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FOREWORD

Aviation's dynemic growth since early in this century has

drvamatically refashioned America's travel patterns and given new

form to the economic and social structure of the Nation. The

greatly increased mobility afforded by air travel has preven

particularly attractive to businessmen and opened up new modes of

B

{industrial development and plant site location.

Aviation technology today is on the verge of significant
advances in a number of areas, The resulting increases in both
number and complexity of aircraft will generate a continuing need
for an adequate supply of skilled flight and ground personnel.

This study, prepared by Arizona State University under contract

to the Economic Development Administration, investigates the

feasibility of meeting the expected need through establishment of

\@‘"‘:}.t m:a

Ross D. Davis
Agsistant Secretary of Commerce
for Economic Development

a civil aviation educatior. center.
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A STUDY TO DETERMINE
THE FEASIBILITY OF ESTABLISHING A
NATIONAL PROGRAM FOR TRAINING
SKILLED AVIATION PERSONNEL

General Introduction

Powered £light, which did not exist sixty-four years ago, has grown

until it is now, and has been since July 1962, the largest single
non~agrarian employer of people in the America economy. The employment
figure in the manufacturing phase of aerospace accounted for 1,400,000
people at the end of 1966, The manufacturing of airframes alone accounted
for the employment of more than 600,000 pexsons.

The significance of aviation can be evaluated best in light of the overall
spectrum of transportation, America has shifited emphasis from a production
economy to a distribution economy to such a degree that consumer
expenditures for transportation have grown at a rate twice as great as
consumer expenditures for all other goods and services since World Waxr II.

In 1965, the Gross National Product was $697 billion., This is foracast
to increase to $967 billion by 1970. Expenditures for transportation in
1965 were $209 billion and are expected to grow to $290 billion a year
by 1970. Air transportation was 7% of the total national transportation
expenditure in 1965 or $14.6 billion. This is expected to grow to $40.6

billion by 1970, or approximately 14% of the total national transportation
expenditures,

The changing patterns and modes of travel resulting from this dynamic
growth have altered the economic and social stxucture of the nation.
People have become accustomed to mobile ways of living and busincsses have
become accustomed to depending on modern means of travel for carrying on
their activities.

The growth picture cited above fs based partly on the fact that aviation
technology is, today, on the threshold of significant advances in & number
of areas. Specific developments which are presently underway include

the development of the supersonic transport, short-haul transport, gtretched
jet, and very large passenger/cargo jet aireraft, such as the C-5 and

Boeing 747. In general aviation, the numbers of aircraft are expected

to increase from slightly under 100,000 wiits in 1965 to over 300,000 units




in 1980; from slightly over 16 million annual f£light hours in 1965 to
over 60 million in 1980,

These developments will open new passenger and airfreight markets and
will result in significant increases in personal flying, as well as in
productivity in commercial service. The increase in numbers and
complexity of aircraft will also generate requirements for greater
numbers of more highly skilled personnel.

At a time when aviation is entering its greatest pexiod of growth, a
critical problem has developed with respect to availability of highly
gkilled personnel, particularly pilots and mechanics. This problem
has been developing slowly since 1960. Its historical background is as
follows:

1. Twice during the period 1945 to present, the labor market
for pilots and mechanics was flooded with a large surplus
of trained personnel released from the military sexvices
following World War II and the Korean War. It was
extremely difficult for many pilots, even with extensive
training and experience, to f£ind flying jobs in the civil
aviation field.

2. 1In 1958, the industry entered a new era through the
introduction of jet aircraft. The new jets were capable of
greater payloads and higher speeds, and one aircraft could
do the work of many. For example, one 707 could replace as
many as seven DC~7 aircraft in service at that time. The
introduction of the jets reduced the requirements for
pilots and some low seniority £light personnel were
actually furloughed.

3. The interaest of our nation's youth declined somewhat as
they observed these developments. An atmosphere had been
created that made aviation an unattractive choice for young
people seeking stable, secure careers. The following
comments were frequently submitted in response to questions
raigsed by researchers studying £light skills and training:
"Why select a career that was already over-crowded?" -
"Aireraft mechanics are underpaid and many must £ind jobs
in other industries, so why should I pay money I don't
have to learn a trade for a job which is not available?"

| Consequently, enrollment in aviation courses dwindled

: and the number of schools offering aviation training

slowly decreased.




4. The lack of interest and the reduction in training
of new pilots has also occurred at a time when World
War II1 pilots now flying in civil aviation were being
lost in ever~increasing numbers due to retirement, fox
medical reasons, or due to promotiom.

Early in 1964, the Administrator of the Federal Aviation Agency, Mr.
Najeeb Halaby, established an Aviatlon Human Resources Study Board
because of his growing concern with the number of indications that civil
aviation might be facing potentially serious shortages of highly skilled
workers requiring extensive training. The Board's study was given the
working name of "Project Long Look”. The Boaxd was authorized to conduct
necessary research and analysis to measure current manpowex resources in
military, commexcial, and general aviation.

The Boaxrd determined that significant numbers of £light and maintenance
personnel would be required tc meet the growth needs of the industry and
that annual attrition losses of personnel due to retirement, disability, %
or promotion will increase gubstantially between 1965 and 1980. 1t was
further determined that fewex military pilots are available than in
previous years and the percentage of militaxy pilots continuing on in
civilian aviation is dwindling. The repoxt stated that adequate numbers
of trained flight/mechanical personnel will not be available at present
training and attrition rates. %

On the basis of the future quantitative and qualitative needs, as
indicated in the foregoing discussion, and because of its interests in
and responsibility for the development of gkills and knowledge in the
field of aviaticn, Arizona State University embarked on a program to :
determine the feasibility for establishing an aviation training operation i
as & continued part of its functions. i

Because of the economic development potential for such a training operation,
the study was sponsored by the U. S. Department of Commerce, Economic
Development Administration. Many contributions were also made to the

study by local and national organizations with interests in the fields of
aviation and education.
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The immediate objective of this study was to detert.ine the feasibility
for the establishment of a program for training skilled £light and non~
flight personnel which are critically needed by the nation's aviation
industry. The training program visualized would provide for academic
training of beth ground support and £light personnel, including a four-
year baccalaureate degree in Aeronautical Technology earned in an
accredited university, with primary and advanced £light training conducted
at an appropriate training base.

The Feasibility Study would include an accurate determination of the needs
with respect to both types and numbers of personnel to be trained, the
establishment of detailed curricula for the various training courses, the
selection of the most suitable training base for the £light operations
portion of the program, and the development of detailed costs and methods
for financing such a program. The study was conducted in coordination
with and extensive cooperation from the aviation industry,

The study was initiated in December 1966 and continued for a period of
six months, culminating in this final report. The study included five
major areas of investigation, the results of which are presented in this
report under Sections I through V. Following is an abstracted summary
of the work performed, along with majoxr conclusions and recommendations
from the five sections of the report.

Summary

Section I ~ Quantitative Requirements for Skilled Aviation Personnel:
This part of the overall study was conducted in three divisions -~ the
civil air carrier requirements, the general aviation requirements, and a
projection of the supply and demand for professional pilots. Requirements
for non~commercial pilots or those who fly for personal reasons were not
treated in this study due, primarily, to the lack of documentation in this
area of aviation operations., (Total aircraft units and total £light
hour estimates did, however, include personal flying.)

In the civil air carrier requirements part of the study, data was
acquired from leading carriers, aircraft manufacturers, aircraft equipment
manufacturers, Air Line Pilots Association, Alr Transpoxt Association of
America, Civil Aeronautics Board, Federal Aviation Administration,
International Civil Aviation Organization, and from numerous key individuals.,
The data were translated into revenue passenger and cargo ton-miles of
operation and aircraft fleet size projections, with due recognition of
the various potential growth limiting factors.




A mathematical model was also developed for use in computer
prediction of future cockpit and mechanic work forces, based on
historical relationships between all of the key growth factors and the
growth data cbtained from the sources cited. The pilot and mechanic
work force projections were then treated to sensitivity analysis by
varying some of the input data factors in the mathematical model for
the purpose of determining those factors which have the greatest
influence on the projections of future needs.

In the general aviation category, the total fleet size and
annual hours of operation were forecasted, using two different growth
rates. Using the f£fleet size and annual hours of operation projections,
the future (1965~1980) requirements for commercial pilots and total
mechanics were projected.

Finally, the commercial pilot requirements were analyzed in
terms of supply from military releases and from non-military pilot
training programs., A "criticul projection level' method was established
to aid in determining production levels of commercial pilots to supply
the needs of the future. Further military release data is needed, however,
to project the £indings to 1980.

Section IT ~ Ourriculum Study: This part of the overall study
concerned itself with analyses of existing mechanic and pilot curricula
and a determination of the improvements that should'be made to meet the
current and future qualitative needs of the industry.

As a vesult of these analyses, current Arizona State University
curricula were upgraded and are now considered qualitative improvements
over existing curricula primarily in their assessment of and provisions
for meeting the future needs of the industry.

The role of new educational technology and the part it can play in
the improvement of aviation training was studied in considerable depth.
A number of conclusions and recommendations for the future continued
improvement of aviation curricula were developed as a result of these
studies,

Section III =~ Site Seluoction Study: In this section of the overall

study, congideration was given to the possibility of utilizing orme of two
sites as a location for the proposed training center. The two sites were
the Litchfield Naval Air Station west of Phoenix (being closed by the
Department of Defense) and the Goodyear Auxiliary Airfield located.on the
Gila River Indian Reservation.,
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Both sites were examined in detail with respect to availability and
suitability of land, runways, buildings, utilities, ete. In addition, the
proximity of the two sites to other air operations in the area vas
examined and analyzed in light of a proposed training operat<on. On
the basis of the foregoing, it was determined that the Goodyear Auxiliary
Airfield was the most suitable site for the proposed aviation training
center.

The economic impact on the Indian Reservation site was then analyzed
in detail from the standpoint of potential jobs and income for the
comnunity and for individuals residing on the Reservation.

Section IV~ Cost and Financing: In this section of the study,
costs for the facilities of the proposed training center were estimated
after developing a number of cost factors related to enrollment, space
allocations, and unit costs. Equipment costs were also estimated, including
the educational equipment, aircraft, ground support equipment, and synthetic
trainers required, These estimates, along with the annual operating costs
for the proposed training centex, were &ll developed on the basis of 500,
1000, 1500, and 2000 student modules.

Historical sources and the distribution of funds for educational
institutions were examined, and a general plan for the financing of the
proposed center was developed, In this general plen, the roles of the
University, the aviation industry, and the federal government were outlined,

Section V_ -~ Implementation Plan: In this section of the study,

both short- and long-range plans were developed. The short-range plans

{ncluded the immediate actions required, such as negotiation with the

Tribal Council for lons~term land leases and site development; the

establishment of an industry~sponsored, non~profit educational

organization; and the design and development programs for both the .

academic and flight training facilities of the proposed center. '
The long~range plans included an examination of the reseaxch and

development activities necossary to integrate new educational

technologies in the overall training center operations.,




Conclusions

Some of the major conclusions derived from the studies summarized
above are:

1. Revenue pagsengey miles for U.S., civil air carriers

will increase from 76 billion passenger miles in 1965 g
’ to 315 billion passenger miles in 1980; cargo ton-miles
from 3.1 to 38,1 billion ton-miles; and the aircraft
fleet will grow from 2,125 to slightly over 3,000
aircraft,

3 2. The employment of eivil air caxrier aircraft cockpit LB
| crew members will increase from 22,97Z in 1965 to i
43,665 in 1980, with a total cumulative requirement
of 35,906 new pilots for that period.

i 3. The civil air carrier mechanic work force will increase .
from 43,667 in 1965 to 80,224 in 1980, with a total ;
cumulative requirement of 95,392 new mechanics for that
pexriod.

I 4. The general aviation fleet will increase from 104,000
‘ to 315,000 units, with total £light hours increasing hoo
from 16,7 to 63 million flight hours per year by 1980. 1

5. Commercial pilot requirements in general aviation will g
increase from 48,760 in 1965 to 184,750 in 1980, with a |
total cumulative requirement for 182,075 pilots for
that period.

6, The number of mechanics in general aviation will increase
from 40,000 in 1965 to120,000 in 1980, with a total
cumulative requirement for 138,483 new mechanics during
that period (approximately one~third would be certificated). !
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7. Relatively little research has been executed which relates
to pilot and mechanic qualitative curriculum design and its
operational effectiveness. This is also true forother
aviation curricula,
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8,

9.

10.

1l.

12.

13.

14.

15.

A comprehensive, qualitative research program utilizing
a variety of methodologies is greatly needed in a broad
variety of important aspects of aviation education.

Instructional time in terms of clock hours, despite its
limitations as & qualitative standard of proficiency,
remains as the "core logic" of curriculum design in
institutions involved in aviation education,

Better defined standards of competence and improved
measurement techniques for achievement should be important
objectives in upgrading and revising curricula.

Eat ety pimelub

The proposed pilot and maintenance techniclan curricula
derived from this study represent qualitative improvement
over existing curricula primarily in their assessment and
provisions for meeting emerging needs.

The joint Arizona State University/General Learning
Corporation research effort in vocational/technical
curriculum development based on a computer-aided multi~
media approach will provide great assistance and impetus
to the application of technolcgy to aviation education.

The location of an aviation training center on the Goodyear
Auxiliary Airfield will result in significant benefits to
the Indian population and will also provide job opportunities
to the disadvantaged of the surrounding communities.

An inventory/analysis of job skills on the Indian
Reservation should be made and a training program under-
taken to teach the required skills to qualified personnel
for the jobs created by the cstablishment of a training
center and other developments which are occurring on the
Regervation.

The total cost for all facilities and equipment for the
proposed training center will be approximately $7,000 per
student and the annual cost of operation will be
approximately $2,000 per student, plus the costs for
£light training.




16.

17.

18.

19.

Because of the national implications and direct
benefits to the aviation industry, the proposed
aviation training center should be established and
operated as a cooperative effort between the
University, the aviation industry, and the federal
government.

4 single organization to represent all of the aviation
industry's needs will be required for the cooperative
effort cited above. A non-profit, membership
corporatioan should be considered for the purpose.

The functions of the aviation training center could be
most effectively performed by the University assuming
the responsibility for conducting the academic portious
of the training program and the industry-established
organization conducting the Zlight training portions

of the total program, with research and development
being performed separately and jointly as appropriate.

The development of the site and facilities, procurement

of equipment, and establishment of faculty and staff should
be completed by 1 September 1968 for the flight center

and by 1 September 1969 for the academic center.

Recommendations

Following are some of the major recommendations contained in the

report:

1.

Because of the difficulties experienced in assembling
the data necessary for analyzing future personnel
requirements, particularly in the general aviation
segment, a data center should be established with
continuous inputs provided by every segment of the
industry.




2.

3.

4o

5e

The mathematical model developed for predicting

air carrier pilot and mechanic requirements be further
developed and utilized in connection with recommendation
1" above, The model could also be expanded for use in
general aviation and with other modes of trxansportation.

Full consideration be given to the establichment and
operation of an aviation training center, as described
and digscussed in this report. Such a center would help
meet some of the quantitative requirements for the
aviation industry, as well as some of the qualitative
requirements discussed in other sections of the report.

Consideration be given to the implementation of the
proposed pilot and aviation maintenance technician
curricula as the nucleus of a future and broader aviation
occupational group of curricula, and that such
implementation be considered in the concept of the
aviation training center, as explored in this study.

Concentrated efforts be made to initiate an organized
aviation education research program to attack vital
problems, some of which are:

A. Pilot Task Analysis (Terminal Behavior Analysis):
A study, comparable in depth and duration, is
needed to ascertain civilian pilot tasks in terms
of what a pilot does and the sequence in which he
does it; the relevance of tasks, one to another;
the priority of learning sequence of tasks he
performs; the frequency with which he performs
tasks; and the degrees of manipulative skills
required of specific tasks.

B. A Comparative Cost Analysis of In-Depth Specialty
Tyaining for Pilots and Non-Pilots: Undoubtedly,
individual carriers are conducting on~going cost
analyses of their own training investments. A
collective analysis concentrating on what is being
taught; how it is being taught; measuremsnt factors
of productivity; temperament factoxrs effect on
training; aptitude identifications and correlations,
if any; and other areas need to be determined. The
products of such resecrch could then be related to
what can and should be done by pre~professional
education and training institutions to reduce the
on~the~job training investments of the carriers.

10
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6.

7.

8.

9.

10.

C. Instructor Personnel Education and Training
for Aviation Curricula: Research and training
activities are needed, especially in tbe use of
currently available media, modules, and methods,
but, more importantly, in the potential
applications of new educational technology to
aeronautical technology curricula.

An aviation industry/education research and development
center be established within the context of the proposed
aviation training center to initiate, conduct or
coordinate these studies as appropriate. Further, it is
recommended that careful attention be given to plans for
national dissemination and implementation of the
anticipated research findings, curricuia, instructional
materials and systems,

Within the context of the proposed aviation training center,
congideration be given to the establishment of a (civil
aviation industry) education/training documentation center,
providing for automated retrieval and remote access
provisions for the civil aviation industry.

That encouragement and assistance be provided the aviation
industry in the establishment of a private, non-profit
organization whose primary function will be to establish

end operate the flight training portion of the proposed
aviation center as a cooperative venture with the University.

A program be established, in cooperation with the Bureau
of Indian Affairs, for the identification of skills,
aptitudes, and attitudes of the total population on the
Reservation, followed by a comprehensive pre~vocational,
vocational/technical and social training program to prepare
the Indians for the advantages to be derived from the
training center and other area development programs.

, " , —" "
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An early conference be scheduled for representatives of X
the civil aviation industry, the federal government, and ¢
Arizona State University. The purpose of the conference
will be to develop a plan for a joint cooperative effort

to establish an aviation traini:g center of national .
significance, as discussed throughout this report. ,
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11. The division of responeibility for the establishment and
operation of the aviatlon training center be for the
industry~sponsored, non~profit education organization to
establish and operate the f£flight training program, and
the University establish and operate the academic program.
Tue federal government should provide both organizations
with financing and operations assistance.

Epilogue

Tt is obvious from the information presented in this report that a
combination of powerful factors are at work in aviation today which, when
assessed, dictate equally powerful and perhaps radically different approaches
in aviation education. The primary factors referred to are, of course, the
massive and accelerating growth in aviation and a corollary and equally
dynamic technological progress. While there are a variety of lesser but
important factors operating, the third major factor which gives rise to
great national concern is the apparent absence of an accompanying dynamic
response on the part of civil aviation education. Even a cursory
examination reveals a "business as usual" and traditional education/training
operation and little ox no research and development ia aviation curriculum
structure or methods.

A similar and somewhat more intensive examination will reveal a small but
growing area of research and development of great promise in the application
of newer educational technology in academic disciplines other than aviation
education. Importantly, there appears not to have been evolved or
deliberately developed in America a mechanism, structure or center capable
of the research, demonstration, implementation and wide dissemination which
could activate dynamic educational response to meet emerging civil aviation
needs.,

The brief attempt at assessment given here is intended to be realistic as
opposed to being simply negativistic. Certainly, it presupposes & great
pride in America's monumental progress in aviation and commends those
individual efforts in aviation education in attempting to service that
progress to date.

Tt must be universally accepted that the great growth in civil aviation

of the immediate past is the product of numerous factors but, importantly,

it is a product of the accelerating technology, which sets up a dynamic
{nteraction with growth to the end that the factors of growth and technology
become mutually stimulating. It is equally apparent that even in this recent

L3
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rapid growth period, the aviation industry is on the threshold of what
might be termed a "quantum leap" in growth. Unfortunately, no comparable
prospect of a "quantum leap" in aviation education cam be anticipated fxom
the existing aviation education structure and its present capability.

1t was from this frame of reference that the concept of a civil air academy

or civil aviation training center was conceived. The concept was developed

as the prospective instrument of the aviation community, certainly not to

be viewed as the “place" where all personnel trainee quantitative requirements
would be met, but far more significantly as the "place" where innovative and
creative aviation curricula and instructional materials systems are

designed, tested and perfected for implementation nationally, in oxder to '
mobilize efficiently the existing and emerging aviation education agencies

of the nation., In short, it is visualized as the vehicle required to

generate an aviation education "quantum leap'.

To paraphrase a noted philosopher, "Nothing is so powerful as an idea or
concept whose time has arrived”. Informal explorations of the aviation
training center concept and its "timeliness" with a variety of leaders in

the aviation industry resulted in encouragement to the end that this
Feasibility Study was undertaken, Having now been completed, it is gsincerely
hoped that the study findings will serve the leadexrship of the aviation
community as a useful tool in meeting the challenges faced,

e
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SECTION I

QUANTITATIVE REQUIREMENTS
FOR :
SKILLED AVIATION PERSONNEL ?s

General

This section of the report presents the results of that portion of the
feasibility study which was undertaken to determine present and future
industry personnel require¢ments in cerxtain skill categories. Because of
! time and resource limitations, the study specifically covered only the
pilot and mechanic requirements. Other skill categorxries are discussed
briefly in the report but were not studied in depth.

The quantitative personnel requirements study results are presented in
three parts. The f£irst part deals only with the personnel requirements
for the air carrier segment of the civil industry, the second part deals
with the general aviation requirements, and the third part covers an over~
all analysis of the supply and demand problem.

|

i
The part of the study dealing with civil air carrier requirements developed ;
forecasts for new hire pilots and mechanics from 1965 through 1980. The }
civil air carrier segment of the industry consists of certificated route
air carriers (trunk, local service, territorial and international, i
helicopter, Hawaiian, Alaskan, and all-cargo carriers), plus the commercial i
operators and supplemental carriers. This portion of the feasibility study g
served a dual purpose, in that it provided the data for the basic study I
and also for a doctoral dissertation for Professor D. Clay Whybark, one |
of the Arizona State University study team members. i

The general aviation requirements portion of the overall study developed
needs for pilots and mechanics during the period 1965 through 1980. Two |
approaches were taken in this part of the overall study. One approach P
taken by Dr. Leslie Thomason and his associates of the Cessna Aircraft %
Company covered a very detailed analysis of the requirements for the period 3
1966~1975. The second approach, by Arizona State Univeraity study team

members, was not as detailed and covered the period 1965-198C. General 3
aviation operations include all civil aircraft operations, except those

clagssified as air carrier operations. This segment of the aviation industry '
embraces a multitude of diverse and increasing uses of aircraft, ranging

Qs il D e e S e A N A s AR




from the transportation of personnel and cargo by business firms in
corporate aircraft and by air taxi operators Lo aerial application
(cropdusting) , power and pipeline patrol, and flying for pleasure.

The third part of the quantitative requirements study is a projection

of the supply of commercial pilots and & comparison to the demand. Two
major sources of supply were investigated. The first of these was the
military, since this has been the traditional source of commercial
pilots in the United States., The second source investigated was the non-
military production of pilots by the aviation industry.

The assumptions which established certain limitations in each of the
studies and the methodology used in performing the studies is presented,
as appropriate, within each of the three parts.




CIVIL ATIR CARRIER
UANTITATIVE REQUIRFMENTS FOR
PILOTS AND MECHANICS

Introduction

This section of the feasibility study for an aviation training center
at Arizona State University develops the forecasts of the required new
hire pilots and mechanics from 1965 through 1980 for the civil air
carrier segment of the aviation industry. This segment consists of the
certificated route air carriers (trunk, local service, terrivorial and
international, helicopter, Hawaiian, Alaskan, and all-cargo carriers),
plus the commercial operators and supplemental carriexs.

Within the civil air carrier industry, the certificated route air carriers
have done the most extensive reporting of statistics, Thus, throughout
this report, the statistical processing was done with this data, uniess
explicitly stated othexwise. The underlying assumption is that the
statistical relationships of the certificated carriers can be applied to
the commercial operators and supplemental cexrriexs for forecasting purposes.
Even if this assumption does not hold for certain conditions, it will not
make a major difference in the total picture because of tne relative size
of the two groups. The supplemental carriers and commercial operators
combined operated only 229 aircraft (10.2% of the total industry), mostly
of the smaller size, and employed approximately 1,000 pilots (less than
5% of the total) at year-end 1965.

Throughout this report, any refexence to pilots includes "pilots, copilots
or other flight personnel", as reported by the Federal Aviation
Administration and Civil Aeronautics Board. Included are captains, first
and second officers, and £light engineers. Analogous texms would be flight
deck personnel or cockpit force. For mechanics the definition also follows
the reporting of the FAA and CAB., In this instance, the total is not
restricted to licensed but includes all persons reported by the airlines

as working at mechanics' jobs. It may seem as though the mechanics are
not sufficiently covered in the report. This is not intended. The same
basic process was used to forecast both pilot and mechanic requirements.
When the methodology was applicable to both pilots and mechanics, it is
most often presented in terms of pilots. In cases where results or
conclusions were differeut for mechanics than for pilots, this difference
is pointed out.

I-3
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The method for developing the forecast involved several steps., The

first step was the overall projection of pilot (mechanic) employment in
any given year. In oxder to do this, the historical relationship between
pilot employment and other variables (i.e., aircraft) was established,
using statistics. Forecasts of these other variables were then developed
and used to determine overall employment levels, Next, factors that
might limit the forecasts were investigated to be certain that the results
were feasible, Finally, the annual losses to the industry were determined
to find the number of replacements needed each year. The sum of

replacements and increases in employment levels defines the new hire
requirements.

As in all forecasts, some basic assumptions as to the political and
economic climate must be set forth. In this study, it was assumed that
thexe would be neither a greatly improved nor aggravated world political
situation and that the United States will be involved in '"brush war"
conflicts throughout the period of study. The eccnomy will continue to
grow at its present rate and that there will be neither major reduction
nor increase in disposable pexrsonal income growth. '

Agsumptions regarding competition to air travel by other modes are
discussed in detail in the section on possible limitations to growth.
The following pages explain the basic procedure as outlined above. Then
the findings and implications of the findings are presented,
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Sources of Data
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Data have been collected from several organizations by interview or from
their publications. Some important contributors of data are listed below:

Air Line Pilots Association, Intexnational
Air Transport Association of America
American Aixlines, Inc.

Bonanza Air Lines, Inc.

The Boeing Company

Civil Aeronautics Board

Douglas Alrxcraft Company, Inc.

Federal Aviation Administration

General Electric Company

International Civil Aviation Organization
Lockheed Aircraft Corporation

North American Aviation, Inc.

Trans World Airlines, Inc.

United Air Lines, Inc.

West Coast Airlines, Inc.

The contributions of these organizations in time and material were invaluable
in accomplishing this study. It must be stressed, however, that they are in
no way responsible for the accuracy or conclusions of this report. In some
cases, theilr data have been substantially modified to meet the requirements
of this study.

A summary of the historical statistics used in this effort is reported in
Figures [~1 and I-2 for the total certificated route air carrier portion of

the industry. Essentially, three source documents supplied the data found in
those figures: the CAB Handbookl, the FAA Handbook?, and ATA's Facts_and
Figuree3. In some years, there are discrepancies between these documents,
although the source document for each is the CAB's Form 41, Most often this

is explained by differences in the carriers which are included in the reporting
agency's definition of the industry or whether unscheduled service is included.
Form 41 is a detailed statistical reporting form that is filed periodically

by all carriers in the industry.* In some cases, this document was referred to
for more detailed information or to clear up apparent differences in other
reports.

ICivil Aeronautics Board, Handbook of Airline Statistics, 1965 ed.,
Bureau of Accounts and Statistics, Washington, D. C., December 1965.

2pederal Aviation Agency, FAA Statistical Handbook of Aviation, 1965 ed.

3Air Transport Association of America, Air Transport Facts & Figures, 1966
(official putlication of the Air Transport Association of America, Washington,
Dc, Cc)

Civil Aeronautics Board, Uniform System of Accounts ¢..] Reports for Air
Carriers, 1 January 1957.
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Data were gathered on a number of operating statistics, airecraft, and
employment for the years 1945 through 1965. The year 1947 was chosen as

the starting point for statistical processing because that was the year

in vhich the wartime £lying time maximum of 100 hours per month was veduced
to 85 hours a month. For some statistics for the early years, it was
neceseary to refer to the reports of agencies preceding the Federal Aviation
Administration and Civil Aeronautics Beard. In cases where there was a
conflict in the data, not easily explained, the CAB or FAA data were used.

The historical operating statistics are not compiete for all years as
reported in the source documents. Estimates were made of some values to
provide a complete data set. Tor the years 1949 and 1950, estimates were
made of the unscheduled service totals for seat~miles, revenue passenger
miles, and revenue passenger ton-miles., This was done by applying the ratio
of scheduled to unscheduled service determined in the years for which data
were available., The result was then checked by the ratio of the total of
both sexrvices for the estimated statistics ko other statistics during the
same year. In fhe same manner, the unscheduled ton-mile statistics for the
years 1945 aud 1946 were estimated.

To complete the past employment of pilots and mechanics for all years,
estimates were made of the number employed by all-cargo carriers during the
years 1951 to 1960, This was done by applying the ratio of pilots to various
other statistics that were available for that period for the all~cargo
carriers. This was checked against the result obtained by the ratio of all~
caxgo pilots to the total for preceding and succeeding years. For mechanics

the estimate was made on the basis of the relationship between employed pilots
and mechanics.

i1t was necessary for some of the forecasts to make some estimate of the
employment of pilots and mechanice in the supplemental carriers and the
commercial operators. This was done by estimating the average number of
pilots per crew in thesez two categories and then the number of crews per
airxcraft, For the former, two pilots per crew were used and the latter was
slightly greater than two crews per airctagt. These figures are averages

for the wide extremes found in this group.” By tpplying these factors to the
number of aircraft owned by these two groups, a total of 1,000 pilots was
estimated for employment at year-end 1965. The mechanic estimate is based on
the relationship between mechanics and pilots. That ratio has been very
congtant at approximately two mechanics per pilot for several years. Thus,
the estimated number of mechanics employed by the commercial operators and
supplemental carriers was 2,000,

5§pecial survey questionnaire sent to commercial operators and supplemental
carriers.
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Historical Relationships

The initial phase of the research was directed toward determining whether

or not there had been a consistent relationship between employment levels

and other variables over a twenty-year period. The variables to be studied
were chosen on the basis of their availability historically, their use within
the industry, and whether or not there were forecasts for them, or if they
could be derived from existing forecasts. To quantify the relationships

of the variables and to give confidence to their use in forecasting levels

of employment, statistical processing of the data was necessary. In particular,
linear correlation and regression analysis were used, Prior to doing the
statistical work, however, the data were plotted to give insights into
relationships that might go undiscovered in processing. Also, the plots were
made to test the assumptions that underlie the statistical processing. For
example, the regression equations assume a linear relationship between the
variables, The regression and correlation analysis not only gave the
relationship between the variables but some indication as to the strength of
the relationship as well.®

A plot of revanue passenger miles and aircraft against pilot employment is
shown in Figure 1-3.7 The relationship between pilot employment and total
aircraft is essentially linear, and the linear regression line is ghown in

the plot. The line for revenue passenger miles is definitely not linear. This
is characteristic of the plots for the other operating statistics. All had
essentially the same shape, whether it was a capacity measure such as seat-
miles or ton~-miles or a revenue measure like revenue ton-miles. The load
factors® have been constant over the past, which explains why the relationship
was the sama for either measure. Since traffic has been growing at a
compounded rate, a logarithmic transformation of these variables was tried

to see if it would be essentially linear with pilots. A square root trans-
formation was also tried, The rasults of these transformaticns are plotted

in Figure I-4. Both of these transformations yield essentially linear
relationships. The resultant linear regression equations are shown as well
in the plot.

63evaral good referances exist on correlation analysis. A popular ons for
business problaems is: Ezekiel, M., and Fox, K. A., Methods of Correlation
and Regression Analysis, Linea: and Curvilinear (3rd ed., New York: John
Wiley, 1959).

"Bacause the ralationship between mechanics and pilots has bean constant
over the years, the same rosults are obtained for a comparison of mechanics
and thase variables,

8The ratio of persons to seata on a given flight. For the industry as a
whole, this has been relatively constant, averaging about 507% for all flights.
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The first set of statistical relationships developed were those of the single
linear correlation coefficients between various operating statistics,

aircraft (also broken down by type), and the transformed variables versus
pilots (mechanics), The intent of this effort was to determine if there was

a sufficiently strong relationship between any gingle variable and pilots to
provide a basis for forecasting pilot employment., A stepwise linear regression
computer program was used for this data reduction.? The results of these runs
are shown in Figures I~5 and I~6, Three sets of data are shown for the pilots.
They represent the runs for years 19451965, 1947~1965, and 1951-1965. Since
the correlation coefficients are uniformly higher for the run from 1947-1965,
it 18 further evidence that thoge are the years upon which the forecasting
equation should be based. The results for mechanics are shown only for 1947~
1951 based on the same arguments.

The results of these runs show that the transformations did improve the
statistical relationship between the operating statistics and employment., The
logarithmic transformation is generally better than the square root trans-
formation based on the higher correlation coefficients, The high level of
correlation coefficients for these transformed statistics tends to support a
per;enta§g productivity change for pilots which has been suggested by some

The pilot requirements are more closely defined by the revenue operating
statistics than the capacity operating statistics. This is evidenced by the
higher correlation coefficients for the logarithmic transformation of revenue
statistics than for those of capacity statistics., This is partly explained

by the fact that newer and/or higher capacity aircraft are usually introduced
on the high density, popular flights of an airline. The aircraft previously
used on theif flights are assigned the next dense route and so on throughout
the system, Thus, the system capacity tends to increase in steps., The
revenue traffic, however, will tend to build up at a constant rate, requiring
more of the same type of aircraft or introduction of a higher capacity aircraft.
The requirement for additional pilots arises from the additional aircraft
rather than replacement of aircraft. Also, there may be more pilot scheduling
difficulties as frequencies increase to accommodate traffic growth, which
could require more pilote as well.

9The program was BMD O2R of the Biomedical Medical Department at UCLA. It
is »eported in: W. J, Dixon (ed.), BMD Biomedical Programs, Health Sciences
Computing Facility, University of California, Los Angeles, January 1964,

0por example, see: Kahn, Mark L., Airline Flight Crews: Adjustment to
Iechnological Change in a Regulated Growth Industry, Reprint Series No. 40,
The Institute of Labor and Industrial Relations, The University of Michigan ~
Wayne State University.

This does not work perfectly, of course, because of the need to match
stage lengths with aircraft design and the use of old and new aircraft together
on & run to support traffic increases.
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% SINGLE LINEAR CORRELATION COEFFICIENTS~-~PILOT EMPLOYMENT
. RELATED TO VARIOUS OPERATING STATISTICS OF g
§ THE CERTIFICATED ROUTE AIR CARRIERS 1
i Variable 1945-1965 1947~1965 1951-~1965
i Aircraft i
§ Total .946 .969 .939 |
| Piston 414 .195 -,260 7
| Pure jet .713 714 .750 ;
| Tuxboprop .851 .850 .865 f
% Helicopter .871 855 692 j
| Ton-miles capacity (000) %
g Untransformed .908 .896 .887
g Natural logarithm 967 976 951
| Square root .958 948 «925
§ Revenue ton-miles (000)
: Untransformed 933 <924 .909
| Natural logarithm 972 982 .963
; Square root 972 . 966 .943 ,
% Revenue passenger-miles (billions) "Q
] Untransformed 945 936 921 fk
§ Natural logarithm 975 <984 .966 3t
! Square root 978 972 950 L
E Revenue cargo ton-miles (000) L
; Untransformed 897 .885 .876 ;y
: Natural logarithm «933 .966 .949 a
; Square root 951 <942 919 }
% i{
é Figure I - 5 ;§
1 5
|
| .
| ;
; g
: |
|
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SINGLE LINEAR CORRELATION COEFFICIENTS~-~MECHANIC
EMPLOYMENT RELATED TO VARIOUS OPERATING
STATISTICS OF THE CERTIFICATED
ROUTE AIR CARRIERS

Variable 1947-~1965
Alrcraft
Total .908
Piston .035
Pure jet .803
Turboprop o .865
Helicopter . 766
Ton-miles capacity (000)
Untransformed »936
Natural logarithm «972
Square root .966
Revenue ton~miles (000)
| Untransformed <954
Natural logarithm .973
Square root .976
Revenue passenger-miles (billions)
Untransformed +962
Natural logarithm <974
Square root 979
E Revenue cargo ton-miles (000)
Untransformed 925
| Natural logarithm | .959
| Square root .959
i: Figure I - 6
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A FuiToxt Provided by ERIC

Some surprise may be occasioned by the generally high levels of correlation
coefficients for almost all variables. For example, helicopters have a
correlation coefficient of .855 with pilot employment. This is not unexpected,
however, when both the pilot foxce and the number of helicopters have been
increasing over time. Therefore, any of the statistics that are increasing
over this time pexriod show a genexally high correlation coefficient with
employment levels, The discrimination between the variables must be made on
the bar - of their usefulness in predicting, as well as differences in their
correl. n coefficients. As an illustration of this point, piston aircraft
have a very low correlation coefficient with pilots. During this time period,
the number of piston aircraft first inereased and then decreased as jet
aireraft were introduced into service. Pilot employment generally increased
over the period,

There are some variables with high enough single correlation coefficients
that they could be considered for use in projecting employment levels without
additional processing. One in particular is the logarithmic trangsformation
of revenue passenger miles with a correlation coefficient of .984 for pilot
employment, Since this has been historically one of the important planning
gauges in the_industxy, it is gratifying to see such high correlation
coefficient:s.l2 Logically, one would expect the relationship between aircraft
and pilots to be a strong one. This 1is the case, although the correlation
coefficient is less than that for transformed revenue passenger miles. Many
of the other relationships in Figure I-5 are simply not strong enough or
there is not a good, logical basis for considering them for predicting
employment levels.

A refinement of the statistical processing was based on logical considerations
of those variables for which forecasts could be obtained and which had high
single correlation coefficients. For example, it seemed that air freight
would have an impact on employment apart from passenger traffic measures and
should be combined with the passenger traffic to get total results. In
addition, it appeared that there were differences in the effect of different
types of aircraft on the total employment level and that these differences
should be explored. In order to investigate these factors and to improve the
relationships for forecasting purposes, multiple linear regression and
correlation analysis were used. The results of the multiple correlation
analysis are shown in Figures I-7 and I~-8.

In general, the multiple correlation coefficients are higher than the single
correlation coefficients. Adding the revenue cargo data to the revenue
passenger data did, for example, improve the correlation with pilot employment
over either alone, although only slightly (.984 compared to .985). As a

12¢4 ig interesting to note that the CAB does not report this statistic
for all services despite its widespread use within the industry. They
publish instead revenue passenger ton-miles. This has the advantage of being
directly comparable to the cargo values, which are also reported as ton-mile
figures. For revenue passenger miles for all services, one must turn to the
FAA Handbook.
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MULTIPLE LINEAR CORRELATION COEFFICIENTS~~PILOT EMPLOYMENT

RELATED TO VARIOUS OPERATING STATISTICS OF

THE CERTIFICATED ROUTE ATIR CARRIERS

Variables

Aircraft, Case 1

Var. 1) Pure jet + turboprop
Var. 2) Piston + helicopter

Aircraft, Case 2
Var. 1) Pure jet
Var. 2) Piston + helicopter + turboprop

Revenue passenger miles and cargo ton-miles
Case l--natural logarithm traasformation

Var. 1) Revenue passenger-miles (billions)
Var. 2) Revenue cargo ton-miles (000)

Revenue passenger-miles and cargo ton-miles
Case 2--square root transformation

Var. 1) Revenue passenger-miles (billions)
Var. 2) Revenue cargo ton-miles (000)

Figure I ~ 7
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MULTIPLE LINEAR CORRELATION COEFFICIENTS~~MECHANIC
EMPLOYMENT RELATED TO VARIOUS OPERATING
STATISTICS OF THE CERTIFICATED
ROUTE AIR CARRIERS

Variables 1947~1965

Aircraft, Case 1 958
Var. 1) Pure jet + turboprop
Var. 2) Piston + helicopter

Aircraft, Case 2 .964
Var. 1) Pure jet
Var. 2) Piston + turboprop + helicopter

Revenue passenger-miles and cargo ton-miles .959%
Natural logarithm transformation

Var. 1) Revenue passengex-miles (billions)

Var. 2) Revenue cargo ton-miles (000)

*This is for the revenue passengexr-miles variable alcne. No
improvement in correlation coefficient was gained by introducing
the revenue cargo ton-miles variable.

Figure I -~ &
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further check on the usefulness of the square root transformation of the
operating statistics, a multiple correlation analysis was run of this
transformation of the revenue passenger and cargo data. In this instance,

ag well, the multiple relationship is stronger than that for revenue passenger
miles alone. However, the overall result is lower for this transformation

of the wvarilables than for the logarithmic transformation. Based on this
result, no further work was done with the square rootL transformations.

Substantial increases in the correlation coefficients ar. obtained by breaking
the aircraft down into types (.969 compared to ,983). This was expected
because of the low single correlation coefflcient of the piston aircraft
discussed previously. Two combinations were tried: the combination of pure
jet aircraft in one group and all other aircraft (propeller aircraff) in

the second, and the combination of pure jet and turboprop (jet powered) in
one group and piston and helicopter (piston) in the secornd, The results for
each were similar, and beth yielded improvements over unsegmented aircraft
alone, A slightly higher ccrreletion coefficient is showm for the run which
had pure jets in one group ond propeller aircraft in the other. The multiple
corxrelation coefficient for the partition of ihe aircraft fleet is nearly the
same as that for the revenue passengeiw and carsgo result (,28? and .985,
respectively).

Because of the closeness of the correlation coefficients and the logical
appeal of the relationship beiween aircraft and pilot or mechanic employment,
the multiple regression equations asscciated with the pure jet and propeller
aircraft multiple correlation anslysis were used as the predicting squations
for this study. These equations and the regression equations for the other
gingle and multiple regression runs are given in Figures I-9 and I~lu, To
further support the logic of uaing these equations for projecting overall
employment, another test of thesec relationships was developed. A computer
program was written to test projections of actual past employment. The test
involved the computation of projected pilot (mechanic) eviployment for past
years, using actual numbers of aircraft, This result was then compared to
the actual employment level and printed out on a year~by-year basis. These
runs (Figures I-11 and I~12) show the total number of pilots in error over
the period and the average absolute value of the percentage error for the
entize period. The results show an improvement in going from the single to
multiple regression equations for both pilots &nd mechanics by the decrease
in average percentage error. The average absolute error was slightly greater
than 5% for mechanics and slightly less than 5% for pilots, using the multiple
regression equations.,

The problem of projecting overall employment levels has now been transformed
into that of finding an acceptable forecast of aircraft by types over the
period under study. Many such forecasts exist but all depend on projections
of revenue passenger miles and cargo ton-miles. Different assumptions




PILOT EMPLOYMENT PROJECTION EQUATIONS~-SINGLE AND
MULTIPLE RECGRESSION EQUATIONS ON STATISTICS OF
THE CERTIFICATED ROUTE AIR CARRIERS

Adircraft

Total aircraft fleet (single regression)
Pilots = (total aircraft x 12.929) - 5585.03

Segmented aircraft fleet (multiple regression)
Pilots = (tutal pure jet X 15,289) + (total propeller X
11,269) =~ 3555.827
Pilots = ((piston + helicopter) x 10.940) -~ 3161.398 +
((pure jet + turboprop) % 13.760)

Revenue passenger-miles and cargo ton-miles

Revenue passenger-miles (single regression)
Pilots = (Ln(revenue passenger-miles) % 6136.875) -
4979.855

Revenue passenger-miles and cargo ton-miles (multiple
regression)
Piiots = (Ln(revenue passanger-milea) x 7006.375) +
2923,557 ~ (Ln(revenue cargo ton~-miles) %
790.837)

Fiqure L ~ 9
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MECHANIC EMPLOYMENT PROJECTION EQUATIONS-~SINGLE AND
MULTIPLE REGRESSION EQUATIONS OF STATISTICS OF
THE CERTIFICATED ROUTE AIR CAR.IERS

Aireraft

Total aircraft fleet (single regression)
Mechanics = (total aircraft x 17.595) + 2020.51

Segmented aircraft fleet (multiple regression)
Mechanics = (total pure jet x 24.27) + 7759.71 +
(total propeller x 12.90)
Mechanics = ((piston + heldicopter) x 11.96) -+ 8880,62 -+
((pure jet + turboprop) x 19.95)

Revenue passenger~miles and cargo ton-miles

Revenue passenger-miles (single regression)
Mechanics = (Ln(revenue passenger-miles) x 8815,91) +
1356.52

Figure I ~ 10
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regarding new aircraft types and introduction dates cause diffexrences in
these forecasts. The next section discusses several forecasts,of revenue
passenger miles and cargo ton~miles and how they are translated into
numbers of aircraft. The resultant fleet projection is then used, in
combination with the regression equations to project overall employment
levels of mechanics and pilots. The assumption that the commercial operators
and supplemental carriers are sufficiently close in their operations to the
rest of the industry sothat the regression equations developed from data on
the total certificated route air carriers will apply to the industry as a
whole bears repeating. Separate provision is made later in the analysis to
take into account any changes in the historical relationships which might
occur in the future.

Forecasting KPMS, RCTMS and Aircraft

A basic planning statistic used throughout the industry is that of revenue
passenger miles (RPMS) . Because of this, a number of independent forecasts
of RTMS exist and several alternative approaches to forecasting are found.
A number of these forecasts were collected from airframe manufacturere,
powerplant mianufacturers, government agencies, and trade associations. The
forecasts were made for differing purposes. Adjustments were, therefore,
necessary to make them comparable. The problem was compounded by the need
to include only the U.S. civil air carrier group, since many were developed
for the entire Free World.

In oxder to accomplish these adjustments, some basic assumptions were required.
In some cases, it has been assumed that forecasts of revenue passenger miles
for the Free World would be equivalent to forecasts for the ICAO membership.
Although the carriers included in these two groups are slightly different,
the differences tend to be offsetting. In other instances, parts of one
forecast are added to another to make them comparable. An example would

be where one forecast covered domestic trafiic only. The international
traffic portion of another forecast would be added to it to arrive at an
overall revenue passenger mile figure. TIn order to make the adjustment to
U.S. civil air carrier, the historical relationship between Free World
traffic and U.S. traffic was agsumed to remain the same for the forecast
period.

Since the growth in revenue passenger miles in the past has averaged
approximately 13% a year, many of the forecasts consist of an estimate of the
growth rate to be applied over the next geveral years. In cases whexre there
was a discrepancy in the 1965 actual RPMS, it was assumed that the growth

rate was accurate and the 1965 value was adjusted. In all cases, the forecasts
were corrected to total Free World and total U.S. air carrier revenue
passenger miles for comparability. A discussion of the individual forecasts
follows.

I-23




The Boeing Company forecast iwas divided into V.S, domestic, local service,

and international traffic to arrive at the total U.S, civil air carrxier

traffic. % Two projections were made for each of these segments on the basis

of different forecast growth rates. A "probable" forecast used growth rates )
that start at approximately 15% in 1966~67 and drop to about 6% in the late |
1970's, A "possible" forecast was based upon growth rates that vary from |
approximately 17% in 1966 to a little over 8% by 1980. To get to total |
Free World traffic, Boeing added non-U.S, forecasts to these totals. The %
non-U.S. forecasts were based upon growth rates that vary from about 14% |
to 6% for the "probable" level and from 18% to 8% for the "possible" level. |
These two levels of forecast comprise the Boeing estimates, The "possible" i
level was found to be closest to the other forxecasts examined.

Boeing checked the consistency of their forecasts with other economic
indicators. Specifically, projections of the economic growth rates of the
United States and those countries represented in the non-U.S., forecasts
were evaluated to determine the ability to support the projected traffic
growth. A further check on consistency was made by evaluating the compatibility
of the air carrier forecasts with projections for the transportation sectox
of the overall economy. Although demand elasticities were not used directly
in the forecasts, an underlying assumption of moderate fare decreases and
continued use of promotional affairs was made. They felt that this would be
necessary to support even the "possible' level of projected growth. The
potential market population was checked against the passengers represented
in the forecasts and the results were determined to be consistent with a
continued increase in propensity to travel over the time period.

The Douglas Aircraft traffic forecastldparallels the Boeing forecast approach
in the manner cf validating their growth extrapolation. The Douglas Aircraft
Company forecasted U.S. domestic air passenger traffic only, so it was
adjusted by adding the Boeing forecast for interaational traffic. Douglas,
in comparing the world to the U.S., reached the conclusion that "extensive
analysis of the economics of countries other than the United States indicates ]
that the rate of growth of factors contributing to air travel exceed those -
of the United States" .10 Upon this basis they developed their world forecast. |
They broke down the world forecast into seguments in order to validate the
projections for such major categories as North Atlantic traffic and intra-
European traffic.

The net result of the Douglas forecast is a growth rate that is slightly Ef
legs than that for Boeing over the period. Their validations of the forecast ;
involved the same economic factors used by Boeing. In addition, they locked

.lanoeing Traffic Forecast (Renton, Washington: Report S-637, The Boeing
Company, Commercial Airplane Division, 30 January 1967) .

lasince this is one of the few forecasts that contains this information
directly, it is used for comparison in the discusaion of other forecasts.

15Measuring the 70's - An Air Travel Market Analysis (Long Beach, Calif.:
Report C1-12/66-423, Douglas Aircraft Company, November 1966) .

161pid., p. 10.
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at U.S. intexcity common carrier ¢raffic. They compared their forecast for
the air share of intexcity travel with projections of total common carrier
domestic intercity travel to check for consistency. They also looked at
personal income and corporate profits as key factors in the support of
continued growth of air travel,

The Federal Aviation Agency forecast17was developed in support of the super-
gonic transport (SST) investigations. They divided the total civil air
carrier group into domestic passenger miles and international passengex miles
and forecast each separately. Their composite forecast, however, was based
upon the traffic forecast for the domestic segment adjusted by the historical
relationship between domestic and international traffic. It is unique among
the forecasts in that the growth rates which start at about 14% per year and
decline to around 10% per year in 1970, then increase to 12% for the remaining
years. The reason for this increasing growth rate toward the latter part of
the period is the lower fares occasioned by the introduction of aircraft with
lower operating costs during that period.

Other factors which have bheen included in the FAA forecaste are those related
to continued real gross national product growth of between 2-3% per year and
continued promotional or reduced fares on currently operating aircraft. The
effect of reduced fares on stimulating passenger traffic is still an open
question, although estimates of this effect are used explicitly in the FAA
forecast. Some work has been done on trying to estima{g the demand elasticity
but, as yet, no precise conclusions have been reached.*® The overall effect

of this additional growth in the latter years is such that the TAA forecast

is the highest of those discussed, except Boeing's "possible' forecast.

Yet another approach ¥sa used by the Civil Aexonautics Board in their forecast
of passenger traffic. Basically, their forecast involved the development of
the statistical relationship between economic indicators and passenger traffic.
The primary independent variables they used were consumer price index,
disposable pexrsonal income, population, real disposable personal income, fares,
and real fares. In this forecast, as in the FAA forecast, an estimate was made
of fare elasticity which was {included in the forecast equations.

Separate forecasts of the independent variables were developed or obtained
fyom other sources and the dependent variable, revenue passenger miles, was
then determined for each of the ten years of their forecast. Since this
forecast was not on a growth projection basis, it ig interesting to compaxe

l7pederal Aviation Agency, Aviation Forecasts Fiscal Years 1967~1977
(Washington: Office of Policy Development, Economics Division, January 1967).

18Gregory, William H., "Refined Air Elasticity Measure Sought", Aviation
Week and Space Technology, 17 January 1965, pp. 40-43.

19¢ivil Aeronautics Board, Forecasts of Passenger Traffic of the Domestic
Trunk Air Carriers, Domestic O erations, Scheduled Service 1965-75, Staff
Research Report No. 5, Research and Statistics Division, Bureau of Accounts
and Statistics, September 1965.
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the percentage growth rates as derived by this method with those used in
the other forecasts. Forxr the early years in this forecast, the growth rate
was 9,3% and this declined to a closing growth rate of 7.6% per year. This
is substantially less than the majority of the growth rates used in the
other forecasts.

The CAB forecast wvas developed for the domestic trunk air carriers, domestic )
operations, scheduled serxrvice only. In order to equate this to total ecivil !
air carriers, it was necessary to inflate the result. Since the relationship i
between the total industry and the domestic trunk carriers has been reasonably !
stable over the past, the percentage relationship between those two groups

during 1965 was applied to the forecast for the future, This corrected

forecast is the lowest of the group for the total air carrier population,

which is consistent with the overall lower growth rate which is derived from

their forecasts.

The Air Transport Association forecastzeconsisted simply of three levels of
projected growth rate. They were 10.8% for the low growth rate, 13.57% for
the average growth rate, and 16.2% for the high growth rate. The average
growtli rate gives a forecastthat is approximately equal to the Boeing
"probable'" forecast in the early years but considerably higher in the later
years,

The Lockheed Aircraft Corporation developed a forecas% of air passenger
traffic in support of their bid for the SST contract. 1 Their forecast was
also used as an input to a simulation model of an airline that they use for
measuring markets for new aircraft.22 Their approach to the forecasting
problem was to separate and then forecast U.S. domestic and international
traffic. Tor the U.S. domestic market forecast, they used three methods:
(1) a market analysis technique, (2) a city-pair analysis, and (3) an
economic index (GNP) method. The international traffic forecast was based
upon an analysis of the relationship between the U.S. forecast and the trans-
atlantic traffic, plus a trend extrapolation for major market areas of the
world.

The basic underlying assumptions of all three approaches in forecasting the
domestic traffic include continued growth in the GNP, continued downward
pressure on airfares, increasing propensity to fly, and no major ecoromic

or political changes in the world situation. Lockheed's overall forecast

is a composite of these three techniques. Although showing some differences
for some time periods, they tended to suppori one another. The forecast for
domestic scheduled traffic in the U.S. is adjusted in the same manner as for
the CAB forecast and results in a total almost identical to the Douglas

2051y Transport Facts & Figures, 1966, op. cit., p. 6.

21p1y Traffic Demand 1967-1990 (Burbank, Calif.: Lockheed-Celifornia
Company, OEA/SST/222, November 1966).

22Gunn, William A., "Airline System Simulation", Operations Research,
XII (March 1964), pp. 206-229,
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domestic forecast plus the Boeing international forecast. It is still
somewhat lower than the Boeing 'probable' forecast.

The General Electric forecast> is "about median of the range of opinion
from several sources"?4for the Free World., Their percentage growth rate
varies from a little over 10% in 1965 to somewhat less than 9% in 1980.
Since their U.S. forecast does not include international sexvice, this is
corrected by adding the Poeing international forecast to the basic General
Electric forecast. This yields a result that is very close to the Boeing
“probable" forecast. The validation of this forecast consisted of checking
the reasonableness with forecasts from other sources.

The final forecast discussed ig that of the North American Aviation Compang.
For their projection, they used a simple 10% per year annual growth rate.?2

This gave results which were nearly as low as the CAB forecast for the early
years. By 1980 they project revenue passenger miles of about the same
magnitude as Boeing or General Electric. The 10% rate was derived by comparing
past forecasts of growth rates to actual past growth rates, North American
considered that 10% would compensate for some of the past errors in projections.

It is surprising the extent of agreement that exists between these forecasts,
considering the variety of reasons and techniques behind them. For purposes
of this study, a composite of the various forecasts is used, It 1s less
than the Boeing "probable" and General Electric forecasts. It is slightly
less than the FAA and ATA projections but more than the corrected Douglas
and Lockheed forecasts. It is considerably higher than the CAB forecast,
which is the lowest of the group. It appears reascnable in light of the
various validations of the other forecasts that have been made. These
forecasts are presented in Figures I~13 and I-14.

Uniform opinion exists in the industxy that the most rapidly growing sector
of civil aviation is that of cargo. The traditional planning statistic

in this area has been revenue cargo ton-miles. A number of forecasts of

this statietic have been evaluated for use with the revenue passenger mile
forecasts to develop aircraft requirements. The relatively new high growth
rates of cargo have made forecasting in this area a very difficult task.
Insufficient historical statistics and indifferent marketing efforts in the
past have made it difficult to apply past trends or to use past reiationships

23Genera1 Electric Company, Commercial Market Profile and Identified
Programs (Lynn, Mass.: Aircraft Engine Division, February 1967).

241p14., p. 18.

25Conversations with Clayton Clarke, of the North American Aviation, Inc.
Commercial Marketing Group in Los Angeles, California.
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to determine caryo volume in the future. Most forecasts in this area
involve estimates as to what the carge growth rates will be in the future.

The Boeing Company forecasted growth rates of 18.37% for 1965 through 1970,
25.57, for the succeeding five years, and 15% for the years between 1975

and 1980.%% These rates were based upon the ability of alr cargo to penetrate
existing cargo movement, as well as expand markets for certain commodities.
In order to accemplish this, they admit the need for favorable regulatory
decisions and increased ability to handle ghipmentc at major cargo hubs.

The Douglas forecasts®/were divided into a basic forecast level which assumed
no major effort to expand air cargo services and a high forecast level which
vas based upon an industry~wide air cargo marketing effort. The growth rates
for their basic forcecasts were 17% per year to 1970 and 23% per year through
1978, with declining growth rates from there on., The high level fovecast was
baced upon a 25% per year growth rate initially which declined te 157 per year
by 1980. These forecasts both were based upon extrapolations of ;Got trends.

The Lockheed Aircraft Corporation, Georgia Division, has developed a more
detailed approach for forecasting the cargo requirementa.25 They divided the
cargo categories into the reported categorics of ccheduled freight, mail,
express, and non-scheduled freight. They furthex segmented air freight
carriage between cargo aircraft (including quick~change aircraft), bellyhold,
and jumbo aircraft. They further divided theiz study into the major market
areas of the world. With these breakdowns, they developed past trends between
promotion and marketing effort and cargo carried, as well as developine rate
elasticities for air cargo.

The result of these efforts was a forecast for various categorics of carge
in different modes of carriage for different areas of the world. Their
total forecast is very close to the Boeing foxccast. Lockheed's average
growth rate for freight is 16,7%, although it is somewhat higher in 1965 and
tapers off toward the end of the period.

The General Electric Company also forecast revenue cargo ton-miles.2? They
forecast a growth rate of approximately 16% per year and validated this by
comparing it with other industry forecasts. Their actual growth rate per
year varied from about 25% in 1965 to about 14% 4in 1980. Therefore, their
annual values were slightly different from the other forecasts.

The fact that it is difficult to get better forecasts on revenue cargo ton-
miles is not too disappointing. It is the fastest growing segment of the
industry at present. However, even these high growth rates, applied over the

26Boaing Traffic Forecast, op. cit.
27Measuring the 70's, op. cit.

zaEckard, E. W., Free World Air Cargo Forecast (Marietta, Ga.: Commercial
Marketing Research Department, Locklhieed-Georgia Company, CMRS 59, August 1966).

29commercial Market Profile, op. cit.
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period from 1965 to 1980, do not make it a major element in the industry by
1980. The forecast figure for U.S. domestic air cargo in 1980 is still less
than 1% of the forecast total common carrier intercity ton-miles. 0 7his total,
for revenue cargo ton-miles, represents less than 10% of the total forecast
revenue ton-miles carried by air in 1980. The forecast revenue cargo ton~
miles used in thiz study are shown in Figures I-15 and I~16.

One approach to determining overall aircraft requirements was used for most
of the forecascs reviewed. It consisted of taking a revenue passenger mile
forecast and revenue cargo ton-mile forecast and computing the number of
airplanes required to carry that traffic. The process starts with estimates
of load factors, productivity, ground time, speed, capacity, stage lengths,
aircraft types, and schedules. These, in turn, are used to compute aircraft
utilization and preductivity, which then converts to numbers of aircraft
required to support the forecasts. The disposition of the current fleet must
be accounted for, so estimates were made of aircraft losses and replacement.
Differences between forecasts could usually be attributed to differences in
the agsumptions made for these various parameters, rather than differences

in the basic revenue passenger mile or cargo forecasts. This is supported by
the general agreement between the RPM forecasts digcussed in this study.

An approach that differs slightly from that outlined above was used by the

FAA for their aircraft projection.3l The method was applied to cargo aircraft
and passenger aircraft separately. They used current aireraft purchase
commitments and estimates of additional aircraft orxders to compute the new
aircraft additions to the fleet. Next, they developed replacement schedules
for turboprop and piston aircraft to get net aircraft inventories. Essentially,
they retired the piston aircraft completely by 1977. Tie few that still

would be f£lying would be with the supplemental airlines and commercial
operators. They used no retirement of current jet aircraft until after 1977.

To validate their forecast, the seat-mile and cargo capacity of the forecast
fleet size was determined. This was adjusted by the load factor for
comparison with their revenue passenger mile forecast. In this sense, the
FAA worked the problam backwards from the procedure used by the other groups.
Using this technique, they forecast a greater overall fleet size than any

of the others. This was consistent with their high RPM forecast.

3°Eckard,‘gzé cit., p. 1.
31pviation Forecasts Fiscal VYears 1967~1977, op. cit., p. 5.
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REVENUE CARGO TON-MILE FORECAST (BILLIONS)
U.S. CIVIL AIR CARRIER--ALL SERVICES

Date Revenue Cargo Tou-Miles
1965 3.1
| 1966 3.6
| 1967 4.2
1968 5.1
1969 6.0
1970 7.0
1971 8.8
1972 10.2
1973 12,3
1974 14.8
1975 16.9
1976 19.5
1977 22.7
1978 7.0
1979 32.0
1980 38.1
Figure I - 15
!
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The General Electric ﬁorecaatSzmachadology’waa the most detailed of those
reviewed. They used their revenue passenger mile forecast and carge ton-
mile forecast to derive an aircraft forecast. They first divided the cargo
and passenger forecasts into forecasts by stage lengths and then matched
these stage length requirements with existing and futurc aircraft, In oxder
to accomplish this, they developed a generalized computer program which
determined the aircraft required for each of the stage~length forecasts,
They forecast the Free World total, so an adjustment was made which reduced
their forecast to that of the total U.S. civil air carrier group. This
adjustment was made in two steps. First, the ratio of the revenue passenger
miles carried by the Free World to the U.S. civil air carrier traffic was
applied., The second step was to equate the number of aircraft in the U.S.
civil air carrier fleet derived for 1965 to the actual fleet size in 1965.

The net result was & forecast of a declining number of aircraft until the
early 1970's. Beyond that time the forecast was for innreaszing numbers of
aircraft through 1980. A major portion of the early drncline in the total
fleet was occasioned by the rapid replacement of piston aircraft (which were
forecast completely phased out by 1974) by short~ and medium~range jet
aircraft ard smaller turboprop aircraft. General Electric also explicitly
took into account existing jet retirement by using an estimate of economic
obsolescence of the aircraft. Their retirements from the current fleet total
150 aircraft by 1975 and 700 aircraft by 1980. These retirement rates were
uged to adjust the other forecasts when retirement was not explicitly taken
into account. The major part of these retirements were occasioned by the
introduction of new aircraft types that General Electric believes will be
introduced in the future. The General Electric forecast is the lowest of those
reviewed.

The Boeing Company forecast>vas comprised of separate forecasta for the world
jet and propeller fleets, including those airplanes required for cargo. They
showed a deciining propeller fleet, although, since their figures included
turboprop aircraft, they still showed 500 active propeller aircraft in 1980.
Boeing used a straight fifteen~year life for jet aircraft to determine
ratirement and a 1% per year loss zate for all other reasons. The same
adjustments were made to Boeing's world forecast as to General Electric's

in order to get the U.S. p@rtien.34 The correction factor is somewhit greutex
than the ratio of the revenue passenger miles floum by the U.S. civil air
carriers to those flown by the total Free World, as also found in the discussion
o the General Electric forecast. This arises because, in general, the U.S.
fleet 18 more modern and productive than that for the remainder of the Free
World. Boeing's forecast fleet size was slightly less than thac of the FAA.

azcommarcial Market Profile, op. cit., p. 25.

ngoaing Traffic Forecast, op. cit.

341t 1 interesting to note that General Electric forecasts a total of ]
225 Boeing 747's in 1975, with 100 for passengers and 123 for cargo. Boeing, !
on the other hand, forecasts 408, with 101 for cargo and 307 for passengers.
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Douglas chose to forecast cumulative jet aircraft delivevies rather than
aircraft fleet gize.39 In oxder to do this, they first develcped the "secat~
mile gap" that would exist between on~order aircraft capacity and that
required by their RPM forecast, This was done for long~, medium=, and short-~
stage lengths. They then proceeded to £iil this seat-mile gap with

exlgting and contemplated aireraft types for each of the stage lengths. f1he
on~order, plus their additions, werc then turned into a cumulative aircraft
delivery schedule for the Freae World. To adjast this to the total ecivil

air carrier fleet, the Doeing propeller £leet and existing jet fleet were
added and the General Electric retirement figures vere subtracted. The

net result is a forecast that is slightly lower than that of Boeing.

The Lockheed Company Lorecasts were derived from their reveunue pacsenger
mile and cargoe ton-mile forecasts for various stage lengths for the eleven
crunk carriers and Pan American, only. 6 Their result was adjusted on the
basis of the historical relationship between the fleet for that group of
carriers and the total civil air carrier fleet size. The resultant forecast
is somewhat less than Douglas’ but greater than General Electric's. Lockheed
assumed that a rapid replacement of currently operating equipment will take
place in the 1970's; thus, they £forecast a declining flect size after that
period.

All of the forecasts described included the Concorde, the U.S. supersonic
transpoxt, and the Boeing 747. 1In those forecasts where specific aircraft
types were jdentified, the introduction of new aircraft types generally
included another short~range jet type, stretchad versions of the present
short~range jets, and some form of airbus. The question of whether or not
the supersonic transport will £ly over land affects the forecasts to some
extent because of its productivity but not greatly during the time periad
covered. The forecasts fall into two broad categories: (1) those with
constantly increasing fleet size (Boeing, Douglas, and FAA), and (2) those
which have a decreasing fleet size during some time period (General Electric
and Lockheed). They are summarized in Figures I-17 and I-18. To determine
what forecast to use for this study, a more detailed investigation of the
requirements for the latter part of the 1960's was made.

The determination of the fleet size for the latter part of the 1960's was g
approached by taking the "on~ordsx" aircraft delivery schedule as of year~ f
end 1965 and adding to that the current fleet minus the retiring propeller

aircraft. This placed a f£loor under the forecasts and gave & minimum

expected fleet size for any given year. In the past, committed aircraft

orders for future years have been less than the actual orders £11led during

that yeax. 7 Thig has been true even during years when deliveries of aircraft

35§oaing Traffic Forecast, op. cit.

36personal correspondence with J. A. Schwartz, Market Engineer, Leckheed~
California Company, Burbank, California.

37he data for this analysis was taken from Aviation Forecasts Fiscal Years
19671977, op. cit. The extent to which the "minimum fleet levels", as computed, :
varies from actual is illustrated by the year 1966. At year end, there were ;
2,272 aircraft in the fleet compared to a forecast minimum of 2,172, i
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Date

1963

1966
1967
1968
1969
1970

1971
1972
1973
1974
1975

1976
1977
1978
1979
1980

ATRCRAFT FORECASTS~-U.S. CIVIL AIR CARRIER

Boeing

2125

2265
2390
2505
2610
2695

2780
2850
2940
3005
3090

3180
3250
3330
3410
3485

Douglas

2125

2272
2390
2505
2610
2695

2770
2840
2900
2960
3020

3070
3115
3155
3195
3220

2125 2125
2337 2145
2366 2185
2400 2180
2540 2095
2700 1970
2875 1900
3000 1895
1935
2000
2085
3500 2155
2230
2315
2390
2470
Figure I - 17
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Minimum
Fleet
Lockheed Size Prop.
2125 2125 1400
2150 2172 1293
2210 2207 1000
2290 2267 747
2390 2276 683
2480 675
2565 681
2650 634
2730 610
2785 600
2800 585
2790 577
2770 5F0
2750 540
2730 520
2715 500
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have been delayed., The minimum fleet size thus derived was greater than
the General Electric forecast for all years and greater than the Lockheed
daircraft forecast for the early years. Because of this, it was felt

that one of the constantly increasing forecasts would be more likely
during the latter part of the 1960's. Since the introduction of the
Boeing 747 is planned for 1969 and the supersonic transport is expected
in the mid~1970's, it is likely that the growth rate of the fleet would
be declining during that period, as in the Douglas forecast, For these
reasons, the Douglas forrcast was selected as the basis for projecting
new hire requirements.

This forecast shows a continuaily increasing rumber of aircraft in the
fleet through 1980. This raises the questina of whether or not it will
be possible to continue to increase fleet size over this period. A
corollary question is whether or net the increases in traffic growth are
maintainable. Possible limitations to these forecasts do exist and were
investigated. The results of these investigations follow.

Possible Limitations on Future Growth

One area of possible limitations on future growth in aircraft traffic

is that of air traffic control. The air traffic controller's job is one
requiring tremendoug amounts of concentration, for he is expected to keep
track of all aireraft that are flying in the airspace controlled from

his center which are assigned to him at any point in time. The job
becomes increasingly difficult as the numbers of aircraft in any area
increase, This is especially true on the critical parts of a given flight,
prinarily when the aircraft is preparing for takeoff or landing. Thus,
the areas of greatest congestion (i.e., New York, Los Angeles, and Chicago)
are those with the greatest workload and density of traffic. There is
serious debate about how aggquataly the current system handles the traffic
under marginal conditions,.”® Much of this discussion centers on what changes
are necesgary to handlg the traffic until new display equipment can be
tested and installed.3? The problem is one of maintaining a pace with the
air traffic growth without overtaxing the system or the ability of the TAA
to support new systems.

A factor which complicates this is that the loads are extremely uneven from
area to area., It was pointed out above that the areas of highest traffic

3GBeck, Richard H., '"1200 RVR-~(leared to Land", The Airline Pilot,
August 1966, p. 9.

398tein, Kenneth J., "ATC Staff Training with Alpha~Numerics", Aviation
Week and Space Technology, 26 September 1966, p. 119,
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concentration are the areas of greatest concern. The areas with lower
traffic volumes have sufficiently lighter loads to cause great unevenness
in the total network. One frend that is partially offsetting this is the
increase in local service traffiec and cities served.?? In all likelihood,
this trend will continue as new short~range aircraft, such as STOL (Short
Takeoff and Landing) and VIOL (Verticle Takeoff and Landing), are perfected
and introduced in commercial service., Even proposed systems like those
which would locate traffic hub airports, for long stage~length departures,
ia relatively unpopulated areas require moving the passengers out of the
metropolitan areas to these hubs. Thus, there would still be a high degree
of congestion in the densely populated areas.

For the industry as a whole, it appears that the air traffic control system
will maintain a pace with reasonable growth rates. Only for extremely high
rates of growth (i.e., Boeing's "possible!" rate) would there be any problem
of saturation and limitations of traffic growth. If these levels were to
materialize, then the total number of required pilots would be reduced.
This possibility has been taken into account, in that potential limitations
on the growth can be translated into new hire requirements reductions by
reducing forecasts or changing the relitionship between factors.

Another form of congestion that could place a limitaticn on traffic growth
18 that of ground handling. Ground harndling, as used here, refers both to
the handiing of the aircraft on the ground, which affects turnaround times,
and that connected with the passenger, his luggage and the freight to be
moved by the aircraft. This is an area that needs much attention if it is
not to choke off the time savings once the aircraft is airborne. By the
time of the introduction of the Boeing 747, the systems must be capable of
handling up to 500 people per £1light, If major breakthroughs in techniques
are not developed and implemented pricr to this time, it will have cevere
impacts on the growth of air travel. It simply will not be a net saving of
time to go by air if it takes hours to get in and out of the aircraft and
to get luggage afterward. Some advznces are being made in this regard
concerning the handling of luggage. 1 Major advances have been made in
handling freight bg computerized sorting and storage systems and by
containerization.%

The smaller airports are no longer immune to the implications of this
potential bottleneck. In the past, it has been a relatively simple matter

40rhe growth rate in revenue passenger miles for the trunk lines in 1963-65
were 14.4, 14,8, and 17.6%, while those of tha local gservice carriers were 16.3,
20.1, and 16.8% for the same period. Source: CAB Handbook, op. cit.

41Gabm:n, R. F., "Air Transport Asgsociation of America Weighs Proposal to
Back High~Speed Baggage System™, Aviation Week and Space Technology, 23 January
1967, p. 40.

420pan Am Cargo Terminal Heavily Automated, Mechanized", Aviation Week
and Space Technology, 22 May 1967, p. 37.
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at the smaller fields because of the low frequency of sexrvice and the
relatively small number of pa=sengers. With the development of newer
ghort-range aircraft and the growth of local service traffic, this very
smallness tends to be a detriment to improvements in ground handling.

In this area, major changes are necessary to support even fthe composite
growth forecast, For the purposes of this study, the assumption has been
made that the improvements will be made in time to support the projected
passenger traffic levels. In the case of cargo, it has been in large
part the development of these newer handling systems that led to the
projections of such rapid growth.

A question related to that of passenger and freight congestion in the
terminal is that of passenger congestion outside the terminal. This
issue involves questions regarding the construction of new airports and
expanding old ones., It also involves questions of parking and access.
Considerable work is going on with regard toeach prong of this problem.
Efforts are being made to improve flows in existing facilities, and new
facilities are being planned.#3 It looks as though improvements will come
at a rate sufficient to support the forecast traffic levels.

The question of financing the new aircraft required to support the growth
has occasionally been railsed. %% Should this prove a diffic<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>