by air. These revenues are predomlnant1y trom individual1y ticketed 

passengers carried in scheduled service. (3901) 



passe~r service expenses. Costs or activit1es contr1but1ng to 

the comfort, sarety, and conven1ence or passengers wh1le 1n r11gnt 

and when f11gb.ts are 1nterrupted. Includes salar1es and expenses 

or cab1n attendants and passenger food expense. (5500) 

passenger ton-mUe. ODe ton or passenger we1ght (1nclud1Dg rree 

baggage) transported one mile. (See also "passenger we1ght"~) 
, 

passenger we1ght. In general, ror report1ng purpoS8S, a standard 

we1ght or 190 pounds par passenger (1nc1ud1ng rree baggage) 1s 

used for domest10 operat1ons, and 215 and 200 pounds for f1rst-

class and coach passengers, respectively, 1n terr1torial and inter-

nat10nal operations. 

pattern, noun. Specif., the horizontal configuration or form of the 

fl1ght path floWD by an aircrart, or prescribed to be flown by 

aircrBrt, as 1n mak1ng an approach to a land1ng. 

payload. 'ftle actual or potent1al revenue-produc1Dg port1on of an 

a1rcraft's tate-off we1ght, 1.e., the pa&sengers, iree baggage, 

excess baggage, fre1gb.t, express, and ma1l. 

performance, noUD. The way in wh1ch someth1ng oparates or performs, 

such as an eng1ne, a propeller, an a1rcrart, etc. 

The parrormance or an a1rcraft~ ror exemple, is judged by 1ts 

speed, range, stab1l1ty, rate or climb, and other qual1t1es and 

capabil1t1es (alao referred to as fl1ght character1st1cs and 

performance character1st1cs) as determ1ned under the g1ven con-

d1t1ons and measured aga1nst the appropr1ate criter1a. 



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. 

~rcent scheduled aircraft miles comeleted. Scheduled aireraft miles 

completed as a percent of scheduled aireraft miles. 

~. 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 aircraft. 

piston planes. An aireraft 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 foree 

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. 'l'he par .Ir 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 ab ove 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. 

priee elasticity of demande The extent to which relative changes in air 

fares and rates will produce relative changes in traffic volume. If a 

la-percent decrease ~~ fares produces a la-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 

revenue, demand is said to be inelastic (and the coefficient of elasti

city is between zero and -1.0). If a fare decrease results in an 

increase in traffie that is suffieient to increase total revenue, demand 

is said to be elastie (and the coefficient of elasticity is greater 

than -1.0). Expressed in a slightly different way, priee 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 reduetion in fare from $100 to $80 

represents a change of 25 percent). 

where p • priee 

q • quantity bought at eaeh priee level 

If demand is elastie (ep)_l) a reduction in priee (fares) will lead 

to a more than proportionate inerease in volume of traffie and, henee, 

inerease total revenue. If demand i8 inelastic (ep<_l) a reduction 

in priee will lead to a lesa than proportionate increase in volume of 

traffic and, hence, reduee total revenue. 

If elastieity of demand is unit Y (ep • -1) a reduction in priee will 

lead to an exaet~ proportionate increase in volume of travel and, 

henc~, total revenue will remain constant. 



promotion and sales expenses. Costs incurred in promoting the use 

ot air transportation generally and creating a public preterence 

tor the services ot particular air carriers. InCludes the tunc

tions ot selling, advertising and publicity, space reservations, 

~d developing taritts and tlight schedules tor publication. (6700) 

promOtional tare. A low tare designed to sttmulate trattic volume. 

It is generally considered successtul it, in the short run, the 

revenue tram the tare covera the additional costs attributable to 

it, and alao makes a contribution toward meeting overhead costs. 

propulsive etticiency. The etticiency with which power available 

tor propulsion is converted into thrust, expressed as the ratio 

ot (a) thrust power to shait power (tor propellers) or (b) the 

ratio ot thrust power to the rate ot production ot kinetic energy 

in the jet (tor jet and rocket engines). 

pro rata charter. A type ot charter in which an over-all charge is 

made tor the hire ot the plane, but the passengers share the cost 

ot transportation on an equal basia. This type ot charter is much 

more common than the entity charter. 

-R-

radar, noun. (]!'rom "::!dio-2-.etection ,!D-d .::angingt'.) 1. A method, 

system, or teohnique ot using beamed, retlected, and t1med radio 

waves tor detecting, locating, or tracking abjects (such as air

borne aircratt), tor measuring altitude, etc., in any ot various 

activit1es, such as air trattic control, gUidance, or gunnery. 

2. The electronic equipment or apparatua used ta generate, transmit, 

receive, and, usually, to display radio scanning or locat1ng waves. 



radio aide An~ navigation aid utilizing radio, such as a radio 

beacon, radio compass, etc. 

rate of return on stockholder equit~. The ratio (expressed as a 

percentage) ot (a) net income atter special items to (b) stock

holder equity. A measure of the return upon the oapital invested 

in the business by the stockholders. 

rate of return on total investment. The ratio (expressed as a par

centage) of (a) net income after special items, but before interest 

expense, to (b) total 1:c.Testment. A measure of the earnings on 

total invested capital. 

regular service. Also called "standard service". These are both 

synonyms for "first-class". 

ra serves for depreoiation. Accruals tor depreciation of property 

and equipment. 

reserves for obsolesoenoe and deterioration - expendable parts. 

Acoruals for losses in the value of expendable perts. (1311) 

reserves for overhaul. Accumulated provisions for overhauls of 

tligat equipment. (1629) 

reserves for uncollectible accounts. Accruals for estimated losses 

tram uncollectible accounts. (1290) 

retained earnlngs adjustments. Charges or credits to unappropriated 

retained earnings, other than dividende, that reflect transfers 

to paid-in capital accounts or appropriations. (9840) 

retained earnings appropriated. Retained earnings eegregated for 

contingencies and other special purposes, including retained 

earn1ngs segregated in connection w1th self-insurance plans. (2930) 



retained earnings unappropriated. The cumulative net income or loss 

trom operations ot the air carrier less dividende declared on 

capital stock and amounts appropriated tor speoial purposes. 

(2940,2941) 

retrotit, verbe TO modity an aircratt or aircratt part - atter the 

aircrat~h8S come ott the produotion line or gone into service -

tor the purpose ot incorporating changea made in later modela. 

(Also used as a noun.) Many ot the Boeing 707-120 turbo- jet air

cratt were retrotitted with turbo-tan engines, new leading edge 

tlaps, and new Wing leading edges, atter having been in service 

tor a year or two, and redesignated 707-120B turbo-tans. 

revenue aircratt departures pertormed. The number ot aircratt take

otts actually pertormed in scheduled pusenger/oargo and all-cargo 

services. 

revenue aircratt miles. The total airerait miles tlown in revenue 

service. 

revenue pusenger. Person reeeiving air transportation tram an air 

carrier tor which renumeration ie reeeived by the air carrier. 

Air carrier employees or others receiving air transportation 

against whom token service charges are levied are considered non

revenue paseengers. Infants tor whom a token tare is eharged are 

not counted as passengers. 

revenue passenger enplanements. The eount ot the total number ot 

revenue passengers boarding aireratt, including originating, stop

over, and transter passengers. This count MaY be measured on the 

basie ot a standard number ot passenger enplanements par on-line 

originating passenger. 



revenue passenger load tactor. The percent that revenue passenger

miles are ot available seat-miles in %evenue passenger services, 

representing the proportion ot aircratt seating capacity that 1s 

actually sold and ut1l1zed. 

revenue passenger-mile. One revenue passenger transported one m1le 

in revenue service. Revenue passenger~lles are computed by 

summation ot the produets or the revenue airerait miles tlown on 

each inter-airport hop multipl1ed by the number ot revenue passen

gers carried on that hop. 

revenue passenger originatlons. The number ot revenue passengers 

boarding aircraft at the points ot initial enplanement on the 

reporting carrier's operation, with the return portion ot a round 

trip counted separately as an initial origination. Passengers 

traveling on an interline ticket are counted as an initial ori

gination on each ot the carriers in the journey. In addition, 

a passenger traveling on a carrier that has two or more reporting 

entities is counted as an initial origination on each reporting 

entity. 

revenue passengers per aireratt. The average number ot passengers 

carried par aircratt in revenue passenger services derived by 

dividing the total revenue passengar-miles by the total aireratt 

miles tlown in revenue passenger services. 

revenue ton-mile. One ton ot revenue trattic transported one mile. 

revenue yields tor scheduled treight and express services. The 

yields der1ved by relating ton-mile volumes to revenues reported tor 

treight service and tor express service, in some instances, indicate 

1ncons1stency in reporting trart1c and revenue data tor the se services. 



round trip. In air travel, a round trip is generall1' a journe1' that 

starts and ends at the same point, although it ma1' involve a cer

tain amount ot circuit1'. (see "c1rcle trip" and "open-jaw trip".) 

In air or1g1n-destinat1on statist1cs usage, however, the m~aning 

1s cons1derabl1' more restricted, being l1mited to going and re

turning travel b1' identical rout1ngs, i.e., b1' the same a1r11ne 

or airlines, b1' the seme connecting points, and b1' the seme class 

ot service. 
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soheduled airerait m1les. The sum of the airport-to-airport dis

tances of al~ flights scheduled, exclu ding those operated onl1' 

as extra sections to accommodate traffic overflow. 

scheduled aireraft miles eompleted. The aireraft miles performed 

on seheduled tlights, computed 60lel1' between those scheduled 

points actuall1' served. 

scheduled service. Transport service operated over an air carrier' s 

certificated routes, based on published fligbt schedules, inelu

ding extra sections and related nonrevenue flights. 

seasonal imbalance of traffic. Air-passenger trattic tends to be 

highl1' seasonal, especiall1' pleasure travelo Most traffic peaks 

tend to occur in the summer menthe, especiall1' transatlantic and 

east-west travelo North-south travel, especiall1' the Florida 

market, on the other hand, tends to peak in the winter months. 

unless an airline carr1es both summer-peak and winter-peak traff1c, 



i t tends to sutter trcm seasonal 1mbalance, which generally re

sults in excess eapaeity dur1ng the off-peak season. CAlao see 

"ott-season" and "on-season".) 

self-diversion ot traffie. The attraction of traific trom one class 

of service to another on a given airl1n8 beeause of lower priees 

or better service. (Also see "diversion of tratf1c".) 

s8lt-iDsuranee reserves. Aeeruals through charges agaiDst inCOD,8 

for un1nsured losses. (2.350) 

show-cause order, noUD. More properly, but rather uncommon, order 

to show cause. .An order issued by the regulatory body direct1Dg 

the respondent to show cause why the regulatory body should not 

adopt the findingB and conclusions specified iD the order. 

shock wave. A surface or sheet of discont1Duity (i.e., of abrupt 

changes in conditions) set up in a supersonic field of flow, 

through which the fluid undergoes a f1nite deerease iD velocity 

accompanied by a marked increase in pressure, density, temperature, 

and entropy, as oocurs, e.g., in a aupersonie flowabout a body. 

Sometimea called a "shock". 

single-plane service. Air transport service provided batween two 

cities so that passengers ean make the trip without changlng planes, 

even though the fl1ght involves one or more enroute stops. Synony

mous w1 th "through-plane service". 

"sixth-freedom" trattic. A controversial term. (often prefaeed by 

the word "so-Called") describ1Dg traffle that origiDated in ons 

country, stops at the home country of the airline earrying the tratfie, 



and then contin.ues on and terminates in a third country. The 

stop in the home country m.ay or JIl8y not involve a stopover ot 

the passenger or a change ot planes. (Also s.e "the tive tree

doms".) One view ls that such trattlc is really titth-treedom 

tratticj another view ls that the lnter.medlate stop in. the alrline's 

home country makes such trattic ditterent tram titth-treedom trattlcj 

still another view is that such trattic ls in. reallty a combinat10n 

ot thlrd - and tourth-treedom trattlc. An exemple ot "suth-treedom" 

trattic 1s a passenger, tlon by Air Franoe J who orlglnates in New 

York and ter.mlnates in Rome, but g08s via Paris. 

sk1n temperature. The outer-surtaoe temperature ot a body, e.g., ot 

an airoratt, which is increased in tlight by viscous drag. 

sonlc boom. An explos1ve noise geœrated by a plane f'ly1ng at son10 

or supersonlc speed, and heard especially on the ground. The 

torce ot the sonic boom ls otten great enough to shatter windows 

and cause other damage. 

special tunds. Special tunds not ot a current nature and restricted 

as to genera! avallab 11i ty. Includes items such as sinking f'unds, 

pension tunds under the control ot the air carrier, equipment 

purchase tunds, and tunds segregated as part ot a plan tor self'

insurance. (1540, 1550) 

special income credits and debits, net (special items). EXtraordinary 

credits and debits that are ot sutticient magnitude to materially 

distort the total operating revenues or total operating expenses 

it included therein. (9796) 



special income tex credits and debits, net. lncome taxes applicable 

to special income credits or debits and other extraordinary in

come tax items not allocable to income of the current accounting 

year. (9797) 

speed. For statistical purposes generally expressed in statute 

miles par hour, unless otherwise indicated. (See "airborne speed" 

and "block-to-bloek spaed".) 

sonie barrler. A popular term for the large inerease in drag that 

acts upon an aireraft approaehing the speed of sound. Also called 

the "sound barriern • 

sonic boom. A noise caused by a shock wave that emanates from an 

airerait or other object traveling at or above the speed of sound. 

A shoek wave is a pressure disturbanee, and is received bythe ear 

as a noise or clap. 

sonie speed. The speed of sound. Sound travels at different speeds 

through difterent 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. 

specifie tuel consumptlon. The amount of fuel, measured in pounds 

par hour, consumed or required by an engine for each horsepower or 

pound ot thrust developed. 

standard atmosphere. A fictitious atmosphere of assumed composition 

and characteristies, used as a standard for compti.:ring the perfor

mance of airerait, for calibrating altimeters and simllar instru

ments, etc. A standard atmosphere represents the average conditions 

found in the actual atmosphere in a particular geographical region. 



statute mile. The more uaual, nontechnioal measura ot distance; 

equals 5,280 teet. (Also see "nautical mUe" and "mot".) 

stratopause, noun. The upper boundary ot the stratosphere. 

stratosphere, noun. A layer or ragion ot the earth' s atmosphere 

lying 1mmediately above the troposphere and oharacterized by 

approximately ui:litorm te.m.ps:ï:'ature and an absence ot stoms or 

turbulence. 

The lower l1m1t ot the stratosphere varies with conditions and 

with latitude, but it is considered to be at a he1ght ot about 

6 or 7 miles. Different authorities consider the upper l1mit 

to be either at about 20 mUes or at about ;0 miles. In the 

for.mer case its top boundarywould meet the chemosphere; in the 

latter case it would meet the ionosphere. 

stockholder equity. The aggregate interests of holders ot the air 

carrier's stock in assets owned by the air carrier. (2995) 

STOL. Acronym for short take-ott and landing. A heavier~than-a1r -
aircratt capable of taking off and landing within a relathely 

short horizontal distance. (Pronounoed by the latters, or some-

t1mes as "stall".) 

atopover, adj. and noUD. An enroute stop by a passenger (having a 

through-tlcket) made by his own ohoice not merely to obtain oonneo-

ting-plane service. The term is used as an adjective in such ex-

pressions as "stopover privileges" and "stopover Charges". 

subsidy. Revenues trom the government as direct grants for provi-

ding air transportation facilities. Doea not include revenues tram 

the carriage of mail at serYice rates or the performance of other 

contractual services for the government. (4100) 



supersonic, adj. Pertaining to, or dealing with speeds greater 

the the speed ot sound; des1gned to pertol'm at speeds above the 

speed ot sound. 

superson1c transport aircratt (SBT). A transport plane capable ot 

tlying taster than the speed ot sound, 1. e., taster than 760 

miles per hour at sea level, 1n standard atmospher8, or taster 

than 660 miles par hour at an alt1tude ot 40,000 teet. A Mach 

3 supersonlc transport would, thus, have a speed three ttœes the 

sp8ed ot sound, or about 2,000 miles per hour at 40,000 teet. 

The present subsonlc jets baTe a speed ot about 600 miles per 

hour at )0,000 teet. 

subsonlc, adj. pertaining to, or deallng wlth, speeds less than the 

speed ot sound; that maves slower than the speed ot sound, as in 

subsonic aircrattj deslgned to operate or pertora at speeda below 

the speed ot sound. 

substratosphere, noun. A rag10n ot lndet1n1te lower 11m1t Just 

below the stratosphere. The substratoaphere 1a not a recog41zed 

reglon ot the atmosphere in ac1ent1tlc contexts. The ter.m la 

uaed only lntormally, as ln "The airllners crulse through the sub

stratoaphera at S7S mile a an hour". 

aurcharge. An extra charge tor a spec1al servlce, aa a jet surcharge. 

sweepback, noun. The backward slant tram root to tip (or inboard 

end to outboard end), ot an airtoll, or ot the leadlng edge or 

other reterance 11ne ot an a1rto11. "SWeepback" uaually retera to 

a design ln which both the lead1ng and trà1l1ng edges ot the air

toil have a backward slant. 



;1stem. The sum total of aIl 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 omnidireetional radio range and of distance-measuring 

equipment to indieate the distance and bearing of an aireraft from a 

transmitting station. 

take-off, noun. Also "takeoff". The action of getting an aireraft into 

the air. An aireraft departure. 

tariff. A sehedule of fares or rates for air-transport service. 

taxi, verbe To run an aireraft about an airport under the thrust of its 

own engines, espeeially before take-off and after landing. 

technologie al or technical effieieney. The aehievement of a given output 

with the least input of resources. Technological effieieney is in the 

firm's own interest, sinee it i8 a condition of maximum profit. 

terminal building. Generally, the main building in an airport eomplex 

in which most of the tieketing and eheeking-in faeilities are located. 

(see "airline terminal".) 

the five freedoms. These are the broad traffic rights relating to 

international air transportation that one country reeeives 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. ~he second 

freedom i8 the right to land in that country for technieal, or nontraffic, 

purposes - such as for refueling and aireraft maintenance. The third 

freedom is the right to deplane traffie in the foreign country 

that was enplaned in the home country of the 



carrier. The fourth freedom ls the right to enplane traf'fio in 

the foreign country that is bound for the home country of the 

carrier. The fifth freedom is the right to enplane traftic in 

one foreign country and deplane it in another foreign country. 

(suoh traffic ls generally referred to as "flfth-treedom traf'fic".) 

~e above definltions are simplifications. Actual situations can 

beoome quite complexe For example, see "sixth-freedom" tratfic. 

thermal. barrier. A popular term for flight speed l1lllitations imposed 

by aerodynamic heating. Also called the "heat be.rrier". 

thermal ettioiency. The etticiency with whioh a heat engine trans

for.ms the potential heat of its tuel into work or output, expressed 

as the ratio ot the usetul work done by the engine in a given time 

interval to the total hest energy contained in the fuel burned 

during the same time interval, both work and heat being expressed 

in the sama units. 

thermal jet engine. A jet engine that utilizes heat to exp and gases 

tor rearward ejection. This is the usual fom of aircraf't jet eneine. 

through-tare or through fare. A single, total tare that applies trOll 

point ot origin to point 01' destination. It may be a local fare, 

a joint fare, or a combination 01' separately established fares, 

but is one that is generally amaller than the SUDl 01' the consti

tuent fares that are involved. 

through-tlight or througb. tl1ght. Any tlight, regardleas ot'· the 

degree ot oircuity ann the number ot enroute stops, that does not 

require transter to another plane; a single-plane flight, whether 

c1rcuitous or not; in a more l1m1ted usage, it retera only to inter-

change tlights (i.e., tlight-equipment interchanges). (aee "direot tlight") 



thrust, noWl. The torward-directed pushmg or pulling torce deve

loped by an aircrait engine. 

thrust augmentation. The increasing ot the thruBt oi an engine or 

power plant, espec1ally of a jet engine and usually tor a short 

period ot t~e, over the thrust normally developed by the engine 

or power plant. The principal methods ot thrust augmentation are 

the introduction ot additional air mto the induction system, 

liquid injection, and atterburning. 

~. A short ton (2,000 poWlds). 

ton-mile. One short ton transported one statute mile. Ton-miles 

are computed by aummation ot the products oi the airerait miles 

iloWD on each inter-airport hop multiplied by the number oi tons 

carried on that hop. 

total general services and administration expenses. Passenger ser

vice, airerait and trattic servicing, promotion and sales, and 

general and administrative expenses. C5500-6900} 

total investment. Average {arithmetic mean) ot tive quarterly 

balanoes oi stockholder equity, long-term debt, and advances trom 

assoeiated companies representing investment. The period covered 

includes the end oi the preceding l2-month period and the end oi 

each quarter ot the current 12-month periode Where applicable, 

total investment is prorated between (a) domestic and (b) interna

tional and territorial operations on the basis ot relative reported 

operating expenses. 



total number ot employees. -Ble number ot tull- and part-time 

employees, both permanent and temporary, during the pay period 

ended nearest necember 15. Air carriers with more than one opera

tion (domestic or international and territorial) generally do not 

report a breakdown ot total employees corresponding to these 

operations so that the employee counts do not provide a reliable 

basls tar measuring average productivity per employae ln such 

separate operations. 

tourist service. In international operations, this term once desi

gnated that service equivalent to domestic coach service. The 

term economy now designates such service. 

track, noUll. 1he path or actual line ot movement ot an aircr~t, 

rocket, etc. over the surtace ot the earth. It is the projection 

ot the tlight path on the surface. 

trattic. A generic ter.m ta indicate that wh1ch is transported. 

It can apply separately to passengers, f'reight, express, or m.e.11, 

or to some combinat ion ot these, or to all ot thsse. As in "passen

ger trattic", "trelght trattlc", "cargo trattlc", "over-all tratt1c", 

"revenue trattlc", "nonrevenue trattic", "scheduled tratt1c", 

"d1rect10nal trattic", etc. A ter.m such as "p8Ssenger tratt1c" 

can denote passengers, passenger-miles, or passenger ton-miles, 

dependlng on the contexte 

trattlc pooling. Also called "revenue pooling" and "schedule pool

ing" • An agreement between two or more air carriers as to the 

capacity to be ottered by each on a common route or routes, wlth 

all revenues to be pald lnto a common pool and then shared on a 

\ 



predete~lned basls. The object of suoh pooling is generally to 

out costs bymln1mizing duplicatory schedules. Although quite 

oODlllon in EUrope and other parts of the world, tratfic pooling 

has not been accepted in this country. 

transit air oargo. 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 un1nterrupted flow from airline to 

a1rline and flight to flight by el:lminating previously required 

paperwork. 

transit passengers. In international air operations, 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 subsonlc 

and in other places supersonlc. 

transport aircratt. An aircraft designed to carry either people or 

cargo. 

transport investment. Tbtal investment less investments in other 

companies, nontrensport divisions, intangibles other then capi

talized development costs, end nonoperating property. 

transport revenues. Revenues trom 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 ot capital stock issued by the a1r carrier 

reacquired by it and not retired or cancelled. (2990) 

tr1p, noun. In cOJDlllon speech, the tem "trip" tends to 1nclude both 

the going and return1ng portions ot a journey. In airline usage, 

it 1s important to distinguish between whether "trip" 1s used in 

a one-way or round-trip sense. Publ1shed statistics on avorage 

length ot air trips are almost always one-way distanoes, sin ce it 

is v1rtually imposs1ble to deter.m1ne, tram reported data, what the 

round-trip distance 1s. Fares, on the other hand, are somet1mes 

quoted as one-way prices, and at other ttmes as round-trip priees, 

and the round-trip price 1a not always equal to twice the one-way 

price. 

tropopause, noun. The upper boundary ot the tropoaphere. 

tropoaphere. noun. '!!le loweat layer ot the earth' s atmosphere, 

characterized especially by a relatively steady temperature lapse 

rate, vary1ng hum1dity, and turbulence. The troposphere meets 

the lower boundary ot the stratospherej hence, its thickness varies. 

true airspeed. a. Actual or exact airspeed. b. More usually, an 

airspeed measurement or value accepted as actual or exact a1rspeed, 

as deter.mined trom a series ot corrections applied to the reading 

ot an airspeed indicator, or as shown by a true a1rspeed indicator. 

Various values ot airspeed, having dUterent degrees ot accuracy, 

are called "true". Traditionally, the ter.M has been applied to 

the airspeed value determined by the application to calibrated a1r

speed ot corrections tor temperature and pressure; latterly, correc

tions have also been applied tor compression of the air and somet~es 

tor other factors to tind "true" airspeed. 



turbine-pawered 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 over-sized law-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). 

turbo jet 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. 
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ultrasonic, adj. Pertaining to ver,y high supersonic speeds; hypersonic. 

unappropriat. ... 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~ile. 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. Paymen ts 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 fom of landing tees. (pay

ment for the use of ~ecific airport buildings and space is made 

separately, usually OD some kind of a rental basis.) On the other 

hand, for example, airwe.y-user charges in the u.s. are in an un

certain state of flux. Airlinea currently pay a 2-cent-a-gallon 

Federal tex on aviation gaso1ine (which is rapid1y dec1ining in 

use), but there ia no Federal tu on jet fuel (which is rapld1y 

increaaing in use); however, the gaso1ine tex that la being pald 

is not spec1tically earmarked as a user charge. Airl1ne passen

gers in the U.S. paya ;-percent ticket excise tex, but this ia 

not earmarked as an ainay-user charge either. 

"use-it-or-lose-it" policy. A po1icy of the U.S. OAB, adopted in 

1958, designed to giva communlties having possibly marginal. tratfic 

potentials an opportunity ta demonstrate their abi1ity to support 

local air service. In effect, this policy requiree that a given 

route must produce an average ot at least five passengers par 

tlight operated, and that each community served must generate at 

least five passengers da1ly. Atter a newly certiticated point or 

route has been in operation tor 18 months, the Board reViews the 

trattic exper1ence ot the point or route, and determines whether 

to institute formal proceedings to consider suspension or ter.mina

tion ot the author1zed alr service. 



usetul load. The entire load put aboard an aireratt, ineluding 

fuel, 011, erew, passengers, mail, cargo, etc.; the amount ot 

this load, measured in pounds, equal to the dif'terenoe between 

the gross weight and the empty weight of the alrcratt. 

variable-area exhaust nozzle. On a jet engine, an exhaust nozzle ot 

which the exhaust exit opening ean be varied in ar~a bymeans ot 

some mechanieal device, permitt,ing variation in the jet veloeity. 

vehlele, noun. Specifically a structure, machine, or deviee sueh 

as an aircraft designed to carry a burden through air. 

~. Abbreviation tor Visuel Flight Rules - also used as an adjec

tive or adverb, as in VF.R flight, or as, to fly VF.R. 

v1sibility, noun. The range of vision within which prominent objects 

can be distingu1shed, depending upon the condition ot the atmosphere 

and illumination. 

V/STOL. A combined form of VTOL/STOL, me811ing an aireraft that can 

take oft and land vertieally or with only a short rune (Generally 

pronounced "vee-stall".) 

VTOL. Aeronym for vertical take-off and landing. A heavler-than-air -
airerait that ean take otf and land vertically. (Pronounced by 

the lettera.) Although the term VTOL has become quite oommon, its 

usage has not been entirely stablliz'9d. Usually, however, it ls 

~ used to refer to helieopters, although helicopters are VTOL 

aireratt. 

vertical integration. Mergers which, for example, create retail outlets 

which handle a manufacturer's products and even competitive products. 
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wayb1l1. A document prepared at the point of origin of a cargo 

shlpment, showing the points ot origin and destination, routing, 

consignor, consignee, commodity description, charges, etc. AlSo 

used in such an expression as "indlvldual1y-waybi1led" to indlcate 

that a partlcular shlpm.ent was ~ a charter shlpment. 

weignted average route mlles operated. The shortest dlstance connec

t1Dg al1 ot the points served by a carrier on a11 of lts routes 

alO:llg tllght paths authorlzed in lts certlficates ot public con

venience and necesslty, computed separately for each reporting 

entity. '!hese data are weighted for the t1m.e element involved 

in route changes and dlffer trom certificated route miles which 

contaln varying amounts of dupllcation in route segments. \~Olll8-

t1mes referred to as "unduplicated route ml1es".) 

.et lease. A contractual aircraft-leasing arr~ment wherein the 

lessor leases the airplane ~ the persounel, fuel, and provlsion

lng necessary to operate it. (Also see "dry lease".) 

wing loadiDg. The ratio of the gross welght of an airplane to the 

total planform. area of its wing or winge. 

work stoppage. An incident of 1abor-management strife arising trom 

disputes over wages, hours, rules, and/or conditions of work, as 

well as trom jurisdictlonal problems ot craft representation of 

alrl1ne employees. A strike or lockout. such incidents may or 

may net affect normally scheduled alrllne services. 
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zero-zero weather. Flying weather in which there is no effective 

visibility in either a horizontal or a vertical direction. 


