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Foreword

In January 1982, shortly after OTA had concluded an assessment of the airport
and air traffic control system, the Federal Aviation Administration released the 1982
National Airspace System (NAS) Plan. The Transportation Subcommittee of the House
Committee on Appropriations asked that OTA undertake a review of the NAS Plan,
building on the results of the assessment that had been carried out at their request.

OTA’S approach to conducting this review was to examine the NAS Plan at two
levels—the adequacy of the plan as a whole and the appropriateness of the specific tech-
nologies selected by FAA for implementation. Our aim was to make a balanced assess-
ment—pointing out those parts that are commendable and supported by the aviation
community while also identifying alternatives that merit consideration and indicating
aspects of the plan that could be improved. In so doing, it was our intent to assist the
congressional review process and to make a constructive contribution to the generally
shared goal of modernizing and improving the air traffic control system in the years
to come.

In conducting this review, OTA held extensive consultation with representatives
of the aviation community and with technical experts in the fields of computer and com-
munication technology. Workshops on aviation growth forecasts and air traffic control
technology were held, and a z-day conference of aviation experts was convened to eval-
uate FAA’s planned modernization of the National Airspace System. The results of this
consultative effort combined with analysis performed by OTA staff and the work car-
ried out in the previous assessment form the basis for this OTA report.

In all, some 60 persons from outside OTA took part in the review of the NAS Plan.
Their contributions were remarkable both for their depth and richness of insight and
for the diversity of opinion on the strengths and weaknesses of the plan. We accept
full responsibility for the analysis presented here, but acknowledge our debt to those
who contributed so freely of their time and effort on our behalf. We are particularly
grateful to the Congressional Budget Office for their assistance in analyzing traffic
forecasts and funding issues.
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EXECUTIVE SUMMARY

The National Airspace System Plan (NAS Plan)
released by the Federal Aviation Administration
(FAA) in January 1982 outlines the agency’s most
recent proposals for modernizing the facilities and
equipment that make up the air traffic control
(ATC) system. The plan attempts to integrate the
various improvements into a single long-range
program that addresses major shortcomings and
reduces costs of the current system. Viewed on
this high level—as a statement of policies, goals,
and directions—the NAS Plan is to be com-
mended as a significant and even bold step com-
pared with past FAA efforts to chart the future
evolution of the system.

The national airspace system is a “three-legged
stool” made up of airports, the ATC system, and
procedures for using the airspace. While all three
need to be improved in an integrated fashion, the
NAS Plan deals with only one leg—the ATC sys-
tem. OTA’S assessment of the airport and ATC
system found that lack of airport capacity—not
ATC technology—will be the principal limit on
the growth of aviation. The NAS Plan acknowl-
edges that “capacity limitations at busy airports
will be the constraining element” in the system,
but it concentrates on ATC technology, and most
of the proposed improvements are directed at
modernization of the en route, not the terminal
area, portion of the system.

FAA does intend to address the problems of air-
ports and airspace procedures. A revised plan for
airport development is to be issued later this year.
FAA has also just begun a National Airspace Re-
view (NAR), a 42-month effort that will reexam-
ine the rules and procedures governing the use of
the airspace. Still, by issuing first a plan for mod-
ernizing ATC technology, without waiting until
the other efforts have more thoroughly defined
needs in the area of airports and airspace proce-
dures, FAA may be placing too much emphasis
on technological solutions. This perception is rein-
forced by the NAS Plan itself, which gives first
priority to improved technology for the en route
system by the late 1980’s. There is little apparent
advantage in seeking to move en route traffic
more expeditiously only to have it encounter de-
lays in terminal areas, where capacity improve-

ments are not scheduled to be made until the early
1990’s.

With these reservations, the FAA plan for ATC
system improvements is comprehensive. The pro-
posed changes are technologically feasible, and
they are consistent with the goals of increasing
safety and productivity and accommodating fu-
ture growth. Providing capacity to accommodate
anticipated growth was a principal factor in devel-
oping the NAS Plan, although other factors were
also involved—increased reliability, safety, pro-
ductivity, and fuel savings. Still, the technological
strategy and implementation schedule appear to
have been driven by forecasts of aviation growth
and near-term capacity problems at en route cen-
ters. FAA traffic and workload forecasts have
tended to be too high in the past, however, and
in some cases technological alternatives that might
be equally effective or less costly than those se-
lected by FAA appear to have been rejected be-
cause of the anticipated rate of growth in demand
for ATC services. OTA’S review of the NAS Plan
suggests that FAA forecasts may not be a useful
guide to long-term planning and investment, and
that some of these technological options may
therefore warrant reexamination.

In the area of en route computer replacement,
for example, some believe it would be prudent to
adopt a strategy for interim steps to be taken in
the 1980’s that imposes no constraints on the de-
sign of the new system that will serve for the
1990’s and beyond. FAA’s proposed approach is
to “rehost” the existing software on new comput-
ers, and then to develop new software to run on
the host computers for use with the advanced sec-
tor suites to be installed by 1990. Several experts
have told OTA that this approach might limit the
options available in designing the new system. In
their view, any interim host would have to be
replaced when the new system comes on line. FAA
admits this possibility, but maintains that the in-
tent is for the host computer to serve as the basic
processor for the ATC system until well into the
1990’s. An alternative short-term approach would
be to make selective enhancements to the present
technology —i.e., upgrade the current computers
in the centers where capacity problems are

3



4 ● Rwiew Of the FAA 1982 National Airspace System Plan

expected—in combination with economic or regu-
latory approaches to demand management, while
proceeding without delay on a parallel effort to
develop by 1990a totally new ATC system design
that makes best use of technologies then available
and that will serve until beyond the turn of the
century.

As a blueprint for the modernization of the
ATC system, the 1982 NAS Plan does not pro-
vide a clear sense of the priorities or dependencies
among its various program elements. Nor does
the plan deal explicitly with contingencies or
delays caused by engineering problems or by the
possible deletion of some elements due to budget-
ary constraints. Given the complexity and magni-
tude of this undertaking, FAA may have set itself
an overly ambitious schedule for implementing
the proposed improvements.

OTA’S review of the 1982 NAS Plan has also
identified the following specific findings and
issues:

●

●

Growth. —FAA’s traffic forecasts have been
too high in the past and there are questions
about the methodologies and assumptions
underlying the projections on which the NAS
Plan is based. Overestimation may have led
FAA to foreclose technological options and
accelerate the implementation schedule un-
necessarily. It may also have led FAA to
overestimate the user-fee revenues that will
be available to pay for the proposed im-
provements.
En Route Computer Replacement. —FAA’s
option analysis issued in January 1982 sup-
ports upgrading the 10 en route computers
that face capacity problems. ’ The NAS Plan,
released at about the same time, calls instead
for replacing the computer hardware (called
rehosting the software) in all 20 centers as
a part of a long-term plan to increase produc-
tivity and reliability as well as capacity. OTA
does not find persuasive the reasons ad-
vanced by FAA for rejecting the previously
preferred option of upgrading only selected

I Federal Aviation Administration, “Response to Congressional
Recommendations Regarding the FM’s En Route Air Traffic Con-
trol Computer System, ” report to the Senate and House Appropria-
tions Committees pursuant to Senate report 96-932, DOT/FAA/
AAP-82-3,  January 1982.

●

●

●

en route centers. In addition, the choice of
a host computer now may limit the options
available to the contractor for the sector suite
and software. OTA conferees were sharply
divided in their views on this question. Some
felt that the choice of a host computer now
might limit future ability to benefit from a
distributed computer architecture, local area
networking, and new techniques in software
development. Others believed that, if the
host is chosen judiciously, the transition to
a new system embodying these advanced and
desirable features could be made without dif-
ficulty.
Automation. —While the NAS Plan envisions
substantial cost savings due to extensive au-
tomation, supporting analysis is not provided
in the plan. This analysis is probably still in
progress and may take some time to com-
plete, but it would be useful for the interim
results to be made available to assist in con-
gressional review of the automation portions
of the overall plan. In addition, there is con-
cern on the part of some experts about the
ability of human operators to participate ef-
fectively in such a highly automated system
and to intervene in the event of system er-
ror or failure.
Satellites. —Satellite technology has signifi-
cant potential applications for communica-
tion, and eventually for surveillance and nav-
igation. FAA does not see a role for satellites
in the period covered by the NAS Plan.
FAA’s decision against satellites appears to
have been driven by timing and present cost
effectiveness, rather than technology readi-
ness or long-term system advantages.
User Effects. —A great many of the proposed
ATC system improvements are directed to
the needs of traffic operating under the in-
strument flight rules (IFR), particularly while
en route at cruise altitude. These improve-
ments will benefit FAA itself by automating
functions and reducing labor costs. The prin-
cipal beneficiaries among users will be air car-
riers and larger business aircraft. Personal
general aviation (GA) users could receive im-
proved weather information, an important
benefit; but in order to obtain this benefit and
other operational advantages of the new sys-
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●

tern, more avionics will be required, and
there would be restrictions on access to air-
space by aircraft not so equipped. The De-
partment of Defense (DOD) too, is concerned
about the cost of new ATC avionics and feels
that the new plan must be carefully coor-
dinated with the military services to ensure
that their mission needs and responsibilities
for administration of the airspace are in-
tegrated with those of FAA.
Cost and Funding. —Implementing the im-
provements proposed in the 1982 NAS Plan
would more than double FAA’s facilities and
equipment budget through 1987, compared
to the last 10 years. FAA has not yet released
cost estimates for completing the proposed

programs, but it seems likely that expendi-
tures of like magnitude will be needed in the
years beyond 1987. FAA proposes to recover
85 percent of its total budget through user
fee revenues and a drawdown of the uncom-
mitted Trust Fund balance. The user fee
schedule would perpetuate the existing cross-
subsidy from airline passengers and shippers
of air cargo to GA. Business aviation would
benefit particularly because of the extensive
use these aircraft make of the IFR system. In
addition, higher user fees may dampen the
growth of aviation, thereby reducing the rev-
enues expected to pay for the proposed im-
provements.



THE AIRPORT AND ATC SYSTEM

BACKGROUND

In December 1981, OTA completed an assess-
ment of the airport and ATC system, with empha-
sis on the problem of congestion at major hubs
and the feasibility, cost, and impacts of prospec-
tive improvements in ATC technology. This as-
sessment drew on information published by FAA
through 1981 and focused on three central topics:

●

●

●

scenarios of future aviation growth;
alternatives for increasing airport and termi-
nal area capacity; and
ATC system modifications proposed by
FAA.

In January 1982, FAA issued a new NAS Plan
for the modernization of the ATC system through
the year 2000. The House Committee on Ap-
propriations, Subcommittee on Transportation,
which had requested the original OTA assess-
ment, asked OTA to undertake a 3-month follow-
on study to review the 1982 NAS Plan and to pro-
vide the subcommittee with the following support:

● a critique of the NAS Plan, with emphasis
on changes from previous proposals;

● a delineation of technological options and al-
ternative implementation strategies within
the general framework of the Plan; and

● an analysis of issues raised by the Plan, such
as benefits and costs to airspace users and the
Government, and identification of questions
needing further study or clarification.

The NAS Plan proposes many improvements to
the ATC system—including replacement of com-
puters, increased automation, modernization of
the communication network, consolidation of
ATC facilities, and upgrading navigational aids,
OTA’S review focuses on the computer replace-
ment, communications, and automation issues
that are the heart of the Plan.

OTA’S response to the subcommittee’s request
draws on the findings of the recently completed
assessment, which are outlined below, supple-
mented by a series of meetings with representa-
tives of the aviation community and experts in
the fields of computer and communications tech-
nology. Working Group No. 1 met on February
25, 1982, to discuss aviation growth scenarios and
to examine the specific methodology and econom-
ic assumptions underlying the aviation forecasts
on which FAA based the 1982 NAS Plan. Work-
ing Group No. 2 met on March 9, 1982, to discuss
the specific computer and communications tech-
nologies proposed by FAA, alternative technol-
ogies that are not included in the NAS Plan, and
the technical and scheduling risks involved in
FAA’s proposed implementation strategy. OTA
also held a general conference of aviation and
ATC technology experts on April 1 and 2, 1982,
to discuss four major issues arising from the NAS
Plan: aviation growth, proposed changes in ATC
technology, effects on airspace users, and strat-
egies for funding system improvements.

BASIC FINDINGS ON THE AIRPORT AND ATC SYSTEM

OTA’S assessment of the airport and ATC sys-
tem arrived at several major findings, which have
been generally confirmed by the subsequent re-
view of the 1982 NAS Plan. Findings related to
technological options are discussed later in the sec-
tion entitled “Specific Technologies. ” OTA find-
ings in other areas are summarized below.

● Congestion and delay in the system result pri-
marily from the concentration of air traffic at

a few major hub airports. —There are over
6,000 public-use airports in the United States,
of which 435 have FAA control towers. How-
ever, the 10 busiest airports handle 33 percent
of all commercial operations and 47 percent of
all passenger enplanements. The Nation’s 60
major metropolitan areas account for 90 per-
cent of all enplanements, 75 percent of all com-
mercial operations, and 40 percent of all itiner-
ant aircraft operations, including GA.

7
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●

●

●

There will be continued growth in the demand
for ATC services through 2000, but the rate of
traffic growth will be lower than in the last 20
years and probably lower than projected in
FAA aviation forecasts. —FAA forecasts have
consistently overestimated traffic growth in the
past, and the latest forecasts still seem too high.
A number of factors suggest that the air carri-
er industry is already approaching its mature
size and will grow slowly over the next two dec-
ades. FAA workloads will continue to increase,
however, due to the continued growth of the
GA sector. Between 1970 and 1980, GA traffic
accounted for 72 percent of the increase in IFR
tower operations and 62 percent of the increase
in en route operations. GA aircraft, particularly
turboprop and jet business aircraft, can be ex-
pected to generate about 65 percent of the in-
crease in these FAA workloads between 1980
and 1990. By 1990, business aircraft will ac-
count for about half of all demand for ATC
services.
The future growth of air traffic will aggravate
congestion problems and spread them to addi-
tional airports. —Unconstrained growth of op-
erations at major hubs would lead to serious
congestion at anywhere from 20 to 5O airports
by 2000, depending on economic growth rates,
compared to 5 or 10 airports before the 1981
strike. Unless there are capacity increases to re-
lieve congestion at major hubs, there will be
a redistribution of air carrier operations to “sec-
ond-tier” hubs and increased diversion of GA
traffic to reliever airports. Such a redistribu-
tion is already in progress as a result of market
forces and FAA traffic restrictions at 22 con-
gested hubs.
The principal constraint on the future growth
of aviation will be the lack of airport capacity.
—Major improvements to increase capacity in
congested hubs—new runways or new airports

●

●

—are unlikely in the near future due to high
cost, lack of land, and community resistance
to airport noise. The principal opportunities for
capacity expansion will come at second-tier air-
ports and at GA and reliever airports that can
accommodate traffic diverted from congested
air carrier airports. However, the construction
of independent, IFR-equipped “stub” runways
to separate slower GA and commuter aircraft
from larger jet aircraft could significantly in-
crease the volume of traffic that can be han-
dled at some large air carrier airports.
There are three basic forms of response to air-
port and airspace capacity problems: technolog-
ical, economic, and regulatory. —Changes in
ATC technology and procedures can produce
small increases in capacity by allowing airspace
and runways to be utilized more efficiently.
However, the major increases to be derived
from technology will not be realized until ad-
vanced systems such as automated metering
and spacing; microwave landing system; and
wake vortex detection, prediction, or reduction
are developed and deployed by the end of this
decade or later. In the interim, congested air-
ports will have to make use of demand-manage-
ment alternatives—including economic meas-
ures such as peak-hour pricing and regulatory
measures such as slot-allocation quotas or ac-
cess restrictions—in order to shift traffic to a
place or time when it can be handled more ef-
fectively.
All three approaches will be used, and the com-
bination or emphasis will reflect both local con-
ditions and a more fundamental policy decision:
can the Nation continue its past practice of ac-
commodating aviation growth wherever and
whenever it occurs, regardless of the cost; or
is growth to be managed and directed so as to
make economical use of existing resources and
capacity.



THE 1982 NATIONAL AIRSPACE
SYSTEM PLAN

GENERAL COMMENTS

The stated objectives of the 1982 NAS Plan are
to achieve a significantly safer and more efficient
national airspace system over the next 20 years,
while constraining costs incurred by the Govern-
ment and airspace users. The Plan attempts to in-
tegrate the various improvements to the ATC sys-
tem into a single long-range program, while elim-
inating major deficiencies and costs of the current
system.

Viewed on this high level—as a statement of
policies, goals, and directions—the Plan is to be
commended as a significant and even bold step
compared to previous FAA efforts to chart a
future course for the ATC system. It provides a

statement of objectives and the rationale for the
proposed program of system improvements. The
Plan identifies capital investments needed to mod-
ernize and consolidate ATC facilities in order to
meet future demand and to reduce operating and
maintenance costs. The document reflects a con-
scious effort to provide improved services to air-
space users, to promote system efficiency, and to
minimize costs both to those who fly and to the
FAA. This is a marked improvement over previ-
ous NAS Plans, which have tended to be little
more than catalogs of proposed new equipment
and engineering changes. But is is not without
faults.

ADDRESSING FUTURE REQUIREMENTS

The needs of civil aviation represent what one
participant in the OTA’S Conference called a
“three-legged stool, ” made up of airports and ter-
minal area airspace, rules and procedures, and
ATC technology. All three areas need to be ad-
dressed in a timely and coordinated manner.

The NAS Plan itself acknowledges that “capac-
ity limitations at busy airports will be the con-
straining element” in the system, yet it fails to ad-
dress solutions to airport capacity problems and
devotes only 12 of its 450 pages to the place of
airports in the NAS. A new version of FAA’s Na-
tional Airport System Plan is expected to be re-
leased in the fall of 1982, and there is concern that,
as in the past, it will be an uncoordinated catalog
of State and regional plans. FAA has programs
under way to identify and evaluate techniques for
increasing airport capacity, and it would be de-
sirable for FAA to integrate its plans for future
airport development with those for ATC facilities
and equipment.

In cooperation with airspace users, FAA has
also begun a National Airspace Review (NAR) to

study possible changes in ATC procedures and
flight regulations. Changes in ATC procedures
(like changes in airport plans) could have a pro-
found effect on ATC requirements, and coordina-
tion between NAR and the plan for equipment
modernization is vital. NAR has just begun and
will take 42 months to complete, and by then FAA
may have made a commitment to many of the
equipment changes outlined in the NAS Plan.

There is a recognized need for improvements
in the ATC system and, given the long leadtimes
involved, these improvements should be set in
motion as soon as possible. As a practical mat-
ter, FAA needs a long-term modernization plan—
complete with a long-term approach to funding—
to ensure that the plan can be carried out. How-
ever, this requires a realistic sense of both the re-
quirements that will be placed on the system by
future growth and the opportunities that will be
available in computer and telecommunication
technology, as well as sufficient flexibility to ex-
ploit those opportunities in order to meet those
requirements.

9
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Because it attempts to fit all the new technolog-
ical elements into a coherent system framework,
the FAA considers the current NAS Plan a “blue-
print” for future system evolution, indicating the
steps that will be required and when they will be
carried out. The Plan, however, is not a full and
specific description of system development, acqui-
sition, and deployment—nor is it really intended
to be. Important details of engineering and testing
for each subsystem remain to be set forth in tech-
nical documents scheduled for issue in the com-
ing months. The Plan should thus be viewed as
only the apex of a pyramid of plans and specifica-
tions for new equipment and facilities.

Within these limitations, the ATC system im-
provements proposed by FAA are technological-

ly feasible and desirable with respect to safety,
capacity, and productivity. Nevertheless, there
are alternatives that might be equally effective
and, given the uncertainties in FAA’s traffic and
demand forecasts, it would be prudent to adopt
an implementation schedule that neither forecloses
potential options nor constrains the final system
design. FAA’s proposed en route computer re-
placement program in particular has been criti-
cized on this score. The Plan requires the coordi-
nation of many disparate projects, many involv-
ing considerable technical or schedule risks, yet
it lacks a clear statement of priorities and provides
no alternatives or contingencies in the event of
problems, delays, or budget constraints.

PRIORITIES

While the 1982 NAS Plan states the goals that
will guide the development process, it does not
relate these goals to specific programs in a system-
atic fashion. Presumably there is a hierarchy
among goals and among programs that will con-
tribute to achieving these goals, but nowhere in
the Plan are these priorities delineated. If, because
of budgetary constraints or failure to meet engi-
neering objectives, there are items that must be
eliminated or schedules that must be altered, the
Plan does not make clear what effects this would
have on the development of the system as a
whole. Nor is it made explicit how elements of
the Plan could be eliminated or rescheduled in
such a way that major objectives are not compro-
mised.

planning process and describing the steps that
FAA went through to identify requirements, ana-
lyze options, and lay out a course of action. It
might be hoped that FAA will carry this explana-
tion one step further by describing the logical de-
pendencies among elements of the Plan—i.e., an
explanation of how each element supports others
and how they contribute to particular objectives.
The Plan is replete with development flow dia-
grams for each level of the system, but these charts
show little more than the temporal sequence of
events, the merging of development streams over
time. The diagrams, and the accompanying text,
do not indicate critical paths and the specific rela-
tionships to safety, capacity, and productivity.

A valuable feature of the Plan is material in the
introductory chapter stating the rationale of the

SCHEDULE

A major shortcoming of the Plan as a planning FAA’s approach seems to be to implement the en-
document is that the development and deploy- tire plan as expeditiously as possible to prevent
ment schedule is not tied directly to specific com- the ATC system from being overwhelmed by
ponents of aviation growth or to the needs for growing demand. However, as FAA’s own fore-
particular services at certain times and places. casts indicate, growth is expected to occur at dif-
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ferent rates in different regions and among user
groups. This pattern of growth may impose re-
quirements not addressed by the NAS Plan.

For example, the Plan states that the major fac-
tor constraining the future growth of aviation will
be the lack of capacity at major airports. Yet, the
first part of the ATC system scheduled for mod-
ernization and increased capacity to handle traf-
fic is the en route system. Terminal area improve-
ments, some of which could ease airport capac-
ity constraints, are not planned for installation
until the 1990’s. Giving priority to improvements
that would increase the throughput of en route
centers does not seem entirely consistent with the
forecasts of where the capacity of the system will
be most severely limited. There is little apparent
advantage in moving en route traffic more expedi-
tiously only to have it encounter delays in ter-
minal areas where capacity improvements are not
scheduled to be made until the early 1990’s.

FAA has also set itself a complex task of system
development and deployment—more complex
than any it has attempted before—and there is
room for doubt about the prospects of keeping
to the time line laid down in the Plan, especially
since there are so many elements and paths of de-
velopment that must be coordinated.

En route automation, for example, involves two
major procurements— the rehost computer, and
then new software and sector suites. FAA’s pro-
posed strategy is a complicated process that in-
volves selecting from all competitors two “final-
ists” for each of the two major procurements.
These finalists will then be asked to demonstrate
their proposed system at the Test Center in Atlan-
tic City, after which a production contract will
be awarded to one of each pair.

For just one of the many NAS Plan programs,
therefore, FAA is placing itself in a position where
it must manage four major contractor efforts at
the same time. The work of these contractors, and
possibly several subcontractors, must be coordi-
nated and kept on schedule. Equally important,

the contractors must be kept insulated from each
other to preserve competition and protect pro-
prietary information. A less complicated strategy
might have better chances of success, given the
management problems inherent in this approach.
If FAA concludes that its proposed approach of
directing four contracts at one time is to be pre-
ferred, then—as a minimum—the agency should
take additional steps to increase its internal
capability in the area of systems acquisition
management and should plan to strengthen the
role of an outside system integration contractor.
FAA recognizes this need and has recently an-
nounced internal management changes to improve
these capabilities.

In the face of the uncertainties about future
growth, and in view of the difficulties of keeping
the parts of a complex development program on
schedule, it is surprising that the 1982 NAS Plan
does not deal explicitly with contingencies or the
effects of schedule slippage. No endeavor of this
scope and complexity can reasonably be expected
to adhere to a nominal schedule. There are inevi-
table engineering problems; delays will occur even
with the best of management; unforeseen circum-
stances will arise. One participant in the OTA
working group on computer and communication
technologies characterized the schedule as a “no-
problems scenario, ” admirable for its conception
but not realistic in view of the manifold implemen-
tation problems that might be encountered. *

*As this report was being prepared for publication, the General
Accounting Office released its review of the NAS Plan (Examina-
tion of the Federal Aviation Administration’s Plan for the National
Airspace System—Interim Report, AFh4D-82-66, Apr. 20, 1982).
GAO’s findings very closely parallel OTA’S on several major points.
They found that the NAS Plan lacks the detail and justification usual-
ly needed for budgetary approval and implementation. They also
found that FAA’s proposed en route computer replacement strategy
poses both short-term and long-term risks, and they advise that FAA
consider less risky alternatives—among them conversion of 9020As
to 9020Ds. GAO points out that FAA has not yet developed a careful
and detailed transition plan, which is essential to an effort of this
magnitude and complexity. Finally, GAO raises questions about
FM management and adminstrative resources and advises FAA to
strengthen its capability in this area as a matter of first priority.



FAA AVIATION FORECASTS

Accommodating the anticipated growth of air
traffic and ATC workloads has been a primary
justification for proposed system improvements.
In the past, however, FAA’s long-term forecasts
have generally proven to be too high. This raises
questions about the usefulness of FAA’s traffic and
workload forecasts for 10 years and beyond as
a guide to long-range planning and investment
decisions. For example, FAA forecasts the onset
of delay problems by the late 1980’s. This forecast
underlies the proposed approach to en route com-
puter replacement, a decision that sets the pace
and direction for overall system modernization.
That decision, if taken, may unjustifiably limit
the options available for the final system design.

OTA’S review indicates that the growth pro-
jected by FAA may well ultimately occur, but

there is sufficient uncertainty about near-term
growth that any program for upgrading the sys-
tem should emphasize a design that can be
adapted to less growth (or more growth) without
a fundamental change in the system. Questions
about the accuracy and usefulness of FAA avia-
tion forecasts stem from three principal concerns:

●

●

●

historical accuracy of FAA forecasts;
forecasting methodology used by FAA, in-
cluding the ability of FAA forecasts to ac-
count for noneconomic influences on avia-
tion growth;
specific assumptions underlying the forecasts
on which the 1982 NAS Plan is based.

ACCURACY OF PAST FORECASTS

Recent FAA forecasts of air traffic and ATC
workloads have tended to be much higher than
actual results. After underestimating growth in
the early 1960’s, the long-range (lO-year) projec-
tions for the past 15 years have consistently been
too high, often by 50 percent or more. Figures 1,
2,and 3 compare past forecasts with actual work-
loads at FAA towers, en route centers, and flight
service stations. They show that the workloads
originally projected for fiscal year 1981 (in 1970)
were between 50 and 180 percent higher than what
actually occurred. Alternatively, one could con-
clude that the forecasts were off by a decade since
the levels of demand once predicted for 1981 are
now expected in the 1990’s or later. FAA never-
theless believes the current forecasts to be suffi-
ciently accurate that they can serve as the basis
for planning long-term system improvements.

Analysis by the Congressional Budget Office
(CBO) of the accuracy of FAA forecasts shows
a similar pattern (table 1). Five-year forecasts of

tower operations made during 1959-65 for the
years 1964-69 averaged 19 percent too low, while
the 1966-73 projections for the years 1971-78 aver-
aged almost 33 percent too high. Starting in 1974,
FAA initiated a new and much improved econo-
metric methodology for forecasting passenger en-
planements and revenue passenger miles (RPMs),
and the accuracy of these projections has subse-
quently improved.

However, ATC workloads are driven not by
enplanements or RPMs but rather by operations
—takeoffs and landings—and the 1974-76 projec-
tions of total tower operations for 1979-81 re-
mained too high by an average of over 21 per-
cent. Forecasts of total instrument operations at
FAA towered airports—a more useful indicator
of ATC workloads—have been somewhat more
accurate, as have forecasts of IFR aircraft han-
dled by en route centers. Flight Service Station
workload projections have been the least accurate
of the relevant forecasts.

73
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Figure l.— FAA Tower Workload, Actual and Forecast, 1960-2000
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Table 1 .—FAA Forecasts Compared With Actual Data (percentage difference)

Total Total Itinerant IFR
commercial revenue Hours flown GA operations Total Instrument aircraft

Forecast For air carrier passenger in general operations at FAA operations operations handled at
year the year enplanements miles aviation at FAA towers towers at FAA towers at FAA towers FAA ARTCCS

1959 1964 – 1.3 – 6.5 – 0,6 4.6 6.0 9.7 – 4.8 11.7
1980 1985 – 9.5 – 9.7 – 1.2 –27.8 – 12.7 –21.6 0.3 – 12.8
1961 1966 –27.5 –26.0 – 15.3 –37.7 –20.0 –28.9 –28.0 – 14.8
1982 1987 –32.1 –31.4 –23.6 –34.7 –20.6 –27.3 –25.6 – 19.2
1963 1988 –41 .3 –41.3 N/A –38.4 –26.9 –32.5 –41 .8 –24.5
1964 1989 –31 .4 –33.6 –23.5 –27.3 –24.0 –24.9 –31.7 –23.8
1985 1970 – 14.1 – 19.8 – 16.3 – 2.6 – 8.0 – 5.2 – 16.0 – 11.7
1966 1971 9.4 0,5 – 1,6 53,7 32.4 42.2 0.6 – 1.4
1967 1972 23.6 13.0 9.1 72.5 43.8 54.9 22.7 25.5
1988 1973 23.9 15.9 7.4 78,3 49.7 58.4 18.2 19.7
1969 1974 21.1 21.2 4.6 53.6 37.7 42.4 – 2.1 22.7
1970 1975 26.3 33.0 – 0.6 60.9 19.7 25.9 – 15.6
1971

15.3
1976 19.0 28.6 – 0.6 42.9 14.1 22.9 – 16.4 9.2

1972 1977 22.3 33.7 – 6.8 36.9 4.5 – 2.0
1973

11.2
1978 14.0 18.3 – 10.4 14.8 ; : : 8.8 – 3.6 – 0.7

1974 1979 – 9.7 – 7.4 – 13.7 11.8 2.2 9.4 – 2.2 – 2.7
1975 1980 – 10.6 – 17.3 – 0.2 34.6 15.6 25.7 – 7.1 – 3.7
1976 1981 4.3 – 1.8 15.7 41.3 24.3 32.1 4.6 4.8

SOURCE: Congressional Budget Office, from FAA Aviation Forecasts, 1959 to 1976.

FORECAST METHODOLOGY

CBO’s analysis of FAA forecasting models iden-
tified several methodological features that may
account for at least part of the inaccuracy of
FAA’s forecasts. As noted earlier, the econometric
models used to project enplanements and RPMs
have proven to be far more accurate in recent
forecasts. However, the methods for translating
enplanements and RPMs into projected operations
—based on assumptions about average load fac-
tor, aircraft size, and stage length—appear to be
far less sophisticated. FAA’s 5-year forecasts of
air carrier enplanements have been off by only
about 1 percent since 1974, while projected opera-
tions have been more than 20 percent too high.
This discrepancy is explained in part by airlines
using larger aircraft, with higher load factors, on
longer routes. *

Another likely cause of error in forecasts of
operations is the methodology FAA uses for pro-
jecting GA fleet size, operations, and resulting
ATC workloads. In the FAA model, changes in
the projected size of the GA fleet are driven pri-
marily by changes in the gross national product
(GNP) and to a lesser degree by aircraft prices and

*This difficulty is not unique to FAA. Boeing and others cite prob-
lems in anticipating airline route structure and load factors as a source
of error in their forecasts.

interest rates. Changes in fuel prices, however,
are implicitly assumed to have no measurable ef-
fect on the growth of the GA fleet. This omission
has a strong influence on the resulting forecasts
of workloads imposed on the ATC system by the
GA sector, because fleet size is the only causal
variable used in projecting GA instrument opera-
tions at FAA towers. Likewise, forecasts of local
and itinerant GA operations, as well as GA de-
mand for flight services, are driven primarily by
fleet size and only to a much smaller extent by
fuel price or other variables. A number of other
judgments clearly enter into these calculations, but
they are not explicitly made, and their influence
on the results is unclear.

These questions about GA forecasting method-
ology have an important bearing on overall
system planning and investment, because so much
of the anticipated growth in ATC demand is ex-
pected to come from the GA sector. FAA forecasts
that the GA fleet will grow by 50 percent between
1980 and 1990, and that during the 1980’s GA air-
craft will account for 65 percent of the increased
workloads at FAA towers and en route centers,
and 75 percent of the increase in flight services.
Yet the size of the GA fleet is assumed to be driven
almost entirely by growth in GNP and personal



income, with little or no allowance for saturation
in this market—a potential problem in forecasts
covering 10 or 20 years. This also raises questions
about the economic projections and other assump-

tions underlying the aviation forecasts on which
the 20-year investment program of the NAS Plan
is based.

GROWTH ASSUMPTIONS IN THE 1982 NAS PLAN

Economic assumptions, particularly about high-
ly aggregate variables such as GNP and disposable
personal income, are the principal drivers in
FAA’s forecasts, and the projections are very sen-
sitive to changes in long-term growth rates. Past
FAA forecasts included three or four alternative
scenarios to allow for the uncertainties of future
economic growth, with the “baseline” scenario
being the most likely foreseeable outcome. These
scenarios were previously based on economic indi-
cators prepared by Wharton Econometric Fore-
casting Associates using their Long-Term Industry
and Economic Forecasting Model. Between 1976
and 1981, the range of these scenarios became
both wider and lower, indicating greater uncer-
tainty about future trends and less optimism about
the probability of continued rapid growth.

In the September 1981 forecasts, however, the
baseline scenario was based on economic projec-
tions supplied by the Office of Management and
Budget (OMB). These OMB projections were later
withdrawn and, due to uncertainties caused by
the Professional Air Traffic Controllers Organiza-
tion (PATCO) strike, the resulting FAA forecasts
were also discarded before publication—’’sent to
the shredders instead of the printers, ” in the words

of FAA’s Director of Aviation Policy and Plans.
Revised 1981 aviation forecasts based on new
OMB economic projections were not released until
February 1982; the NAS Plan itself is based on
FAA’s 1980 forecasts and Wharton’s March 1980
economic projections, which do not reflect recent
changes in aviation and the general economy.
These economic forecasts and aviation growth
projections were the subject of considerable criti-
cism by aviation experts during OTA’S review of
the 1982 NAS Plan. Several members of Work-
ing Group No. 1 observed that the administra-
tion’s numbers should be considered “targets”
rather than projections. Compared to Wharton’s,
they tend to show higher growth rates for GNP,
and lower growth rates for inflation and fuel
prices, resulting in a higher long-term growth rate
for air traffic. Some participants questioned wheth-
er aviation could in fact continue to grow as fast
as it had in the 1970’s, given the current financial
plight of the airlines and the recent softening of
the GA market. While disagreeing with FAA’s
short-term projections, however, they recognized
the danger of allowing long-term forecasts to be
overly influenced by current economic conditions.

CONSTRAINTS ON FUTURE GROWTH

FAA’s mission to foster civil aviation creates
a planning process that naturally avoids the risk
of imposing fundamental constraints on the
growth of air traffic. It may even be better for
FAA to err on the high side rather than the low
side, although such predictions may become self-
fulfilling prophecies to the extent that providing
additional services begets additional demand. As
a result, FAA’s forecasts are unconstrained—they
assume that past trends will continue, that there
will be no limits imposed on growth, and that the

proposed improvements will be made when and
where needed to accommodate growth. But there
are a number of factors other than the ATC sys-
tem itself that could change these trends or restrict
future growth. These events and influences, most
of which are neither accounted for in FAA fore-
casts nor addressed in the 1982 NAS Plan, include
the following:

● Airports. —The NAS Plan recognizes that
congestion at major hubs and relievers is a
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●

●

cause of special concern, but the availabil-
ity of GA airports will also be a widespread
and serious constraint on growth. Although
there has been a net increase in the overall
number of airports in the last 15 years, over
300 GA airports have been closed or aban-
doned each year since 1965 and there has
been a steady shift toward privately owned,
private-use airports. The result, particular-
ly in metropolitan areas, is a decrease in the
number of public-use landing places and
growing inconvenience in owning an aircraft.
Both factors will influence the growth of gen-
eral aviation. “One way to test the realism
of doubling the fleet, ” according to one avia-
tion consultant, “is to try to figure out where
they’re going to put them with the present
trend in runways, ramps, and tiedowns. ”
Fuel Price. —The greatest uncertainty facing
domestic aviation in both the short and long
term is the future price and availability of
aviation fuels. This uncertainty can cause
sudden shifts in FAA forecasts: those in the
1982 NAS Plan (based on September 1980
data) assume an average real increase in fuel
prices of 3 percent per year through 1993,
while the revised 1981 FAA forecasts (re-
leased in February 1982) assume real de-
creases during 1982-83 and an average real
increase of only 1 percent per year during
1984-93. No long-term shortage is anticipated
in either forecast. The current “oil glut” and
price decreases may be transient events, how-
ever. In addition, there are indications that
aviation gasoline (used by smaller piston-
engine GA aircraft) may become increasingly
difficult to obtain; more likely to reduce per-
sonal GA than the business, corporate or air-
taxi operations that place more demand on
the ATC system.
User Fees. —The 1982 NAS Plan indicates
that the cost of upgrading the ATC system
will be borne by the users, but the 1980 traf-
fic forecasts on which the NAS Plan is based
do not reflect the administration’s user fee
proposals. Sudden large increases in fuel
taxes could depress traffic, a situation the
proposed “escalator” schedule is designed to
avoid. Nevertheless, cost recovery through

●

●

user fees could affect both the demand and
the funding for planned system improve-
ments.

Many experts feel that previous user fees
had a small restraining effect on GA growth
in the 1970's and that the original administra-
tion proposal of a $.65/gallon tax on GA jet
fuel would have had a dramatic effect on use
of the system by business aircraft. The cur-
rent user fee proposals will have less effect
on precisely that part of GA traffic which is
placing increasing demand on the system. As
with fuel prices, however, the FAA model is
not sufficiently sensitive to give an accurate
estimate of this effect.

Furthermore, if future traffic levels turn
out to be significantly lower than projected
by FAA, total revenues from airspace users
may also fall short of the levels required to
carry out the proposed improvements. Cur-
rent FAA and OMB forecasts show steady
increases in both traffic and user fee revenues,
with user fees paying for 85 percent of total
FAA costs by 1987 (see “Cost and Funding
Issues”).
Aircraft Technology and Ftnancing. —Recent
improvements in airline productivity have
come from higher utilization and economies
of scale rather than aircraft technology, and
further improvements are likely to come
more slowly than in the last 20 years. The
development of a new generation of ad-
vanced-technology aircraft will depend on
the potential market, which in turn depends
on airline profitability. Some near-term in-
creases in fleet efficiency could be achieved
by retrofitting existing aircraft. Airline prof-
its are at all-time lows, however, and capital
requirements for new equipment would de-
mand record levels of return on investment
through 1990.
Deregulation and Industry Structure. —Air-
line deregulation has destabilized the indus-
try’s price and market structure, causing over
competition and low profitability that in-
crease the risks and uncertainties of airline
financing. Some analysts feel that the demise
of some carriers may be a natural and desir-
able result of complete deregulation, and a
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few predict the failure of a major carrier by
mid-1982. * Restructuring of the industry
through bankruptcies or mergers might re-
move overcapacity, and the survivors might
be in a stronger financial and competitive
position. Termination of sections 406 and 419
subsidies in 1985 and 1988 will also affect
commuter airline profits and service to as
many as 100 small communities. These serv-
ice reductions could, in turn, contribute to
an offsetting increase in business aviation.
Strike Impacts. —Traffic restrictions imposed
by FAA as a result of the PATCO strike will
continue for at least 2 years and possibly far
longer. FAA assumes that traffic will rebound

rapidly when these restriction are removed,
but adjustments made by users during this
period may permanently alter aviation
growth trends and traffic distribution. Ob-
servers have pointed out that the General
Aviation Reservation system has artificially
forced into the IFR system many GA opera-
tions that might otherwise have been outside
the system—Visual Flight Rules (VFR)—and
these users may have become accustomed to
using ATC services. Others feel that airport
slot allocation has helped major air carriers
while hindering the expansion of commuters
and new entrants. These traffic restrictions—
particularly at major hubs—might have to
be extended or reimposed in the future as a
means of addressing-airport congestion and
encouraging further redistribution of opera-

mulate a reorganization plan acceptable to its creditors. tions to relievers and second-tier hubs.



SPECIFIC TECHNOLOGIES

The current ATC system, both in en route cen-
ters and terminal areas, is based on the technoIogy
of the 1960’s. Technology has made rapid strides
since that time, and virtually everyone believes
that the present ATC system should be upgraded
or replaced. New computer hardware, software,
and communications technologies can be used to
build an ATC system that is safer, more reliable,
and more cost effective.

The program of improvements proposed in the
1982 NAS Plan are technologically feasible and
desirable for purposes of safety, capacity, and

productivity. The foregoing analysis of FAA’s
traffic forecasts, however, raises questions about
how soon additional capacity will be required,
Furthermore, in some cases there are technological
alternatives that might serve the ends of safety
and productivity as well or better, and possibly
at less cost, than those proposed by FAA. These
alternatives merit reexamination; but, given the
long leadtimes required for the modernization
program proposed by FAA, the choices need
be studied without delay so that decisions can
reached promptly.

SYSTEM DESIGN AND TRANSITION

A key element in the 1982 NAS Plan is merger
of the present 23 en route centers and 188 terminal
control facilities into a total of 60 or fewer consol-
idated ATC facilities. There are differences in
ATC requirements between en route and terminal
environments, but they are not so significant that
separate and distinct systems must be maintained.
Consolidation would also allow FAA to use com-
mon hardware and software to support all ATC
activities, rather than maintaining separate but
functionally similar systems as at present. If this
also allows a move toward standard, “off the
shelf” equipment, FAA could be in a position to
move with the technology as it develops in the
future. Producers of computer and communica-
tion equipment are generally committed to pro-
viding their customers with “family” systems that
can evolve to take advantage of new technologies
as they become available.

FAA has chosen to move from the present ATC
system to the new one in a series of incremental
stages, minimizing the amount of change at each
point in the transition. The FAA Administrator
has stated that this approach minimizes risk by
limiting the number of system components af-
fected by a given change. Many of the participants
in OTA’S general conference approved of this con-
servative approach, but others pointed out that
there is no risk-free way to go from the current
system to a new one. Though each step of the

FAA incremental approach involves some risk,
the overall technological risk is likely to be lower

than if the change were made in a more dramatic
way. Unfortunately, such incremental change in-
troduces the possibility of an entirely different
kind of risk—that the hardware choices made in
the first stages might limit the options available
for the final system design. The future architec-
ture of the system, in short, may be constrained
by the obsolete architecture of the system it
replaces. This is of particular concern with regard
to computer replacement, the first step in the plan.

Several experts have suggested that the needs
of the system would be better served if FAA kept
the present system running to meet short-term
needs, thus making it possible to design and de-
ploy an entirely new system to meet the long-term
needs of the future. Advocates of this “clean-
sheet” approach agree emphatically with other ex-
perts that the present system must be replaced,
and that the first steps in this process should be
undertaken as soon as possible. However, they
also point out that any equipment acquired in the
short term would probably have to be modified,
replaced, or augmented with other computers
when the new system is deployed in the 1990’s.
Thus, they advocate decoupling short-term reme-
dial measures from long-term replacement by
finding a cost-effective way to shore up the pres-
ent system with the intent of discarding it alto-

21
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gether when the new system comes on line. The without either being constrained by the need for
chief advantage of the “clean-sheet” approach is compatibility with the computer system now in
that it would allow new system hardware and place.
software to be designed in an integrated fashion,

EN ROUTE COMPUTER REPLACEMENT

FAA’s plan for implementing the new en route
ATC system consists of four steps: 1) “rehosting”
the existing software in a new central processor
that “emulates” the present IBM 9020 but has
greater capacity; 2) replacing the present display
units used by controllers with new “sector suites”
compatible with the current software but contain-
ing sufficient processing capacity to assume some
ATC functions; 3) concurrent with step 2, discard-
ing the current software for new software capable
of taking advantage of the new sector suites and
(if possible) compatible with the “host” hardware;
and 4) implementing a number of advanced func-
tions designed to enhance the overall performance
of the ATC system. OTA’S review indicates that,
in general, this is a reasonable approach, but there
are questions about the separation of hardware
replacement from software redesign and about
FAA’s reasons for selecting this approach over
others that were considered.

The current IBM 9020 computers are unique to
FAA: none are in service elsewhere, and no
machine now in production is capable of running
the NAS software. FAA believes it has anticipated
the potential problems of rehosting this software,
and several vendors have indicated that they have
acceptable solutions. Participants in OTA’S tech-
nical Working Group No. 2 indicated, however,
that moving the existing software to a new
machine, no matter how similar to the 9020, is
more difficult than FAA indicates in the Plan. The
task can be done, given sufficient time and money,
but the schedule proposed by FAA is probably
optimistic.

FAA believes that the host computer will serve
as the hardware element of the ultimate system.
However, they do allow for the possibility that
it may have to be supplemented or replaced in
the 1990’s with yet another new computer to ac-
commodate the new system software. Some ex-

perts feel that budgetary constraints might lead
FAA to retain the first host computer, however,
even though it proved less than ideal for the new
system. Others insist that the host computer
should be considered a “throwaway” and that the
design of the future system should not be con-
strained by the requirement to incorporate the
host computer selected now as an interim remedial
measure.

In January 1982, FAA submitted to Congress
an analysis of technological options for replac-
ing the en route computer system.2 One of the op-
tions examined was replacing 9020As with 9020Ds
at 10 sites as a near-term measure to assure ade-
quate capacity until a replacement system is de-
signed and deployed. FAA’s analysis showed that
this option would give all 20 en route centers suf-
ficient capacity to accommodate anticipated
growth until 1996, well after the new system is
scheduled to be deployed. FAA has demonstrated
the feasibility of this approach in replacing a
9020A with a 9020D system at the Jacksonville
center, and the option analysis report indicates
that such an upgrade could be effected at other
centers. FAA estimates that upgrading 10 installa-
tions from As to Ds could be completed by 1984
at a cost of $64 million; installing a new host com-
puter at all 20 en route centers (as outlined in the
NAS Plan) could be completed by 1986 at a cost
of about $250 million. On several other points of
comparison —such as technological risk, con-
straint on future system design, and impact on
FAA’s management resources-the FAA’s January
option analysis showed A-to-D upgrade to be
superior to rehosting (see table 2).

Some participants in OTA’S technical working
group and general conference indicated that,
based on FM’s own analysis, the A-to-D upgrade

‘Federal Aviation Administration, op. cit.
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Table 2.—Comparison of Rehosting and Upgrading 9020As to 9020Ds

Rehosting A-to-D upgrade

Description . . . . . . . . . . . . .

FAA evaluation:
Schedule . . . . . . . . . . . . .

Cost of first step . . . . . .
Total cost . . . . . . . . . . . .
Risk . . . . . . . . . . . . . . . . .

Impact on FAA
resources . . . . . . . . . .

Ability to evolve . . . . . . .
Transition impact. . . . . .

Rehost present software
on new computer, then
replace software and add
additional processors
needed for advanced
system.

Computer replacement 1986
Software replacement 1990
Full advanced system 1992
$250 million
$1.39 billion
Rehost may constrain

future system

High
Medium
High

Upgrade 9020A computers
to 9020D at 10 centers, then
replace hardware and software
in a single step, and finally
upgrade computer to advanced
system,

Computer upgrade 1984
New computer and software 1989
Full advanced system 1993
$64 million
$1.39 billion
Low

Medium
Unconstrained
Medium

SOURCE: Federal Aviation Administration, “Response to Congressional Recommendations Regarding the FAA’s En Route
Air Traffic Control Computer System,” DOT/FAA/AA -P-82-3, January 1982,

- .

option is the one that should have been selected.
It offers quick relief from capacity problems at
precisely the centers that now or will have prob-
lems, with lower risks, and at a lower cost. It also
preserves the opportunity to undertake the overall
design of a new system unencumbered by the
shortcomings of a computer capable of rehosting
the existing software. This option, they added,
was more conducive to both innovation and com-
petition in the procurement of the new system.
A former senior IBM executive who was intimate-
ly involved in the development of the 9020 com-
puters, told OTA that there would be few prob-
lems in converting existing 360/65s to 9020s. ’
FAA reports and FAA representatives attending
the OTA conference have expressed similar opin-
ions.

An FAA observer at the OTA conference ex-
plained that one reason for rejecting the A to D
upgrade alternative was that the agency could not
locate a sufficient number of IBM 360/65s to carry
out upgrading at 10 centers. OTA subsequently
made inquiries of dealers in used computers and

*The 9020D system, which is a multiprocessor design unique to
FAA, is a derivative of IBM 360 series computers. Three-quarters
or more of the constituent parts of a 9020D are 360/65 components;
the remainder consists of parts from other IBM system 360 com-
puters (notably the 360/67 model) plus some specially manufactured
assemblies. The central processing element of the 9020D, for exam-
ple, is essentially three specially modified 360/65s. To replace 9020A
computers with 9020D computers at 10 centers would therefore in-
volve acquisition and modification of 30 IBM 360/65s.

was assured that there would be little difficulty
in acquiring 35 IBM 360/65 systems over the next
6 months to a year. An inquiry to the General
Services Administration showed a total of 103
IBM 360/65s in the Federal computer inventory
as of April 6, 1982. Of these, 13 have been de-
clared surplus and may be useable; many others
are undoubtedly used in routine data-processing
applications where they could easily be replaced
with more modern equipment. Such an exchange
would bring an immediate benefit to the Govern-
ment, because the IBM 360/65 is no longer a cost-
effective machine at many installations, yet good
use could be made of it in the ATC application
where there is now no satisfactory alternative.

FAA sources have also raised questions about
the long-term maintainability of the 9020, but the
agency’s January 1982 report to the Senate indi-
cated that maintainability has not been a problem
and is not anticipated to become one during the
remainder of the decade. IBM will not supply
parts for 9020 series after 1984, but this gives FAA
2 years to determine its future maintenance needs
and stockpile sufficient spare parts to last until
the new system is deployed.

Statements made by FAA since the NAS Plan
was released* indicate that the choice of the rehost

approach was based on four major considerations:

“Including remarks at the OTA conference and comments on the
preliminary draft of this report.



1.

2.

3.

4.

Ability to meet capacity needs projected for
the late 1980's. —The FAA report to Con-
gress in January 1982 asserted that A-to-D
upgrade would also allow the projected de-
mand for services to be met through the
mid-1990’s, or later if the demand material-
izes more slowly than expected.
Improved reliability and maintainability. —
The reliability of the 9020 system appears to
be more a problem of software than hard-
ware, and since the present software would
be retained, neither approach would alleviate
this problem. Further, FAA has stated that,
with or without rehosting, it plans to pro-
cure sufficient spare parts to keep the 9020s
operating satisfactorily until the new com-
puter system comes on line at the end of this
decade.
Ability to support productivity increases
planned under the automated en route ATC
system (AERA). —The planned productivity
increases to be realized from AERA will re-
sult mainly from software improvements not
hardware changes; but, in any event, AERA
will not be implemented until the early 1990’s
when the new computer system would be in
place under either option.
Reduced developmental risk. —The incre-
mental rehost approach reduces some kinds

of developmental risk but—as argued above
—it introduces another kind of risk, name-
ly that hardware choices made in the first
stages might limit the options available for
the final system design.

In short, OTA does not find these reasons—
either individually or collectively—to be persua- .
sive arguments in favor of rehosting. OTA agrees
that efforts for eventual replacement of the pres-
ent system need to be pursued as vigorously and
as rapidly as possible. However, FAA has not pre-
sented convincing evidence that the selected ap-
proach—rehosting—is in fact superior to other al-
ternatives. This is not to argue that rehosting is
unworkable or ill-advised. Rather, the point is
that FAA has not made a persuasive case and that
FAA should present a direct and detailed compar-
ison of rehosting, A-to-D upgrading, and any
other options the FAA considers workable. This
justification is indispensable to an informed con-
gressional review of the proposed computer re-
placement strategy. Such a head-to-head compari-
son of alternatives need not delay the overall
schedule of the NAS Plan, and it could even ad-
vance the objectives of the Plan by providing a
basis for clear understanding
where FAA is headed and how
there.

at the outset on
it proposes to get

AUTOMATION AND HUMAN FACTORS

The present ATC system is very labor-intensive the operation of a highlv automated system.
and, without significant increases in controller
productivity, the cost of operating the ATC sys-
tem could rise precipitously as traffic grows. The
number of aircraft that a controller team can han-
dle with the present system is limited, and the con-
ventional solution to handling a larger volume of
traffic—decreasing sector size—has practical lim-
its. FAA looks to increased automation as the
principal means of achieving higher levels of con-
troller productivity.

AERA, which is scheduled to be implemented
in the early 1990’s, would change the role of the
controller from that of an active participant in the
control process to that of a manager who oversees

Many - of the routine decisionmaking functions
now performed by humans would be automated,
with the result that fewer controllers will be re-
quired for a given level of traffic. Elements of
AERA are now undergoing testing, and some fea-
tures will be added to the existing en route soft-
ware after it has been rehosted. Other functions—
those that will have the greatest impact on the role
of the controller and the character of the ATC
system—will not be implemented until the early
part of the next decade when the redesigned soft-
ware has been installed. It is this latter group of
functions that may require either enhancement or
replacement of the proposed host computer in the
1990’s (see above).
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As envisioned by FAA, AERA is designed to
increase the efficiency of airspace utilization as
well as the productivity of controllers. AERA will
also enable users to follow more fuel-efficient
flight paths and make better use of the equipment
they are now installing on their aircraft. Flight
management and navigation computers, linked to
AERA by a new communication link (Mode S),
will eventually receive and respond to flight in-
structions without increasing aircrew workload.
Similarly, delays in the system will be minimized
by the flow control procedures, and safety will
be enhanced because the system will provide for
the separation of IFR from VFR traffic outside ter-
minal areas, rather than providing separation only
between IFR aircraft as is now the case.

Human factors and safety are important con-
cerns in AERA. In a highly automated system it
might be impossible to revert to manual control
in the event of a system failure. Therefore, the
AERA concept assumes that the functions of the
future ATC system will be distributed among vari-
ous elements. In the event that the main computer
at an ATC facility fails, the sector suite (acquired
during the second phase of system modernization)
will contain enough processing power to provide
at least some backup functions; other functions
will be transferred in real time to neighboring cen-
ters that remain operational.

FAA has yet to refine the AERA concept com-
pletely. The distribution of functions among the
various computer resources has not yet been de-
termined, nor have the respective roles of human
controllers and automated systems been defined.
This task will be carried out by FAA and the con-
tractor responsible for the design of the new sys-
tem.

This point is stressed by the critics of the rehost-
ing approach to computer replacement and those
who suggest that FAA use a “clean sheet” ap-
proach to the system design. They argue that pre-
mature acquisition of host hardware for the short
term could limit the options of the system design
contractor in the long term. This could result in
a requirement for extensive and expensive modifi-

cations of the host computers, a second wholesale
computer replacement, or (since that seems un-
likely) the implementation of a system that can-
not take full advantage of the available technol-
ogies and design options. None of the critics sug-
gest that replacement be deferred, and all of them
recognize that at some point FAA must commit
to a specific design even though there will always
be a better technology available at some point in
the future. Rather, their concern is that premature
commitment to “rehosting” hardware could limit
FAA’s ability to take advantage of the best tech-
nology that is now available.

Studies of the AERA concept commissioned by
FAA have generally agreed that the proposed ap-
proach is feasible. However, one study, recently
completed by the Rand Corp., suggests that the
AERA concept may not be sound.3 The Rand
study indicates that total commitment to automa-
tion, with the controller no longer an active part
of the system, is unwarranted and could present
safety problems. It suggests that the controller will
not be sufficiently involved in the traffic situa-
tion to detect errors in the system and analyze
them in time to take effective action. As an alter-
native to the AERA concept, Rand suggests a
“shared control” concept in which the controller
has a more active part in the control process. In
the end, the level of automation proposed by
Rand would be very close to that proposed under
AERA, although the route to achieve that level
would be different and it might not achieve the
increases in productivity that would result from
the implementation of the FAA plan.

FAA, on the other hand, argues that it would
not be possible to achieve the incremental im-
provements required for the shared-control ap-
proach, and that the automated system is expected
to be more reliable than a system in which human
controllers are active participants. FAA maintains
it would be basically unsound, beyond a point,
to back up an automated system with a human
one that is less reliable.

3Robert Wesson, et al., “Scenarios for Evolution of Air Traffic
Control,” The Rand Corp., R-2698-FAA, November 1981.
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COMMUNICATION

Communication is the backbone of air traffic
control. Instructions and information vital to the
safety of flight must be communicated between
ground and air and between ATC facilities on the
ground. While the present requirement for air-to-
air communication is minimal, this link may as-
sume greater importance in the future.

In the proposed plan, FAA indicates that a new
data link (Mode S) will be the primary channel
for transmitting data from the ground to the air
and between aircraft in flight. * Mode S will be
necessary to support the automated ATC system
that FAA proposes for the future and for the dis-
tribution of weather information and other data
of interest to aircraft in flight. It may also be used
to collect weather observations from appropriate-
ly instrumented aircraft as part of the real-time
weather system envisioned by FM. This data link
will also be used in TCAS, the collision avoidance
system adopted by FAA, to coordinate the ma-
neuvers of aircraft when a possible conflict is de-
tected.

‘At the OTA conference, a representative of FAA outlined the
differences between Mode S and the Discrete Address Beacon Sys-
tem (DABS) concept from which it was derived. From the point of
view of the data link, Mode S and DABS are functionally equivalent.
However, the ground facility requirement for Mode S will be consid-
erably less costly because it does not involve transmitting maneuver
instructions to aircraft to resolve conflicts or avoid collisions. This
also means that less computer power and less complex software will
be required to handle Mode S than would have been required to
handle DABS. Mode S has nevertheless been the subject of controver-
sy, primarily due to GA concern over the costs and airspace restric-
tions that would be imposed by eventual mandatory equipage (see
“Impacts on Airspace Users”).

Use of this data link will require installation of
Mode S transponders on aircraft. These transpon-
ders are also intended to improve the quality of
the surveillance data available to the ATC system.
FAA plans to extend the requirement for Mode
S  equipage to all instrument flights above 6,000
ft by the end of the century, compared to 12,500
ft for the present Mode C. However, FAA expects
that most aircraft will have equipped voluntar-
ily by that time, because of the enhanced services
that will be available only to aircraft carrying
Mode S transponders. Roughly three-fourths of
the current civilian fleet is equipped with the pres-
ent Air Traffic Control Radar Beacon System
(ATCRBS) transponders, although only half this
number has the more advanced Mode C altitude
encoder.

Communication between ATC facilities on the
ground is also vital to the operation of the system,
particularly as the level of automation increases.
The 1982 NAS Plan envisions a dedicated system
to handle these communications requirements. It
was difficult to assess FAA’s proposals because
of a lack of details in the 1982 NAS Plan, but
Working Group No. 2 questioned the need for a
dedicated system. Despite the existing Federal in-
vestment in equipment and rights of way, several
participants felt that, given the current state-of-
the-art, FAA could meet its requirements by pro-
curing needed communication services on the
open market.

COLLISION AVOIDANCE

The debate over collision-avoidance systems
has gone on for over 20 years. Collision-avoid-
ance systems are designed to back up the separa-
tion assurance services provided by FAA and to
resolve conflicts that may occur because of system
errors. They are not designed to function as a sub-
stitute for the basic separation assurance services
supplied by ground control facilities.

During the summer of 1981, FAA adopted the
Traffic Alert Collision Avoidance System (TCAS)
as the collision avoidance system to be imple-
mented, and it has been labeled by the Adminis-
trator as a key element of the 1982 NAS Plan.
TCAS is a totally airborne system that requires
virtually no expenditures by FAA beyond those
for the Mode S data link, which TCAS uses to
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coordinate maneuvers between aircraft. Initially,
at least, installation of the required avionics will
be voluntary on the part of the users.

There are two variants of TCAS. TCAS I, in-
tended for installation in small GA aircraft at min-
imal cost, provides information regarding the
presence of “intruder” aircraft and could be up-
graded to include a display of traffic advisories
on potentially conflicting TCAS II aircraft. TCAS
II, designed for airliners and business aircraft, is
a more comprehensive system that provides a dis-
play of relative bearing and distance and presen-
tation of a climb or descend indicator for an
avoidance maneuver. There are engineering mod-
els of both TCAS systems, although neither is
presently ready for certification and deployment.
The value of TCAS I has been challenged, since
it indicates only the presence of another aircraft
without providing data as to its relative position.
The feasibility of TCAS II has also been chal-
lenged. The present working model of TCAS 11
provides only a rather coarse indication of relative

bearing, and the high-resolution directional anten-
na required for a more accurate and useful TCAS
II system remains in the early stages of develop-
ment. Several participants in the OTA conference
suggested that this antenna might not be available
for some time.

Representatives of the military community ex-
pressed concern to OTA about the impact of
TCAS on the military fleet, particularly on high-
performance tactical aircraft. They point out that
space in these aircraft is at a premium, particularly
for the installation of avionics that do not enhance
mission capabilities or low-altitude safety. They
would therefore seek a Mode S design that can
be integrated with a military system such as JTIDS
or IFF. They also point out that the installation
of the antennas required for TCAS II could ad-
versely affect the aerodynamic performance of
tactical aircraft. FAA representatives have sug-
gested that the military may not be required by
the FAA to install TCAS (see “Impacts on Air-
space Users”).

SATELLITE TECHNOLOGIES

Participants in OTA’S technical working group
pointed out that FAA has given very little atten-
tion to the possible role of satellites in the ATC
system. This technology has developed rapidly
over the past few years, and satellites have con-
siderable potential not only as a communications
resource but also for use in surveillance and navi-
gation.

FAA does envision that satellites could eventu-
ally have a role in providing ATC services to air-
craft operating over land, but the agency believes
they are not yet a cost-effective alternative to
ground-based systems. There is considerably
greater potential in the short term for using satel-
lites to provide services to aircraft operating over
large bodies of water, where only minimal serv-
ices are now available.

Satellites also have the potential for improv-
ing low-altitude surveillance. There are present-
ly no proposals to extend coverage to the ground,
but the possibility of providing this level of cover-

age at some point in the future does exist. The
area covered by a ground-based sensor is limited
by terrain, and it would be very expensive to pro-
vide for full coverage of U.S. airspace using
ground sensors alone. While surveillance radars
would not be mounted on satellites, ATC com-
puters could use the Mode S data link to request
position reports and provide properly equipped
aircraft with separation services. This would be
particularly useful in resolving the problems that
arise when high-speed military aircraft on opera-
tional training missions must share low-altitude
airspace with small GA aircraft.

Satellites also have considerable potential as
aids to navigation. The military Global Position-
ing Satellite system is partially deployed and,
when completed, could be used to provide naviga-
tional fixes with the same level of accuracy now
afforded ground-based navigation aids. While na-
tional security considerations might limit the pre-
cision of the navigation aid provided to civil avia-
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tion, FAA omitted navigation satellites from the plans to have the essential parts of the new ATC
1982 NAS Plan on the basis of timing. The pre- system in place. Slippages in FAA’s proposed de-
paratory work necessary to bring civil services to ployment schedules, however, could reopen the
an operational status could not be completed be- satellite option.
fore the end of the present decade, when FAA



IMPACTS ON AIRSPACE USERS
FAA is attempting to modernize an ATC sys-

tem that is nearing the upper limit of its produc-
tivity. New computer capacity and a higher leveI
of automation should enhance the system’s abil-
ity to deliver air traffic control services to those
suitably equipped. In the longer term, the AERA
functions will greatly ease the management of
long-distance, high-altitude, point-to-point flights.
Air carriers and larger business aircraft will benefit
most directly from system improvements in the
NAS plan. Military and some GA users, who may
often fly VFR for short distances or at low alti-
tudes will also receive benefits, but they are mixed
with drawbacks as well.

The plan is written from the perspective of a
ground-based manager of the airspace. As a “user”
of its own system, FAA should gain a number of
benefits from automating and consolidating the
ATC system. Of the new functions to be added
to the en route and terminal area computers, near-
ly all are designed to provide better information
to the controller or to relieve him of routine
chores. Thus, these functions will enable the FAA
to do its job—provide for safe, expeditious use
of the airspace—more efficiently.

If automation and consolidation work as
planned, FAA will receive greatly increased pro-
ductivity from controllers and maintenance per-
sonnel. FAA expects this will lead to an actual
decrease in the controller workforce and a level-
ing of operating and maintenance costs, despite
increased demand for services. It is generally
agreed that modernization will lead to avoidance
of the costs of maintaining the aging system into
the indefinite future. However, FAA has not yet
made available their basis for projecting increases
in productivity. Some observers note that the in-
troduction of NAS Stage A automation in the ear-
ly 1970’s, while it did slow the growth rate of the
controller work’ force, did not live up to FAA’s
expectations in this regard.

Users who are properly equipped and who op-
erate at certain altitudes will begin receiving direct
benefits from the planned AERA enhancements
early in the next decade. FAA expects fuel-efficient
route planning to save users $250 million per year.
Most of these benefits would accrue to air carri-
ers and business aviation because of their high fuel
use. In terms of more efficient operation, these
two user groups are likely to benefit most from
the full range of AERA improvements.

GENERAL AVIATION

With 214,000 aircraft, the GA fleet is two orders
of magnitude larger than the commercial fleet
(2,541). Some 79 percent of the GA fleet are sin-
gle-engine aircraft, most of which rarely fly under
IFR. The automation of Flight Service Stations is
expected to provide benefits to GA users—nota-
bly, improved weather information. Small aircraft
operating under VFR would probably utilize few
of the other new ATC services.

The plan states that after 1990, aircraft will
have to be equipped with Mode S transponders
to fly above 12,500 ft. After 2000, transponders
would be required above 6,000 ft in order to re-
ceive ATC services.

For the majority of the GA fleet, operating
under VFR, the transponders will serve only to

mark their positions electronically. They will not
receive the other services available to IFR aircraft.
Though the 1982 NAS Plan makes the decision
to equip voluntary, the GA pilot who does not
have a transponder will find the volume of the
airspace available to him becoming smaller. Alti-
tude restrictions will, according to some GA rep-
resentatives, force many fliers that would prefer
VFR to fly IFR in order to avoid delays and unat-
tractive routings or to gain access to more air-
ports.

Owners of GA aircraft who wish to make full
use of the ATC system may want to equip with
TCAS and Microwave Landing System (MLS)
avionics. The cost of this equipment will not be
onerous for owners of multiengined business air-
craft, who are generally eager to modernize their

29
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airborne electronics and avail themselves of the
full range of ATC services. However, the single-
engine operator would get a relatively small return

for an avionics investment that might cost several
thousand dollars.

DEPARTMENT OF DEFENSE

The Department of Defense (DOD) is both a
major user and joint administrator of the national
airspace. Yet, the 1982 NAS Plan appears to have
been developed without prior consultation with
DOD. Concern has been expressed about the ef-
fect of planned FAA actions on the interface be-
tween military and civil ATC systems. In addi-
tion, some of the improved services that FAA
plans to provide may either be irrelevant to the
military mission or impose more costs than bene-
fits on the military users.

DOD controls a significant amount of the air-
space. DOD’s 8,000 controllers and 231 ATC fa-
cilities handle civil as well as military traffic in
their sectors, and their role has increased since last
summer’s PATCO strike. The NAS Plan does not
make clear how future upgrading and consolida-
tion of centers and communications facilities will
affect the military role or the required compatibil-
ity between military and civil ATC systems.

The military forces also have the responsibil-
ity to defend from airborne intrusion. Some FAA-
owned primary radars are used for this purpose
by DOD under a joint surveillance system. FAA
plans to phase out these primary radars by 2000,
when most of the domestic fleet is expected to be
equipped with Mode S transponders. However,
primary radars will still be needed for defense sur-
veillance, and the manner of their replacement is
not made clear in the proposed plan.

Military aviation accounts for about 20 percent
of all ATC operations in the continental United
States. (This includes ATC services provided by
military facilities for civil as well as military air-
craft. ) Although the percentage of this traffic han-
dled by FAA en route centers is small (16 percent)
on average, it is substantial in some regions. For
example, military flights account for 46 percent
of en route handles at the Albuquerque center.
The high concentration of military flights in cer-
tain regions makes it necessary for FAA to coordi-

nate carefully with the military, since any planned
relocation of bases or training areas could great-
ly affect FAA’s projection of future traffic volume
at selected centers.

Military use of domestic airspace is mainly for
training missions, not point-to-point transporta-
tion. This means that high-performance aircraft
sometimes operate at low altitudes, sharing air-
space with slow-moving GA aircraft operating
under VFR. See-and-avoid procedures do not
work well in these circumstances, and a recent Air
Force survey found that 87 percent of reported
near-collisions occurred at altitudes below 7,500
ft in uncontrolled airspace. At present, Flight
Service Stations (FSS) advise GA pilots of military
activity only on request, and there is no indica-
tion in the plan that an improvement of this pro-
cedure is planned as part of FSS automation.
Future FAA plans to put a “floor” of 6,000 ft on
secondary surveillance radar mean that problems
of separating military and GA traffic at low
altitudes will continue into the future. Some
means to provide radar coverage down to 1,000
or 2,000 ft would allow more military flights to
operate under IFR and to rely on ATC for separa-
tion from VFR traffic.

FAA’s plans for secondary surveillance radar
depend on aircraft being equipped with Mode S
transponders. The military services have reserva-
tions about this new avionics equipment because
it is of doubtful value to the military. Although
TCAS might have value in warning military air-
craft of the proximity of other TCAS-equipped
aircraft, it will be of no value in protecting against
unequipped aircraft, as many small GA aircraft
at low altitude are likely to be. The Mode S trans-
ponder would offer some advantage to military
aircraft when they operate under IFR in the
domestic airspace, but it would in no way im-
prove their combat capability.
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DOD estimates the cost to equip military air- also be high. Further, TCAS has little military
craft with Mode S alone will exceed $1 billion. utility, and concern has been expressed that the
These costs, which will ultimately be borne by TCAS antenna could actually interfere with the
the general taxpayer, must be balanced against aerodynamic performance of certain tactical air-
whatever benefits Mode S has for the civil system. craft.
Costs to equip military aircraft with TCAS will
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COST AND FUNDING ISSUES

The costs of implementing the 1982 NAS Plan mates supplied by FAA and OMB, the F&E costs
over the next 5 years would lead to substantial for the period fiscal year 1983 to fiscal year 1987
increases in the FAA budget for facilities and would amount to about $5.2 billion (constant
equipment (F&E) and research, engineering, and 1982 dollars). The RE&D costs would be $942 mil-
development (RE&D). According to budget esti- Iion (see table 3).

Table 3.–FAA Budget Estimates, Fiscal Years f983-87

Funding by fiscal year (in millions of dollars)a

A comparison of these projected costs, on an
annualized basis, with those of the period fiscal
years 1971-80 is shown in table 4. Future F&E
costs would be slightly over twice the historical
level, in constant-dollar terms; and RE&D costs
would be 50 percent higher. Cost estimates for
the NAS Plan in the years beyond 1987 have not
yet been released by FAA, but it seems likely that
annual expenditures of roughly equal magnitude
would be needed through the early 1990’s in order
to complete modernization of the ATC system,
install a new communication network, and up-
grade air navigation facilities.

Although the NAS Plan does not address mat-
ters of funding directly, subsequent statements by
the administration tie implementation of the Plan
very closely to funding issues. FAA Administrator
Helms has indicated that the success of the Plan
depends heavily upon securing a long-term fund-

Table 4.—Past and Future FAA Expenditures

Average annual
expenditures

(millions of dollars)

Actual Projected
1971-80 a 1983-87 b

Facilities and equipment . . . . . . . . 463 1,038
Research, engineering, and

development. . . . . . . . . . . . . . . . . 124 188
Airport aid (ADAP). . . . . . . . . . . . . . 673 387
Operation and maintenance . . . . . 2,564 2,263
All other . . . . . . . . . . . . . . . . . . . . . . 62 44

Total . . . . . . . . . . . . . . . . . . . . . 3,886 3,920
aBased on FAA appropriations for fiscal years 1971 to 1980, converted to con-

stant 1962 dollars.
bBased on FAA and OMB estimates.

ing commitment at the outset. The proposed
method of assuring a stable and reliable source
of funds is a system of user fees that would recover
85 percent of the FAA’s future capital and operat-
ing costs from those who receive ATC services.
This proposal is based on the general view of the
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administration that beneficiaries of Government
services should pay the costs incurred in providing
those services.

In essence, the system of user fees proposed by
the administration would reestablish the excise
taxes that were levied on airspace users under the
Airport and Airway Development Act of 1970,
which expired at the end of fiscal year 1980. The
current proposal would reauthorize revenue de-
posits to the Airport and Airway Trust Fund and
institute the following user fees:

● 8 percent passenger ticket tax;
● 5 percent freight waybill tax;
● $3. 00 international departure tax;
● general aviation gasoline tax of $.12/gallon

for fiscal year 1982-83 and rising thereafter
at $.02/year until reaching $.20/gallon in fiscal
year 1987; and

● general aviation jet fuel tax of 140/gallon for
fiscal year 1982-83 rising at 2@/year to 22Q/
gallon by 1987.

Initial OMB estimates, published in February
1982, indicated that these tax schedules would
lead, by 1987, to full recovery of the 85-percent
share of FAA costs allocated to civil aviation.4

Later figures released by FAA and OMB in April
1982 contained an increase of about $2 billion in
projected FAA expenditures related to the NAS
Plan for the period fiscal years 1983-87. 5 How-
ever, it was estimated that 85-percent cost recov-
ery could still be achieved by the proposed taxes
if coupled with a drawdown of about $2.2 billion
from the uncommitted balance in the Airport and
Airways Trust Fund (table 5).

4Major Themes and Additional Budget Details, FY 1983 (Washing-
ton, D. C.: Office of Management and Budget, Feb. 8, 1982), pp.
228-229.

‘Estimates presented by FAA Administrator Helms to the Trans-
portation Subcommittee of the House Committee on Appropria-
tions, Apr. 20, 1982.

Table 5.—FAA Budget and Cost Recovery, Fiscal Years 1983.87

Current dollars by fiscal years (in millions)

1983 1984 1985 1986 1987 1983-87

B u d g e t  a u t h o r i t y. .  . . . . . . . . . . . . . .3 ,904 4,760 4,806 4,655 4,704 22,829
User fee revenues:b

Current law . . . . . . . . . . . . . . . . . . . 1,474 1,670 1,878 2,108 2,344 9,474
Proposed increases. . . . . . . . . . . . 1,187 1,350 1,548 1,742 1,946 7,773

Total. . . . . . . . . . . . . . . . . . . . . .. 2,661 3,020 3,426 3,850 4,290 17,247
Trust Fund drawdown. . . . . . . . . . . . 657 1,026 659 107 (292)’ 2,157
Cost recovery (percent):

Current law . . . . . . . . . . . . . . . . . . . 38 35 39 45 50 41
With proposed increases . . . . . . . 68 63 71 83 91 75
With trust fund drawdown

(return) . . . . . . . . . . . . . . . . . . . . . 85 85 85 85 85 85
SOURCES: a FAA and OMB estimates presented to Transportation Subcommittee, House Committee on Appropriations, Apr.

20, 1982.
bOMB ,, Major Themes and Additional Budget Details, Fiscal year 1983” February 1982
cReturn to Trust Fund.

COST ALLOCATION

A more detailed analysis of the cost recovery percent of the share of costs allocated to them by
from proposed user fees (shown in table 6) indi- FAA. The proportion recovered from GA users
cates that the burden of costs recovered would would be between 12 and 20 percent of their allo-
not fall equally on each class of airspace user. The cated share. Thus, GA would receive a substan-
costs recovered from air carriers through the pas- tial cross-subsidy from airline passengers and ship-
senger ticket tax, international departure tax, and pers of air freight. Within GA, the principal bene-
freight waybill tax would vary from 104 to 148 ficiaries of this cross-subsidy would be that part



Table 6.—Cost Recovery Under the Administration’s Proposed User Fees
(in millions of dollars)

Fiscal year

1983 1984 1985 1986 1987 1983-87

Air carrier share
(58 percent of FAA costs):

Allocated share under
FAA-proposed budget . .........2,264 2,761 2,787 2,700 2,728 13,240

Revenue under proposed
user feesa . . . . . . . . . . . . . . . . . . . . 2,530 2,863 3,237 3,631 4,035 16,296

Cost recovery (percent). . . . . . . . . . . 112 104 116 134 148 123

Generail aviation share
(27 percent of FAA costs):

Allocated share under
FAA-proposed budget . . . . . . . . . . 1,054 1,285 1,298 1,257 1,270 6,164

Revenue under proposed
user feesb . . . . . . . . . . . . . . . . . . . . 131 157 189 219 255 951

Cost recovery (percent). . . . . . . . . . . 12 12 15 17 20 15
Total cost recovery from

civil aviation (percent). . . . . . . . . 68 63 71 83 91 76
aMade up of 8 percent ticket tax(air carriers and Cornrnuters), 5 percent freight waybill tax, and $3 international departure ‘ax
bMade up of taxes on gasoline and jet fuel.

SOURCES: OMB, “Major Themes and Additional Budget Details, Fiscal Year 1983,” February 1982. FAA estimates presented
to Transportation Subcommittee, House Committee on Appropriation, Apr. 20, 1982.

of the business and corporate aircraft fleet consist-
ing of turboprop and turbojet aircraft. These air-
craft, which now number about 7,600, or twice
the air carrier fleet, operate in the ATC system
much of the time and are used in a manner similar
to air carriers-point-to-point flights, into and out
of major airports, under IFR, and receiving full
ATC services. The business and corporate aircraft
segment now constitutes about 60 percent of all
GA traffic that uses the IFR system and represents
30 to 35 percent of the total workload at FAA
towers and en route centers. By the early 1990’s,
FAA projects that GA turboprops and turbojets
will make up about 45 percent of the ATC facil-
ity workload. (Air carriers will make up 30 per-
cent, other GA 15 percent, and military 10
percent. )

The administration advocates full recovery of
allocated costs from each class of airspace user
as a principle of taxation. However, even allow-
ing for the imprecision of the methodology of cost
allocation and revenue projection, the user fees
proposed by the administration do not accomplish
parity of cost recovery. A passenger ticket tax of
6.5 percent, not the proposed 8 percent, would
be sufficient to produce full recovery of the com-
mercial aviation share. For GA to pay a share
roughly proportionate to the burden it places on

FAA facilities, the combined gasoline and jet fuel
taxes would have to be five to six times higher
than the current administration proposal. Organi-
zations of general aircraft owners and manufac-
turers point out that such an increase, even if
phased in over several years, would have a severe-
ly depressing effect on the use and purchase of
GA aircraft.

The administration’s proposal is likely to be
contested by airspace users on several grounds.
First, there is strong disagreement by civil avia-
tion groups about what share of FAA costs should
be allocated to users and what share should be
treated as a general public benefit. Their conten-
tion is that the 85-percent share allocated to users
is excessive because the public benefit of the Na-
tional Airspace System is much higher than 15
percent—perhaps more on the order of 20 to 30
percent if one includes the general benefits of the
air transportation system. Thus, they would argue
for cost recovery from civil users of roughly 70
to 75 percent of FAA costs—not the 85 percent
assumed in the current administration proposal.

Second, there is also dispute about the alloca-
tion of costs between commercial and general avi-
ation. The owners and operators of small propel-
lor aircraft weighing under 12,500 lb contend that



they make very little use of the IFR system and
therefore should be charged only for the lesser
services they receive under VFR. * The 1978 cost
allocation study by FAA took the small aircraft
owners’ position into account and offered an alter-
native cost allocation scheme (called the “mini-
mum services method”) that reduced the overall
GA share to 13 percent with the balance allocated
to the general public as society’s cost of maintain-
ing a safe national airspace system. b

While business and corporate aircraft operators
generally oppose the concept of differential taxa-
tion based on their more extensive use of the IFR
system, it is precisely this small percentage of the
GA fleet that is responsible for the largest pro-
jected increase in the demand for ATC services.
The turbine-powered portion of the GA fleet, vir-

● The Aircraft Owners and Pilots Association, for instance, esti-
mates that only 5 percent of the GA flights are under IFR and that
the average flight time for GA aircraft that do fly IFR is roughly
30 minutes, compared with 1 hour 23 minutes for air carriers.

bFinancihg the Airport and Airway System: Cost Allocation and
Recovery, FAA-AW-78-14 (Washington, D. C.: Federal Aviation
Administration, November 1978).

tually all of which are flown for business pur-
poses, is forecast by FAA to grow from 7,600 to
15,700 planes by 1993. The growth of business
aviation activity is primarily responsible for GA
projections of near-term capacity problems at en
route centers.

If equitable cost recovery is to be the princi-
ple, a cost allocation formula should take into ac-
count significant differences in the burden placed
on the ATC system by the various segments of
the GA fleet. The administration proposal does
not do so, except that the tax on jet fuel is 2a/
gallon higher than the tax on aviation gasoline.
In selecting the proposed scheme, the administra-
tion seems to be hewing close to the system of tax-
ation that existed under the previous Airport and
Airway Development Act, taxes which are famil-
iar and generally acceptable to the civil aviation
community. The alternative of seeking to resolve
the issue of cost recovery in a more equitable, but
less familiar way, would likely make the adminis-
tration’s proposed user fees even more controver-
sial.

ALTERNATIVE METHODS OF TAXATION

Other methods of levying user charges are pos-
sible: either fees based on the actual use made of
the ATC system or an annual tax based on air-
craft characteristics and avionics equipment.7

Participants in the OTA Conference on the Na-
tional Airspace System Plan flatly ruled out direct
user charges as unworkable. OTA does not agree.
By means of the present ATCRBS transponder it
is possible to identify uniquely each aircraft using
the ATC system, continuously monitoring each
plane from takeoff to landing. This capability
would be enhanced by the future Mode S trans-
ponder. The data generated by either of these
transponder systems could provide the Govern-
ment with a detailed record of the services re-
ceived by each aircraft. Owners could then be
billed for what they used.

Toll roads provide a rough analogy. Charges
on those highways are usually based on the dis-

These alternatives are discussed inch. 7 of the OTA report, Air-
port and Air Traffic Control System, OTA-STI-175, January 1982.

tance traveled and the number of axles on the ve-
hicle, a factor which approximates the burden
placed on the road surface by vehicle weight. Data
generated by the ATCRBS or Mode S transpon-
ders could conceivably provide the FAA with a
record of the time each transponder-equipped air-
craft is in the system. From that information, FAA
might develop a basis for “toll charges” and col-
lections. Computers now make it possible for per-
sons to make a call from any of the 170 million
telephones in the United States and to pay for the
charges on their own phone bill a month later.
Social Security mails monthly checks to over 35
million recipients, either directly or to their banks.
So, before some form of direct billing is complete-
ly ruled out, FAA should determine whether the
modern technology of transponders and comput-
ers could be utilized to make direct user fees a
practical alternative to excise taxes.

Another possible mechanism for levying user
charges is a yearly tax on aircraft by weight, num-
ber of engines, or avionics equipment. The price
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of admission to the future ATC System will be
sophisticated avionics (Mode S, TCAS, MLS) to
complement the ground-based  system. Taxing that
equipment could provide FAA with an alternative
means of financing ATC services.

While the idea merits further inquiry, there are
at least two concerns to be overcome. First, a tax
on avionics equipment would not be a tax on avi-
onics use. The charge would be the same whether
an airplane flew 200 or 2,000 hours a year and
whether it used the advanced equipment or not.
From the user’s point of view, there would be no
direct link between services received and taxes
paid. Still, it is not unreasonable to assume that
aircraft carrying certain avionics will make use
of that equipment to receive ATC services and,
hence, that a tax on avionics would be an econom-

ically efficient way to recover the costs of pro-
viding services.

Another concern, voiced by several OTA con-
ferees, is that raising the price of admission to the
ATC system could have a negative effect on safe-
ty. The new avionics equipment is designed to
make flying safer, and FAA hopes to induce GA
owners to equip voluntarily by offering them
more and better services. For example, weather
is a factor in about 40 percent of all fatal aircraft
accidents, and the Mode S data link is intended
to bring automated and improved weather infor-
mation to GA pilots who are equipped with these
transponders. A tax that discourages avionics pur-
chases could conceivably weaken the NAS Plan’s
principal goal: safety.

OTHER FUNDING ISSUES

There are several other issues that arise from
the proposed user fees: the negative effect of fees
on aviation growth, the disbursement of user rev-
enues to cover operating and maintenance costs,
and the disposition of the present uncommitted
balance in the Airport and Airway Trust Fund.

The FAA’s growth forecasts form an important
part of FAA’s justification for rapid moderniza-
tion and expansion of the ATC system. Increased
user fees, however, increase the price of commer-
cial air travel and the costs to GA users. The ef-
fect of these cost increases could be to dampen
the expected growth in civil aviation, perhaps by
enough to alter significantly the forecast level of
demand for services at FAA facilities. This, in
turn, implies that ATC equipment and facilities
to service this demand may not have to be as ex-
tensive as FAA expects or that they may not be
needed as soon as now forecast. An analysis by
FAA of the relationship between user fees and avi-
ation growth would be a valuable aid to Congress
in evaluating the proposed schedule for ATC sys-
tem improvements.

The administration proposal calls for user fees
to recover 85 percent of all FAA costs, including
operation and maintenance (O&M) expenses,

which make up about 60 percent of the FAA
budget for the coming 5 years. In the past, air-
space users have objected to funding O&M ex-
penses through user fees on grounds that O&M
costs include many items not directly attributable
to operating the ATC system and that users
should not be expected to bear these costs, which
should be assigned to the general public. Figures
ranging from 25 to 50 percent of O&M costs have
been suggested by various user groups in the past
as a reasonable upper limit of their proper share.
Another objection, which pertains only to user
fees collected under the previous Airport and Air-
way Development Act, is that use of Trust Fund
revenues to cover O&M costs violates the basic
purpose of that Act, which was to fund capital
improvements to airports and airways. Some
users, who have opposed diversion of Trust Fund
monies to noncapital expenditures in the past,
might oppose the current Administration proposal
unless the share to be used for O&M costs were
negotiated specifically and made contingent upon
not reducing expenditures for capital purposes.

A third, and related, issue is how to spend the
present uncommitted balance of roughly $3 billion
in the Trust Fund. The administration proposal
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is to draw down this balance over the next 5 years, their full allocated share of all ATC system costs.
using it to supplement user fees in order to meet On the other hand, aviation user groups argue
85 percent of FAA expenses in all budget cate- that this would not be consistent with the pur-
gories. This is an integral part of the overall plan pose for which the Trust Fund was established.
to put FAA funding on a base whereby users pay
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GROWTH SCENARIOS IN FAA’S
NATIONAL AIRSPACE SYSTEM PLAN

Members of Working Group 1
(February 25, 1982)

Robert W. Simpson, Chairman
Professor, Flight Transportation Laboratory
Massachusetts Institute of Technology
Samuel C. Colwell
Director, Market Planning
Fairchild Industries, Inc.

Herman  Gilster
Manager, Traffic and Economic Forecasting
Boeing Commercial Airplane Co.
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Congressional Budget Office
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General Aviation Manufacturers Association
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Aircraft Owners and Pilots Association

Barney Parrella
Manager, Airport Planning and Development
Air Transport Association
Gilbert F. Quinby
Consultant
John Slowik
Vice President
Airline and Aerospace Department
Citibank N.A.

Summary

In its most recent (2/16/82) forecasts of aviation ac-
tivity for the period 1982-93, the Federal Aviation Ad-
ministration (FAA) projected substantial rates of
growth in commercial and general aviation (GA) traf-
fic, as well as a large increase in the size of the GA
fleet. These projections undergird FAA’s National Air-
space System (NAS) Plan for modernizing the Nation’s
air traffic control (ATC) system and the timetable the
agency would follow in making the NAS Plan a re-
ality.

The Working Group spent much of the day discuss-
ing the adequacy of FAA’s aviation forecasts. These
discussions centered on: 1) the internal structure of
FAA’s econometric model, 2) its reliance on the Office
of Management and Budget (OMB) forecasts of the
gross national product (GNP) and other economic in-
dicators, 3) its high level of aggregation, and 4) its
omission of cyclical economic behavior. The consen-
sus appeared to be that FAA’s forecasting methods
may tend to produce unduly optimistic projections of
economic growth and its effects on aviation.

The group also looked into a number of related fac-
tors that could limit substantially the growth envi-
sioned in the Plan. These included: 1) airport conges-
tion; 2) user fees; and 3) financing of aircraft pur-
chases.

The group generally agreed that modernization
would be desirable for reasons of reliability and pro-
ductivity alone. Their questions dealt not with the need
for the proposed improvements, but with their tim-
ing. Slower growth would allow more time, and sev-
eral participants noted that the choice of technology
might also be affected by the timing of the NAS Plan.
A few extra years could be important, since the system
one could develop now might be significantly different
from one designed later in the decade.

Discussion

On February 12, 1982, the FAA Office of Aviation
Policy and Plans issued “FAA Forecasts on Aviation
Activity, Fiscal Years 1982-1993.” On the title page,
FAA explicitly noted that its projections were “based
on OMB’S January 12, 1982, forecasts of economic var-
iables. ”

Members of Working Group 1 were given a copy
of that document at the outset of the meeting and re-
ferred to it often during the discussion of FAA’s
econometric model and the agency’s use of the ad-
ministration’s economic projections.

The ideas expressed by the group during the meeting
on February 25 fell into two major categories:
1) economic forecasts and 2) related factors of an
economic and noneconomic nature that could affect
FAA’s forecasts for growth in aviation.
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Economic Forecasts

The FAA Forecasting Model

David Lewis, an econometrician, with the Congres-
sional Budget Office (CBO) led the discussion with an
examination of FAA forecasts of aviation activity over
the last 23 years. In comparing those projections with
actual levels of activity, Lewis discerned three distinct
chronological periods.

During 1959-65, FAA’s 5-year projections for var-
ious measures of aviation activity and ATC workloads
proved too low by an average of 18.7 percent. But the
reverse of that pattern occurred during 1966-73. The
agency’s 5-year projections for that period were too
high by an average of 32.5 percent.

In 1974 FAA shifted from trend extrapolation to an
econometric model. While Lewis called this a step for-
ward, he also suggested that the model might prove
only marginally more accurate than past projections.
According to his calculations, the average forecast
error since 1974 has been high by 21.2 percent; the
maximum error for any one year’s forecasts was 34.7
percent too high. (Lewis’ tables are attachment A-l.)

Lewis noted that “there’s been an improvement in
the projection of passenger demand on the air carrier
side. ” But even though some of the 1976 projections
for 1981 were not far off, the Professional Air Traffic
Controllers Organization (PATCO) strike led air car-
riers “to ground small planes, resulting in improved
load factors, ” he said. So, while FAA’s forecasts for
enplanements proved 4.3 percent too high, its estimate
for domestic revenue passenger miles (RPMs) was 9.o
percent too low. The forecast for total tower opera-
tions, however, proved 34.7 percent too high.

Lewis raised this point not to criticize the FAA–
which could not have anticipated the strike, he said—
but to highlight “the importance of each factor in the
forecasting chain, ”

FAA uses four variables in a linear formula to pre-
dict RPMs. Lewis argued that two of those variables,
disposable personal income and consumer expenditure
in transportation, “are highly related to each other. ”
If that is so, he asked, “why are they both in here?”

With deregulation in 1978, the airlines went into
what Barney Parrella, Air Transport Association,
called a “shakedown period.” Dr. Robert Simpson, of
the Massachusetts Institute of Technology Flight
Transportation Laboratory, pointed out that “200 or
300 years of transportation economics history tells us
that the pricing activity is chaotic in an unregulated
state. It always goes that way because in transporta-
tion you always have spare seats, spare capacity. ”

Yet, the econometric model FAA is using to project
air carrier traffic into the 1990’s does not take into ac-
count the fare wars and other competitive behavior
that followed deregulation.

The model also does not incorporate possible
changes in labor costs, Because of agreements signed
before deregulation, the older airlines are locked into
high wage and salary scales. “You can suspect a prob-
lem, ” said John Slowik of Citibank N. A., “when one
major airline estimates it only needs 58 percent of
employee-hours it now pays for. Or when the Civil
Aeronautics Board’s own data point out that certain
majors’ fully allocated costs are as much as 89 percent
above a low-cost national carrier. ”

The driving factor in FAA estimates of the workload
imposed by general aviation is the size of the GA fleet.
This is a critically important calculation because rapid
growth in the GA fleet accounts for the greatest pro-
portion of projected needs in FAA’s NAS Plan. Yet,
the agency ignores fuel prices in calculating changes
in fleet size. Lewis suggested, and Robert Monroe of
the Aircraft Owners and Pilots Association confirmed,
that fuel prices are an important factor in the size of
the active GA fleet and in the total number of hours
flown.

Monroe estimates, however, that 15 percent of the
GA fleet is inactive, meaning that those planes have
not flown during the past year. If FAA greatly over-
estimates the utilization as well as the size of the GA
fleet, it would affect both the agency’s projected work-
load and the Government’s ability to finance the NAS
Plan through user fees. Specifically, Federal revenue
collections from higher taxes on aviation fuels could
fall far short of current projections. That, in turn,
could shift a greater portion of the burden of financ-
ing the NAS Plan from system users to the general
fund.

Economic Variables

GNP and disposable personal income, two highly
related economic factors, are the principal variables
underlying FAA’s calculations of air carrier and GA
operations. FAA does not calculate these factors in-
dependently; they are derived from forecasts of eco-
nomic variables prepared by the Executive Office of
the President, OMB, as of January 1982. Monroe
labeled these projections “a political forecast.”

Several members observed that the administration’s
numbers could be called “targets” rather than forecasts.
Slowik characterized them as “hockey-stick forecasts.
They are kind of flat for a while, and they start going
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up ... because things are always getting better in the
future. ;’

The air carrier projections led Samuel C. Colwell,
of Fairchild Industries, Inc., to ask: “What forces are
going to cause (air) traffic growth . . . to go faster than
it did in the ‘70s? Every force that I see, everything
that I look at, says it has to grow slower . . . Fuel
prices, even if they moderate . . . are still at least go-
ing to go up as fast as inflation and probably faster . . .
There are productivity increases coming, but they’re
minor compared to the productivity increases we had”
in the last two decades.

Another example of this phenomenon may be seen
in Government projections for general aviation. FAA
estimates that the GA share of instrument operations
at airports will rise from 48 percent in 1982 to 55 per-
cent in 1993. The urgency of the NAS Plan timetable
is based largely on this expected boom in GA traffic.

The FAA forecasts that the size of the GA fleet will
rise from 211,000 in 1981 to 332,900 by 1993. Yet, in
1980, according to FAA, the fleet grew by only 700
aircraft. Last year, it was estimated to have grown by
3,000 planes. Growth is projected to remain slow in
1982-83 but should then explode in the out years. Be-
tween 1985 and 1993, FAA expects the GA fleet to ex-
pand by over 12,000 aircraft per year.

Because the timing in the NAS Plan seems to hinge
on the growth of the GA activity, the accuracy of its
forecasts for that sector is critically important. Zalman
Shaven of OTA suggested that “we need greater disag-
gregation” in the data FAA uses to forecast GA ac-
tivity and other operations. After considering the data,
assumptions, and projections that went into the agen-
cy’s GA forecasts, other members of the group seemed
somewhat skeptical of the results.

In projecting the size of the GA fleet, for instance,
FAA assumes “an elasticity of 17, each l-percent in-
crease in GNP leading to a 17-percent increase in the
change of the size of the fleet, ” Lewis pointed out.
“They (FAA) take the aggregate forecasts and just
make a guess at the share of the aggregate that will
be held by” each type or category of GA aircraft, he
said. “There is no attempt to forecast sets, those in-
dividual classes, from the bottom up.”

Although GNP drives the agency’s projections for
GA activity, said Lewis, the model assumes that
“there’s a saturation level . . . that means at the
margin, progressively higher levels of income lead to
progressively smaller changes in the demand for air-
craft .“

Monroe questioned whether GNP should even be
considered “a causal variable. It’s always been my
understanding that GNP was a consequence of doing

something, not a cause of doing something . . . . If the
airplane is indeed a business tool, then GNP is a con-
sequence of buying and operating aircraft, not a causal
factor.”

Questions were also raised about the accuracy of
FAA data on the present GA fleet. Consultant Gilbert
F. Quinby found that Government recordkeepers
“were very careless about purging accident aircraft out
of the file.” Monroe agreed, pointing out that “the dif-
ference between a sheet of paper and an airplane is
where we get into trouble. ” He also noted that the
Government does not have “a good system of purg-
ing” to account for aircraft that were exported.

After comparing past GA growth rates with current
FAA projections, Monroe suggested that “the projec-
tion of numbers in the Plan is not out of the realm of
possibility.” That, however, seemed to be the extent
of his optimism.

Indeed, he argued that the importance of GNP and
disposable income may be overstated in FAA calcula-
tions. Alluding to the Vahovich study, ’ he noted that
“convenience seems to be the primary problem with
most aircraft owners. It’s not the cost. That actually
came fairly well down in the line of concerns, about
fourth or fifth or sixth.”

But in the final analysis FAA seems to have pegged
its aviation forecasts to the administration’s optimism
about economic growth. “All these equations are
driven by highly aggregate variables: GNP, consumer
expenditure (on transportation and) disposable in-
come, ” said Lewis. “They’re very sensitive to those
variables and changes in long-term growth rates. To
the extent that those growth rates are too optimistic,
the forecasts will be too optimistic as well. ”

Cyclical Economic Factors

Although the U.S. economy has made impressive
gains at times, it seldom moves in a straight line. In
recent years, it has gone through several periods of
recession and recovery. Yet, FAA’s forecasts through
1993 apparently ignore the possibility of cyclical fluc-
tuations in the future. The agency assumes a steady
upward march in GNP.

Some members of the group were skeptical of the
forecasts for this reason. “Any trend-extrapolation
model that is just used arbitrarily is going to generate
results like this, and they’re always going to be bad, ”
said Colwell. “And I think they’re making the same
mistake now because we’re in another basic structural

1S. G. Vahovich, General Aviation: Hours Flown and Avionics Purchase
Decisions, FAA-AVP-78-9 (Washington, D. C.: US. Department of Transpor-
tation, Federal Aviation Administration, Office of Aviation Policy, May
1978).
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change in the industry. And so, if FAA or whoever
is using these models would then apply some logic and
reasons and adjust the models appropriately—not just
rely on the outcome—they would do much, much
better.”

The General Aviation Manufacturers Association
(GAMA) has an understandable interest in estimating
growth in the GA fleet. Yet when GAMA makes “fore-
casts of production, sales and deliveries (it) will only
do it for one year in advance, ” said David McGowan
of GAMA. “We have no idea what’s going to happen
2, 3, 5, even 12 years down the road . . . . What they
(FAA) are using, I don’t know.”

Using charts, Herman Gilster, of Boeing Commer-
cial Airplane Co., showed how Boeing’s projections
of domestic RPMs for 1980 fluctuated widely from its
initial estimates in 1968 to its final prediction in 1979.
The actual figure in 1980 proved to be 268 billion
RPMs, but the company’s forecasts ranged from about
475 billion (1969) down to 250 billion (1975-76). (See
attachment A-2. )

These fluctuations, said Gilster, suggest that when
“growth is high, or things look well, you forecast high.
And then if you get into a depression area, such as
’74 and ‘75, you lower your forecast dramatically.
(So,) I think there’s a tendency to have your long-range
forecast highly influenced by the short-term economic
situation. ”

Cyclical changes have also lead Boeing to revise its
forecast for 1985 from 700 billion RPMs (1971) down
to 310 billion RMPs (1982). In comparing Boeing’s pro-
jections with those of other firms in the industry,
Gilster noted that “the engine manufacturers . . . have
lower forecasts than the airframe manufacturers.” But
he also pointed out that the Boeing and FAA forecasts
of the size of the U.S. commercial jet fleet in the year
2000 closely match. (See attachment A-2.)

The price of commercial airliners is another cyclical
economic factor omitted from FAA’s forecasting
model.

U.S. air carriers, said Slowik, are suffering from a
“serious over-capacity which has been fueled by back-
to-back negative traffic-growth years. ” Without good
profits, many airlines cannot afford to modernize their
fleet. Yet, he remarked, “there is little doubt that those
airlines who want to operate profitably must replace
old, inefficient aircraft with new-generation equip-
ment .“

To get new aircraft, most companies will need to
sell a portion of their current inventory. But the market
for old aircraft is so depressed, said Colwell, that “the
prices of corporate jets are now equivalent to a used
(Boeing) 727. They are up to $6 to $8 million for a
new, large corporate jet. ”

But if the market for airliners does bounce back, air
carriers might find their benefits short-lived. “The
doomsday scenario that I have,” said Simpson, “is that
the (new Boeing) 757s and 767s coming off the line”
will have to compete against their 727s and other older
aircraft “when all our Columbia Airs and the rest . . .
start grabbing them and putting them into service
again.” And, he added, “unless you put the axe to some
of those airplanes, they don’t physically disappear.
They are always going to come back.”

If that scenario were to transpire, it could also set
off a new wave of price competition which might fur-
ther erode the profitability of U.S. air carriers.

Other Factors Affecting Future Growth

Airport Congestion

In chapter II of the NAS Plan, FAA acknowledges
that “it is growth in major metropolitan areas (covered
by the large and medium hub airport and reliever air-
port statistics) that causes special concern. These areas
contain the largest concentration of aviation industry
consumers, representing 90 percent of the air carrier
enplanements and 40 percent of itinerant aircraft op-
erations . . . Because of their high population densi-
ty, increasing resistance to the adverse environmen-
tal impact of airport growth, and the expensive and
difficult task of land acquisition for the enlargement
of existing facilities or construction of new airports,
expansion in these areas is nearly impossible. ”

This chapter, in Barney Parrella’s view, shows that
FAA realizes that “airport availability or capacity at
airports will be the constraining factor, going out to
the year 2000, in terms of growth in the system. ”
Gilbert Quinby added that “One way to test the
realism of doubling the (GA) fleet is to try to figure
out where they’re going to put them with the present
trends in runways, tiedowns, etc. ”

Yet, FAA’s econometric model is unconstrained. In
the words of H. Clark Stroupe, of Booz-Allen &
Hamilton, the forecast “assumes an open-ended sup-
ply of air transportation.” Is it consistent, then, for
FAA to take airport congestion into account as a con-
straining factor in air-traffic management but to ig-
nore that congestion when forecasting air-traffic
growth?

This question was addressed by several members of
the group. Parrella argued that “when you hit that ceil-
ing, which is places to land, that seems to me to be . . .
the ultimate definer of what your forecast will look
like.” Later, he added: ‘We can project these numbers
in a forecast and talk about growth scenarios . . . (but
the) overriding constraint is capacity at the major air-
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ports , . . I mean, are we talking about a forecast that
is really expected to come about, or are we really talk-
ing about some kind of target?”

FAA projects that the number of airports in the NAS
Plan will grow from 3,163 to 4,000 by the turn of the
century. That projection was greeted skeptically by
Monroe, who recalled that “when they first established
a Federal airport aid program back in 1945, the intent
was to develop . . . 6,500 (to) 7,500 airports through-
out the Nation . , . Well, the last three or four times
that they have published any plan, the number of air-
ports included in the plan has always declined. ”

Several factors, including high real estate costs, are
working to shrink the number of places where an air-
plane can land. Monroe cited the Los Angeles Basin
as one area where public use airports are disappear-
ing. He quoted FAA data showing that over 300 air-
ports per year have been closed or abandoned since
1965.

Monroe believes that “convenience” has become
more important than cost in an individual’s decision
to purchase a small plane. But when owners find that
they cannot use major airports and are forced to drive
long distances to use strips which provide considerably
less service, they often give up flying. The result, ac-
cording to Monroe, “is a terrific turnover . . . . Half
the (GA) fleet turns over in terms of numbers of reg-
istrations. ” Lack of convenient airports could also con-
strain the growth of the GA fleet and GA operations.
“Growth is going to be very slow,” Monroe said, “until
we solve the airplane-airport problem. ”

Constraints on airport growth appear inevitable.
Citing his recent experience with Boston’s Logan Air-
port, Simpson argued that “there is no limit on pas-
sengers at this airport. There are ways to handle the
parking lot and some of the building problems at any
of these airports. ” The real constraints stem from
restrictions on aircraft noise and insufficient land for
additional runways.

At Logan, said Simpson, “what we are arguing
about is one little, short 3,800-foot runway to handle
commuter airlines and the possibility of talking the
FAA into some parallel approaches on runways that
are only 1,500 feet apart. That is it. There is nothing
you can do with money to help Boston-Logan, and
if you think you are going to go somewhere else in
the Boston area and put another airport down, you
are not going to do that either. ”

User Fees

How will the United States pay for an improved
ATC system? This seems certain to be one of the
thornier questions Congress may have to face.

In the NAS Plan (page I-34), FAA indicates that the
cost of upgrading the ATC system “will be borne by
the user. ”

During the discussion of user fees, Paul Phelps of
OTA pointed out that the latest FAA forecast assumes
that “the Administration’s user-tax schedule will be in
effect on July 1, 1982, and that money will start going
into the (aviation) trust fund. ” These revenues will
come from taxes on passenger tickets and on aviation
fuel. But the projection, he added, “does not re-
flect . . . the two-cent-a-year escalator on those gas
taxes, which may be another reason why general avia-
tion local operations and . . . tower operations are so

high in the out years.”
Because the price of fuel is a factor in FAA forecasts

of GA activity, the agency’s failure to take this fuel-
tax escalator into account would tend to add an up-
ward bias to its estimates of local GA operations and
the projected workload of its Flight Service Stations,
which are used primarily by GA aircraft. Monroe
agreed that user taxes slowed GA growth in the 1970’s.

Would increased user taxes exercise a similar re-
straining effect in the 1980’s? And if the Government
does not receive the expected revenues from these
levies, how will it pay for these improvements to the
system? Quinby suggested that the “economic conse-
quences of total fleet and total (operations) much lower
than this (traffic forecast) might call for a review of
the funding forecast. ”

Cost allocation turned out to be equally thorny.
There are, as Quinby noted, “a lot of up-front costs
that this Plan asks for which are very difficult to
allocate. Who should pick up the tab for increasing
the productivity of the technical personnel that it takes
to man the system? . . . Who should pick up the tab
for changing from leased Bell System lines to (an FAA-
owned) microwave?”

FAA expects general aviation to account for 75 per-
cent of the increased demand on the system. Should
GA user fees be raised in rough proportion to the de-
mand GA will put on the system?

Quinby did not think so. “From a standpoint of cash
flow, assets (and) payroll,” he said, “the air carrier
business is on the order of 10 times as big as the general
aviation business. ”

Parrella took issue with “this ability-to-pay sce-
nario, ” which “in this current difficult air carrier
market is not just . . . a simple thing that one can
assert anymore . . . . You can’t just say . . . it’s the
deep-pocket industry. We’ve heard from the bankers
that that’s just not the case in this environment . . . .
It’s very inequitable to have cross-subsidization from
one industry to the other. ”
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Monroe argued that “only five percent, approx-
imately, of general aviation flights make use of the IFR
system. ”

“And yet,” countered Gilster, “we have another sta-
tistic, which is that more than 60 percent of the flights
in the system are general aviation. ”

As this exchange indicates, the group reached no
consensus concerning either the impact of user fees on
traffic growth or the appropriate level of user taxes
each sector of aviation should, or could, bear.

Aircraft Financing

The FAA model for changes in the size of the GA
fleet is driven principally by GNP. It is far less sen-
sitive to aircraft prices and interest rates. That formula
was criticized as too mechanistic as well as too highly
aggregated. “Corporate operations are the fastest
growing part of GA right now, ” said Shaven. Yet by
lumping corporate aircraft with the smaller planes,
which are used largely for personal flying, one could
come up with an estimate of GA fleet size that “may
be totally invalid because you’ve ignored the detail,”
he said.

Lacking detailed and disaggregated data, the group
was unable to reach any conclusions about the issue
of financing GA purchases.

For the air carriers, however, there are essentially
“three primary sources of funds, ” said Slowik. They
are: Commercial banks, equity-type securities and the
long-term institutional market (mostly insurance com-
panies). “There is also a long-term market through
pension funds, ” he added, “but they generally have
rules where they will not lend money to companies
with less than a double-A bond rating, which excludes
all the airlines automatically. ”

“The estimates made by several of the major airlines
indicate net profits of $150 million to $200 million per
year (each) will be necessary if their planned and al-
ready-ordered new-generation aircraft are to be fi-
nanced, ” he said. So, many carriers may not be able
to take delivery of airliners currently on order. Gilster
confirmed that some of Boeing’s deliveries are being
renegotiated.

With Wall Street unreceptive to airline equities and
the institutional market charging the airlines interest
rates 1 or 2 percentage points higher than their other
customers, the carriers have nowhere to turn but to
the banks.

“There would be quite a few carriers that wouldn’t
be in business today if it weren’t for the banks mak-
ing substantial concessions and putting more money
into them, ” said Slowik. At Citibank, he continued,
“we have had to buy out banks, where Midwestern,

regional-type banks have refused to go along with ad-
dition terms.”

Many airlines do not actually own their aircraft;
they lease them from Citibank and other financial in-
stitutions. This source of financing, Slowik cautioned,
would be jeopardized by proposed changes in the lease
provisions of the Tax Reform Act of 1981. Airlines
may also be able to benefit from offshore capital. Two
years ago, for instance, “the first Eurobond financing
was arranged for a major airline, ” said Slowik.

Though a return to profitability could save many
of the carriers, it would have to be a very robust
recovery to save them all from bankruptcy. A bank
that foreclosed on an airline today would not be able
to get a very good price for the carrier’s aircraft. So,
the banks might decide to wait until the price of used
aircraft climbs substantially before calling in their
notes.

Alternatively, a bank could force the large carriers
to liquidate a portion of their fleet to pay off their
debts. In other words, said SIowik, “it wouldn’t nec-
essarily require them to go bankrupt to get the
money. ”

Questions for

Near the close of the

Working Group 2

meeting, the group touched
on some issues it would like to see Working Group
2 explore:

I. If FAA’s scenario of rapid growth is judged to be

2.

overly optimistic, can the Government prudent-
ly delay a decision to upgrade the ATC system?

Quinby characterized the present system as “a
tired bunch of hardware (that is) trying to run
software with band-aids on it. It was designed to
be shut down every night for maintenance, and
it is not being shut down every night . . . When
it breaks, the lack of redundancy and distributed-
processing capability hurts them.”
How integrated are the various components of
FAA’s NAS Plan?

From his reading of the Plan, Monroe con-
cluded that “the elements are so interconnected
and . . . interdependent that you almost have to
make the decision at the beginning to go the
whole 10 yards . . . and, hence, it is not subject
to . . . modification at any major part by any
short-term alternations in forecasts. ”

But Stroupe expressed a “hope that any new
technology would have flexibility to make mid-
course corrections towards demand in the 10- and
15-year timeframe.”



App. A—Growth Scenarios in FAA’s National Airspace System Plan . 47

3. Would the choice of technology be likely to
change if more time were available before the im-
provements would be needed?

“Well, quite frankly, ” said Stroupe, “a 2- or
3-year error in some of the saturation points is
a significant difference in what type of technology
and what type of system you might consider feas-
ible to implement . . . You may open up alter-
natives if the number to saturation is 8 years in-
stead of 4.”

4. Specifically, which of the options rejected by
FAA might prove to be superior alternatives if
growth were slower than expected and more time
were  available  before capacity improvements had
to be in place? (See Response to Congressional
Recommendations Regarding FAA's En Route
ATC Computer System, DOT/FAA/AAP-82-3,
January 1982.)

Questions for Staff Investigation

The Working Group also raised several issues that
might be addressed by OTA staff, possibly in coopera-

tion with the General Accounting Office (GAO) or
CBO:

1. To what extent are the scope and timing of FAA's
plans driven by the need to accommodate grow-
ing demand, as opposed to the need to replace
obsolescent equipment or to increase produc-
tivity?

2. How reasonable and consistent are FAA’s avia-
tion forecasts, with regard to procedures and eco-
nomic assumptions as well as specific projections,
and do they provide a satisfactory basis for FAA's
long-range plans ?

3. Specifically, how does FAA arrive at its forecasts
of workloads and capacity constraints at in-
dividual en route centers, which seem so vital to
the timing of its NAS Plan?

4. How accurately do FAA’s forecasts reflect the
potential impact of aviation user fees, and what
effect will lower rates of traffic growth have on
the revenues with which to pay for the proposed
improvements ?
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Table A-l-l .—Five-Year Aviation Activity Forecasts Compared
With Outturn (percent difference)

Commercial Revenue Hours flown All
Forecast For the air carriers passenger in general itinerant Total
made in year enplanements miles aviation operations operations

1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981

– 1.3
– 9.5
–27.5
–32.1
–41.3
–31 .4
–14.1

9.4
23.6
23.9
21.1
26.3
19.0
22.3
14.0

–10.1
1.6
4.3

– 6.5
– 9.7
–26.0
–31.4
–41.3
–33.6
– 19.8

0.5
13.0
15.9
21.2
33.0
28.6
33.7
18.3

– 7.2
–14.7
– 9.0

– 0.6
– 1 . 2
– 15.3
–23.6
N/A

–23.5
– 16.3
– 1.6

9.1
7.4
4.6

– 0.6
– 0.6
– 6.8
– 10.4
– 9.5
– 1.2

15.7

6.0
– 12.7
–20.0
–20.6
–26.9
–24.0
– 8.0

32.4
43.8
49.7
37.7
19.7
14.1

1.2
2.3
6.4

11.3
25.7

9.7
–21 .6
–28.9
–27.3
–32.5
–24.9
– 5.2

42.2
54.9
58.4
42.4
25.9
22.9

4.5
8.8

12.8
16.0
34.7

SOURCE: David Lewis, Congressional Budget Office, from FAA Aviation Forecasts, 1959 to 1976.

Tabie A-1.2.—Summary of Forecast Periods

Performance
Period Method 5 years aheada Environment

1959-65 Trend forecasting: Average error – 18.7°/0 Expanding, prosperous economy.
unspecified links to economy, Worst year –32.5°/0 Rapidly growing population.
business cycle, population, Declining first-class and coach
fares, competition from other fares, (declining unit costs
modes. because of increasing use

of jets).

1966-73 Trend forecasting: Average error +32.5°/0 Softening trends in aviation
unspecified links to economy, Worst year +58.4°/0 activity. Increasing ticket taxes,
business cycle, population, rising fares. Forecasts made in
fares, competition from other 1969 (published January 1970)
modes. assumed 4.25 percent growth

rate in fiscal 1973, to continue at
that rate through decade. infla-
tion 2 percent per year from
fiscal year 1973. Fares projected
to decline in real terms (flat in
current dollars).

1974-onwards Linear econometric models. Average error +21 .2°/0
Worst year +34.70/0

aOperations forecasts.

SOURCE: David Lewis, Congressional Budget Office.
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Table A-1-3.—FAA Forecasting Models

Causal Elasticity
Measure Model form variables (at mean)

Air carrier operations
Revenue passenger miles (RPMs) Linear econometric Revenue per passenger mile . . . – 0.64

Consumer expenditure in
transportation . . . . . . . . . . . . . . 0.15

Disposable income. . . . . . . . . . . . 1.80
Investment in transportation . . . 0.26

Total domestic operations RPM X 2

General aviation
Tower workload:

Change in fleet size

Itinerant operations

Local operations

Instrument operations

Flight service station workload:
Aircraft contacted
Pilot briefs

VFR flight plans

IFR flight plans

Average Average
Load seating stage
factor x capacity x length

Linear semilog

N/A N/A

GNP . . . . . . . . . . . . . . . . . . . . . . . . 17,00
Aircraft price . . . . . . . . . . . . . . . . . – 4.00
Interest rates . . . . . . . . . . . . . . . . . – 2.00
Sales . . . . . . . . . . . . . . . . . . . . . . . . 3.00
Time . . . . . . . . . . . . . . . . . . . . . . . . Negative

Linear Fleet size . . . . . . . . . . . . . . . . . . . . 1.07
Fuel price. . . . . . . . . . . . . . . . . . . . – 0.23

Linear Fleet size . . . . . . . . . . . . . . . . . . . . 0.21
Students. . . . . . . . . . . . . . . . . . . . . 1.00

Linear Fleet size . . . . . . . . . . . . . . . . . . . . 1.50

Linear Itinerant operations . . . . . . . . . . . 1.10
Linear Fleet size . . . . . . . . . . . . . . . . . . . . 1.60

Fuel price. . . . . . . . . . . . . . . . . . . . – 0.30
Linear Fleet size . . . . . . . . . . . . . . . . . . . . 0.60

Fuel price. . . . . . . . . . . . . . . . . . . . – 0.27
Linear Fleet size . . . . . . . . . . . . . . . . . . . . 1.60

Fuel Deice . . . . . . . . . . . . . . . . . . . . – 0.21
N/A - Not applicable.

SOURCE: David Lewis, Congressional Budget Office
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Figure A-2-3.— Comparison of Industry Forecasts of Domestic Air Traffic in 1985 and 1990

BOE = Boeing
GE = General Electr!c
BAe = British Aerospace
FAA = FAA Baseline (1980
L = Lockheed
McD = Douglas
P/w = Pratt &Whitney
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Figure A-2.4.— Market Forecast for U.S. Commercial Jet Passenger Fleet, 1980-2000
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Appendix B

COMPUTER AND COMMUNICATION
TECHNOLOGIES IN FAA’S

NATIONAL AIRSPACE SYSTEM PLAN

Members of Working Group 2
(March 9, 1982)

H. Clark Stroupe, Chairman
Vice President, Booz-Allen & Hamilton, Inc.

Michael J. Ball
U.S. Air Force

Paul Baran
President, Cable Data Associates

W. W. Buchanan
Senior Associate, SES
James Burrows
Director, Institute for Computer

Technology

Anthony Csicseri
General Accounting Office

George Litchford
President, Litchford Electronics

Gilbert Quinby
Consultant
Harrison Rowe

Science and

Bell Laboratories, Crawford Hill Laboratory

Robert W. Simpson (Chairman, Working Group 1)
Professor, Flight Transportation Laboratory
Massachusetts Institute of Technology

Willis Ware
The Rand Corp.

Other Participants

John Andelin, OTA
Neal Blake, FAA
M. Karen Gamble, OTA
Sam Hale, OTA
Valerio Hunt, FAA
Larry L. Jenney, OTA
William Mills, OTA
Peter J. Ognibene, consultant to OTA
Paul B. Phelps, OTA
Zalman Shaven, OTA
Norman Solat, FAA

David Traynham, Subcommittee on Aviation of the
House Committee on Public Works and Transporta-
tion

Summary

In its National Airspace System (NAS) Plan made
public in January, the Federal Aviation Administra-
tion (FAA) outlined its proposals for modernizing the
Nation’s air traffic control (ATC) system.

Working Group 2 commended the NAS Plan as a
worthwhile statement of goals and an advance over
previous plans. However, the panel also suggested that
FAA may have underestimated both the technological
risks inherent in individual elements of the Plan and
the scheduling risks involved in implementing and in-
tegrating these elements into a highly automated sys-
tem. In general, the participants felt that there was suf-
ficient uncertainty in FAA’s traffic forecasts to require
greater flexibility in its implementation schedule, par-
ticularly for the en route computer replacement.

While the group agreed that improvements are
needed, most members were skeptical of FAA’s plan
to “rehost” the current en route software in a new
mainframe computer. Because that software, too, will
eventually be replaced, some suggested that the interim
rehosting step could be bypassed. By upgrading 9020A
computers to 9020Ds, FAA could increase its computa-
tional capacity sufficiently to postpone congestion at
any en route center until the mid-1990’s. This would
give FAA additional time to benefit from improved
software and the distributed architecture of modern
computer hardware.

The group also indicated that the lack of a clear
description of system architecture made it difficult to
judge the details of computer and communications sys-
tem design. Members also suggested that FAA devote
additional attention to satellite-based systems for com-
munication, navigation, and surveillance, as well as
the impact of greater automation on those who use
the ATC system.

Though the word “National” is in the title, the group
noted that the NAS Plan is structurally incomplete.
It largely excludes military aircraft and ATC facilities,

52
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as well as the majority of the general aviation (GA)
fleet which operates under Visual Flight Rules (VFR).
Some participants also questioned whether the sharp
distinction between “controlled” and “uncontrolled”
airspace can be maintained in the future.

The Plan

Working Group 2 agreed that the Nation’s ATC sys-
tem needs to be modernized, despite their questions
on technology and timing. In an observation that
reflected the group’s thinking, Chairman H. Clark
Stroupe, vice president of Booz-Allen & Hamilton,
Inc., said, “No one . . . has seriously entertained the
concept of doing nothing. ” The group also had general
praise for FAA’s 1982 NAS Plan, which the agency
made public in January. Consultant Gilbert F. Quinby
felt it was “to be commended at a policy level, ” and
Stroupe called it “a fairly significant set of goals, even
bold in some sense, compared to some of the previous
plans FAA has had. ” Other participants echoed these
overall evaluations.

The choice of technologies was generally considered
to be well within the state-of-the-art, although there
was disagreement about specific components. George
Litchford, president of Litchford Electronics, com-
mented that, “As far as using the new technology
(goes), I think it’s being used in a conservative sense.
In aviation you can’t plunge ahead with brand new
technology. You usually have to use quite well-proven
technology, and I think in that sense it’s a fairly con-
servative plan. ”

Others felt the Plan might be too conservative. “I
looked at the technology, ” said Paul Baran, President
of Cable Data Associates, “and it looked very, very
old . . . . There seems to be a slight mismatch there
between what we’re able to do and what we’re pro-
posing to do.” W. W. Buchanan, senior associate with
SES, agreed. “Certainly the technology doesn’t show
an awful lot of advancement over the plans of 5 years
ago or even 10 years ago, ” he said.

Several participants expressed apprehension, how-
ever, particularly when the discussion shifted from the
individual technologies to the way they would be in-
tegrated and implemented by FAA. Dr. Willis Ware
of The Rand Corp. put these concerns most strongly,
saying “It’s dripping with technical risk all over. About
every third project talks casually about software. I
would judge that most of those software remarks are
not well-founded in terms of the resources needed to
accomplish them. The en-route-control computer re-
placement I would regard as especially risky, primarily

because of the software as it now exists in FAA. And
they have a terrifying problem of how to get anywhere
from where they are now.” (See below under “Rehost-
ing” and “Software and Sector Suites.”)

In addition to its technological risks, the NAS Plan
was also criticized for its omission of important
elements of the aviation community, notably the
armed services. “The military seems to be much more
aware that they’re part of the National Airspace Sys-
tem than FAA does in this planning document, ” said
Stroupe. Litchford agreed, adding, “To FAA, it’s like
the military doesn’t exist, and I think that’s one of our
major problems in all this documentation. ”

“The National Airspace System is defined in the
FAA plan as an FAA system only,” said Mike Ball of
the Air Force, who represented the Department of De-
fense (DOD). It “doesn’t address an architecture for
the entire system because it leaves out the military-
agency facilities. But beyond that, it’s definitely not
an airspace system plan because it doesn’t address the
overall needs of other people who are currently oper-
ating outside the IFR (Instrument Flight Rules) system. ”
This includes most of the general aviation fleet, which
FAA puts at 214,000 aircraft, whose operations are
largely under VFR. (See below under “General Avia-
tion.”)

The group was also concerned about the haste with
which FAA proposes to implement the NAS Plan. It
was the consensus of Working Group 1 that FAA’s
traffic forecasts, based on last year’s economic pro-
jections from the Office of Management and Budget
(OMB), were unduly optimistic. Working Group 2
seemed equally skeptical of agency projections of an
overloaded en route ATC system in the mid-1980’s.

In addition, there were questions about the timing
of the implementation schedule itself. The high level
of automation in the NAS Plan involves “a whole new
series of problems, ” according to Dr. James Burrows,
director of the Institute for Computer Science and
Technology. If one component falls behind schedule,
it would send “ripples into everything else” in a way
that “is not clear from looking at this book. ” Ware
shared this view: “If anything slips, the whole thing
slips. ”

Dr. Robert W. Simpson, professor, Flight Transpor-
tation Labs, MIT., who chaired Working Group 1, ob-
served that, “One thing I’m sure of is that the forecasts
are uncertain, and if I were planning a system this large
I’d be planning it in such a way that I could accom-
modate it one way or the other. ” Ware agreed: “It
(looks) like a logical sequence if you have no prob-
lems . . . (but) there’s no plan for what happens if you
have real problems.”
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Technologies

Rehosting

The group devoted a considerable amount of atten-
tion to FAA’s decision to “rehost” the existing en route
computer software in a larger mainframe computer,
and only then replacing the trouble-plagued software
itself. In an observation shared by many members of
the group, Stroupe said, “I couldn’t find the compel-
ling reasons for a short-term rehosting approach to the
computer (replacement) that seem to outweigh a lot
of compelling reasons for a better long-term solution
with more modern technology. ”

FAA spokesman Neal Blake explained that agency
forecasts of air traffic growth were crucial in Ad-
ministrator J. Lynn Helms’s decision to rehost the ATC
software in a new computer. “We clearly needed to
get on with increasing the capacity of the air traffic
control system in this decade, now in the late 1980’s
or early 1990’s or beyond . . . . He (Helms) felt that
we could not take on a program which had both hard-
ware and software risks and be able to provide any
near-term improvements in, say, the mid-1980’s time-
period.”

Ware, who felt that the two-step computer replace-
ment was “especially risky, ” reacted to Blake’s argu-
ment by asserting that “the portability of software is
mythology” and adding that “the system-design con-
tractor (for phase two) will be constrained, for better
or for worse, by the choice of the rehosting instrument
or by whatever reasonable enhancement can be made
in the host by upgrading within a family of compu-
ters. ”

Several members of the group then suggested that
FAA might be able to skip the rehosting step entirely
if it were willing to upgrade its present 9020 computers
where necessary. FAA forecasts “operational delay
days”* during the 1980’s at only four en route centers,
all of which use the 9020A computer. The 9020D, al-
ready installed at 10 centers, has 2.5 times the com-
putational capacity of the A-model. FAA documents
suggest that upgrading 9020A computers to D models
would alleviate congestion at ATC centers until the
mid-1900’s. FAA has already successfully upgraded
from 9020A to D in its Jacksonville center, and the
complete engineering and data package resulting from
this experience considerably reduces the technical risk
of doing so at other centers.

In the shorter term, FAA might also be able to re-
lieve en route congestion by redrawing the boundaries

● Defined by FAA as a day when utilization of the 9020’s processing capacity
exceeds 80 percent of its available capacity for 1 hour or more.

of certain ATC sectors. Zalman Shaven of OTA
pointed out that the centers where congestion has been
projected “are adjacent to areas covered by centers that
have excess capacity. ” Ball suggested that “maybe the
solution to this capacity problem is to bulge out your
center boundaries” to alleviate congestion.

When asked if the agency had considered upgrading
the affected A-models to D-models, Blake replied: “We
looked at it, obviously . . . . I think the Administrator
felt it was better to get a new system . . . we could
build on . . . until we could get what we like . . . .
The earlier we can get the new system in, the earlier
we can start consolidating—saving people and saving
money. ”

Buchanan agreed with Blake. “I am, perhaps, a lit-
tle bit more uncomfortable with keeping the 9020s any
longer than is absolutely necessary . . . . I would think
it would be very important that FAA get some new,
modern computer power at the earliest possible time. ”

This appeared to be a minority view, however.
Baran’s observation seemed closer to the group’s gen-
eral perception. “I wonder, ” he said, “whether it may
pay for us just to start now working on the high-level
(programing) language and go parallel with develop-
ment of the computers, so when the time comes, we
won’t find ourselves implementing computer systems
that are 5 or 10 years old to start with . . . . You either
swallow a big pill now, or you’re going to have to
swallow a lot of pills the rest of the way. ”

Several members of the working group also ex-
pressed concern about FAA’s strategy of awarding
both contracts (new host and new software) at the
same time. They raised the possibility that only one
contractor, IBM, might be in a position to win them.

Burrows characterized the situation as “a procure-
ment morass. It seems to me that when you start talk-
ing about replacing a 9020 and converting the current
software, that is IBM . . . . Once you have emplaced
IBM equipment as the follow-on equipment and talk
about modifying that equipment to be compatible with
the new software, . . . that is IBM again. So what they
have . . . (is) a two-phase procurement which has
guaranteed IBM in both of them. ”

Litchford agreed: “It is going to be hard for them
to really solicit open, system bids before they select
the whole. ” Anthony Csicseri of the General Account-
ing Office (GAO) added, however, that GAO had
already informed FAA that the plan was subject to
GSA procurement regulations requiring competitive
acquisition, and that compliance “(would) not slow
down the acquisition process needed to bring in a
rehost system, if that’s what’s really required. ”

In the end, however, the issue of rehosting remained
unresolved. “It looks to me, ” speculated Ware, “that
what the Administrator has announced as a strategy
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is to get the money flowing, because he can’t count
on what the congressional attitude will be in 10
years . . . . Given the vagaries of how Government
works and congressional funding, just the prudence
of delaying a decision that might otherwise be sensi-
ble becomes questionable. So, therefore, it is really a
judgment call. ”

Stroupe agreed. “It is a political and not a technical
issue .“

Software and Sector Suites

In his written presentation, FAA’s Valerio Hunt in-
dicated that “two major parallel efforts will be in-
itiated . . . this summer. One of these efforts will be
the procurement of a host computer that will possess
the capability of executing the existing 9020 software.
This strategy will provide the earliest increase in com-
puter capability that can also be used as an integrated
part of the total system replacement . . . . The second
parallel effort initially focuses on a total integrated
system design for the entire system. This is followed
by development of the new sector suite (of display ter-
minals for controllers), a suitable data network, and
the new software system.”

Although Hunt as well as Blake characterized these
programs as “parallel,” they are not independent of
each other because FAA expects its host computer will
subsequently run the new system software. As a con-
sequence, the hardware decision could have a con-
siderable impact on software design and the functions
assigned to the sector suites.

“The consolidation and integration of the terminals
with the en route system seems very bold, ” said
Stroupe, yet in examining the NAS Plan he found that
“the whole partitioning and architecture of the system
is not clear in many of the alternatives. ” Later, he
asked: “has their proposal precluded going to any ap-
propriate architecture for a very advanced, very auto-
mated system in the ‘90s?”

Ware replied that “your question is unanswerable
because, in this document, there is no evidence of a
system architecture . . . . It’s the classical jurisdictional
partition. The en-route centers are doing their upgrad-
ing. The communications guys are doing their upgrad-
ing. The Jacksonville center is doing its thing. There
is no system architecture described in there. ”

When members of the group sought more details on
the architecture of the new ATC system, Blake in-
dicated that the agency has placed most of the burden
of system integration on the contractors who will pro-
vide FAA with the elements of its new ATC system.
“The vendor will deliver us an operating system which
includes the hardware with whatever modifications he

feels are proper ones for his machine . . . So he is
delivering us, really, a turnkey system . . . . We will
assume that in this decade we cannot build a perfect
hardware-software package and that we will have to
operate at the sector-processor level during certain
types of failure . . . . The system contractor delivers
a set of sector suites suitable for terminal and en route
operations and tower operations. He delivers a new
software package which includes all of the functions
that were resident in the 9020s plus direct-route capa-
bility, which are the first steps of the AERA (Auto-
mated En Route Air Traffic Control) program. ”

Ware characterized this development and procure-
ment strategy as “kind of a neat gambit, ” one that
“pushes a lot of risk off FAA and onto those vendors.”

Communications

In his presentation to the group, FAA’s Norman
Solat outlined the agency’s planned changes in the
ATC communications systems. Several participants
had indicated that this aspect of FAA’s proposal was
difficult to assess because of the lack of detail in the
NAS Plan.

They also questioned Solat’s conclusion that the
agency’s investment in the existing communication
system precludes major change or the substitution of
a radically different technology. Solat pointed out:
“What we have got at the facilities are the rights of
way and the equipment and the microwave links. They
are already there and paid for and owned by the tax-
payers.”

Ware took issue with Solat on this point. “I would
argue that communications technology is not an issue, ”
he said. “Just go out and buy it . . . . How do people
in the present world shove data around mixed with
message traffic? Packet nets. Look at the world. That’s
the way it’s going, and FAA’s dedicated line (approach)
is kaput. ”

Harrison Rowe of Bell Laboratories wondered about
characteristics of the data transmissions that deter-
mined FAA’s design of the communications portion
of the NAS Plan. “The basic things that drive what
goes on in communications are not spelled out here
in enough detail to let you get an informed opinion
about whether it makes sense or not, ” he said. “We
haven’t heard any of the technical details about this
Mode-S (transponder) and the (air-ground) data link
and how it is all going to work. ”

Rowe pointed out that the frequency of transponder
interrogations can be of critical importance. If they
occur infrequently, the Mode S system would be ade-
quate. “But if all these people flying around are inter-
rogating each other all the time, there may be a lot



—

56 . Review of the FAA 1982 National Airspace System p/an

of traffic going on up there. You wonder if that system
is going to overload or if it’s going to create in-
terference hundreds of miles away. ”

Satellites

In “reading the communications part” of the NAS
Plan, said Baran, “one has the feeling that you’re
reading papers maybe 20 years old. There is no ap-
preciation for the satellite and what it means in com-
munication systems. ” Litchford agreed. “Nowhere in
the Plan, ” he said, “are they really looking at satellites
seriously until after the year 2000.”

Solat argued that it is not clear whether a satellite-
based communication system is cost-effective for han-
dling trunk message traffic in the ATC system. FAA
now has 2,000 equivalent voice-grade circuits, and
Solat envisioned that a satellite Earth station could
serve as the distribution center for messages on those
circuits. But, he added, “right now, because of the
capacity and the loads that are on those circuits, we
don’t see that there is a major payoff.”

DOD is also concerned, Ball noted, because FAA
appears to have “summarily dismissed” the NAVSTAR
satellite and the Global Positioning System (GPS) used
by the armed forces. “The problem between the FAA
and DOD is how much of the coding are we going to
release to civil use, ” he said. “In other words, we can
locate (aircraft) extremely accurately, but we don’t
necessarily want to give that capability to everybody
in the world. ” He went on to say that the amount of
coding proposed by DOD for release to civil aviation
more than meets the navigational accuracy require-
ments for nonmilitary users of the airspace.

FAA, according to Litchford, “argues that you really
can’t get landing accuracies” with GPS. Stroupe took
a different tack. “The fact that you can’t use GPS to
land an aircraft doesn’t say you shouldn’t use it to
replace one-mile-accuracy radar. ”

User Impacts

Some participants felt that, in drafting the NAS
Plan, FAA did not give sufficient attention to the needs
of certain elements of the aviation community. The
Plan focuses almost exclusively on how to achieve a
highly automated form of control for IFR traffic,
especially during the en route portion of flight. There
does not appear to be adequate concern for VFR traf-
fic or operations at low altitudes (under 6,000 ft).

Moreover, the plan is written almost wholly from
the perspective of the ground-based air traffic con-
troller. Litchford labelled the plan as “a controller’s

wish book. In other words, it is aimed at the controller
himself; it doesn’t talk about the user’s needs.”

Department of Defense

The military services account for about 20 percent
of all domestic traffic and as much as 46 percent of
operations at en route centers like Albuquerque. In ad-
dition, they must also protect the Nation from airborne
intrusions and attacks. Nevertheless, DOD “was not
consulted by FAA prior to the announcement of the
plan, ” according to Ball. The NAS Plan, in his view,
“essentially has been designed as an improvement to
a point-to-point air transportation system. But the ma-
jority of DOD use of the national airspace is not point-
to-point air transportation but, rather, training mis-
sions . . . and they are basically left out of the sys-
tern. ”

That omission also seems to be reflected in the air
traffic growth projections on which the NAS Plan was
based, FAA’s “definition of the system demand is mis-
leading, ” according to Ball. FAA’s “traffic count,
which gives the military traffic as 4 percent, is based
on (operations at) FAA towers only. But if we take
a look at all the traffic that is controlled in the IFR
air traffic control system in the CONUS (Continental
United States), DOD accounts for about 20 percent
of the traffic count. ” Much of this traffic (and a good
bit of civilian traffic as well) is handled by DOD’s 233
ATC facilities and nearly 8,000 controllers in CONUS.

DOD has cooperated with FAA to ease the effects
of the controllers’ strike by transferring “a good deal
of our flight operations from demand on the FAA sys-
tem or the FAA portions of the system to our own fa-
cilities, ” according to Ball. Moreover, DOD has “a
large program under way to relocate most of the train-
ing areas . . . to get away from the (areas of) heavy
civil air traffic and try to help out. ”

DOD is concerned that FAA’s requirement for
Mode-S transponders may cause an increase in military
expenditures with no appreciable increase in benefits.
“Cost estimates to equip DOD aircraft with Mode-S
are in excess of a billion dollars, ” said Ball, “and we’re
not sure Congress wants us to spend that kind of
money for something that doesn’t enhance our war-
fighting capability.”

While Mode S avionics may have no appreciable ef-
fect on the aerodynamic performance of commercial
or GA aircraft, they could have an adverse impact on
military aircraft. “There is great concern (at DOD)
about sticking more black boxes and more displays
and more antennas on high-performance fighter air-
craft, ” said Ball. “From what we’ve heard about the
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antennas that will be required for TCAS (Traffic Alert
and Collision Avoidance System), we’re going to lose
operational capability on fighters and other high-
performance aircraft. ”

On the broader question of airspace surveillance,
FAA indicates that, in the future, it will rely less on
primary radar to monitor air traffic. “We see an evolu-
tion toward a system that is more directly based on
Mode-S, ” Blake told the group. “The plan says that
by the year 2000 we hope to have pretty well dropped
our dependence on primary radar for en route services.
That is, the current ATC type or the joint type radar.
And we wiIl be using primary radar , . . primarily for
weather detection. ”

FAA believes the ATC system will be able to main-
tain better surveillance over air traffic through second-
ary radar and Mode-S transponders. But what about
aircraft not equipped with these beacons? Ball ex-
pressed concern about the implications of this basic
change in the surveillance system. “The elimination of
the surveillance capabilities by the year 2000 is accept-
able if we feel that (there is) another means . . . of
maintaining the air defense and air sovereignty mis-
sions of the Department of Defense. ”

Military training missions will also be affected by
the shift to secondary radar. “Half of our low-level
training routes right now are flown under Visual Flight
Rules because we don’t have adequate communications
or surveillance from the FAA to operate under Instru-
ment Flight Rules, ” said Ball. “There is concern about
the validity of VFR when we have got an F-4 down
at 300 feet, going at 500 knots. It is a bit difficult for
him to see and avoid (other aircraft) or for the Piper
to see and avoid him. ”

Ball carried this criticism one step further. “The
military expends a lot of money and effort in providing
to the FAA system information on the scheduling and
actual use times of those routes, . . . but the whole
thing is totally inefficient right now. The schedules are
buried in a pile of messages that are still on a clipboard
somewhere. There is no graphic display. The Flight
Service Station guy is overworked, giving weather
briefings and everything else. He is not required to give
a mandatory briefing of military activities to the
general aviation VFR pilot—only on request. ”

General Aviation

Even though the NAS Plan affirms freedom of ac-
cess to the airspace as a basic right, FAA envisions a
highly automated ATC system oriented toward opera-
tion of well-equipped aircraft flown by experienced
pilots. Some segments of the GA fleet, notably turbine-
powered business aircraft, are of this type and regular-
ly use the ATC system, but most GA aircraft do not.

Yet the NAS Plan devotes little attention to the 90 per-
cent of GA operations that take place under VFR. The
NAS Plan apparently assumes that the present distinc-
tion between “controlled” and “uncontrolled” airspace
will continue far into the future, but if FAA projec-
tions of a greatly expanded GA fleet come to pass, the
extent of positive control may have to be broadened
considerably into uncontrolled areas where most VFR
flights now occur.

Some participants did not think the difference be-
tween IFR and VFR, or between controlled and un-
controlled airspace, could be perpetuated indefinite-
ly. One of them was Ware, who asked: “Does this plan
provide a system which is a proper foundation for
gracefully extending (air traffic control) . . . down to
sea level?”

“That’s an important issue, ” said Baran, on which
FAA “punted . . . implying that we’re going to have
VFR forever . . . , I think a plan that covers the period
through the end of the century should include the im-
plications of that potential change. ” In the future,
perhaps near the turn of the century, said Ball, “the
Visual Flight Rules concept just will not work, and
we’ll have too many ‘midairs, ’ and the American public
will demand a total airspace system. ”

The direction charted by FAA for the ATC system
will necessarily increase the cost of entry with the re-
quirement for Mode-S transponders and other avionic
equipment. “If one expects people to voluntarily equip
with something, there has to be a benefit; there have
to be services, ” said Blake. And in the future, he con-
tinued, “if you want to get the good ATC services, you
will have to buy it. If you don’t want them, that is
your choice. ”

FAA forecasts indicate that significant growth in the
size of the general aviation fleet will result in much
greater demand on its ATC centers. Quinby took a
mixed view of that projection. “The count of the ac-
tive general aviation fleet that comes out of this
forecast is substantially higher than what seems real-
istically attainable, hangarable, maintainable, man-
ufacturable and so forth, ” he said. However, he also
contended that “it’s conceivable . . . that half of the
total general aviation active airplanes will be routine-
ly engaged in the ATC system” in the future. High-per-
formance corporate aircraft, the heaviest GA users of
ATC services, today comprise the fastest growing seg-
ment of the fleet.

A u t o m a t i o n  

The new ATC system would make more extensive
use of computers and automated modes of operation
to increase the productivity of controllers. FAA claims
that, when hardware and software are operating,
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higher productivity will lead to lower manning levels
and significant cost savings,

“I was interested in the claims that are made for per-
sonnel savings, ” said Buchanan. “It seems that all of
the actions, principally the automation phases of the
project, claim substantial savings in personnel. One
wonders if FAA has really considered, though, what
kind of staffing enhancements they would have to have
to adequately support (and maintain) . , . a con-
siderably higher level of automation than they are ac-
customed to handling. ”

Burrows expressed similar concerns. “There are
statements about how we are going to load up the peo-
ple by adding more automation, ” he said, “and I was
wondering whether we’ve done experiments to show
that was true . . . or whether those were just faith
statements, that somehow between here and there we’ll
figure out how to do that.”

Simpson stressed the importance of “human interac-
tion” with an automated control system, where much
routine decisionmaking is done by computers. “It’s not
going to be just keyboarding and monitoring and
watching the software do the work. (Ideally, it should)
be the controller commanding that software to do
what he wants it to do. ” No decision should be “made
by other than a human being. The machine can pre-
sent the decisions to him. He’s got to pass it through
his brains and say, yes, that’s what we want, and pass
it back to the machine . . . . Otherwise, the machine
is controlling, and the controller is trying to keep up

with the decisions the machine is making. I don’t think
we’ll ever get to that position. ”

The Rand Corporation Report

The Rand Corp. recently released a report entitled
“Scenarios for Evolution of Air Traffic Control” in
which it takes issue with FAA’s approach to automa-
tion in the AERA program. The Rand report was not
discussed specifically by the group, since it was not
available at the time of the meeting. However, the con-
cerns about automation expressed by working group
participants closely paralleled the findings of the Rand
study (see attachment B-l).

Rand’s principal conclusion is that the goal of full
automation sought under AERA is a questionable re-
search and development strategy that may present
serious problems with regard to safety, efficiency, and
increased productivity. An ATC system in which com-
puters make most of the time-critical decisions in con-
trolling aircraft, while the human operator serves in
a managerial and back-up role, implies a needlessly
complete and irrevocable commitment to automation.

Rand argues for an alternative approach, called
“shared control, ” that would construct the future ATC
system as a series of independently operable, serially
deployable modules that would aid—not replace—
the human controller and keep him routinely involved
in the minute-to-minute operation of the system.



App. B—Computer and Communication Technologies in FAA National Airspace System Plan ● 5 9

ATTACHMENT B-l: EXCERPT FROM “SCENARIOS FOR
EVOLUTION OF AIR TRAFFIC CONTROL”1

VI. CONCLUSIONS

We have considered several alternative ATC futures, beginning
with a Baseline case in which nothing beyond the most conservative
R&D projects paid off. We have concluded that the approach of simply
adding more and more controllers is ultimately counterproductive from
a performance standpoint. We have examined the FAA’s plan to use
advanced computer science technology to construct a fully automated
ATC system for application near the year 2000. The expected aircraft
safety levels, fuel-use efficiency, and controller productivity have led us
to question that plan and to suggest that there maybe a middle ground
consisting of a highly, but not totally, automated system.

We believe that pursuing the goal of full-automation AERA—with
little regard for interim systems or evolutionary development-is a
very questionable R&D strategy for ATC. It seems unlikely that a
large-scale multi-level AERA system that can effectively handle non-
routine events, show stable behavior under dynamically changing con-
ditions, and be virtually immune to reliability problems can be imple-
mented in the foreseeable future. Human controllers may be required
to assume control in at least some of these situations, although at
present there is no conclusive evidence that they would be able to do
so; indeed, some evidence and opinions from the human-factors commu-
nity suggest that they would not be able to.

The AERA scenario presents serious problems for each of the three
major goals of ATC—safety, efllciency, and increased productivity. By
depending on an autonomous, complex, fail-safe system to compensate
for keeping the human controller out of the routine decisionmaking
loop, the AERA scenario jeopardizes the goal of safety. Ironically, the
better AERA works, the more complacent its human managers may
become, the less often they may question its actions, and the more likely
the system is to fail without their knowledge. We have argued that not
only is AERA’s complex, costly, fail-safe system questionable from a
technical perspective, it is also unnecessary in other, more moderate
ATC system designs.

Some AERA advocates assert that it is necessary to keep the human
out of the time-critical loop to achieve productivity and fuel-use gains.
We question that belief as well. AERA may well achieve 100 percent
productivity increases in the en route high and transition sectors, and
it may indeed facilitate more fuel-efficient air operations. But if the
controller work force almost doubles, as expected, by the time AERA
comes on-line, and AERA’s domain of applicability is limited to the

‘The Rand Corp., R-2698-FAA, November 1981
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simplest of sector types, its ultimate effect may hardly be felt, since the
actual ATC bottlenecks occur elsewhere. Further, greater fuel efficien-
cy comes from many sources-some as simple as present-day relaxation
of procedural restrictions, some as complex as the planning modules of
AERA and Shared Control. AERA may meet the goals of ATC by 2000,
but the costs incurred along the way will be very great-in dollars, in
fundamental research that must be completed, and in restrictions on
the controller’s role.

Ultimately, the AERA scenario troubles us because it allows for few.
errors or missteps, The right choices have to be made at the right times,
or a failed AERA scenario would degrade to a more costly and delayed
version of the Baseline scenario. In the attempt to construct a totally
automated ATC control system, unacceptably high possibilities and
costs of failure overshadow the potential rewards of success, .

Our main conclusion is that such an overwhelming dependence on
technology is simply unnecessary. If the planned AERA scenario were
altered only slightly, it would be essentially equivalent to the Shared
Control scenario. All of its technical building blocks are present in
Shared Control:

. Air/ground datalink communication.

. Strategic planning (profile generation and alteration) and oper-
ator displays.

. Tactical execution.

. Track monitoring and alert.

Missing, however, is the right principle for piecing these building
blocks together. Under AERA, they would be fully integrated into a
single problem-solving system which extends its capabilities by infre-
quently requesting human action; under Shared Control, the building
blocks would themselves be extensions of human capabilities. Oper-
ationally, this shift in perspective requires two modifications of AERA
plans:

The state of the art in ATC problem-solving techniques does not
validate the minimal AERA human role; neither does established
knowledge about human limitations or capabilities in this domain,
Insisting that man be essentially automated out of such a critical con-
trol system is an unnecessarily high-risk approach.
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If the system is designed to support him, we would expect the future
ATC specialist to take a very active and creative role in manipulating
his aiding modules. Safety could be assured by assigning the machine
primary responsibility for routine separation assurance tasks at the
lowest levels. The specialist should be responsible for comprehending
situations at high levels of abstraction and activating modules to meet
the ever-changing demands of those situations. He should be able to
adjust a module’s parameters and its relationships to other modules so
that instead of simply monitoring the machine’s preprogrammed se-
quence of instructions, he actually controls the outcome. He should be
given the authority to determine which operation the machine per-
forms and which he performs. He should be given the opportunity to
learn all of this gradually and to influence the system’s design before
it is finalized.

This shift in perspective captures the spirit of this report. Specifica-
tions of module capabilities and their sequence of implementation are
best left to designers who are intimately familiar with the engineering
details. We have presented just one of many alternatives in which man
has a significant ATC role; the details of the system design need refine-
ment and may indeed undergo great change in the process. For exam-
ple, our Shared Control scenario suggests implementing digital
communications before providing any planning aids at all. Perhaps
events will dictate otherwise-a late DABS introduction and an early
development of automated planning techniques could reverse this se-
quence. Fielding a planning aid first as a stand-alone module would not
compromise the Shared Control scenario in any way. The essence of the
Shared Control scenario is reflected in its name-man and machine
must work together and share in the overall control function of ATC.

Our key concern is that the human specialist’s unique capabilities
be acknowledged and the technical uncertainties of an AERA-like sys-
tem be recognized and dealt with before too much of the Baseline
scenario comes to pass. If this is not done, we risk relying solely on an
unproven, costly technology to meet the nation’s demands for ATC
service. We have shown not only that there is a feasible alternative, but
also that this alternative may result in lower costs, a higher level of
performance, and a more satisfying role for the personnel who will be
responsible for moving air traffic safely and smoothly.
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ATTACHMENT C-1: AGENDA AND LIST OF PARTICIPANTS

Agenda: OTA Conference on the
National Airspace System Plan,

Apr. 1-2, 1982

Thursday, Apr. 1

9:00-9:10
9:10-12:00

12:00-1:30

1:30-4:30

4:30-5:30

Welcoming Remarks and Introductions

Growth of Aviation
Summary of Working Group 1 and 2—H. Clark Stroupe
FAA Forecast Methods—David Lewis

Discussion:
Factors influencing aviation growth
Responsiveness of FAA plan to growth and need for services

Lunch

Guest Speaker: J. Lynn Helms
Administrator
Federal Aviation Administration

Implementation of FAA Plan
Summary of GAO Studies—Tony Csicseri

Discussion:
Technological risks
Implementation problems
Scheduling
Flexibility and preservation of options

Reception

Friday, Apr. 2

9:00-12:00 Effects on Airspace Users

Summary of Questionnaire Responses—Larry Jenney
Discussion:

Potential benefits and problems
Difficulties during transition
Implications of automation
Consolidation of facilities

12:00-1:30 Lunch

Guest Speaker: Philip J, Klass
Senior Avionics Editor
Aviation Week & Space Technology
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ATTACHMENT C-2: SUMMARY OF QUESTIONNAIRE RESPONSES

Summary of Questionnaire Responses

Participants in the OTA Conference on the National
Airspace System Plan were asked to complete a ques-
tionnaire outlining their views on FAA’s proposed pro-
gram of improvements in the ATC system. Responses
were received from 16 of the 25 participants. Replies
from others were promised but not available in time
for inclusion in this summary. For this reason, the
material presented here should not be interpreted as
representing the views of all conference participants.

Responses are summarized under headings that cor-
respond to items in the questionnaire. In some cases,
the responses to related questions have been combined
because of the overlap in content. All items are pre-
sented in a common format—a brief characterization
of the replies as a whole followed by a few excerpts
to illustrate the variety of views and some of the par-
ticular points made by respondents.

It is not the purpose of this summary to suggest a
majority view or to attempt to frame what might be
construed as a “conference position. ” Rather, the docu-
ment was used at the conference to provide partici-
pants with a preliminary indication of their colleagues’
views, with the object of furthering discussion on the
points to be addressed by the conference.

Growth

What are the prospects for growth and where is
it likely to occur?
Many respondents indicated that FAA’s forecasts of

aviation growth are too high. They foresaw little or
no growth in air carrier activity. They regarded com-
muter airlines and business aircraft as the sectors most
likely to experience significant growth in the future.

Excerpts:
— “I have been amazed at how constant the num-

ber of air carrier aircraft has been over the last
decade or so. With the growth of short haul/com-
muter airlines, I would expect the air carrier (fleet)
to continue about as is and the commuter and GA
(sectors) to experience a lot of growth.”

— “The FAA’s forecasts appear to be optimistic in
view of the current economic plight of the avia-
tion industry . . . . The number of aircraft opera-
tions rather than passenger enplanements should
form the foundation for any improvements” (to
the system).

—“The FAA’s latest forecast of itinerant air carrier
aircraft operations at airports with FAA traffic
control appears reasonable . . . . They are be-
coming more reasonable with each annual update,
regarding passenger enplanements and air carrier
aircraft operations. ”

— “Demand placed on the system by the general avi-
ation fleet could conceivably double by the year
2000. . . due to . . . continued growth in the
turbo-jet and turbo-prop and rotary-wing seg-
ments of the fleet. ”

—We view with some caution the (FAA) general
aviation projections, particularly in view of the
continually declining rates of production of small
aircraft and the economic and related factors re-
sponsible for this decline (fuel costs, interest rates,
student starts).

What factors are most likely to influence growth?
Virtually all respondents cited economic factors as

the key determinants of aviation growth. They did
not see aircraft or avionics technology per se as a major
factor. Many felt that the lack of airports or adequate
airport facilities could become a major constraint, and
several were concerned that regulatory restraints—not-
ably airport restrictions—could slow GA expansion.

Excerpts:
— “In the past, the business cycle and economic

climate have influenced the demand for air travel
most heavily, and we see no basic change from
this correlation. ”

. “Business aviation growth will continue, but it
will never approach the large increases of 1978-
1979. . . . The low growth rate of 1979-1980 is
an indicator of how much the economy can af-
fect the purchase of aircraft.”

— “Under deregulation, it is not clear whether they
(air carriers) will be financially able to continue
modernization. ”

— “We expect no major technology breakthrough
during the decade of the 1980’s that would again
revolutionize air travel. ”

— “Increased airway capacity and reduced separa-
tion standards are necessary, but they will be of
no avail if there is no place for the traffic to
go . . . . If more new airports are not in the plan-
ning stages in 1982, the planned sophistication of
the airway system will come to naught.”

— “The present restriction on flights at saturated air-
ports will, if not alleviated, be a serious negative
factor.”
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National Airspace System Plan

Does the Plan adequately respond to the needs
of aviation?
One respondent had a succinct answer to the ques-

tion: “Yes (finally ).” Indeed, nearly all respondents
replied affirmatively to the thrust of this question.
Some expressed concern, however, about the absence
of supporting detail in the NAS Plan.

Excerpts:
—“The FAA Plan is primarily a management docu-

ment for the U.S. Government to handle what
they forecast will be a massive increase in aircraft
growth . . . . Because of my doubts concerning
the validity of the forecasts, I feel that the time
frames for equipment purchase and facility con-
solidation are highly suspect. ”

— “The FAA Plan represents an impressive planning
effort . . . . (But it) is incomplete as a vehicle for
truly evaluating whether it can satisfy the user’s
needs. The Plan describes primarily an ATC sys-
tem framework (hardware, software, functional
capabilities), but does not describe either how the
system will operate or the potential benefits. ”

—The Plan “seems to give more a management
overview rather than the technical considerations”
that led to specific decisions.

—“General aviation, which shows the highest fleet
growth, may not be receiving benefits commen-
surate with their contribution. ”

—There seems to be a noticeable gap in meaningful
programs to increase capacity . . . at airports and
in the terminal airspace, particularly in high-
density areas. This element of overall aviation
system capacity is identified as a major constraint,
but major programs are not included.

What elements of the Plan pose the greatest tech-
nological risk?
Though they thought that the elements of tech-

nology in the NAS Plan are within the state of the art,
respondents expressed some concern about the integra-
tion of those elements and their impact on the people
who operate and use the ATC system. They singled
out two areas: 1) the design of a new computer system
(hardware and software) and 2) airborne communica-
tions links, namely the Mode-S transponder and TCAS
(Traffic Alert and Collision Avoidance System).

Excerpts:
— “The development of a host [replacement] com-

puter which uses existing software from the 9020
programs with ‘minimal modifications’ sounds
promising, but . . . the lack of top-down struc-
tured design in the present computer software
(due to its evolutionary development) all add up

to an enormous and complex rehosting software
task. ”

— “The ability to design and transition to a new
ATC computer system which effectively utilizes
the human controller . . . [and] captures the ad-
vantages of higher orders of automation may be
the greatest risk. ”

— “The greatest technological risks involve the re-
liability of the system and the capability of the
human element to perform in the event of a sys-
tem failure. ”

— “Mode S is fraught with potential problems be-
cause people will not want to get data out of a
black box unless they can check it by talking it
over with the man on the ground. ”

–(With Mode S and TCAS, ) “interference, multi-
path propagation, system architecture, (and) data
rate will all affect system performance. ”

What problems might be encountered in imple-
menting the Plan?
Respondents foresaw several difficulties and felt that

the Plan does not adequately address questions of user
acceptance, operational safety, costs, and the implica-
tions of automation. Many also felt that managerial
problems would be encountered.

Excerpts:
— “Pilots will not trust new equipment without thor-

ough checkout. ”
— “The greatest problem . . . will be one of a finan-

cial burden on the FAA and the aviation user
community. ”

–Automated En Route Air Traffic Control (AERA)
and the Mode S transponder appear to be little
more than concepts at this time. A great deal of
discussion needs to be carried on between the
users and the FAA to determine the basic designs
of these systems.

—“The extensive computer-to-computer conversa-
tions and black-box-to-black-box coordina-
tion . . . necessary in a computer decisionmak-
ing process will require intricate communications
linkage and backup.”

—“The funding, management and political support
of a reduction in jobs and manned facilities of the
magnitude proposed will probably be the most
difficult to accomplish.”

—“With all or the majority of the funds coming
from the direct users of the system, unrealistic cost
projections, manifesting themselves in major
budget overruns . . . could threaten the entire
plan . . . . Only one implementation schedule has
been revealed. The FAA fallback position (if ac-
tual demand does not match the forecast and
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funding is too slow or too low or both) is not
discussed.”

Is the schedule realistic?
No consensus emerged. Though some thought the

schedule was workable, others considered it too slow
or too fast. There was also some criticism of FAA’s
failure to consider airport capacity and other restrain-
ing factors.

Excerpts:
—“It is realistic—if money is no object. However,

the matter of financing may change the schedule.”
—“The schedule is characteristically optimis-

tic . . . . (Yet) this is clearly to be preferred from
a safety standpoint over having the system’s ca-
pacity expansion lag behind the demand.”

—’The proposed schedule, while optimistic, already
contains delays in availability of needed services, ”

— “The schedule may perhaps be too slow to keep
up with demands, even if the forecasts are on the
high side.”

—“It isn’t clear just how a 100 percent growth be-
tween 1980 and 2000 in aircraft operations and
passenger enplanements will be handled at the air-
ports that are already saturated . . . . Very little
of the NAS Plan addresses (airport) capacity in-
creases comparable to the (traffic) forecast. ”

—’The schedules as presented in the majority of the
programs are pie-in-the-sky; many of the pro-
grams have been a part of the FAA for many
years and delay has been a constant factor.”

—“Based on past experience . , . automation of new
concepts of the magnitude descibed in the Plan
may take at least twice as long as originally esti-
mated. The Plan may be too ambitious since we
do not agree with the FAA  projections of fleet size
for air carriers and commuters.”

What other options should be pursued?
Respondents provided a wide range of suggestions.

Some suggested changes in timing or tactics; others ad-
vocated putting more emphasis on airborne systems;
and a few recommended a fundamental reevaulation
of how ATC services are to be provided.

Excerpts:
—“From a strategic standpoint, the FAA plan is a

good one . . . . Program-by-program and
project-by-project, there will be a need for re-
thinking options.”

—“The FAA choices represent the best chances for
success with the fewest risks. Other possible
choices, such as the use of satellite technology for
navigation and position reporting, are excellent
candidates for succeeding systems and should be
kept in the forefront for test and evaluation. How-
ever, system improvements, as contained in the

Plan, should not be delayed for something that
might be better in the unknown future. ”

—“The 9020 computer should be upgraded . . . . A
greater exchange of information between facilities
and between FAA employees and the pilots is nec-
essary . . . . We must slowly allow the com-
puter . . . to assist the controller in making his
decisions.”

—“A competitive, single (computer) procurement
with demonstration prior to award is one alter-
native that should be investigated. ”

–“Major technology options to be pursued should
include utilization of airborne data processing
capability in the development of such programs
as integrated flow management and automated en
route ATC (AERA) . . . . Our concern is with the
apparent lack of involvement of tie-in of the
‘smart airplane’ in the FAA’s automation plan. ”

—“Priority should be given to completion of the FSS
(Flight Service Station) modernization, which has
safety connotations. ”

—“The FAA communication plan envisions creating
what is in effect a nationwide long-lines net-
work . . . . Will this really be cheaper than buy-
ing communication services?”

—“Look at feasibility of converting (ATC functions)
to private corporation concept and compare over-
all costs and efficiency. ”

Effects on Users

What benefits are likely to result from the plan?
Respondents agreed that a major benefit of the new

ATC system would be the ability to handle more air-
craft safely and efficiently. Major benefits would ac-
crue to air carriers and business aviation. The magni-
tude and importance of the benefits to private GA were
not perceived to be as clear.

Excerpts:
—“Greater efficiency and safety of operations are

major benefits to the users. Increased capacity to
handle growth must be pursued when the alter-
native would be to constrain growth. ”

—“Air carrier operations will benefit . . . in terms
of improved safety, flight efficiency and capaci-
ty. However, these benefits will be small until the
post-1990 time period.”

—“Increased automation, distributed processing,
remote maintenance monitoring, and air-to-air
plus air-to-ground data links will make the navi-
gation and air traffic control system substantial-
ly more stable and reliable.”

—“Improvement in dissemination of weather infor-
mation, less labor-intensive ATC system (and) in-



creased capacity of ATC system—if everything
works out as planned. ”

—“Any improvements in the ground computer ca-
pability that would allow the business flyer to use
this equipment to its maximum usage would be
welcomed . . . If the new system would authorize
the (GA) pilot with the proper input and output
devices to operate directly into the WX (weather)
computer and to file his flight plan directly into
the 9020 (computer) or its replacement, it would
be most helpful.”

. “The increased safety/efficiency resulting from
high computer reliability will benefit all
users . . . . The major benefit will be the even-
tual availability of adequate ATC computing ca-
pability and Mode-S digital data link.”

Identify potential problems and steps that might
mitigate them.
Though enthusiastic about technological im-

provements, some respondents indicated skepticism
that higher user fees would be offset by commensurate
increases in services and benefits. Because the new
system would be more automated, some were con-
cerned that system users might lack confidence in ATC
operation.

Excerpts:
—“Transition . . . to a point 10 or 15 years from

now where all these benefits of new technology
are available will be difficult. ”

—There would be “less personal interface between
users of the system and those managing and con-
trolling it. ”

—“Emergency operation in case of equipment failure
seems not to have been discussed much in the
(NAS) Plan.”

— “The cost of dual carriage of equipment and the
problems of space and weight of this equipment
in some aircraft appear to be the only penalties
inherent in (the) PIan. ”

— “Increasingly sophisticated avionics required for
operation at certain high-density controlled air-
ports and in certain airspace (TCA’s) will restrict
the operation of general aviation users who do
not make the investment. ”

—“It will be a defensive move for many people—
buy this new equipment or be denied access to
the airspace. There could be confusion between
ILS and MLS—one more switch can be set in the
wrong position. ”

–“Consideration should be given to retaining full
ILS service . . . . The full MLS program should
be subject to review , . . after suitable operational
experience is obtained . . . . Automatic altitude

reporting and Mode-S transponders should be
mandated as being essential to safe and efficient
operation of the ATC system. ”

—“The result will be more restrictions in operations
either through operational procedures/require-
ments or required equipment. ”

–(The Plan should provide ways) “to accommodate
all segments of aviation in the system by segre-
gating operations based on performance capabil-
ities. ”

Cost and Funding

How should costs be allocated among the Govern-
ment and system users?
Respondents’ views seemed to be divided among

three different approaches. Some favored reestablish-
ment of the Airport and Airways Trust Fund, with
some adjustment of tax rates to achieve parity of cost
recovery. Others suggested user fees based on aircraft
characteristics or avionics equipment. A third view
was that fees should be levied in proportion to the use
made of, or the burden placed on the ATC system.

Excerpts:
— “The revenue measures which existed under the

Airport and Airway Revenue Act of 1970 should
be reinstituted.”

— “First, the national interest portion must be deter-
mined and subtracted. Failure to do this is what
discredited past user charges.”

— “Whatever (funding) mechanism is adopted
should . . . not discourage people from using the
system. ”

— “There is a real danger that funding the (NAS
PIan) . . . to a reported 85 percent would have
a regressive effect on the very growth in demand
that justifies the (new) system. ”

—“The business community (air carriers/corporate
aircraft) would pass the cost on to the passenger
or consumer; general/private or nonbusiness
aviation would absorb the cost by not flying as
much or would cease flying altogether; the cost
to the military would come from an increased
budget (taxes).”

—“It seems apparent that the general aviation con-
tribution of roughly 5 percent of the cost, as is
now the case, is low and should be increased. ”

— “The airport ‘head tax’ will never be tolerated by
the traveling public.”

—“Taxes could also be assessed on the purchase of
advanced avionics equipment. ”

—(Charges should be levied) “depending on the per-
centage that various groups utilize the system. ”
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How should revenues from user charges be
allocated?
Several respondents stressed the importance of

employing user fees to cover the cost of capital im-
provements in the ATC system. Some indicated that
surpluses should be avoided, since they would indicate
that the fees are too high and therefore would be like-
ly to restrict access to the system. There was wide
disagreement about whether operating and mainte-
nance costs of the ATC system should be covered,
wholly or partly, by user fees.

Excerpts:
— “The FAA was created in the public interest, and

the public should pay for its operation. If the users
are to pay for everything, then we should con-
sider abolishing the FAA. ”

— “Taxes should be levied no higher than necessary
to support the program and (should be) tied to
a commitment to carry it out. ”

— “User charges should only be allocated to the Air-

port and Airway Trust Fund.” (The FAA should)
“use the Trust Fund for its intended purpose and
prevent accrual of a surplus for other purposes. ”

—“ATC system improvements and R&D should re-
ceive the bulk of-user charges. A substantial por-
tion should be used for operation and mainte-
nance. ”

—Trust Fund surpluses “should be applied to the
costs of operating and maintaining the system. ”

—User fee allocations: “System improvements, 50
percent; R&D, 20 percent; airports, 10 percent;
operations and maintenance, 20 percent. ”

–“(User fees) should be allocated to cover all
facilities and equipment and research and devel-
opment costs, roughly 50 percent of the opera-
tions and maintenance costs, and full funding of
ADAP.”

—“A substantial portion should be allocated as aid
to airports. None of the user fees should be used
for operations and maintenance.”

ATTACHMENT C-3: A SUMMARY OF THE CONFEREES’ VIEWS

Implementation of the FAA Plan—
A Summary of the Conferees’ Views

at the 1982 OTA Conference

Technological Risks

The FAA Plan contains few technological risks.
Most of the elements of the plan reflect the result of
extensive use experiences or long-term development.

Modes S and TCAS were endorsed. General Avia-
tion implementation of new transponders should be
voluntary to the extent possible, consistent with system
safety standards.

Some elements of the plan are “demand independ-
ent, ” and constant efforts to improve system safety are
in this category.

A cornerstone of the plan is and should be the im-
mediate initiation of a program to replace the present
outmoded ATC automation system with modern soft-
ware hardware of greater capacity, reliability and
flexibility.

Making the transition between the present limited
system and a new computer system presents the great-
est challenge and risks. If the lives of the current com-
puters are extended unduly, maintenance becomes
more difficult and capacity for new functions is
limited. If present software is “rehosted” to new com-
puters which are to be used during the next two
decades, the choice of computers may limit future sys-

tems development. Rehosting to interim “throw away”
computers (emulators) has been suggested as a method
of providing adequate capacity during the new soft-
ware development stage without freezing the computer
technology or architecture now.

The best way to proceed is a judgment call, and is
a matter which this group does not have time to
resolve. The FAA judgment is to proceed with a “final”
computer replacement selection, and we suggest that
good answers will be available only after bids on their
proposals are received.

Implementation Problems

The ability of FAA to implement a plan of this mag-
nitude was discussed. Considering the ultimate respon-
sibility of FAA for the safety of those using the system,
and the prior success of it and other agencies, such as
the National Aeronautics and Space Administration
and the military services, in implementing major pro-
grams, it was the consensus that FAA should manage
the program and obtain necessary additional manage-
ment and engineering assistance from industry early
in the program.

The plan relies heavily on consolidation of manned
facilities to achieve economies of scale. Removal of
major Government facilities from communities is often
difficult, and aviation groups should support consoli-
dations wherever it is shown that costs can be reduced
without degrading services.
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Scheduling

FAA has not presented sufficient engineering data
to assess the proposed schedules. However, the need
to rebuild the system and reduce its manpower inten-
sity indicates there should be no delay in starting on
the plan.

Flexibility and Preservation of Options

There is good correlation among independent fore-
casts of trunk air carrier activities, but less confidence
in detail of General Aviation forecasts. Implementa-
tion of plan should be flexible and adapted to real
growth in demand.

The plan appears to provide flexibility to accom-
modate some changes in direction, such as increased
use of cockpit displays and various types of airborne
navigation devices, but is not susceptible to such basic
changes as whether to replace computers and provide
more automated functions if manpower intensity is to
be reduced.

Other Concerns

Other concerns are:
1. Airports: A companion airport development pro-

gram is required. Airport capacity in major com-
munities is the ultimate limitation.

2. Safety: The plan does not specify the most urgent
safety needs in a priority manner, nor is this
needed if adequate funding is provided. However,
if funding becomes critical, each year’s budget
must be examined closely to avoid safety items
being dropped or deemphasized. Priority deter-
mination must fully consider the relationship and
interdependency of the separate elements. Failure
to do so could adversely affect other systems
within the plan if those systems were somehow
dependent upon the element in question. A thor-
ough systems look is necessary.

3.

4.

54

6.

Long-Range Funding: Unless adequate long-range
funding is assured, by both user charges and Gov-
ernment commitment to its share, there is little
prospect that the improvements contemplated
will be accomplished.
Demand: Forecast demands may be wrong, and
planned capacity may either not meet—or ex-
ceed—demands. It may be necessary to adjust
schedules to reflect actual demand experience, but
the basic concept of providing more automation
should be pursued regardless of precise rate of
growth.
Man-Machine Interface: The new sector suite
concept pushes reliance on automation much fur-
ther than current practice. Thus, controllers can
handle more traffic per individual, but their
duties and responsibilities would be changed sig-
nificantly. There is little technical risk in the sec-
tor suite concept, but care is needed in designing
man-machine interfaces to achieve controller ef-
ficiency without requiring extraordinary effort or
skill.
Wake Vortex: Increased emphasis should be
given to solving wake vortex generation and de-
tection so that acceptance rates can be increased.

Summary

Despite inevitable flaws in the detail elements of the
plan, the conference agreed that it merits general en-
dorsement and strong support for long-term funding
as a specific element of legislation. One basis for this
position was that the proposals within the plan are
directed toward the resolution of past and current
problems—safety, economics, and reliability— as well
as anticipated growth, demand, safety, and reliabili-
ty problems. There was concern over the proposed use
of user-funded trust funds to pay a very high percent-
age of the operations and maintenance charges of
FAA, but this issue must be resolved in the appropriate
congressional committees.
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