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The National Academy of Engineering was established in
December 1964, The Academy is independent and auto-
nomous in its organization and election of members, and
shares in the responsibility given the National Academy of
Sciences under its congressional act of incorporation to ad-
vise the federal government, upon request, in all areas of
science and engineering.

The National Academy of Engineering, aware of its
responsibilities to the government, the engineering com-
munity, and the nation as a whole, is pledged:

1. To provide means of assessing the constantly
changing needs of the nation and the technical resources
that can and should be applied to them; to sponsor programs
aimed at meeting these needs; and to encourage such engi-
neering research as may be advisable in the national
interest,

2. To explore means for promoting cooperation in engi-
neering in the United States and abroad, with a view to se-
curing concentration on problems significant to society and
encouraging research and development aimed at meeting
them,

3. To advise the Congress and the executive branch of
the government, whenever called upon by any department or
agency thereof, on matters of national import pertinent to
engineering.

4, To cooperate with the National Academy of Sciences
on matters involving both science and engineering,

5. To serve the nation in other respects in connection
with significant problems in engineering and technology.

6. To recognize in an appropriate manner outstanding
contributions to the nation by leading engineers.


http://www.nap.edu/catalog.php?record_id=20380

Foreword

The National Academy of Engineering established the
Aeronautics and Space Engineering Board (ASEB) in May
1967 to advise the National Aeronautics and Space Adminis-
tration (NASA) and other government agencies. In consulta-
tion with officials of NASA, the Department of Transporta-
tion, the Federal Aviation Administration, the President's
Science Adviser, certain interested committees of Congress,
and the National Aeronautics and Space Council, as well as
other government and private groups, the Board selected as
its first topic of study, '"Civil Aviation Research and De-
velopment: An Assessment of Federal Government Involve-
ment,'" The Board's report under that title was published
on August 13, 1968. It summarizes reports of six ad hoc
committees, including this report by the Committee on
Economics of Civil Aviation,

As background information for the reader of the com-
mittee reports, the most important conclusions and recom-
mendations of the Board are stated below (from pages v-vi,
summary report).

""The Board has concluded that in a favorable
economic climate civil aviation can continue to
flourish; in fact it can accelerate its beneficial
growth if a carefully conceived program of plan-
ning and research and development aimed spe-
cifically at the civil air transport system is
carried out,

"After considering the multiplicity of fac-
tors affecting the growth of civil aviation, the
Board concluded that the three most critical fac-
tors are (1) airport and support facilities, (2)
noise, and (3) air traffic control,

"The most important recommendation
of the Board pertains to knitting together
more tightly the civil aviation research and
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development activities of the Department of
Transportation, its major operating unit, the
Federal Aviation Administration, and the National
Aeronautics and Space Administration, and es-
pecially to dividing their responsibilities accord-
ing to capability. The DOT should provide the
leadership in conducting systems studies to
identify, analyze, and rank civil aviation goals

as well as the research and development needed
to attain these goals; NASA should be responsi-
ble for research and development in all the areas
of importance to civil aeronautics; the FAA
should, in addition to operating the airways net-
work, be responsible for the systems testing of
the resulting operational concepts and hardware,"

The Board's report also contained many detailed tech-
nical recommendations concerning research and develop-
ment needed to ensure the continued growth of civil aviation.
These pertain to most of the important areas of civil avia-
tion, including systems and the specific areas of flight ve-
hicles, aircraft operations, air traffic control, airport and
support facilities, economics, and noise,

The Board assigned detailed work to six ad hoc com-=-
mittees covering the above specific areas. Each committee
was composed of knowledgeable men from different parts of
the aviation community; their valuable contributions are
sincerely appreciated by the Board.

Board membership is listed in Appendix I, The Board
wishes to express its appreciation and indebtedness to a
large number of individuals beyond its membership with
whom it conferred. These are also listed in Appendix I,
The Board is indebted to the American Institute of Aero-
nautics and Astronautics, the American Society of Civil
Engineers, the American Society of Mechanical Engineers,
the Institute of Electrical and Electronics Engineers, and
the Society of Automotive Engineers for conducting special
studies, making available special reports, and identifying
members for participation in an advisory capacity. The co-
operation of these societies served to broaden the advisory
base,

The Board is particularly grateful for the valuable as-
sistance provided by the members of the Ad Hoc Committee
on Economics of Civil Aviation, who are listed on the
following page.
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Introduction

Organization for Conduct of the Economics of Civil Aviation Study

The members of the Committee on Economics were
selected on the basis of their knowledge and experience in
dealing with the various aspects of the economics of civil
aviation,

The chairman and vice chairman, both members of the
ASEB, brought to the committee their knowledge of the
fields of aeronautical research and development, transport,
corporate, and rotary-wing aircraft manufacturing, and ex-
perience as private pilots, Advisers were included from the
fields of economics, airline system planning and operations,
long-range passenger and cargo aircraft manufacturing,
transport operations, and private aircraft manufacturing.

Method of Conducting the Study

As a first step, the chairman asked each of the com-
mittee members to submit comments framed around an out-
line of various environmental elements affecting civil avia-
tion, such as noise, air traffic control, airports, and safety.
For each of these areas the committee was asked to review
the principal problems and current state of knowledge and
to recommend actions that should be taken to improve the
situation,

A special report on economics of civil aviation prepared
by the American Institute of Aeronautics and Astronautics
was reviewed by the committee, Other sources of informa=-
tion included the American Society of Mechanical Engineers,
the American Society of Civil Engineers, the Aerospace
Industries Association, and a recent study by the Transpor-
tation Workshop entitled "Air Transportation 1975 and Be-
yond, A Systems Approach."

Additionally, the committee noted a 1961 report on
national aviation goals (Project Horizon) sponsored by the

s T
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2 Introduction

Federal Aviation Administration, This report considered
many aspects of the economics of civil aviation; in the
opinion of the committee, most of these remain valid today.

From this information the chairman drafted a report
that was reviewed and approved by the members at a meet=-
ing of the committee,

The committee considered several problems related to
the economics of civil aviation and suggested actions that
should be taken by government agencies, with the assistance
of industrial or academic organizations in some instances,
to minimize or eliminate these problems.

Background

During the early phases of the ASEB study, the dis-
cussions by experts in the various fields of civil aviation
and the review of Senate Document No. 90, "Policy Planning
for Aeronautical Research and Development,' prepared by
the staff of the Library of Congress, identified major prob-
lems that are either already restricting the growth of civil
aviation or that are expected to limit its growth in the fu-
ture, Among the problems cited were congestion of the air-
ways and airports, with related traffic control difficulties,
safety, aircraft noise, and sonic boom associated with super-
sonic flights., Although attention has been given these prob-
lems, they still remain a potential retarding influence on
the growth of civil aviation,

The congressional report cited the importance of the
aeronautical system to the economy of the United States and
described the direct and indirect impact of civil aviation on
our society. As a substantial industry, aeronautics con-
tributes materially to the desired growth of the gross na-
tional product and to the general employment and prosperity
of the people. Air travel and other intermodal systems are
a major influence on urban patterns of development and land
use and must be considered in city planning and in beautifi-
cation and antipoverty programs. The air transportation
system is a major influence on the economic health of our
nation and it, in turn, is vitally affected by the nation's
economic health,
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Introduction 3
Scope of the Study

This report of economics of civil aviation should be
read with the recognition that other ASEB ad hoc committees
were active in the following areas:

Flight vehicles and airbreathing propulsion
Aircraft operations

Air traffic control

Airport and support facilities

Aircraft noise

The committee recognized that the problems and the
solutions considered by the other ASEB committees bear
on economics, whether the problems were technical, social,
political, or geographical in nature. The committee viewed
economics as the sum of the total environment, and thus the
recommendations made by other ASEB committees are
closely tied to economic considerations,

The committee considered aviation economics in the
context of a broad overview of the areas of interest to the
other ASEB committees and in a time frame of the next ten
years,

In many cases, the committee has suggested agencies
that it considered appropriate to carry out the recommended
actions or to participate in such actions, In its summary
report the Board generally chose to omit any such refer-
ences, thus giving the agencies concerned the option of de-
termining appropriate implementing activities,
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Discussion of
Problems and Recommendations

Results of the committee's study have been divided into
two major sections, The first, "General Considerations,"
presents views on the increasingly important role of civil
aviation in the national transportation system. The need for
establishment of goals and the relationship of civil aviation
to the national transportation system are discussed. The
second section, "Technical Considerations,' considers
various factors affecting the growth of civil aviation, which
are categorized to some extent in the technical areas covered
by the other ASEB committees,

GENERAL CONSIDERATIONS

Our modern society is in large part a result of trans-
portation; it, in turn, demands better means of transporta-
tion, Starting within the last half century, and accelerating
greatly within the last 25 years, air transportation of all
types — civil and military — has become a major element
in world affairs as an expression of national policy, corpo-
rate business policy, and individual personal policy. This
discussion will limit itself to consideration of the impact of
civil aviation on our modern society.

Impact of Civil Aviation on Society

Civil aviation is one of the major components of the
nation's domestic and international transportation system,
It both competes with and is complementary to surface

transportation.

Commercial Pas senger Aviation

Twenty-five years ago it was rare for a person to have
taken a trip by commercial aviation. This situation has
changed considerably as the following statistics show,

& B
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1, By 1961: 30 percent of the individuals in the United
States had used commercial aviation at least once, and these
individuals used commercial aviation an average of 1,07
times a year,

2, By 1966: 43 percent of the individuals in the United
States had used commercial aviation at least once, and these
individuals used commercial aviation an average of 1,28
times a year,

3. By 1975: 66 percent of the individuals in the United
States will have used commercial aviation at least once, and
these individuals will have used commercial aviation an
average of 1.44 times a year.

Commercial passenger aviation has successfully com-
peted with commercial passenger surface transportation
until it now carries the bulk of long-distance common-
carrier passenger traffic, Figure 1 shows the past trends
and estimates for the future use of the various modes of
commercial transportation. It has now reached the point
where the sheer bulk of commercial passenger aviation is
beginning to inhibit further growth, There are already limi-
tations on aircraft operations in the total environment; limi-
tations in the air traffic control system, particularly at the
high-density hubs; limitations in airport and support facili-
ties — both for the air vehicles and for the passengers who
have the problem of crossing multiple interfaces between
the air vehicle and the other modes of travel required to
get to their destinations; and limitations because of noise
generation,

Solution of these self-generated problems is essential
if the present growth of commercial passenger aviation is
to continue, A decline in the growth rate of commercial
passenger aviation would result in widespread economic
problems. The first to be affected would obviously be the
airline operators, but eventually the impact would be felt by
the public and the entire nation. Such an impeding effect on
national business transactions and productivity would even=-
tually be reflected in a reduced gross national product.

Commercial Cargo Aviation

Commercial passenger aviation, however, is only one
part of civil aviation., Commercial cargo aviation presently
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does not have the overall economic value of the passenger
activity, but it is one of the fastest growing parts of com-
mercial aviation.

The transportation of goods is one of the most evident
features of our modern society and is vital to the continuing
economic growth of the nation. There has been a consistent
yearly increase in cargo transportation over the past 25
years. Air cargo transportation accounts for a small but
increasing portion of the total movement of goods in the
United States. The percentage of air cargo transportation
is expected to increase by more than a factor of 5 over the
next ten years, as shown in Table 1.

Table 1

Cargo Transportation

Year Total Cargo per Capita Air Cargo per Capita % Air Total
1966 9,000 ton miles 10.8 ton miles 0.12
1975 11,300 = 12,300 ton miles 75.0 ton miles 0.66-0.61

Air vehicles are becoming available that can make these
projections come true; but the factors inhibiting such con-
tinued growth are essentially the same, except for some
differences in detail, as those that are now starting to limit
expansion of commercial passenger aviation. With society's
increasing dependence on more sophisticated and higher-
valued products, it is obvious that a slowdown in the growth
of commercial cargo aviation should be avoided if at all
possible because of its serious effect on the economy of the
nation,

General Aviation

There is widespread recognition of the growing im-
portance of commercial aviation to the national economy.
However, the fastest growing sector of civil aviation is not
commercial aviation, but general aviation.* It is estimated
that the general aviation fleet will grow from 95,000 aircraft
in 1965 to over 180,000 in 1977, But this is not the only in-
dicator of general aviation growth,

*General aviation includes private, corporate, executive,
and air-taxi aircraft,
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Historically, general aviation has accounted for a
relatively small but rising proportion of en route instrument
flight rules (IFR) traffic. The number of IFR aircraft
handled - that is, the total of radio contacts for departure,
landing, and transfer of aircraft between traffic control
centers - is one measure of IFR activity. In fiscal year
1966 the number of general aviation aircraft handled rose
to 1.7 million, representing 13 percent of the total, up 35
percent from the number handled in fiscal year 1965 and
approximately double the number handled in fiscal year
1962, The continuing growth and upgrading of the general
aviation fleet, particularly as turbine-powered and other
more fully instrumented aircraft enter into service, should
result in a further rise in IFR flying by general aviation.
The forecast for fiscal year 1977 is for approximately 9.0
million general aviation IFR aircraft handled, a more than
fivefold increase over that of fiscal year 1966, This rate of
increase is almost double that forecast for similar opera-
tions by commercial air carriers,

This increase will be a result of the demands of the
nation's economy and the changing geopolitical character of
the nation, General aviation also plays a part in energizing
the national economy and in providing the means of modify-
ing the geopolitical aspects of the country,

The United States has moved, just in the twentieth cen-
tury, from a primarily rural country to a primarily urban
one with masses of population and industry concentrated in
a few large geographical areas. This has been made possi-
ble by the very high degree of mechanization of our agri-
culture, which has produced an increasing abundance of
agricultural products while the percentage of the population
engaged in agriculture has been continually declining. The
result is the highest industrialization and standard of living
of any country in the world and an economic capability to
support greatly improved transportation of all types, which,
in turn, is essential to the continuing economic growth and
high standard of living of the country.

However, industry has recognized that continued crowd-
ing into large densely populated centers inhibits industrial
growth, As a result, for the last two or three decades, in-
dustry has found it necessary to decentralize its activities
to some extent in order to find the proper work force, fa-
cilities, and economic conditions needed for the production
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of more numerous and more sophisticated industrial goods.
With the increasing decentralization of factories out of
metropolitan areas and the continued growth and diversifi-
cation of corporations in the United States, there is a grow-
ing need for corporate communication, Electronic commun-
ication helps, but it is far from adequate and must be
reinforced by face-to-face communication. More and more
corporations are finding that the most effective way to solve
this problem is to use corporate aircraft. The ever-widen-
ing use of aircraft such as the '"business jet" affords better
corporate control by higher-level people, and at the same
time it permits company officials to spend more time at
corporate headquarters — and with their families. From
all indications this trend will continue, By 1975 the busi-
ness aircraft fleet is expected to approximate 33,000 air-
craft including about 7,500 turbine-powered multiengined
types,

These factors have resulted in a general increase in
all forms of transportation, and air transportation has ac-
counted for a major portion of the increase because of its
time-saving feature. Most of the longer-haul air passenger
transportation is by commercial carrier. However, it is
being found that it is often quicker to go from one outlying
location to another outlying location by using corporate or
private aircraft. In addition, many travelers from outlying
locations need to travel to the population centers to take
advantage of commercial aviation for long trips. With sur-
face transportation becoming increasingly congested in the
hub areas, such travelers are making more use of corporate
or air-taxi aircraft to move to and from major air termi-
nals, Air-taxi and commuter airline operations are now
one of the fastest growing segments of general aviation and
are transporting an increasing percentage of the passengers
using commercial aviation.

Another reason for the growth in nonairline aviation
arises from the fact that the scheduled airlines serve only
523 points, whereas there are almost 10,000 airports in the
United States, It is interesting to note that 45 percent of all
U.S. commercial airline passengers enplane at 10 cities,
and 96 percent enplane at 142 cities. The United States has
211 metropolitan centers of over 50,000 population, but 14
of these are not certified for scheduled airline service,

One third of the nation's people live in cities of less than
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10,000 people or in rural areas, but only 60 cities of this
size are now certified for scheduled airline service. Forty
cities have lost airline service in the last few years, and 20
more are on a basis of "use it or lose it."

Corporate and private aircraft have been criticized as
adding considerably to problems of air traffic control and
airport and support facilities. This is true primarily at
the few large air terminals handling a major portion of
commercial aviation operations, At these hubs it appears
to be essential and in the interest of commercial aviation to
provide adequate facilities to get the air-taxi passenger to
the hub airport and to and from commercial aviation air-
craft, The nonairline passenger generally would prefer not
to go to the hub airport, and if suitable alternative facilities
were provided to permit him to get easy and rapid air trans-
portation to his final destination, he would use these other
means, The facilities are required at a few major air ter-
minal hubs now, and as civil aviation continues to grow, such
provisions must be made a basic part of the planning for ex-
panded or new air terminals.,

Aside from the corporate and air-taxi elements of
general aviation, there is a considerable amount of private
aircraft activity in areas such as agriculture, flight in-
struction, and recreational flying. Seldom do any of these
activities have significant interaction with commercial avi-
ation, unless convenient secondary airports are not availa-
ble in a hub area. Agricultural and flight instruction air-
craft normally use the air traffic control system only to a
limited extent, and usually at airports that are outside the
hub areas. Private flying for recreation is making increas-
ing demands on air traffic control facilities for operations
under IFR conditions, but generally such aircraft are flown
at the lower altitudes that are no longer used by commercial
aviation aircraft.

V/STOL Aircraft in Civil Aviation

Thus far the discussion has concerned itself primarily
with conventional takeoff and landing (CTOL) aircraft, which
account for most of the current civil aviation activity. There
is, however, growing use of vertical or short takeoff and
landing (V/STOL) aircraft in civil aviation,

Up to the present time the primary use of this type of
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aircraft (e.g., VTOL aircraft of the helicopter type) has
been in general aviation, mainly for short interplant trans-
portation of passengers and cargo and for such general ac-
tivities as support of offshore oil drilling sites, assistance
in construction activities, and emergency use., Their use

in commercial aviation is presently limited to intracity
short-haul transportation of passengers and cargo between
population centers and their related hub airports or between
airports in a hub area for connecting commercial aviation
passengers,

With increasing ground traffic congestion in population
hub areas, it appears that it is becoming economically de-
sirable for commercial aviation to expand its use of either
VTOL or STOL aircraft, for both intracity and interairport
transport. It is interesting to note that although the long-
haul portion of commercial aviation accounts for most of
the passenger miles (75 percent of the passenger miles are
developed by trip lengths of 600 miles or more), the short-
haul portion carries most of the passengers (more than 50
percent of the air passengers travel 500 miles or less),
Table 2 shows the number of passengers traveling at the
shorter distances in 1965.

Table 2
Percentage of Passengers Traveling 500 Miles or Less
Trip Length % of Total Passengers
Less than 100 miles 1.9
Less than 200 miles 15.0
Less than 300 miles 30.8
Less than 400 miles 43.1
Less than 500 miles 51.8

Much of the present congestion is caused by short-haul
traffic flow at major airport hubs. If a reasonable amount
of this short-haul traffic could be operated from city-center
to city-center instead of airport to airport, the air traveler
would benefit from more convenient travel and reduced trip
time, VTOL transport development is beginning to show
acceptable economic characteristics for ranges of about
200 to 300 miles, Removal of this portion of short-haul
passenger traffic from our major airports would signifi-
cantly reduce airport congestion and thus improve longer-
haul operations from those airports.
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The committee viewed these statistics as indicative of
the increasing importance of civil aviation to the economic
growth and strength of the nation. At the same time, the
committee recognized that if civil aviation is to continue
to grow, many problems = both economic and technical in
nature — must be solved.

Analysis of the National Transportation System

It would not be out of order to say that the future of civil
aviation, in its several parts, bears directly on the economic
aspects of civil aviation. Many economic problems involved
in civil aviation need to be solved in the next few years if
air transportation is to continue its rapid growth and its in-
creasingly important role in the economic development of
the nation,

Economics implies a cost-benefit relationship so that
modern methods of systems analysis should be useful in
basic economics investigations. It does not seem feasible
initially to model the total national transportation system in
all of its infinite detail. However, modeling to provide
frames of reference appears reasonable with today's ana-
lytical tools. Subsequently, more detailed modeling of indi-
vidual elements of the transportation system, such as civil
aviation, may be feasible, As a further breakdown, model-
ing of certain subelements of the civil aviation portion of
the total transportation system may be useful, It should be
cautioned that although system analysis of subelements,
such as airport and support facilities, is most desirable,
the system analysis for such elements must be specially
handled, to provide for both their common interface with
the other elements of the civil aviation system, as well as
their special and different interfaces with each local trans-
portation system,

National Transportation System Goals

If anything meaningful is to be obtained in the area of
economics of civil aviation, it first appears essential to
establish a framework in which to consider civil aviation,
Civil aviation is part of the national transportation system;
thus, it is most desirable to relate the goals for the civil
aviation system to the goals of the national transportation
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system.* Going one step farther, it is obvious that the na-
tional transportation system must have goals that are com-
patible with the goals of the nation. It is recognized that
establishment of these planning guides may be difficult and
it may be possible to derive only general statements of ob-
jectives, Nevertheless, such statements are necessary to
give meaning to recommendations for improving all aspects
of civil aviation considered by the ASEB in its study.

It is essential that the goals for the national transporta-
tion system be formulated to provide a general long-term
guide for the development of the system and its component
parts., It thus appears that the first general area of effort
concerned in the economics of civil aviation should be:

The establishment and statement of the long-term
goals of the national transportation system as related to
the goals of the nation.

e It is recognized that the statement of these goals will
be subject to modification from time to time as the financial,
political, and technical conditions change within the country.
However, it appears most desirable that a reasonably firm
statement of the goals should be established for the period
at least through the 1970's.

® Much information is available that can be useful in es-
tablishing the goals of the national transportation system,

It is to be hoped that the DOT will make full use of this in-
formation although it may need to be categorized and codi-
fied as a basis for establishment of the transportation goals.
® With the capabilities and techniques that have been de-
veloped in the last several years, it is to be hoped that the
stated goals will be the result not only of pious hopes and
random ideas but of broad-gauge system analysis, If the
DOT does not have within its organization the full capability
to perform such analyses, it should arrange to use existing
capabilities of other governmental departments or to

*During the time that the Committee on Economics of Civil
Aviation was making its study and preparing this report, the
DOT was engaged in formulating a statement of goals and
objectives for the department. The DOT goals and objectives
document was published on May 13, 1968, after this report
was drafted. The committee's views on this subject should,
therefore, be read with the understanding that they were de=-
veloped before the issuance of the DOT document,
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contract with universities or other nongovernment organi-
zations having special competence in this type of systems
analysis,

e The government's role in this area is primarily that
of collecting, collating, and making available the basic in-
formation in the field of transportation and providing neces-
sary financing for a systems analysis as a basis for estab-
lishment of sound transportation goals for the 1970's, The
government departments primarily involved are the De-
partment of Transportation, the Department of Commerce
(DOC), and the Department of Defense (DOD). In addition,
information may be obtained from many other sources, in-
cluding the Civil Aeronautics Board (CAB) and the Inter-
state Commerce Commission, Information is also avail-
able from various industrial organizations dealing with both
surface and air transportation, as well as from certain
individual operators and manufacturers in this field,

Civil Aviation and the National Transportation System

Subsequent to establishment of the long-term goals of
the national transportation system, the relationship of civil
aviation to the national transportation system should be
determined, This should include the major elements of
civil aviation, including commercial (passenger and cargo
operations) and general aviation (including private, corporate,
executive, and air-taxi operations)., The driving forces for
each of these elements have much in common, but they also
have very significant differences. As a result it would
appear that the second general area of effort in the econo-
mics of civil aviation should be:

The determination of the relationship of civil aviation
to the national transportation system,

e The basic correlative factors for the several elements
of civil aviation within the national transportation system
should be determined. Estimates should be made of how
these elements will tend to change for the period through
the 1970's, assuming that there are no inhibiting factors.
Projections of transportation costs, gross national product,
discretionary income and leisure time, and future geo-
political changes should be made and evaluated in such a
study,
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e Information on past trends of these elements is avail-
able, The determinant effect of each such element should
be assessed in terms of its impact on civil aviation relative
to the national transportation system.

e Aerospace manufacturers, airline operators, consulting
organizations, academic institutions, and government agencies
all have some insight on the specific relationships of the
various elements of civil aviation to the national transporta-
tion system. It appears, however, that an attempt should be
made to systematically analyze and correlate the effects of
these basic factors on the potential growth of civil aviation
in the United States,

e The primary responsibility for gathering available in-
formation for a systematic analysis should rest with the
DOT, with help from the CAB and other government or in-
dustrial organizations having relevant data. The analysis
and correlation might be done within the DOT or under con-
tract with either academic or "think tank'' institutions. The
basic information and results of the analysis should be made
available on a timely basis to the civil aviation industry, in-
cluding operators, manufacturers, and consulting organi-
zations,

TECHNICAL CONSIDERATIONS

Turning from broad issues, the committee identified
and discussed from an economic point of view the several
factors that could affect the continued growth of civil
aviation. The technical areas considered here are dis-
cussed in more detail in the reports of the other ASEB ad
hoc committees noted in the introduction to this report. In
this section the committee offers guidance on the role of
government agencies in the study of the economic aspects
of these problem areas and suggests actions that might be
taken to initiate investigation of these factors.

Factors Affecting the Growth of Civil Aviation
Civil aviation is developing to the point where certain

factors may either inhibit or limit the further development
of civil aviation during the 1970 to 1980 period. In order
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that government organizations such as NASA can apply their
research and development efforts more effectively to
solution of the problems that may inhibit or limit the growth
of civil aviation, it is necessary to consider the cost-benefit
relationships involved in the solution of these problems,

The committee concluded that the primary productive, in-
hibiting or limiting factors affecting civil aviation during
the 1970's include the following points.

Financing

Several elements must be considered. Financing of
airborne equipment requires the investors to be reasonably
assured that the operators of the equipment will be able to
repay the financing with suitable return, Financing is also
dependent upon the welfare of the national industrial com-
munity being such as to permit purchase of aircraft for
general or corporate use, Another element is the influence
of discretionary income on the purchase of smaller air-
craft for private use. The future of various types of air
transportation, whether CTOL or V/STOL, will depend upon
the feeling of the financial community as to the probable
economic feasibility of such operations, There also are the
general financial requirements for the continued develop-
ment of advanced flight vehicles and propulsion systems,
airports, air traffic control systems, and other elements
that make up the air transportation system. The area of
financing could be an inhibiting or even a limiting factor
in the continued development of civil aviation during the
1970's, An analysis should be made to ascertain the cost-
benefit aspects of the financing of major civil aviation
operating systems and to determine the elements that
might limit civil aviation growth.

Flight Vehicles and Propulsion Systems

The development of new flight vehicles and their re-
lated propulsion systems continues apace because it ap-
pears that overall markets will justify financial support of
these developments by private capital. The supersonic
transport development has been considered to be beyond
the financial capabilities of the private sector of the
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economy, and as a result this development is being
guaranteed by the federal government. There may be other
areas where this government guarantee will apply. For ex-
ample, if inter- or intracity operation of VTOL-type aircraft
appears to have a proper cost-benefit effect on the overall
transportation system, it could well be within the policy of
the government (considering its previous attitude toward
transportation) to provide assistance in the form of sub-
sidies for a limited period of time to encourage development
and operation of VTOL aircraft until that system becomes
financially self-supporting. We can look forward to con-
tinued improvement in quality of transportation as well as
continued reduction in cost of transportation as measured

in real dollars. Continued development to improve the
operating efficiency of flight vehicles and propulsion sys-
tems appears to be mandatory to counter some of the in-
hibiting factors that may develop during the 1970's,

Aircraft Operations Problems

Expanding areas of operation and increasing numbers
of aircraft in civil aviation use make air safety a matter of
growing concern. The hazards of air collisions or clear air
turbulence can have a definite economic effect on civil
aviation, Solution of the collision avoidance problem ap-
pears to be technically feasible, but information is needed
to determine the amount of effort that should be made in this
area and its cost-benefit relationship. Atmospheric tur-
bulence is under continuing study, but again information is
needed on the amount of benefit to be gained from the effort
expended. All of these factors should be subjected to cost-
benefit analyses as a basis for decisions on the proper level
of support needed to develop solutions for the operational
problems resulting from greatly increased civil air traffic,

Air Traffic Control System

The capacity of the air traffic control system is of in-
creasing concern as the volume of air traffic increases.
The present air traffic control system is becoming a
limiting factor for civil air operations in high-density air
traffic areas. At the present time there are only five or
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six of these high-density problem areas in the country. By
1980 (if air traffic growth is not impeded by other factors),
it is predicted that there may be as many as 20 high-density
traffic areas in the United States, Unless steps are taken to
improve the control and expedite flow of air traffic into and
out of these hub areas, the increasing delay and cost will
seriously inhibit the growth of civil aviation., Studies should
be made to develop cost-benefit relationships and determine
the areas in which effort should be applied to provide opti-
mum improvement for the money expended.

Airport and Support Facilities

It is unfortunate that in the United States the general
problem of airports—including access, terminal facilities,
parking, and other factors involved in air travel—has been
handled too late, in a piecemeal and relatively ineffective
manner, at least as far as the major air hubs of the country
are concerned. Inadequate facilities are limiting air
operations at certain major hub airports now, Access and
egress, passenger processing, and baggage handling are
becoming more difficult. With the increased flow of air
traffic anticipated by 1980, problems can be expected to be
much more serious, There are definite inditations that
unless aircraft operators adopt schedule changes practices,
unless the government improves its air traffic control
procedures, and unless provisions are made for compatible
operations by both commercial aircraft and general aviation
aircraft (including VTOL or STOL aircraft used in feeder
operations), this situation will continue to get worse and will
become an inhibiting if not a limiting factor in civil aviation
growth, This situation needs to be analyzed to some extent
in general, but at each of the major hubs where this can be
expected to be limiting through the 1970's, specific analyses
must be made of the interfaces within the local transporta-
tion system. Remedial action must start very soon if civil
aviation is not to be limited by outdated and overloaded
airport facilities,

Aircraft Noise

Power creates noise, and aircraft, in general, are
using more and more power. Studies are underway in
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many areas to learn how aircraft noise might be reduced.
Noise abatement is one area in which NASA can play a large
part by continuing and expanding fundamental studies on the
causes of aircraft noise as the basis for design of quieter
aircraft engines. Aircraft noise can be controlled to some
extent by changes in flight pattern, but this has a degrading
effect on the economics, efficiency, and, sometimes, safety
of air operations. The determination of the mechanism of
noise, in order to do a better job of controlling noise, is
obviously an important matter. Premature legislation to
regulate aircraft noise levels can do a great disservice,
not only to civil aviation but to the country as a whole., A
better scientific understanding of the mechanisms of air-
craft noise generation, propagation, and suppression is re-
quired before realistic restrictions can be applied to abate
the noise of aircraft, Reductions in aircraft engine noise
can be achieved but not without appreciable cost, It is im-
portant, therefore, to have a cost-benefit analysis made in
the area of aircraft noise to determine the best combination
of technical and operational steps that can be taken to
achieve the desired reduction in aircraft noise,

Recommendations

Study of the various productive, inhibiting or limiting
factors is currently underway, and technical effort is con-
tinuing to develop solutions to the problems besetting civil
aviation., Much consideration is also being given to the
problem of financing. The multiple cost-benefit analyses
that have been recommended should be designed to rank each
of these areas in order of importance and identify the areas
offering the most benefit from the available resources.
Analysis of trends in business and technical research and
development as well as assessment of the contribution of
the areas discussed are needed to determine the extent of
effort that should be applied in each area. In addition, an
attempt should be made to determine which of the factors
are likely to inhibit or delay progress and which might
represent a totally limiting barrier to the growth of civil
aviation.

From the overall standpoint, the DOT has the prime
interest in seeing that the analyses are carried out.
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Information and assistance will be required from NASA, the
FAA, the DOD, the civil aviation industry, and the financial
community. The multiple system analyses should be per-
formed by personnel from within the DOT if they are avail-
able. Otherwise, other departments of the government or-
ganizations having systems analysis capabilities might
undertake the studies with support and direction by the
DOT. Information from such studies should be made
available to the civil aviation industry for its guidance in
working out solutions to specific problems within the overall
framework, It is emphasized that, in the committee's view,
such analyses should precede any regulatory action by the
government on matters involving civil aviation in order that
the effects of such regulations or controls can be properly
assessed.

The role of the government should be to direct and sup-
port the analyses to ensure an unbiased study and report,
If basic problems in the technical areas are disclosed (such
as aircraft noise, air traffic control, or airframe and
engines), the government, preferably through an organiza-
tion such as NASA, should be prepared to finance the neces-
sary basic research and make the results available to the
aviation industry. The basic work should be done well
ahead of the expected time of application; it is relatively in-
expensive when done this way., The applied work in practically
every case should continue to be conducted by the private
sector of the nation. This envisions, in effect, restoring
the excellent working relationship that existed between the
National Advisory Committee for Aeronautics (before it
became NASA) and the private sector of American industry,
and which contributed significantly to the preeminent
position of the United States in world aviation.

Suggested Actions

Throughout this report the committee has made frequent
reference to the need for cost-benefit analyses of the various
factors affecting civil aviation, To illustrate the type of
information and the actions that the committee believes are
necessary to conduct such studies, the following examples
are suggested.
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Comprehensive Information Systems

Comprehensive and current information on traffic and
economics (including interchange of information between
military aviation and commercial-general aviation) are
needed to support the systems analysis method. A suggested
approach is to acquire for commercial and general aviation
(United States and international) historical and projected
information on passenger, cargo, and mail movements, cover-
ing origin-destination and mode and type of travel (i.e., busi-
ness or nonbusiness) or type and size of cargo.

Data on historical and projected movements of air-
craft are also required, including aircraft size and speed
characteristics and time-of-day distribution. This must
include interactions among general, commercial, and military
aircraft movements,

The DOT, through its FAA, would appear to be the logi-
cal government agency to take the lead in establishing and
coordinating this activity. Other government agencies that
would be involved include the DOC, the DOD, and the CAB.

In this connection, it was noted that CAB Form 41, "Uniform
System of Accounts,' might be a useful source of informa-
tion if its data were computerized and revised to show cost
by time and flight cycles and maintenance cost elements seg-
regated in accordance with Air Transportation System
Specification 100 or an equivalent specification,

Cooperation Between Civil and Military Aviation
Activities

Increased joint effort between civil and military aviation
appears necessary to provide as broad a data base as pos-
sible for an analysis of the air transportation system. More
attention should be given to cooperation in developing
power plants, airframes, and aeronautical systems and in
blending compatible design requirements. There should
be continuing and increasing coordination between the
civil and military activities engaged in air cargo transport
activities, including the Air Force Military Airlift Com-
mand and the Civil Reserve Air Fleet (CRAF) program.
Greater military representation at airline and general
aviation meetings should be encouraged as a means of
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fostering a better understanding of common problems and
development of compatible solutions,

Government agencies most concerned with the above
civil and military air transportation activities include the
DOT, the DOD, and NASA. The views of the aviation com=-
munity outside the government could be obtained through the
organizations representing the various elements of the
aerospace industry and commercial aviation,
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