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Foreword

The United States has the largest and most technologically advanced system of air-
ports in the world. These airports support an air transportation network that links all
parts of the Nation to the rest of the world and enables over 300 million passengers
each year to undertake journeys—many of great length—with ease, comfort, and safety.
One measure of the excellence of this system is that over 98 percent of all airline flights
arrive within 15 minutes of schedule.

Still, there is cause for concern about the future adequacy of the airport system.
On one hand, there is need to accommodate expected growth in air travel demand at
major airports, several of which are now experiencing severe congestion at periods of
peak use. On the other, there is also need to assure access to airport facilities by private
and business aircraft operators, who are fast becoming the predominant users of air-
ports and the most active sector of civil aviation. Community concern about noise and
land use limit the ability of airport planners and managers to provide additional facili-
ties or, in some cases, to accommodate more traffic at existing facilities.

Undertaken at the request of the House Committee on Public Works and Trans-
portation, this study examines present conditions and future needs of the Nation’s air-
ports, with emphasis on possible solutions to problems of operational capacity and air
travel delay. The range of remedial actions considered includes improved airport and
air traffic control technology, revised procedures for airport and airspace use, economic
and regulatory measures to reduce demand during peak periods, and managerial ap-
proaches to make more efficient use of existing airport facilities. Special attention is
given to issues of airport planning and funding methods at Federal, State, and local levels.

OTA was assisted in this assessment by an advisory panel reflecting a broad range
of interests and expertise, ably chaired by Dr. Don E. Kash of the University of Okla-
homa. OTA is greatly indebted to the advisory panel and to many others in the avia-
tion community for their generous contributions. Their participation does not neces-
sarily constitute consensus or endorsement of the content of the report, for which OTA
bears sole responsibility.

One notable feature of this assessment is that it is a cooperative effort by the Of-
fice of Technology Assessment and the Congressional Budget Office, in which CBO
provided detailed analysis of airport financial management, funding methods, and capital
investment.
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THE AIRPORT SYSTEM
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Chapter 1

THE AIRPORT SYSTEM

INTRODUCTION

The system of airports in the United States is
the largest and most complex in the world. As of
the end of 1982, there were 15,831 airports on rec-
ord with the Federal Aviation Administration
(FAA) -4,805 publicly owned airports, 1,970 pri-
vately owned fields open to public use, and 9,056
reserved for private use only. This constitutes
almost half of the world’s total. These airports
range in size from small unpaved strips used by
a handful of private flyers to gigantic air trans-
portation hubs such as Chicago O’Hare and At-
lanta Hartsfield, each handling more than 500,000
operations (takeoffs and landings) per year.

The number of airports alone, however, does
not adequately reflect the extent and volume of
aviation activity in this country in comparison
with other parts of the world. The United States
has half of the world’s airports, but two-thirds
of the world’s 400 busiest airports (in terms of
passenger enplanements). Collectively, U.S. air-
ports handled over 309 million passenger enplane-
ments (domestic and international) and 3.6 mil-
lion tons of mail and cargo in 1982—over three-
guarters of the world totals, outside the Soviet
bloc. ’ Table 1 presents additional data on the size
of the U.S. airport and air transportation system.

Because of the sheer number of airports and the
variety of size and function, the term “airport sys-
tem” has little meaning when applied to all the
airports and landing fields in the United States as
a whole. Many —in fact, most—of these airports
exist only for the convenience of a few aircraft
owners and operators and play no substantial part
in public air transportation. For this reason, FAA
has identified a smaller group of airports that
serve public air transportation either directly or
indirectly and can be deemed of national impor-
tance and eligible for Federal aid.

‘Airport Operators Council International, Worldwide Airport
Traffic Report, Calendar Year 1982 (Washington, DC: AOC1, May
1983).

Since 1970, FAA has published a list of such
airports, classified by size and function, in a plan-
ning document known as the National Airport
System Plan (NASP). Under the Airport and Air-

Table 1.—U.S. Airport and Air Transportation
Activity, 1982

Aircraft facilities:*

AIrports . . .o 12,596
Heliports ..., ... ... 2,712
STOLPOMS . .. oot e 65
Seaplanebases .. ............ .. .. .. 458

15,831

Airport ownership and use:*

Publiclyowned . .......... ... ... ... . ... 4,805
Private, opentopublic . . ................... 1,970
Private . .. ... 9,056

15,831

Domestic passenger enplanements (millions):
Air carrier:

Domestic............ciiiiii 272.8
International . . .............. ... ..., 19.7
Commuter. . .......... 17.1
309.6
Domestic revenue passenger miles (billions):

Aircarrier . ........... . . . 207.8
CommuUter. ., . .ot 2.3
210.1

Civil aircraft fleet:
Air carfier. .. ... .. 4,074

Generalaviation . . ........................ 209,799
213,873
Aircraft operations (millions):
Alrcarrier. ... 9.1
Commuterandairtaxi . ................... 5.1
Generalaviation . . . ...................... 34.1
Military . . ... 2.3
50.6
Hours flown (millions):
Alrcarrier. ... 6.7
COMMUEET. . . o\ttt e e 1.7
Generalaviation . . . ...................... 36.4
44.8
Air cargo (million tons):°
Mail ... 1.2
Freight. . ... ... 2.4
3.6

3Excludes Puerto Rico, Virgin Islands, and Pacific Territories.
Includes commuter, air taxi, air travel clubs, and all-cargo service.
€1981 data.

SOURCE: Federal Aviation Administration and Civil Aeronautics Board data
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way Improvement Act of 1982 (Public Law 97-
248), FAA was charged with preparing a new ver-
sion of this plan, to be called the National Plan
of Integrated Airport Systems (NPIAS), which is
scheduled for issue in September 1984. As part
of this planning effort, FAA has recently revised
the method of classifying airports and now lists
them in four major categories:’

1, Primary. -Public-use commercial service
airports enplaning at least 0.01 percent of
all passengers enplaned annually at U.S.
airports.’

2. Commercial service.—Other public-use air-
ports receiving scheduled passenger service
and enplaning at least 2,500 passengers an-
nually.

3. General aviation.—Those airports with
fewer than 2,500 annual enplaned passen-
gers and those used exclusively by private
and business aircraft not providing com-
mon-carrier passenger service.

4. Reliever—A subset of general aviation air-
ports, which have the function of relieving
congestion at primary commercial service
airports and providing more access for gen-
eral aviation to the overall community.

Table 2 lists the number of airports in each cat-
egory as of the beginning of 1984 and those pro-
jected for inclusion in the NPIAS in 1994.

Primary Airports

This category of airports, comprising 281 loca-
tions or less than 2 percent of all airports in the
United States, handles virtually all of the airline
passengers. Even within this small group, how-
ever, the range of airport size and activity level
is very wide, and the distribution of passenger

*First Annual Report of Accomplishments Under the Airport Im-
provement Plan, Fiscal Year 1982 (Washington, DC: Federal Avia-
tion Administration, May 1983).

3In 1982, 0.01 percent was equivalent to about 31,000 enplaned
passengers.

‘Before 1983, FAA used a different classification scheme for larger
airports, categorizing them according to the type of commercial ser-
vice provided: air carriers and commuter airlines. The 1980 edition
of the NASP listed 780 airports (635 air carrier and 145 commuter).
The NPIAS classification reduces the total to 560 (281 primary and
279 commercial service), with the remaining very small commer-
cial service airports (fewer than 2,500 annual enplanements) shifted
to the general aviation category.

Table 2.— Federal-Aid Airports by Service Level

Existing® Projected®
Service level (1984) (1994)
Primary . ......... ... ... .. . ... 281 284
Commercial service. . . .......... 279 346
General aviation . . . ............. 2,424 2,723
Reliever....................... 219 286
Total . ........ ... 3,203 3,639

zAs of February 1984.
Very tew of the projected additions will be new airports; most will be existing
airports that qualify for Federal aid because of increased traffic volume.

SOURCE: Federal Aviation Administration.

enplanements is highly skewed. About half of the
primary airports (130) handle very little traffic,
and collectively they account for only 3 percent
of annual enplanements. At the larger primary air-
ports, which handle the preponderance of passen-
gers, there is a pattern of progressively higher con-
centration of traffic at fewer and fewer airports.
For instance, the top 24 airports account for
almost two-thirds of all enplanements, and the top
10 account for 40 percent. Perhaps the most tell-
ing fact is that one-quarter of all airline passengers
board their flights at one of just five airports
(Atlanta Hartsfield, Chicago O’Hare, New York
Kennedy, Los Angeles, and Dallas-Fort Worth).’

Because several metropolitan areas are served
by more than one primary airport, FAA meas-
ures aviation traffic by standard metropolitan sta-
tistical area (SMSA) as well as by individual air-
port. These metropolitan areas, called hubs by
FAA, are divided into four classes according to
percentage of total passenger enplanements: large,
medium, small, and nonhub (table 3).

As with individual airports, the distribution of
passenger enplanements is highly concentrated in
a relatively few air traffic hubs. Figure 1 shows,
for example, that 24 large hubs handle 70 percent
of all traffic and, of these, the top 10 handle
almost half.

Commercial Service Airports

Excluding primary airports, the remaining com-
mercial service airports are typically small and lo-
cated in communities with a population of under

*Statistical Handbook of Aviation, Calendar Year 1982

(Washington, DC: Federal Aviation Administration, December
1982).



Ch. |—The Airport System .5

Table 3.-FAA Classification of Air Traffic Hubs

Hub Percent of total Number of hubs
classification enplaned passengers (1981)
Large . ....... 1,00 or more 24
Medium . . . ... 0.25 to 0.99 39

Small ........ 0.05 to 0.24 61
Nonhub . ... .. less than 0.05 425°

SOURCE: Statistical Handbook of Aviation, Calendar Year 1982 (IVashington, DC
Federal Aviation Administration, December 1982).

100,000. They handle a low volume of passenger
traffic, 2,500 to 5,000 enplanements per year.
Service is usually provided by commuter airlines,
offering a few flights per day to nearby major
hubs, and by air taxi operators. A large share of

the activity at these airports is general aviation
(GA), privately owned aircraft used for business
and personal flying. The major concern of airports
in this category is not adequate capacity but keep-
ing the airport in operation so as to provide essen-
tial air service for the community and a base for
general aviation.

General Aviation Airports

Over 90 percent of the airports available to the
public are used exclusively by GA aircraft. Gen-
eral aviation is a broad and disparate category
that includes aircraft used for business purposes,
various types of aerial work, and flight instruc-

Figure |.—Distribution of Passenger Enplanements by Hub Size, 1982

All other commercial service

61
Small hubs
(63 apts.)
7%

(415 apts.)
30/0

24
Large hubs
(39 apts.)
70%

SOURCE: FAA Statistical Handbook of Aviation, Calendar Year 1982
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tion, as well as those used for purely personal and
recreational purposes (see fig. 2). The types of
aircraft operated cover a wide spectrum: small
piston-engine aircraft, advanced turboprops and
turbojets, rotorcraft, gliders, balloons, and diri-
gibles.

The airports serving general aviation are like-
wise varied. Typically, they are small, usually
with a single runway and only minimal naviga-
tion aids. They serve primarily as a base for a few
aircraft. There are notable exceptions, however.
A few GA airports located in major metropolitan
areas handle extremely high volumes of traffic
(particularly business and executive aircraft) and
are busier and more congested than all but the
largest commercial airports. Table 4 lists the Na-
tion’s 10 busiest general aviation airports.

For comparison, the busiest GA airport, Van
Nuys, CA, handled about 7 percent more opera-
tions in 1982 than Los Angeles International, the
third-ranking air carrier airport in the United
States (509,758 v. 478,892). Melbourne, FL, the
10th-ranking GA airport, had 229,138 opera-
tions—only slightly fewer than Boston Logan
(244,748), the 10th-ranking air carrier airport. As
additional perspective, the 301,363 annual oper-
ations at Tamiami Airport in Florida, the sixth-
ranking GA airport, are equivalent to about so
takeoffs or landings per hour (assuming the air-
port is open 16 hours per day), which is about
the same as Washington National.

An important aspect of general aviation air-
ports is that they serve many functions for a wide
variety of aircraft. Some GA airports provide
isolated communities with valuable links to other
population centers. This is particularly true in
areas of northern Alaska where communities are
often unreachable except by air, but many parts
of the Western United States also depend heavily
on air transportation. In such areas, the GA air-
port is sometimes the only means of supplying
communities with necessities and is vitally impor-
tant in emergency situations.

The principal function of general aviation air-
ports, however, is to provide facilities for pri-
vately owned aircraft used for business and per-
sonal activities. The role of GA airports in
providing facilities for business aircraft is of grow-

Figure 2.-Profile of General Aviation Fleet, 1982
Primary use

Other
2240

Hours flown
Other
2%

SOURCE: FAA Statistical Handbook of Aviation, Calendar Year 1982.

ing importance. The business aircraft fleet is
largely made up of twin-engine propeller or jet
aircraft, typically equipped with sophisticated
avionic devices comparable to those of commer-
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Table 4.—The 10 Most Active General Aviation
Airports *

Airport Annual operations
1.VanNuys,CA................. 590,758
2.LlongBeach,CA............... 461,287
3.SantaAna,CA................. 396,029
4. Seattle-Boeing Field, WA. . . . . ... 362,524
5. 0akland, CA". . ................ 334,557
6. Tamiami, FL . . ................. 301,363
7.0palocka, FL................. 295,215
8.San Jose, CA”. . ............... 264,936
9. Pontiac, Ml . . .................. 238,532

10. Melbourne, FL°................ 229,138

®Ranked by number of operations (1akeotfs and landings) by general aviation
aircraft in 1982
Also receives commercial service; air carrier operations not included in total.

SOURCE: Airport Operators Council international, Worldwide Airport Traffic
Report, Calendar Year 1982 {Washington, DC: AQCI, May 1983).

cial airliners. General aviation airports serving
business aviation play an important role by pro-
viding facilities comparable to those at major air
carrier airports, thereby permitting diversion of
some GA traffic from congested hubs.

Reliever Airports

Reliever airports are a special category of gen-
eral aviation airports. They are located in the
vicinity of major air carrier airports and are spe-
cifically designated by FAA as “general aviation
type airports which provide relief to congested

major airports. ” To be classified by FAA as a re-
liever, an airport must handle 25,000 itinerant
operations or 35,000 local operations annually,
either at present or within the last 2 years. "The
reliever airport must also be located in an SMSA
with a population of at least 500,000 or where
passenger enplanements reach at least 250,000 an-
nually. As the name suggests, reliever airports are
intended to draw traffic away from crowded air
carrier airports by providing facilities of similar
guality and convenience to those available at air
carrier airports.

In recent years, FAA and Congress have en-
couraged development of reliever airports as a
means of reducing delays at the larger hub air-
ports. This is reflected in the Airport and Airway
Improvement Act of 1982 (Public Law 97-248),
which specifies that 10 percent of airport aid funds
be used for development of reliever airports.

*Local operations are aircraft flights that originate and terminate
at the same airport. An itinerant operation originates at one air-
port and terminates at another.

Photo credit” Federal Aviation Administration

Reliever airport for general aviation

25420 0 - 84 - 2



8 Airport System Development

THE AIRPORT CAPACITY PROBLEM

The term “capacity” refers to the overall ability
of an airport to accommodate demand for serv-
ice. Often, this is expressed as the number of air-
craft operations (takeoffs and landings) that can
be handled on an hourly, daily, or annual basis.
In the broadest sense, however, aircraft operations
are not the only aspect of demand that must be
considered. This ability of the terminal building
to handle passenger flow and the volume of vehic-
ular traffic that can be accommodated on airport
circulation and access roads are also important.
For aircraft operations, this rate of service is deter-
mined by several factors—chiefly the layout of
runways, taxiways, and aprons, the paths through
the airspace leading to and from the airport, the
rules and procedures for controlling air traffic, the
conditions of wind and weather, and the mix of
aircraft using the airport. Within the terminal
building and on the landside approaches to the
airport, the service rate (throughput) is similarly
affected by the basic design of facilities and by

r/ 7

5

-
v

the characteristics of passenger traffic (ratio of
origin-destination passengers to transfers, mode
of surface access, etc.). Restrictions of vehicle
movement on access roads and at the curbside and
bottlenecks at ticket counters, check-in points,
baggage handling facilities, and gates all create
passenger delay and impinge on the efficiency of
airport operation. Since all of these factors vary
over time at a given airport, capacity is not a
single, fixed amount but an average figure that
represents the typical rate at which demand can
be accommodated.

Since demand for airport service is not uniform
and constant but highly variable from time to time
and place to place, the root of the airport capacity
problem is how to handle fluctuations in demand
without unacceptable delay. This is not a general
systemwide problem, it occurs at only a few air-
ports at periods of peak demand. Most airports,
including many large and busy airports in major

Airside and landside
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metropolitan areas, have the capacity to handle
present demand and projected growth for many
years to come. Nor is the lack of capacity neces-
sarily related to the size of the airport or the abso-
lute volume of traffic. Some of the airports ex-
periencing congestion and delay (or expected to
in the future) are rather small, but they have high
traffic density at certain times.

In general, however, delay tends to occur at
those few airports serving the majority of airline
passengers and so inconveniences a large number
of travelers. Further, delay has a ripple effect
throughout the system. Congestion at a few hub
airports causes delay in connecting flights to and
from other airports and, in the extreme, can af-
fect the air traffic of a major region or the entire
country.

FAA estimates that 14 airports (10 commercial
and 4 general aviation) now experience significant
problems of capacity and delay. If demand grows
as FAA projects and if no remedial action is taken,
the number of airports affected might reach 61
commercial airports—almost all large and many
medium hubs—and 44 general aviation airports
by the end of the century (see table 5).

The consequences of such congestion could be
severe. Recent FAA estimates have placed the cost
of delay for airlines in 1980 at $1.0 billion to $1.4
billion in extra crew time and wasted fuel, pri-
marily the latter. This also represents an aggregate
loss of 60 million hours of time for airline pas-
sengers.’"* If FAA’s growth projections are real-
ized, the delay costs to airlines could reach $2.7
billion by 1991 and perhaps twice that figure by
2000.

A number of alternatives have been suggested
to alleviate airport capacity problems and to re-
duce delay. Very few of these solutions, however,
are universally applicable, and none is a pana-
cea. These alternatives can be divided into four
categories. The first is to build new airports, al-
though it is widely recognized that finding suitable
large tracts of land and developing them as air-
port sites are becoming increasingly difficult. FAA
has speculated that no more than one or two ma-
jor air carrier airports will be built in the next dec-
ade. 10 A second alternative is to expand existing
airport facilities. This has been done at several
airports, but growing community resistance, par-
ticularly because of noise, may make expansion
more difficult in the future. Application of new
technology, however, has led to quieter aircraft
that may make airport expansion less objection-
able to those concerned about noise.

A third alternative is to make more efficient use
of existing airport capacity. This includes im-
provements in technologies that would facilitate
the movement of aircraft, both in the air and on
the ground, and procedural changes such as re-
ducing the longitudinal spacing between aircraft
on final approach. A fourth alternative is to man-
age airport demand so that aircraft activity is
more evenly distributed by time of day and
among airports. The two most commonly men-
tioned demand-management techniques are eco-
nomic measures, such as marginal-cost pricing,
and regulatory actions, such as slot restrictions.

Because of the difficulties in building or expand-
ing airports, there appears to be growing senti-
ment that other solutions should be explored.
FAA has suggested that the “high capital costs and
local resistance to large-scale airport construction
in metropolitan areas-mandate that a critical need
for additional capacity be evident before new ma-
jor airport proposals are advanced.’”]
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Table 5.—Airports Forecasted to Have Airside Congestion®

Commercial service

General aviation

1981
Chicago O’Hare (IL)
Denver Stapleton (CO)
Detroit Metro (MI)
Los Angeles International (CA)
Philadelphia International (PA)
San Francisco International (CA)
St. Louis Lambert (MO)
Washington National (DC)

By 1985
Long Beach Dougherty (CA)
Santa Ana John Wayne (CA)
Palm Beach International (FL)

By 1990
Anchorage International (AK)
Atlanta Hartsfield (GA)
Baltimore-Washington International (MD)
Birmingham Municipal (AL)
Boston Logan (MA)
Dallas-Fort Worth (TX)
Houston Hobby (TX)
Houston Intercontinental (TX)
Las Vegas McCarran (NV)
New York Kennedy (NY)
New York La Guardia (NY)
Prescott Municipal (AZ)
Raleigh-Durham (NC)

By 2000
Burbank Glendale Pasadena (CA)
Charlotte Douglas Municipal (NC)
Eugene Mahlon-Sweet (OR)
Daytona Beach (FL)
Greensboro High Point-Winston-Salem (NC)
Indianapolis international (IN)
Lafayette Regional (LA)
Memphis International (TN)
Norfolk International (VA)
Qakland Metropolitan (CA)
Orlando International (FL)
Oxnard (CA)
Phoenix Sky Harbor (AZ)
Providence T. F. Green (RI)
Reno Cannon International (NV)
San Antonio International (TX)
San Diego Lindbergh (CA)
San Jose Municipal (CA)
Sarasota Bradenton (FL)
Tucson International (AZ)
White Plains Westchester County (NY)

1981

Fort Worth Meachum (TX)
Teterboro (NJ)
Van Nuys (CA)

By 1985

Baltimore Glenn L. Martin (MD)
Farmingdale Republic (NY)
Kansas City Downtown (MO)
Scottsdale Municipal (AZ)

By 1990

Anchorage Lake Hood (AK)
Everett Snohomish County (WA)
Houston Lakeside (TX)

Killeen Municipal (TX)
Manassas Municipal (VA)

Mesa Falon (AZ)

Morristown Municipal (NJ)
Novato Gnoss (CA)

Torrance Municipal (CA)

Vero Beach Municipal (FL)

By 2000

3EAA considers an airport to be congested when traffic reaches 160 percent of Practical Annual Capacity or when significant constraints are expected because of physicat

limitations on airport use.
SOURCE: Federal Aviation Administration

Anchorage Merrill (AK)

Aurora State (OR)

Beverly Municipal (MA)

Carlsbad Palomar (CA)

Chicago Palwaukee (IL)

Dallas Addison (TX)

Denver Arapahoe County (CO)
El Monte (CA)

Fort Lauderdale Executive (FL)
Fullerton Municipal (CA)
Goodyear Phoenix-Litchfield (AZ)
Greeley Weld County Municipal (CO)
Hayward Air Terminal (CA)
Hartford Brainard (CT)
Hillsboro-Portland (OR)

Houma Terrebonne (LA)
Livermore Municipal (CA)

Miami New Tamiami (FL)
Minneapolis Crystal (MN)

New Orleans Lakefront (LA)
Norwood Memorial (MA)

Palo Alto (CA)

Philadelphia North (PA)

Phoenix Deer Valley Municipal (AZ)
Riverside Municipal (CA)

San Carlos (CA)

Santa Rosa Sonora County (CA)
Seattle King County (WA)
Waukegan Memorial (IL)
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ORIGIN OF THE STUDY

Concern about the future adequacy of the air-
port system and possible strategies that might be
adopted to deal with capacity and delay problems
led the House Public Works and Transportation
Committee to request that OTA assess future air-
port capacity and its implications in terms of pub-
lic policy. The committee asked that four major
subjects be examined in the study:

1, the present and future extent of airport
capacity problems, their causes, and geo-
graphic distribution;

2. the extent to which these capacity problems
will act as a critical constraint on aviation
demand and the impact the capacity prob-
lems could have on the various aviation user
groups, related industries, and local
economies;

3. prospective technological solutions to air-
port capacity problems, including analysis
of the extent to which future capacity prob-
lems are solvable by application of ad-
vanced technologies; and

4. past and current financing mechanisms
(local or State funding, bonding, Federal
grants, and various airport rents and user
fees), the extent to which they have been
relied on at various airport sizes and types,
and the extent to which they can be de-
pended on in the near future, including anal-
ysis of the extent to which future capacity
problems are solvable by financial means.

This assessment addresses these questions by
describing the existing state of the airport system
and outlining technological and economic meas-
ures for dealing with airport capacity problems.

AREAS OF INTEREST

Various aviation organizations have called for
increased Federal effort to provide technological
improvements to increase capacity or to make
more effective use of existing capacity. Chief
among these are wake vortex detection and avoid-
ance systems, improved air traffic control, and
advanced landing systems. These groups have also
advocated procedural changes to make more ef-
ficient use of airspace and runways, e.g., reduced
longitudinal separation on final approach and
closer lateral spacing for aircraft using parallel
runways. Finally, they seek added facilities at
some sites, notably separate runways for com-
muter and general aviation aircraft. The Indus-
try Task Force on Airport Capacity Improvement
and Delay Reduction, for instance, recently rec-
ommended accelerating the development and im-
plementation of these and other technological and
procedural changes aimed at reducing delay. '2
FAA has been studying developments along sim-
ilar lines for several years and is proceeding with
selective implementation in the National Airspace

2Report of the Industry Task Force on Airport Capacity Improve-
ment and Delay Reduction, September 1982.

System Plan and the National Airspace Review.
OTA has examined these technological measures,
supplementing the Task Force Report and FAA
studies with independent analysis. This is reported
in chapter 4.

The question of funding is also crucial. Airport
operators, while they seek technological improve-
ments, also maintain that the major benefit will
come from expansion of existing airports. The key
issues are the amount of capital required, the
sources of funds, and the financing mechanisms.
The airport financing question is of particular in-
terest because of the effects of airline deregula-
tion. In cooperation with the Congressional
Budget Office, OTA studied these questions,
which are discussed in chapters 6 and 7.

The organizations and institutions concerned
with airport planning and operation play an im-
portant role in how the system presently works
and in the ability to plan, fund, and implement
needed improvements. Roles and relationships are
changing because of deregulation, long-term struc-
tural changes in the airline industry, Federal pol-
icy toward airport aid, and public concern about
airport noise and land use. Of particular impor-
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tance is whether airports will be able to control
operations and future development in a way that
optimizes individual airports and yet assures com-
patibility with overall system needs. Chapters 2
and 5 address these matters.

Finally, there is the question of Federal policy.
The Airport and Airway Improvement Act of
1982 calls for a new approach to airport system
planning, called the “National Plan of Integrated
Airport Systems.” The NPIAS is to be issued in

September 1984, and at present its scope and
direction are not entirely clear. OTA has exam-
ined two aspects of the problem: 1) forecasting
and its influence on determining airport needs,
and 2) uncertainties that will affect the planning
process. These subjects are treated in chapter 8.
OTA has also considered features that could be
incorporated in the NPIAS to make it an effec-
tive planning document. Planning issues are dis-
cussed in chapter 9.

ISSUES AND FACTORS IN AIRPORT SYSTEM DEVELOPMENT

Intertwined with these basic questions are issues
where the interests of several parties have come
into sharp conflict. One such group of issues
relates to the strategic policy of the Federal Gov-
ernment in development of the airport system.
Some have suggested that past Federal policy has
placed too much emphasis on capital investment
in new facilities and not enough on methods to
make more effective use of existing facilities. A
second set of issues involves funding. Some
observers have suggested that the Federal role has
become too large and pervasive and that respon-
sibility for airport development should devolve
either on the airports and their local sponsors or
on State governments. Other issues arise from the
legal and contractual arrangements traditionally
concluded between airports and airlines. These
arrangements have evolved over several decades,
during a period of extensive Federal regulation of
the airlines. There is some concern that these
airport-airline agreements may be inappropriate
in a deregulated era, either because they may be
too rigid to allow airports and airlines to meet
new challenges or because they may have anti-
competitive features that do not allow the mar-
ket to operate freely. Another issue is the prob-
lem of aircraft noise, which has been a growing
environmental and political problem for many air-
ports despite technological advances in reducing
noise of jet aircraft. Finally, there are issues sur-
rounding the planning of future airport develop-
ment, particularly the timing and location of
demand growth and the role that the Federal Gov-
ernment will play in defining and meeting airport
needs.

Federal Policy and Strategy

Historically, Federal airport development pol-
icy has sought to promote the aviation industry
and to accommodate growth of traffic demand.
Where forecasts of future traffic demand have ex-
ceeded existing airport capacity, the solution has
generally been to provide capital aid to build new
facilities. The Airport Development Aid Program
(ADAP), funded with user fees earmarked for the
Airport and Airway Trust Fund, was established
in 1970 as a response to the congestion and delay
problems that plagued airports in the late 1960s.
ADAP provided Federal matching grants to air-
ports to pay for certain types of capital improve-
ments, principally construction of new runways,
taxiways, and aprons to relieve airside congestion.
Federal assistance for capital improvements con-
tinues through the Airport Improvement Program
(AIP), created by the Airport and Airway Im-
provement Act of 1982.

FAA projections of future traffic demand in-
dicate that there could be severe airside conges-
tion at a number of major airports over the next
20 years. Although some of the delays might be
eased by improved air traffic control technology,
the FAA view is that the primary constraint on
the growth of the system will be “a lack of con-
crete” and that there is a need for more runways,
taxiways, and ramps.

Thus, basic strategy has been challenged on the
grounds that it biases the outcome toward capital-
intensive solutions, Critics argue that Federal de-
velopment grants have, in some cases, encouraged



Ch. I—The Airport System 13

airport operators to overbuild. In other cases, the
facilities built with Federal support are substan-
tially different in form and more expensive than
needed to accomplish their intended function. But
more fundamentally, the existence of a Federal
program providing aid for only certain types of
capital improvements at airports has distorted in-
vestment decisions and led airport operators to
build not necessarily what they need but what the
Government is willing to help pay for. By accom-
modating demand wherever and whenever it oc-
curs through increasingly large and complex new
capital facilities, more growth is encouraged at
precisely those locations where it will be most dif-
ficult and expensive to absorb.

Other critics have suggested that projections of
traffic growth are too high. Recent changes in the
airline industry, such as deregulation, the growth
of commuter air carriers, sharp rises in fuel costs,
and escalating operating costs, may have caused
permanent structural changes in the airline indus-
try such that the great traffic growth of the 1960s
and 1970s will not continue. Thus, policies aimed
at accommodating high projected levels of growth
may lead to overbuilding and excess capacity, and
misallocation of resources within the system.

Congestion and delay in the airport system are
not evenly distributed. They are concentrated at
a few airports, while many others operate far
below their design capacity. Thus, an alternative
strategic response might be to manage or direct
growth of air activity in ways that make more
productive use of existing, uncrowded airport fa-
cilities.

Some observers believe that growth can be
managed through administrative or economic
means requiring only limited new capital invest-
ments. Administrative responses to growth in-
clude rules adopted by airport operators or vari-
ous levels of government to divert traffic from
congested airports to places or times where it can
be handled more easily. Economic responses rely
on market competition to determine access to air-
port services and facilities. To some extent, both
administrative and economic measures for man-
aging demand are alread, in use at a number of
busy airports. However, there are legal, contrac-
tual, and even constitutional barriers that might

preclude wider use of such techniques. Some of
these barriers could be lowered through Federal
Government action. A discussion of possible
administrative and economic options is presented
in chapter 5.

Funding Issues

Before World War Il, the Federal Government
was inclined to the view that airports, like ocean
and river ports, were a local responsibility, and
the Federal role was confined to maintaining the
navigable airways and waterways connecting
those ports. At the onset of World War Il the
Federal Government began to develop airports on
land leased from municipalities. Federal invest-
ment was justified on the grounds that a strong
system of airports was vital to national defense.
After the war, many of these improved airports
were declared surplus and turned over to munici-
palities. Federal assistance to airports continued
throughout the 1950s and 1960s at a low level and
was aimed primarily at improving surplus airports
and adapting them to civil use. Major Federal sup-
port of airport development resumed in 1970 with
the passage of the Airport and Airway Develop-
ment Act, which was in large part a response to
the congestion and delay then being experienced
at major airports. This act established the user-
supported Airport and Airway Trust Fund and
ADAP.

Federal assistance to airports under ADAP was
distributed as matching grants for capital im-
provement projects. There were several formulas
for allocation—entitlement (calculated from the
number of passengers enplaned at the airport),
block grant (based on State area and population),
and need (discretionary funds). Over the 10-year
life of ADAP, outlays from the Trust Fund
amounted to approximately $4 billion. ADAP ex-
pired in 1980, but a similar program of airport
development assistance, AlP, was established in
1982. Before AIP was enacted there was exten-
sive debate about the future direction of Federal
airport aid, sparked by proposals to withdraw
assistance for (“to defederalize”) major air carrier
airports.

Supporters of defederalization advanced two
arguments: that the Federal Government is overin-

e
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Photo credit’ Golden West

Commuter air service, a link to small communities

volved in financing airport development and that
Federal assistance is not necessary for large air-
ports because they are capable of financing their
own capital development. By excluding large air-
ports from eligibility for Federal grants, the
Government could reduce the overall cost of the
aid program and at the same time provide more
aid to small air carrier and general aviation air-
ports. Under various proposals, the top 40 to 69
airports (in terms of enplaned passengers) would
have lost eligibility for Federal aid. '3 The advan-
tage to large airports, as pointed out by supporters
of defederalization, would be freedom from many
legal and administrative requirements involved in
accepting Federal assistance.

13§, 508, introduced by Senators Nancy Kassebaum and Howard
Cannon, would have defederalized airports in two phases. The first
year, airports enplaning more than 0.5 percent of all passengers (the
top 40 airports) would have lost funding eligibility. In the second
year, those enplaning more than 0.025 percent (69 airports at that
time) would have been defederalized. The Administration proposal,
as represented by H.R. 2930 would have defederalized only the top
40 airports over a 2-year period.

Opponents of defederalization contended that
the proposal was unwise for several reasons. First,
it would eliminate Federal assistance for the very
airports that provide the bulk of passenger serv-
ice and have the greatest problems of congestion
and delay. It is at these airports, the backbone
of the national system, where a Federal presence
can most easily be justified. Further, passengers
using large airports pay about three-quarters of
the taxes supporting the Airport and Airway Trust
Fund. Thus, defederalization would lead to sub-
sidy of smaller airports by larger ones. Some
observers also questioned the ability of many air-
ports to carry out necessary capital improvements
without Federal participation. While agreeing that
Federal grants form only a small percentage of
total capital budgets at large airports, they argued
that it was a needed revenue source for all but
the very largest 5 or 10 airports.

Some proponents held that defederalized air-
ports should be allowed to charge a “passenger
facility charge” or “head tax” to make up for the
loss of Federal funds. Federal law now prohibits
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airports from taxing passengers. Others objected
to the head tax while supporting the concept of
defederalization, holding that airports could raise
sufficient funds through retained earnings or
through the private bond market to cover their
capital needs. One major objection to the head
tax was that passengers would have to bear a dou-
ble tax when using a defederalized airport. They
would have to pay both a ticket tax supporting
the Airport and Airway Trust Fund and a head
tax at the arrival or departure airport.

The major airlines, as represented by the Air
Transport Association, were indifferent on the
guestion of defederalization but opposed to the
head tax. They held that the tax would impose
unnecessary administrative burdens on them and
would be unfair to passengers. Other observers
noted that the underlying reason for the air car-
riers’ objection was that head taxes would give
airports an independent source of revenue and
weaken the voice that airlines now have in air-
port investment decisions.

Airport operators were divided. Some very
large airports, such as Chicago O’Hare, supported
defederalization on the condition that it be accom-
panied by the freedom to impose a head tax. The
Airport Operators Council International, an orga-
nization representing airports of all sizes, ex-
pressed qualified support of the concept of “op-
tional defederalization” where airports could
choose whether or not they wished to receive Fed-
eral aid, rather than having the decision made for
them on the basis of size and passenger volume.
Many airports opposed both defederalization and
the head tax.

The question of defederalization is still open.
Although the Airport and Airway Improvement
Act of 1982 passed without a defederalization pro-
vision, it directed the Department of Transpor-
tation to study the effects of defederalization and
to prepare a report to Congress.

Another approach to airport financing was also
raised during the debate over AIP, although it was
not introduced into legislation. Under the general
concept of “new federalism, ” it was proposed to
turn increased responsibility for decisions on air-
port funding and programming over to State avia-
tion agencies and departments of transportation.

Supporters contended that State agencies are in
a better position to determine the needs of local
airports and could distribute grants with less red
tape than the Federal Government. They pointed
out that some States already have active aviation
agencies that evaluate airport improvement proj-
ects and approve all applications for Federal assist-
ance. In these cases, the needs of the airports and
the State might better be served by allowing State
agencies more latitude in distributing airport
grants.

A stronger role for State agencies could reduce
the Federal role to basically that of a tax collec-
tor. Because of the interstate nature of air trans-
portation, it would probably be more efficient to
continue to collect ticket taxes, fuel taxes, or other
aviation taxes at the national level. However, the
funds could be passed through to the States on
a formula basis, and the actual decisions on how
funds were spent could be made at the State level.

There were several objections to the concept
of new federalism. First, State agencies vary in
strength. Many do not have the staff or the ex-
pertise to take on the responsibilities of evaluating
airport development projects or administering
grants. A period of transition would be necessary
while these States prepared to accept new respon-
sibilities. Others argued that setting up 50 sepa-
rate agencies to do the work of FAA would add
an additional layer of bureaucracy, since FAA in-
volvement could not be completely eliminated.
Still others saw interstate or multistate coopera-
tion as a major stumbling block. For example, a
State government, perhaps lacking perspective of
the airport system as a whole, might find little
incentive to aid development of an airport out-
side its borders or to enter into regional compacts
to compensate citizens of adjacent States for air-
port noise impacts.

The policy implications of the questions of
defederalization and State administration are ex-
amined further in chapter 10 of this report.

Airport Management Issues

Deregulation has led to changes in the relation-
ship between airports and airlines. Airports tradi-
tionally maintained long-term use agreements (of
20 to 30 years) with the airlines that served them.
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These agreements covered such arrangements as
landing fees and the leasing of terminal space. As
a result of these agreements, airlines have had a
strong influence on the creditworthiness of air-
ports in the revenue bond market since their fi-
nancial stability and continued presence was a
guarantee of the long-term economic viability of
the airport. In some instances, airlines have been
party to airport revenue bonds, agreeing to be
jointly and severally liable for payment of debt
and interest. In return for such guarantees, air-
lines have gained approval rights for capital
improvement projects to be undertaken at the
airport.

Since deregulation, however, air carriers’ routes
and service points are not as stable, and the air-
lines themselves have experienced financial dif-
ficulties. Long-term contracts written in the era
of regulation may now inhibit the carriers’ free-
dom to change routes. Conversely, they may also
make it difficult for airports to accommodate new
carriers. In some cases, carriers with long-term
agreements whose service to the airport has de-
clined may be occupying gate and counter space
that a new entrant might be able to use more ef-
fectively.

Some observers have questioned whether long-
term agreements, especially majority-in-interest
clauses, may not have anticompetitive effects in
the deregulated environment. They point out that
incumbent carriers might make use of their agree-
ments to deny new entrants access to the airport,
or at least to place them at a competitive dis-
advantage with respect to terminal space and fa-
cilities. They also point out that carriers often ne-
gotiate with airport management as a group in
a “negotiating committee” or “top committee” and
guestion whether group negotiations involving
competing firms are appropriate in a deregulated
market.

It has also been pointed out that a capacity limit
at a major airport has the effect of reducing free
competition among carriers and works as a form
of “reregulation” of the industry. Airport opera-
tors must be careful that actions taken to man-
age or control the growth of traffic at individual
airports do not have anticompetitive effects. This
issue was raised in connection with two recent

events, the 1981 air traffic controllers’ strike and
the Braniff bankruptcy, which brought attention
to the question of who owns airport operating
“slots. "1*

During the strike, FAA imposed quotas on 22
airports, limiting the number of operations that
could be performed each hour. Several methods
of allocation were tried—administrative assign-
ment, exchanges among incumbent carriers, and,
briefly, auction. New entrant airlines complained
that all of these methods were unfair.

When Braniff stopped operating, FAA redis-
tributed its slots among other carriers, despite
Braniff’s claims that the slots were the airline’s
property for which it should be paid. Through-
out this period there was controversy over whether
or not a slot should be considered property, and
whether the proceeds from a slot sale should go
to the airline, the airport, or the Federal Govern-
ment. This issue has arisen again in connection
with proposed slot auctions at Washington Na-
tional Airport.l’

This question may become particularly acute
if problems of delay and congestion spread to
more airports, and airport operators seek to
employ traffic management techniques. If an air-
port imposes a quota, it must devise some method
for allocating slots to present users and for ac-
commodating new entrants. Until the question of
slot ownership is resolved, any attempt to use sale
or auction as an allocation method is likely to
reignite this controversy.

Noise and Environmental Issues

Noise has been a major problem at airports
since the introduction of the commercial jet air-
craft. Recent technological advances in airframe
and jet engine design have made new aircraft
much quieter, but many industry experts believe
that further large-scale reductions in aircraft noise
will not be possible.

The public is very sensitive to noise, which has
become an emotionally charged political issue.

14A slot is a block Of time allocated to an airport user to Perform

an aircraft operation (takeoff or landing).
Aviation Week and Space Technology, Aug. 15, 1983, pp. 32-33.
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Noise, an emotionally charged issue

Noise is probably the single most important con-
straint on the expansion of airports or the build-
ing of new ones. The problem is in large part one
of land use, and land use decisions are usually
beyond the control of FAA and the airport pro-
prietor. Zoning and land use planning are the
responsibility of local jurisdictions, and many
jurisdictions have not applied land use controls
to prevent residential communities from growing
up near airports. Often, intergovernmental coop-
eration is needed because major airports may be
surrounded by several municipalities, each with
different zoning policies. The Federal Government

has sometimesmplicated the issue by financ-
ing and approving residential development proj-
ects in high-noise areas.

At present, citizens with complaints about air-
port noise have recourse only to the airport pro-
prietor. While FAA and air carriers have some
responsibility for abating aircraft noise, only the
airport operator is legally liable. In many cases,
airports have had to pay nuisance and damage
claims for noise. To reduce their liability and to
protect themselves, airports have instituted noise
abatement programs that involve restricting air-
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craft flight paths or hours of operation so as to
reduce noise impact on residential areas. Noise
abatement procedures can have a detrimental ef-
fect on airport capacity, and many airports with
serious congestion and delay have found that the
need to control noise restricts their freedom of ac-
tion. In some cases, airports have had to purchase
surrounding land or install noise-absorbing insula-
tion in buildings under flight paths.

Some States and localities have enacted special
regulations to limit aircraft noise at airports under
their jurisdiction. There are several concerns
about the proliferation of local noise standards.
First, the standards vary from one location to
another, adding confusion and complexity to the
system. Second, the standards may act as a re-
straint on interstate commerce. Airlines may have
to accelerate their purchases of quiet aircraft in
order to serve many points with stringent noise
standards. If they are not financially able to make
these purchases, the only alternative may be to
curtail operations at some locations.

Some argue that the Federal Government
should set and enforce a uniform national stand-
ard for airport noise. However, FAA has been
reluctant to embark on such a policy, in part be-
cause the Federal Government might then have
to assume liability for violations of the standard.

Planning Issues

Many of the difficulties in planning a national
airport system arise from its size and diversity.
Each airport has unique problems, and each air-
port operator—although constrained by laws, reg-
ulations, and custom—is essentially an independ-
ent decisionmaker. While airports collectively
form a “system, “ it is not a system that is com-
prehensively planned and centrally managed.
FAA'’s role in planning the system has traditionally
been one of gathering and reporting information
on individual airport decisions and discouraging
redundant development.

Since 1970, the National Airport System Plan
has been prepared by FAA regional offices, work-
ing in conjunction with local airport authorities.
The NASP presents an inventory of the projected
capital needs of almost 3,200 airports “in which
there is a potential Federal interest and on which
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Federal funds may be spent .“* Because the funds
available from Federal and private local sources
are sufficient to complete only a fraction of the
eligible projects, many of the airport improve-
ments included in the NASP are never undertaken.

The NASP has been criticized on three principal
points. First, it is not really a plan, in the sense
that it does not present time phasing or assign
priorities to projects. FAA has attempted to meet
this criticism in the latest edition by categorizing
projects and needs according to three levels of pro-
gram obijectives: Level I—maintain the existing
system, Level Il—bring airports up to standards,
and Level lll—expand the system. Some, how-
ever, see this categorization as inadequate.

Second, the criteria for the selection of the air-
ports and projects to be included in the plan have
come under criticism. Some have argued that most
of the 3,200 airports in the NASP are not truly
of national interest and that criteria should be
made more stringent to reduce the number to a
more manageable set. On the other hand, there
are those who contend that the plan cannot be
of national scope unless it contains all publicly
owned airports. It is argued that, since the NASP
lists only development projects eligible for Fed-
eral aid and not those that would be financed
solely by State, local, and private sources, the
total airport development needs are understated
by the plan.

A final criticism is that the NASP deals strictly
with the development needs of individual airports,
without regard to regional and intermodal coordi-
nation. This deficiency was addressed by Con-
gress in the 1982 Airport and Airway Improve-
ment Act, which directed FAA to develop a National
Plan of Integrated Airport Systems. FAA has
begun work on the plan, which is to be completed
by September 1984. There is still uncertainty
about the form that NPIAS will take and how
many airports will be included. Some approaches
to developing an integrated national airport sys-
tem plan are discussed in chapter 9.

‘*National Airport System Plan- Revised Stutistlcs, 1980-1989
(Washington, DC: Federal Aviation Administration, 1980), p. iii.
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Chapter 2

ORGANIZATIONS AND INSTITUTIONS

A major commercial airport is a huge public
enterprise. Some are literally cities in their own
right, with their own fire and police departments,
road systems, powerplants, hotels, restaurants,
and even factories, schools, and churches located
on the property. Administration of these facilities
is the responsibility of the airport operator, usu-
ally a public entity such as a department of city
government or a special aviation or port author-
ity. Airports, however, also have a private char-
acter in that they must be operated in conjunc-
tion with airlines that provide air transportation
service and with concessionaires and other firms
doing business on airport property. This combina-
tion of public management and private enterprise
distinguishes the operation of commercial airports
from that of wholly public or wholly private

‘Portions of this chapter are based on work performed by the Con-

gressional Budget Office and published in financing U.S. Airports
in the 1980s, April 1984.

enterprises. In addition, operation of an airport
entails interaction with several other parties: gen-
eral aviation, the public at large, agencies of local,
regional, and State government, the Federal Avia-
tion Administration (FAA), and other agencies of
the Federal Government. Each of these parties ap-
proaches airport operation and development with
a different set of concerns, responsibilities, and
expectations.

This chapter surveys common types of airport
ownership in the United States and reviews rela-
tionships between the airport operator and air car-
riers, general aviation, concessionaires, and other
airport users. The roles of airport users and Fed-
eral, State, and regional agencies in airport plan-
ning and development are also examined, with
special emphasis on the intergovernmental and in-
stitutional relations involved in building or ex-
panding airports. The issue of aircraft noise and
its effects on airport operation is also addressed.

AIRPORT OWNERSHIP AND OPERATION

Public airports in the United States are owned
and operated under a variety of organizational
and jurisdictional arrangements. Usually, owner-
ship and operation coincide: commercial airports
may be owned and run by a city, county, or State,
by the Federal Government, or by more than one
jurisdiction (e.g., a city and a county). In some
instances, however, a commercial airport is owned
by one or more of these governmental entities but
operated by a separate public body, such as an
airport authority specifically created for the pur-
pose of managing the airport. Regardless of own-
ership, legal responsibility for day-to-day opera-
tion and administration can be vested in any of
five kinds of governmental or public entities:

.a municipal or county government,
.a multipurpose port authority,

.an airport authority,

.a State government, or

= the Federal Government.

More than half of the Nation’s large and me-
dium commercial airports, and a greater percent-

age of small commercial airports, are operated by
municipal or county governments (see table 6).
A typical municipally operated airport is city-
owned and run as a department of the city, with
policy direction by the city council and, in some
cases, by a separate airport commission or advi-
sory board. County-run airports are similarly
organized. Under this type of public operation,
airport investment decisions are generally made
in the broader context of city- or countywide pub-
lic investment needs, budgetary constraints, and
development goals. To raise investment capital,
these airports usually rely on one of the two ma-
jor forms of tax-exempt municipal bonding: gen-
eral obligation bonds, which are backed by the
full faith, credit, and taxing power of the issuing
government; and revenue bonds, for which debt
service is paid entirely out of revenues generated
by the airport.’

‘These financing mechanisms are discussed further in ch. 7.
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Table 6.—Public Operation of Commercial Airports by Size, 1983

Airport operator

Municipality orcounty. . . ... ... .. .
Portauthority . .. ... .
Airport authority . . ... ...
State . ... .

Large Medium Small®
Number Percent Number Percent Number Percent
14 58 23 49 NIA 61
5 21 6 13 N/A 3
3 13 12 26 NIA 31
1 4 5 11 NIA 5

1 4 1 2 NIA 0
24 100 47 100 489 100

NOTE: Details in percent columns may not add because of rounding. N/A = Not availabie.
Percentages reflect data for 172 (35 percent) of 489 existing small commercial airports. There is no evidence to indicate that this is not a representative sample. Data

for the remaining 317 small airports were not available.

SOURCE: Congressional Budget Office 1983 survey and data supplied by Airport Operators Council International and American Association of Airport Executives.

Some commercial airports in the United States
arerun byport authorities—legally chartered in-
stitutions with the status of public corporations
that operate a variety of publicly owned facilities,
such as harbors, airports, toll roads, and bridges.
Multipurpose port authorities run about 21 per-
cent of the large commercial airports and 13 per-
cent of the medium-size airports. In managing the
properties under their jurisdiction, port authorities
have extensive independence from State and local
governments. Their financial independence rests
largely on the power to issue their own debt, in
the form of revenue bonds, and on the breadth
of their revenue bases, which may include fees and
charges from marine terminals and airports as well
as proceeds (e.g., bridge or tunnel tolls) from
other port authority properties. In addition, some
port authorities have the power to tax within the
port district, although it is rarely exercised.

About one-eighth of all large, and one-fourth
of medium-size commercial airports are operated
by airport or aviation authorities. Similar in struc-
ture and in legal charter to port authorities, these
single-purpose authorities also have considerable
independence from the State or local govern-
ments, which often retain ownership of the air-
port or airports operated by the authority. Like
multipurpose port authorities, airport authorities
have the power to issue their own debt for financ-
ing capital development, and in a few cases, the
power to tax. Compared to port authorities, how-
ever, they must rely on a much narrower base
of revenues to run a financially self-sustaining
enterprise.

State-run airports are typically managed by the
State’s department of transportation. Either gen-

eral obligation or revenue bonding may be used
to raise investment capital, and State taxes on
aviation fuel may be applied to capital improve-
ment projects. Although several States run their
own commercial airports, only a handful of large
and medium-size commercial airports are oper-
ated in this way—those in Alaska, Connecticut,
Hawaii, and Maryland.

The Federal Government owns and operates
two commercial airports serving the District of
Columbia and environs—Washington National
and Dunes International. FAA manages these
two facilities, with capital development financed
through congressional appropriations and project
costs recouped by airport landing fees and ter-
minal charges. The Federal Government also
levies user taxes and disburses funds for the cap-
ital development of other airports through FAA’s
Airport Improvement Program, as discussed later
in this chapter.

Publicly owned general aviation airports may
be owned by a municipality, county, or State, or
they may be the property of one or more of these
jurisdictions but run by a separate public body
as part of a multiairport system. Over 40 percent
of all general aviation airports open to the pub-
lic are privately owned. Most publicly owned gen-
eral aviation airports (219 FAA-designated re-
lievers and 2,424 other genera] aviation airports)
are managed either by public operators—munici-
palities, counties, States, or independent author-
ities—or by private operators who charge for their
services and remit a portion of their revenues to
the airport owners. Reliever airports often are run
as part of local or regional multiairport systems.
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Airport-Air Carrier Relations

From the airlines’ perspective, each airport is
a node in a route system, a point for the pickup
and transfer of passengers and freight. In order
to operate efficiently, air carriers need certain fa-
cilities at each airport. These requirements, how-
ever, are not static; they change with traffic de-
mand, economic conditions, and the competitive
climate. Before airline deregulation in 1978, re-
sponse to changes of this sort was slow and med-
iated by the regulatory process. Carriers had to
apply to the Civil Aeronautics Board (CAB) for
permission to add or to drop routes or to change
fares. CAB deliberations involved published notices,
comments from opposing parties, and sometimes
hearings. Deliberations could take months, even
years, and all members of the airline-airport com-
munity were aware of a carrier’s intention to make
a change long before the CAB gave permission.
Since the Airline Deregulation Act of 1978, how-
ever, air carriers can change their routes without
permission and on very short notice. With these
route changes, airline requirements at airports can
change with equal rapidity.

In contrast to airlines, which operate over a
route system connecting many cities, airport oper-
ators must focus on accommodating the interests
of a number of users at a single location. Changes
in the way individual airlines operate may put

pressures on the airport’s resources, requiring ma-
jor capital expenditures or making obsolete a fa-
cility already constructed. Further, because air-
ports are multimodal hubs, airport operators must
accommodate many users and tenants other than
the airlines and must be concerned with efficient
use of terminal and landside facilities that are of
little concern to the carriers, even though carriers’
activities can severely affect (or be affected by)
them.

Despite their different perspectives, air carriers
and the airport management have a common in-
terest in making the airport a stable and successful
economic enterprise. Traditionally, airports and
carriers have formalized their relationship through
use agreements that establish the conditions and
methods for setting fees and charges associated
with use of the airport by air carriers. Most agree-
ments also include formulas for adjusting those
fees from year to year. The terms of a use agree-
ment can vary widely, from short-term monthly
or yearly arrangements to long-term leases of 25
years or more. Within the context of these use
agreements, carriers negotiate with the airport to
get the specific airport resources they need for
day-to-day operations. For example, under the
basic use agreement, the carrier may conduct sub-
sidiary negotiations for the lease of terminal space
for offices, passenger lounges, ticket counters, and
other necessities.

R .

Photo credit” Federal Aviation Adrninisfraf/on

Convergence and competition for airport access
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Long-term agreements between airports and
major airlines have traditionally been the rule.
One reason is the long-lived nature of the in-
vestments involved. A runway may have an eco-
nomic life of a decade or more, a terminal even
longer. When an airport undertakes such an im-
provement for the benefit of the airlines, the air-
port may want long-term leases to help ensure that
carriers will continue to use the facility and help
pay for it. At some airports the use agreements
and leases may hold all signatory carriers jointly
and severally responsible for payments; at others
airlines may be individually responsible for im-
provements made for their benefit.

As described in chapter 7, which deals with air-
port financing, revenue bond buyers lend money
to the airport to construct a facility, and the air-
port authority applies the revenues from opera-
tion of the facility to repaying the principal and
interest. To reduce the risk to bond buyers, and
thus lower the interest rate, air carriers may agree
to guarantee the airport sufficient revenue to pay
the debt. For example, the use agreement may give
the airport the right to charge landing fees to gen-
erate sufficient funds to cover operating costs and
debt service.

In the past, investors perceived the major air-
lines, who operated as virtual regulated monop-
olies with clearly defined markets, as stronger
firms and better credit risks than individual air-
ports. In recent years, the perception of airlines
as stable and the airports as risky has begun to
change. Since deregulation, airlines are no longer
under an obligation to serve a particular city, nor
are they protected from competition by other car-
riers. They are free to compete, to change their
routes, and to go out of business. On the other
hand, certain airports have demonstrated that
they are creditworthy and have strong travel mar-
kets. Regardless of what happens to an individual
airline, these strong airports will continue to be
served. In these locations, long-term agreements
with individual carriers have become less impor-
tant for airports seeking financing than the under-
lying economic strength of the community.

Due to the frequent route changes since dereg-
ulation, short-term use agreements and leases are
becoming more common. Although the cost to

the carrier of a short-term lease may be higher,
it has the advantage of allowing greater flexibility
for both the carrier and the airport. A carrier
testing a new market may not be able or willing
to enter a long-term agreement or to assume
responsibility for capital improvements until it is
sure that the market will be profitable. At the
same time, an airport may not want to enter into
a long-term agreement with a new carrier that has
not yet established a reputation for reliability. At
some airports, several different kinds of use agree-
ments may be in effect simultaneously.

In exchange for guaranteeing sufficient revenues
to service long-term debt, airlines have tradi-
tionally assumed some control of, or at least ma-
jor participation in, important decisions affect-
ing airport operation and capital improvement,
especially the latter. In many cases, airports are
bound by “majority-in-interest” clauses in their
lease agreements whereby they are contractually
required to consult with the carriers on major cap-
ital improvements and must abide by decisions
of the majority of the carriers with whom they
have long-term agreements. The recent report of
the Airport Access Task Force, chaired by CAB
Chairman Dan McKinnon, raised the question of
whether majority-in-interest clauses are anticom-
petitive since they might be used by incumbent
carriers to veto airport operator’s plans to build
facilities for new entrants.’

As with major airport planning decisions, ne-
gotiations related to the day-to-day needs of the
carriers have traditionally been carried out be-
tween the airport management and a negotiating
committee, called a “top committee, ” made up of
representatives of the scheduled airlines that are
signatories to use agreements with the airport.
Top committees have been an effective means of
bringing the collective influence of the airlines to
bear on airport management.

The nature of negotiations at some airports has
changed radically since deregulation. Under reg-

3“Report and Recommendations of the Airport Access Task Force, ”
March 1983, P. 59. The Task Force was directed by Congress, in
the Airport and Airway Improvement Act of 1982, to take a com-
prehensive look at airport access problems. Members included
leaders from all segments of the aviation industry.
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ulation, the major carriers-though competitors—
had reasonably similar interests and needs. They
did not really compete on the basis of price, and
the regulatory process guaranteed that no mem-
ber of the community could surprise the others
with sudden changes in operating strategy. The
carriers’ representatives were a small group of peo-
ple who sat on the same side of the negotiating
table at many different airports. Carriers gener-
ally worked with one another in an atmosphere
of cooperation and presented a common position
in negotiating with the management of an in-
dividual airport.

Since deregulation, however, the environment
has been characterized by competition rather than
cooperation. Carriers may radically alter their
routes, service levels, or prices on very short
notice. They are reluctant to share information
about their plans for fear of giving an advantage
to a competitor. These factors make group nego-
tiations more difficult. Some airport proprietors
have complained that, in this competitive atmos-
phere, carriers no longer give adequate advance
warning of changes that might directly affect the
operation of the airport. Nevertheless, negotiat-
ing committees continue to operate, principally
because it is essential that there be some mecha-
nism for communication between air carriers and
airport management. The CAB Task Force noted
that negotiating committees still exert great influ-
ence on all aspects of airport operation.’

The days when most major airports are domi-
nated by a few large airlines with long-term agree-
ments may be passing away. One reason is the
proliferation of air carriers since deregulation. The
wide variation in aircraft size and performance,
number of passengers, and markets served means
that different classes of carriers require somewhat
different facilities. Commuter carriers, with their
smaller aircraft, usually do not need the same gate
and apron facilities as major carriers. While there
were commuters before deregulation, they are
coming to constitute a larger fraction of users at
many airports. Other new entrants, including “no
frills” carriers, may also have different needs from
those of conventional air carriers—for example,

‘1bid., p. 61.

they may want more frequent gate access, but less
baggage handling. These minority carriers may
come to wield more power in negotiating with the
airport for what they need and may challenge ma-
jor carriers for a voice in investment decisions at
an airport,

Not all aviation experts agree with this analy-
sis, at least as an indication of long-term trends.
They point out that half of the top 35 hub air-
ports owe a majority of their traffic to no more
than two airlines—a near monopoly dominance
that is increasing since deregulation. This leads
them to foresee that the ultimate effect of deregu-
lation will be more, not less, concentration of the
airline industry—major carriers and commuters
alike, As the weaker competitors drop out or are
absorbed by the stronger, the remaining airlines
may exercise even greater dominance of certain
large or medium-size airports that serve as home
base or principal hubs.

Airport-Concessionaire Relations

Services such as restaurants, book stores, gift
shops, parking facilities, car rental companies,
and hotels are often operated under concession
agreements or management contracts with the air-
port. These agreements vary greatly; but in the
typical concession agreement, the airport extends
to a firm the privilege of conducting business on
airport property in exchange for payment of a
minimum annual fee or a percentage of the reve-
nues, whichever is greater. Some airports prefer
to retain a larger share of revenues for themselves
and employ an alternative arrangement called a
management contract, under which a firm is hired
to operate a particular service on behalf of the
airport. The gross revenues are collected by the
airport management, which pays the firm for
operating expenses plus either a flat management
fee or a percentage of revenues.

Revenues from concessions are very important
to an airport. At some, concessionaires and their
customers yield more revenue to the airport than
airline fees and leases, resulting—in effect—in
cross-subsidy of air carriers by nonaviation serv-
ice concessions.

Parking and automobile rentals are typically
large and important concessions at airports. De-
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spite growth in the use of buses and other high-
occupancy vehicles, the continued importance of
parking and car rental revenues is indicative of
the symbiotic relationship between the airport and
the automobile. An analysis of revenue sources
at seven major airports found that public park-
ing facilities were the largest nonairline source of
revenues and that car rental revenues were the sec-
ond largest. At two of these airports, the airport
operator’s share of parking and car rental fees
(after concession or management fees were paid)
constituted a larger revenue source than air car-
rier landing fees. At many locations, the park-

‘Peat, Marwick, Mitchell & Co., “Comparative Rate Analysis,
Dade County Aviation and Seaport Departments, ” August 1982.

ing and car rental firms operating on the airport
are complemented by (or are in competition with)
similar services operating off the airport property.

Another important type of concessionaire is the
fixed base operator (FBO), who provides services
for airport users lacking facilities of their own,
primarily general aviation. Typically, the FBO
sells fuel and operates facilities for aircraft serv-
ice, repair, and maintenance. The FBO may also
handle the leasing of hangars and rental of short-
term aircraft parking facilities. Agreements be-
tween airports and FBOS vary. In some cases the
FBO constructs and develops his own facilities on
airport property; in other cases the FBO manages
facilities belonging to the airport. FBOs also pro-
vide service to some commuter and startup car-
riers, especially those that have just entered a par-
ticular market and have not yet established (or
have chosen not to set up) their own ground oper-
ations. The presence of an FBO capable of serv-
icing small transport aircraft can sometimes be in-
strumental in a new carrier’s decision to serve a
particular airport.

In addition to concessionaires, some airport
authorities serve as landlord to other tenants such
as industrial parks, freight forwarders, and ware-
houses, all of which can provide significant reve-
nue. These firms may lease space from the airport
operator, or they may build their own facilities
on the airport property.

Airport-General Aviation Relations

The relationship between airport operators and
general aviation is seldom governed by the com-
plex of use agreements and leases that characterize
relationships with air carriers or concessionaires.

General aviation (GA) is a diverse group. At
any given airport, the GA aircraft will be owned
and operated by a variety of individuals and orga-
nizations for a number of personal, business, or
instructional purposes. Because of the variety of
ownership and the diversity of aircraft type and
use, long-term agreements between the airport
and GA users are not customary. GA users often
lease airport facilities, especially storage space
such as hangars and tie-downs, but the relation-
ship is usually that of landlord and tenant. There
are instances where owners and operators of GA
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aircraft assume direct responsibility for capital de-
velopment of an airport, but this is not common,
even at airports where general aviation is a ma-
jority user.

It must be remembered that while GA activi-
ties make up about half of the aircraft operations
at FAA towered airports, the average utilization
of each aircraft is much lower than that of com-
mercial aircraft. There are approximately 210,000
GA aircraft, compared to about 4,000 commer-
cial aircraft. Most GA aircraft spend most of the
time parked on the ground. Only a small num-
ber, usually those operated by large corporations
as a sort of private airline for employees and high
value goods, are used as intensively as commer-
cial aircraft.

Thus, at the airport, the chief needs of GA are
parking and storage space, along with facilities
for fuel, maintenance, and repair. While an air-
liner may occupy a gate for an hour to load
passengers and fuel, a GA user may need to park
an aircraft for a day or a week while the passenger

conducts business in town. At the user’s home
base, long-term storage facilities are needed, and
the aircraft owner may own or lease a hangar or
tie-down spot. In most parts of the country, the
chief airport capacity problem for GA is a short-
age of parking and storage space at popular air-
ports. At some airports in the Southwest and in
California waiting lists for GA parking spaces are
several years long.

Some airport operators deal directly with their
general aviation customers. The airport manage-
ment may operate a GA terminal, collect land-
ing fees, and lease tie-downs or hangars to users.
At some airports condominium hangars are avail-
able for sale to individual users. It is not uncom-
mon for corporations with aircraft fleets to own
hangar space at their base airport. Often, how-
ever, at least some of this responsibility is
delegated to the FBO, who thus stands as a proxy
for the airport operator in negotiating with the
individual aircraft owners for use of airport fa-
cilities and collecting fees.

PLANNING AND DEVELOPMENT RESPONSIBILITIES

The airport operator is principally responsible
for planning and development of airport improve-
ments, but as in the case of daily operating deci-
sions, that responsibility is shared with many
other parties. The airlines and other users, con-
cessionaires, FAA, the regional planning author-
ity, and the surrounding communities may all
have an influence on planning decisions and
subsequent development.

Airport Users

The users with the strongest voice in airport
planning decisions, especially at large operational
hubs, are the air carriers, who negotiate individ-
ually and collectively for short- and long-term im-
provements that they believe will facilitate their
use of the airport. Because carriers often under-
write the bonds to pay for capital improvements,
they have great influence, and their support is
crucial.

At airports where one or two carriers account
for the majority of operations, decisions about air-

port development are sometimes dominated by
the needs and interests of those carriers. For ex-
ample, there can be little doubt that Atlanta
Hartsfield was designed to serve the route struc-
tures of Delta and Eastern Airlines—hub-and-
spoke systems with a high volume of transfer
passengers. On the other hand, the design of
Dallas-Fort Worth was greatly influenced by the
type of service Braniff and American Airlines ex-
pected to provide there—long-haul origin-destina-
tion service, with little need for transfers within
the airport. This design has been the source of
landside congestion in recent years as carriers have
made greater use of hub-and-spoke route struc-
tures that require passengers to change planes.
Major improvements are being undertaken at the
airport to enlarge passenger waiting areas and im-
prove internal traffic circulation.

Some “minority” carriers, even though they are
signatories to the long-term agreements, may not
have strong negotiating positions. For example,
most airports are dominated by passenger carriers,
even though revenues from cargo carriers may
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Photo credt: McDonne// Douglas

Air cargo moves mainly at night

make a significant contribution to the airport
budget. Air cargo carriers have different facility
needs, e.g., they need ramp space and room for
sorting cargo rather than gate space and terminal
lounges. In some cases, cargo carriers have been
unable to interest the majority of carriers in under-
writing airport bonds to build cargo facilities, and
they have been forced to undertake development
projects on their own, even though they are also
paying landing fees that are used to underwrite
development of passenger facilities.

General aviation, because of its disaggregate
nature, is another group that often has little to
say in the airport planning process. However,
aviation interest groups, trade associations, and
fixed base operators may sometimes help to pres-
ent the position of GA users to the airport op-
erator.

Federal Government

The Federal Government is a major participant
in airport planning and development. FAA ad-
ministers Federal grants to airports for planning
and for capital improvements. Since 1970, these
funds have come from the user-supported Airport
and Airway Trust Fund. In 1983, planning grant
funds authorized under the Airport Improvement
Program amounted to about $8.8 million, and
capital development grants to almost $800 million. °

Federal funds may be spent only for certain
classes of projects. In general, eligible projects are
those for construction or improvement of facil-
ities directly related to the use of aircraft—i.e.,
runways, taxiways, and ramps. In recent years,

*Second Annual Report of Accomplishments Under the Airport

Improvement Program, Fiscal Year 1982 (Washington, DC: Federal
Aviation Administration, May 1984).
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eligibility has also been extended to include com-
mon-use areas of passenger terminals and other
airport buildings related to the safety of persons
or the provision of services to airport users. Fed-
eral funds cannot be used for the construction of
revenue-producing facilities such as hangars and
automobile parking areas or for building access
roads off the airport property.’

It has been suggested that the availability of
Federal funds at a favorable matching ratio has
encouraged airports to concentrate on those types
of improvements which are eligible for Federal
aid. The Federal share for eligible improvements
ranges from 70 to 90 percent depending on type
of project; but since airports make many improve-
ments without Federal aid, the Federal share of
all capital investment at airports constitutes less
than 40 percent. °*This percentage is even less at
large airports, where Federal monies often make
up less than 10 percent of the capital improve-
ment budget. However, many operators of large
airports believe that Federal funding is important
for financing improvements that they feel are
needed, but which the air carriers are reluctant
to pay for.

FAA also influences airport operational deci-
sions because it owns and operates the air traffic
control system, including the air traffic control
tower, navigational equipment, and landing aids
at the airport itself. Airport improvements which
require installing, moving, or upgrading this
equipment have to be approved and carried out
by FAA. Safety and operational standards for air-
ports are also established by FAA. Airport facil-
ities built with Federal funds must be designed in
accordance with these standards, which are pub-
lished in the Federal Aviation Regulations or in
FAA Advisory Circulars, manuals, and handbooks.

Finally, FAA does airport system planning. The
National Airport System Plan (NASP), a 10-year
plan which was published in 1977 and updated
in 1980, includes those airports that meet FAA’s
criteria of “national importance. ” In 1982 there
were 3,203 such airports. The NASP is not a com-
pilation of individual airport development plans.

14 CFR 151.
‘Public Works Infrastructure: Policy Considerations for the 1980s
(Washington, DC: Congressional Budge©Office, April 1983), p. 106.

Rather, it is a summary of projected improve-
ments for each airport eligible for Federal aid, pre-
pared by FAA based on information provided by
individual airports, state agencies, and FAA re-
gional offices.

State Aviation Agencies

Forty-seven States have aviation agencies. Most
are within State departments of transportation,
although eight are independent agencies or com-
missions. State authority and activity vary wide-
ly. All the States with aviation agencies provide
some State financial assistance to airports. In most
cases this aid is primarily for capital improve-
ments, although a few States make funds avail-
able for high-cost operations and maintenance
items such as snow removal equipment.’In ad-
dition, many State agencies provide some tech-
nical and planning assistance, particularly to
smaller airports. Some States carry out ongoing
planning programs for a statewide airport system,
complete with year-by-year scheduling for im-
provements at individual airports, In many cases,
States also install and maintain navigation equip-
ment and landing aids.

Some State governments have planning and de-
velopment responsibilities as owners and opera-
tors of airports. Baltimore-Washington Interna-
tional is owned by the State of Maryland, for
example, and Honolulu International is owned by
the State of Hawaii. In general, however, most
of the State-owned airports are general aviation
rather than commercial service airports.

States provide much less airport development
money than either the Federal Government or the
local airport operators. As shown in table 7, State
spending in 1982 for airport construction and im-
provement projects totaled $276 million. This
averages $5.5 million per State, but the actual dis-
tribution is highly skewed. Table 7 shows that 25
States spent less than $1 million each; 12 States
spent between $1 million and $5 million, and 5
spent between $5 million and $10 million. Five
States—Alaska, Connecticut, Hawaii, lllinois,
and New York—spent over $10 million for air-

‘National Association of State Aviation officials, DataBank 1983
(Washington, DC: NASAO, 1983), p. 2.
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Table 7.-State Funding of Airport and Aviation Programs

State-owned airports Other airports
State and Construction Operations Construction Operations Landing &  Other airport Airportt
vear(s) improvement maintenance improvement maintenance Navaids?t expenditures Total planning
AL-IW82 $ 500,750 - 402,721 - - — 603,471 -
AK-FY82 60,355,700 - — — 60,355,700 1,255,200
AZ-FY83 57,752 311,838 2,455,248 - - 20,0002 2,844,838 60,000
AR-FY82 - - 750,000 - 50,000 — 800,000 -
CA-FY82 — — 2,200,000 1,000,000 1,000,000° 4,200,000 -
CT-FYg2°¢ 100,700,000 500,000 780,000 - - 101,980,000 100,000
DE-BI82/83 - - 300,000 - 25,000 - 325,000 -
FL-FY82 - - 5,030,500 - - 5,030,000 250,000
GA-FY82 - - 700,000 1,000,000 300,000 - 2,000,000 20,000
HI-FY82 15,581,268 77,313,810 - - - — 92,895,078 160,289
ID-FY82 50,000 50,000 454,000 — 30,000 40,0007 624,000 -
IL-FY83 - 10,269,229 — 9,000 - 10,278,229 31,000
IN-BI81/82 - - 1,757,445 — — — 1,757,445 —
1A-FY82 - - 635,600 - 60,000 25,000° 720,600 —
KS-FY82 - - - - - — 0 9,444
KY-FY82 — - 610,000 - 100,900 — 710,900 -
LA-FY82 156,729 32,000 3,102,549 - 196,000 - 3,487,278 180,000
ME-BI82/83 303,434 344,000 799,539 - 27,000 324,000 1,797,973 18,237
MD-FY82 3,008,291 19,684,127 375,000 - 26,618 120,4849 23,214,520 102,876
MA-FY82 - - 225,549 - 22,000 - 247,549 18,522
MI-FY82 - 1,874,000 - 600,000 60,000" 2,534,000 145,000
MN-FY82 5,9&l - 3,983,500 1,117,200 598,000 299,000’ 6,003,600 -
MS-FY83 - - 70,000 - - — 70,000 10,000
MO-FY82 - - 327,973 228,471 - - 556,444 -
MT-FY82 20,000 10,000 220,000 - 44,000 — 294,000 26,000
NB-FY82 134,531 223,760 424,031 - 266,292 - 1,048,614 7,757
NV-FY82 - - - - - 0 -
NH-BI82/83 131,607 27,000 - 18,000 35,000 - 211,607 30,000
NJ-FY82 - - - - - — 0 -
NM-BI82/83 - 889,500 - - — 889,500 -
NY-FY83 - 27,700,00d - - — 27,700,000 33,000
NC-BI182/83 20,000 — 7,275,967 - 75,000 200,000 7,570,967 (191 ,Oo0)t
ND-CY82 250,000 25,000 1,479,000 - 20,000 - 1,774,000 25,000
OH-FY82 — - 550,000 - — 550,000 -
OK-FY82 115, 000 — 500,000 - — — 615,000 —
OR-BI82/83 255,800 407,728 150,000 - - - 813,528 -
PA-FY82 90,000 3,981,983 1,365,000 - — 5,436,983 68,338
RI-BI81/82 2,657,255 49,937 - - 59,221 197,283 2,963,696 225,000
SC-FY82 - - 1,133,215 885,004 22,749 — 2,040,968 124,020
SD-CY82 — 143,182 - 30,466 - 173,648 —
TN-FY82 - 5,G 1,600,000 100,000 60,000 — 1,785,000 13,000
TX-FY83 - - 2,500,000 - - 2,500,000 —
UT-FY82 — 10,000 230,000 2,000,06 — 2,240,000 45,000
VT-FY82 538,199 366,000 8,300 - 12,200 - 924,699 15,500
VA-FY82 - 22,500 428,000 72,600 37,000 — 560,100 51,700
WA-BI82/83 — 40,647 784,745 — — 825,392 -
WV-FY82 - 330,951 - - — 330,951
WI-FY82 - - 982,900 - 25,000 220,050™ 1,227,950 (64,20;t
WY-FY83 - - 5,505,137 - - - 5,505,137 -
Totals: $164,632 26 103,405,330 91,302,781 4,421,275 4,751,446 2,505,817 391,018,775 3,017,883

;Several additional States funded planning projects and nav/landing aids—amounts are included in total.
AZ—Contingency.
CA—Airport loans to local governments.

CCT—$100,000 is for special project at Bradley Airport.
ID—Revolving inventary for navaid/light equipment, etc., for resate to municipally owned airports on State matching fund basis.

fIA-Air markers.
ME—Snow removal assistance.

gMD—Zon‘mg functions in connection with airport noise.

.hMl—Palntlng marking.

'MN—Revolving Loan Program for aircraft hangar construction.
NY—$21 million of total to be used as State matching funds for terminal area project at Buffalo.
NC-—$200,000 for 100 percent State funding for runway marking, tree clearing, and other safety projects.

IRI—CFR and snow removal equipment; security fencing; environmental assessment reports.

Mwi—$220,050 expended for land and equipment.
SOURCE: National Association of State Aviation Officials, DataBank 1983 (Washington, DC: NASAO, 1983), pp. 9-10,
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port development; all of these except New York
and lllinois used these funds primarily for State-
owned airports. The 28 States that made planning
assistance funds available in 1982 spent a com-
bined sum of about $3 million. However, about
40 percent of this amount was spent by Alaska
alone.

Total State capita] assistance in 1982 for air-
ports not owned by the State totaled $91 million.1”
Often, these funds provided the State share of fed-
erally funded projects. In other cases, State funds
were used where Federal grants were not avail-
able for a project.

Despite the small amount overall, the State role
is a vital one, especially for smaller airports. Few
GA airports or small commercial service airports
have the in-house staff to make traffic forecasts
or to plan facility improvements. In addition, be-
cause small airport operators often do not have
the technical expertise to complete an application
for Federal assistance, State agencies are active
in helping them through this process. Most State
aviation agencies concentrate their resources on
helping small commercial service and GA airports
because they have found that large commercial
airports can take care of themselves. Indeed, most
State aviation agencies do not have the staff and
expertise to deal with the details of planning and
carrying out projects at major commercial serv-
ice airports. In the case of major airports, the State
role may simply be to keep informed of develop-
ment activities and perhaps to provide some State
matching funds.

State control over the distribution of Federal
airport development funds varies widely with
State law. In most cases, grants from FAA to air-
ports for federally approved projects completely
bypass the State agency, Some States, however,
have channeling acts which give them some con-
trol over Federal funds. In these cases, projects
must have State, as well as Federal, approval
before the grant can be awarded to the airport.
In some cases, too, State law requires that the
State act as agent for Federal grant recipients, so
that the State receives the funds and passes them
through to the airport.

I°Ibid., pp. 9-10.

Regional Planning Agencies

Many States have created regional planning
authorities that combine planning and develop-
ment functions. Regional planning responsibilities
are sometimes assumed by Councils of Govern-
ments or similar associations of municipalities in
a metropolitan area. Some regional agencies con-
duct extensive transportation and land use plan-
ning in their areas of jurisdiction and may be in-
volved in plans for siting new airports or for
expanding existing facilities.

Regional agencies are seldom involved in the
actual project execution, but they can have great
influence over the availability of funds. In some
States, their approval of a master plan or of in-
dividual projects is required for the release of State
grant funds. Often these same agencies are also
responsible for approving the release of Federal
funds. Rules for the release of Federal funds for
major projects was formerly governed by Office
of Management and Budget Circular A-9s, under
which regional agencies were required to review
major projects to certify that they met Federal
guidelines on the use of grant moneys by State
and local governments and to ensure that suffi-
cient planning had gone into the project.

This procedure has changed somewhat since the
release of Executive Order 12372. Under the new
procedure, Federal agencies, such as FAA, are still
required to consult and cooperate with State and
local governments in the administration of Fed-
eral assistance and development programs, but
the intent is to give the States more latitude in
determining criteria for acceptable projects. Al-
though Executive Order 12372 places more em-
phasis on State priorities, the effect is still to re-
quire Federal, State, and local agreement before
funds are released for major projects. In many
cases, the approval power remains in the hands
of the same regional planning agencies which han-
dled the A-9s review process.

Other Parties

A commercial airport serves thousands, often
millions, of airline passengers Despite their large
number, however, passengers typically have no
formal way to voice opinion on the service being
offered or to influence future airport plans. How-
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The wait begins

ever, the passengers’ behavior—in terms of the
preferred hours of travel and the preferred mode
for arriving at the airport-will greatly affect how
the airport operates, and passenger behavior is
a frequent subject of study by airport planners.
Moreover, passengers do have the ability to “vote
with their feet” in areas where there is a choice
of airports. Passenger preference is often among
the reasons that one airport in a region is under-
utilized. If utilization of the airport is to be in-
creased, the operator or the carriers must improve
those features that passengers object to—e.g., in-
adequate groundside access, infrequent flights, or
inconvenient parking.

The actions of concessionaires and off-airport
firms offering services on the airport property can
greatly affect airport development. Often these
firms have little say in the long-range planning
decisions. Where airport facilities do not accom-
modate their needs, improvised solutions may
contribute to congestion and delay. For example,
the use of high-occupancy vehicles, such as shut-
tle buses, for airport access and circulation should
tend to reduce curbside congestion. However,
ground access delays at some airports have ac-
tually been worsened by the uncontrolled pro-
liferation of private shuttle bus services offered

by car rental firms, hotels, and others to carry
passengers from the terminal to remote locations.
In some cases, inviting these firms to participate
in an earlier stage of the planning process and de-
signing facilities to match the needs of shuttle
buses rather than automobiles might have resulted
in better coordination of airport circulation and
less curbside congestion.

Nearly all commercial service airports are pub-
licly owned, most by municipal governments. The
city government which is also an airport spon-
sor must balance the economic benefits of the air-
port against any direct and indirect costs the air-
port may impose. The city government is re-
sponsible for a number of services which are vital
to the airport but beyond the control of the air-
port manager—e.g., highway construction and
mass transit access. Elected officials must choose
to allocate funds between projects that might ben-
efit the airport and those related to other muni-
cipal services such as hospitals, schools, and hous-
ing. The airport is seldom the first priority of the
city government.

Other local governments may be involved in,
or affected by, the airport planning process. Many
major airports are surrounded by several munic-
ipalities. Some of these communities may be
bothered by noise, automobile traffic, or other
problems generated by the airport. Other com-
munities may control services necessary to oper-
ation of the airport. In addition, the interests of
individuals surrounding the airport may be rep-
resented not only by local governments but by
public interest groups organized around a particu-
lar issue. These groups and individuals may be
brought into the airport planning process through
public hearings and other means, but their effec-
tiveness and degree of participation vary widely
as a function of the receptiveness of airport oper-
ators and the aggressiveness with which these
groups pursue their interests.

CAPITAL IMPROVEMENT

The most obvious solution to the problem of
airside delay at a busy airport is to increase ca-
pacity through capital improvements—either by
building another airport or by expanding the ex-

isting one through construction of new runways,
gates, terminals, or whatever is needed. Nearly
all the major airports in the United States have
gone through at least one period of major capital
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improvement, many of them in the late 1960s and
early 1970s to accommodate jet aircraft. As a solu-
tion to delay problems, however, construction of
new airport facilities is not without problems, and
airport operators can run into a number of dif-
ficulties in attempting major airport construction
or expansion.

First of all, an airport is a system of interdepen-
dent parts. Major expansion of one part may ne-
cessitate expansion of another. For example, ad-
ding new runways and increasing the number of
airside operations will result in the need for new
gates and more terminal waiting areas for passen-
gers, and possibly larger automobile parking areas
and access roads with higher capacity. Because
of the piecemeal way in which these different
types of development may be handled, a bottle-
neck is often not eliminated, but simply moved
to another point.

Another problem often encountered in expan-
sion is the lack of suitable land. Many airports
are closely surrounded by urbanized areas, land
that would be extremely expensive to acquire. Al-
though most airports were originally located on
the edge of metropolitan areas, cities have ex-
panded over the years to surround many of them.
Some of this development, especially commercial
and industrial uses, was actually drawn to the area
by the proximity to air transportation. Residen-
tial uses often spring up if land use controls are
inadequate. Once communities become estab-
lished in the vicinity, the airport is often perceived
as a poor neighbor—generating noise, traffic con-
gestion, and other annoyances for the surround-
ing communities. Residents may oppose plans for
airport expansion that would increase any of these
problems.

This is not to say that expansion of a major air-
port is impossible. St. Louis Lambert, for instance,
greatly increased airside and terminal capacity
over a period of 5 years through development of
an existing location. Improvements included
lengthening existing runways and taxiways, ter-
minal expansion, and construction of new gates.
A major factor was the Environs Plan, a program
to mitigate noise problems by installing sound in-
sulation in residential buildings and purchasing
property to serve as a noise buffer zone.

Chicago O’Hare is beginning a major expan-
sion of terminal facilities, which will include con-
structing new loading gates and ramp areas and
rebuilding parts of the taxiway system. At one
time, construction of an additional runway was
also considered, but then dropped in later plan-
ning stages. Studies indicated that an additional
parallel runway would not provide a capacity in-
crease great enough to justify the high cost. His-
torically, congestion problems at O’Hare have pri-
marily been due to lack of gate space. The new
runway would have required land acquisition and
relocation of buildings. It would also have gen-
erated additional noise and led inevitably to con-
flicts with airport neighbors.

Expansion is expensive. At St. Louis, the noise
abatement program alone (without which the ex-
pansion probably would not have been possible)
is expected to cost about $50 million over a 20-
year period. The expansion of Chicago O’Hare
is expected to cost about $1 billion. Adding the
new runway would have increased the cost by 25
percent.

Building a new airport far enough from popu-
lous areas to avoid noise problems and to take
advantage of lower land prices is a desirable alter-
native. Ideally, the new airport site should be large
enough to provide both room for growth and ex-
tensive buffer zones to protect it from encroaching
urban development—a tract of many thousands
of acres. The Dallas-Fort Worth airport covers an
area of 17,600 acres and has agreements protect-
ing an additional 4,000 acres; but, even there,
noise is an issue as incompatible urban develop-
ment moves closer to the airport.

In many metropolitan areas, a suitable tract of
land might be distant from the city center, mak-
ing ground access a problem. In selecting a dis-
tant site, several questions arise. If a new airport
is a supplement to, rather than a substitute for,
the existing airport, would passengers be willing
to travel that far to use it? Would air carriers be
willing to serve an airport that might attract fewer
passengers than the old airport? That the answer
to these questions can sometimes be “no” is dem-
onstrated in the case of Dunes and National air-
ports in Washington, DC.
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Because of the increasing public concern about
aircraft noise, community reaction against the
possible siting of an airport has presented prob-
lems even in relatively underpopulated areas. The
expansion of Lambert airport was made necessary
because of the collapse of plans to build another
airport outside of St. Louis. The vigorous opposi-
tion by citizen groups and local governments sur-
rounding the proposed new site was a major fac-
tor in the decision not to build a new airport. This
concern affects not only sites for commercial air-
ports but also for GA and relievers airports.

Difficult as it is to find land for new airports,
the task is becoming increasingly imperative in
some cities. Many observers are pessimistic about
the likelihood of constructing new major airports.
The FAA, in the 1981 National Airspace System
Plan, states that: “few new air carrier airports are
anticipated and most major airports have limited

expansion capability due to physical, environ-
mental, airspace, runway, and/or landside limita-
tions.”'! The NASP includes the possibility of
beginning construction on but one major new air-
port within the next 10 years.?

Despite this general skepticism, some will un-
doubtedly have to be built as traffic continues to
grow. Some cities (Los Angeles and Atlanta, for
instance) have anticipated this need and have set
aside land for future airport sites. Most cities,
however, have not had the foresight or ability to
purchase a large tract of land and to protect it for
future aviation use, and now even marginally
suitable sites are rapidly being lost to other land
uses.

1 National Airspace System Plan (Washington, DC: Federal Avia-
tion Administration, December 1981).

2National Airport System Plan: Revised Statistics, 1980-1989
(Washington, DC: Federal Aviation Administration, 1980), p. vi.

AIRCRAFT NOISE

Aviation noise is a fact of life at today’s air-
ports and a major, perhaps the major, constraint
on airport expansion and development. Citizens
living around airports have complained that avia-
tion noise is annoying, disturbs sleep, interferes
with conversation, and generally detracts from
the enjoyable use of property. There is increas-
ing evidence that high exposure to noise has
adverse psychological and physiological effects.
People repeatedly exposed to loud noises may ex-
hibit high stress levels, nervous tension, and in-
ability to concentrate.

Conflicts between airports and their neighbors
have occurred since the early days of aviation,
but airport noise became a more serious issue with
the introduction of commercial jet aircraft in the
1960’s. FAA estimates that the land area affected
by aviation noise increased about sevenfold be-
tween 1960 and 1970. Even with this increase, the
actual number of people affected by aviation noise
is relatively small. It has been estimated that 6
million to 7 million people in the United States
(under 5 percent of the population) experience sig-
nificant annoyance due to aviation noise; about
10 percent of these people live in areas of severe

noise impact .13 Nevertheless, airport noise has
become a major political issue in certain commu-
nities.

New aircraft are much quieter than earlier jets,
and the noise levels at the busiest large airports
have been reduced to the point that community
opposition has abated in some instances, Denver,
Atlanta, Houston, and Dallas-Fort Worth have
been able to secure community agreement to pro-
ceed with airport expansion projects, including
new runways. Expansion of terminal buildings,
which implies an increase in air traffic, has also
been accepted in New York and Chicago. On the
other hand, noise levels threaten to increase as
jet traffic is introduced at secondary airports
in some metropolitan areas. Santa Ana (John
Wayne) and Westchester County are notable ex-
amples of airports where the surrounding com-
munities are pressing for curfews and other air-
port use restrictions.

Another trend that may intensify the noise
issue is continuation of residential encroachment
around airports. As more people come to live in

13Norman Anford and Paul H. Wright, Airport Engineering (New
York: John Wiley & Sons, 1979).
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Homes under the approach path to Boston Logan

noise impact areas, the opportunities for annoy-
ance increase. Equally important, the public has
become more sensitive to the issue, and it has
become highly politicized. Airport neighbors have
sued airports for mental anguish as well as the
reduced property values related to noise exposure.
Airport operators have begun to adopt noise
abatement and mitigation measures so as to re-
duce their liability and protect themselves in legal
proceedings. The noise issue has been instrumental
in slowing or stopping several airport expansion
programs.

Federal Responsibilities

FAA’s role is defined in a 1968 amendment to
the Federal Aviation Act of 1958.14 The amend-
ment charges the FAA Administrator to “prescribe
and amend such rules and regulations as he may
find necessary to provide for the control and
abatement of aircraft noise and the sonic boom. ”
FAA has worked to alleviate noise by controlling
the source—i. e., quieting the aircraft and its en-
gine. Federal Aviation Regulations (FAR) Part 36
establishes noise standards for newly manufac-
tured aircraft engines. Air carriers are replacing
noisy aircraft with new ones meeting these stand-
ards, so that noncomplying commercial aircraft

1449 LJ. S.C. 1301 et. seq.

will eventually be phased out of the fleet. FAA
has controlled sonic boom by prohibiting super-
sonic operations over land by civil aircraft. Mili-
tary supersonic flights continue, but in a carefully
controlled manner.

FAA has established guidelines for measure-
ment of noise and suggested a procedure for car-
rying out local noise studies and abatement pro-
grams. Because FAA also has the authority and
responsibility to control aircraft in flight and to
prescribe flight paths, it assists local airport oper-
ators in developing noise mitigation procedures
to suit their area.

FAA has been reluctant to impose a specific
Federal standard for airport noise, as this might
expose the Federal Government to liability for
damages if the standard were to be exceeded. Cur-
rent policy is that FAA shares responsibility for
noise abatement, but does not bear liability. Re-
cent statements by the FAA Administrator and
the Secretary of Transportation have reempha-
sized that local governments and airport opera-
tors must take the lead in reducing airport noise.
On the other hand, FAA discourages the prolifera-
tion of stringent local rules which may have a con-
straining effect on airport capacity or on interstate
commerce.

Measurement of Noise

There are several methods for measuring air-
craft noise and its effect on a community. The
level of sound can be measured objectively; but
noise—unwanted sound—is a very subjective
matter, both because the human ear is more sen-
sitive to some frequencies than others and because
the degree of annoyance associated with a noise
can be influenced by psychological factors such
as the hearer’s attitude or the type of activity in
which engaged. Techniques have been developed
to measure single events measured in units such
as dBA (A-weighted sound level in decibels) or
EPNdB (Effective Perceived Noise Decibels).
These measure the level of noise in objective
terms, giving extra weight to those sound frequen-
cies that are most annoying to the human ear.

In some cases, annoyance is due not only to
intensity of a single event, but to the cumulative
effects of exposure to noise throughout the day.
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Methods to measure this effect objectively include
aggregating single event measures to give a cumu-
lative noise profile by means of such techniques
as the Noise Exposure Forecast (NEF), the Com-
munity Noise Equivalent Level (CNEL), and the
Day-Night Average Sound Level (Ldn). FM uses
EPNdB to measure single event aircraft noise as
part of its aircraft certification process. FAA has
established dbA as the single event unit and the
Ldn system as the standard measure of cumula-
tive noise exposure to be used by airports in the
preparation of noise abatement studies.

FAA has suggested, but not mandated, guide-
lines for determining land uses that are compati-
ble with a given Ldn level. Ideally, residential uses
should be located in areas below 65 Ldn. In the
high noise impact areas (Ldn 80 to 85 or more)
FAA suggests that parking, transportation facil-
ities, mining and extraction, and similar activi-
ties are the most compatible (see table 8).

Noise and Land Use

The problem of aviation noise is intimately con-
nected with the question of land use since one of
the most effective insulators against annoying
sound is distance. If possible, an airport should
be surrounded by a noise buffer area of vacant
or forested land, and the private property near
the high noise impact area (e.g., under approach
and departure paths and near aeronautical sur-
faces) should be used for activities that are less
sensitive to noise—agriculture, highway inter-
changes, manufacturing, and other activities
where a high level of ambient noise does not de-
tract from performance. Unfortunately, many air-
ports are surrounded by buildings devoted to in-
compatible activities—e.g., residences, schools,
and auditoriums.

Zoning and land use planning are responsibil-
ities of local governments. In many cases these
governments have been unable or unwilling to
provide mutual protection for airports and resi-
dential development. Land is a scarce resource in
urban areas; and where there is great demand for
housing and shopping centers, underutilized land
around airports becomes extremely valuable.
Even where local governments have enacted zon-
ing ordinances to prevent encroachment, devel-

opers have been able to gain waivers. The tax
revenues generated by the higher land uses may
seem more important to city governments than
the long-range need to protect the airport and the
residential areas from one another. In some cases,
local governments trying to enforce zoning rules
have had them overturned when developers con-
tested them in court.

At least part of the problem is ineffective in-
tergovernmental cooperation. Few airports are lo-
cated entirely within the borders of the munic-
ipality that owns and operates the facility.
Surrounding municipalities may have conflicting
practices, priorities, and philosophies of govern-
ment; and each has separate zoning authority. For
instance, St. Louis-Lambert Airport is surrounded
by 29 municipalities, and Dallas-Fort Worth by
10. A municipality that owns an airport perceives
advantages and disadvantages, and it must weigh
the economic benefits of the airport against the
problems of noise. A municipality that merely
borders on an airport may see only disadvantages.
Further, because the airport operator has sole
liability for damage due to airport noise, some
surrounding municipalities have felt little need to
enforce zoning rules when complaints will not be
directed to them but to the municipality that owns
and operates the airport.

Even where sound intergovernmental agree-
ments on zoning have been developed, time can
erode them. When Dallas-Fort Worth airport was
being planned and built, the surrounding munic-
ipalities developed agreements on zoning that
were viewed as models of intergovernmental co-
operation and coordination. Over the interven-
ing years, there have been changes in local govern-
ment, in priorities, and in the local economy.
There is now encroaching development such that
Dallas-Fort Worth now has noise problems, de-
spite its huge 17,600-acre size.

Local Noise Abatement Programs

While aircraft are the source of noise at air-
ports, aircraft operators are not liable for dam-
age caused by noise. The courts have determined
that the sole legal liability for aircraft noise rests
with the airport operator. The Federal Govern-
ment, by law and administrative action, has
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Table 8.—Land Use Compatibility With Yearly Day-Night Average Sound Levels

Yearly day-night average sound level (Ldn) in decibels

Land use <65 65-70  70-75 75-80 80-85 >85
Residential:
Residential, other than mobile homes and transient lodgings . . . . . . . . Y N* N* N N N
Mobile home parks . . ... e Y N N N N N
Transient 10dgings . . . . ..ot T, Y N* N* N*® N N
Public use:
Schools, hospitals and nursinghomes . . .. ........................ Y 25 30 N N N
Churches, auditoriums, and concerthalls . . .. ................. S Y 25 30 N N N
GOoVernNMENtal SEIVICES . . . .. oo et ettt e e e Y Y 25 30 N N
Transportation . . . ................. e Y Y Y® \4 \'% \'%
ParKiNg . . . v et Y Y \& Y° \4 N
Commercial use:
Offices, business and professional . . .. ........................... Y Y 25 30 N N
Wholesale and retail—building materials, hardware and farm
EOUIDMENE, . o o ot ettt e e e e e e e Y Y Y’ \4 \'% N
Retail trade—general . . .......... ... ..t Y Y 25 30 N N
UBEES « . oottt e Y \ Yb Y Y N
COMMUNICALION .« . . o ottt e et e e e e e et Y Y 25 30 N N
Manufacturing and production:
Manufacturing, general . . . ... ...t Y Y Y’ Y* Y* N
Photographic and optical . . .. ........ ... Y Y 25 30 N N
Agriculture (except Livestock) and forestry . . ....................... Y Yf yLi Y* Y Y"
Livestock farmingand breeding . . ... ... ... .. Y Y’ y~ N N N
Mining and fishing, resource production and extraction . . . . ... ... ... Y Y Y Y Y Y
Recreational:
Outdoor sports arenas and spectator spors . . . . ................... Y Y* Y* N N N
Outdoor music shells, amphitheaters . . .. ......................... Y N N N N N
Nature exhibits and Z00S . . . .. .. ..ot Y Y N N N N
Amusements, parks, resorts and Camps . . . .. ... Y Y Y N N N
Golf courses, riding stables and water recreation . . . ................ Y Y 25 30 N N

NOTES: The designations contained in this table do not constitute a Federal determination that any use of land covered by the program is acceptable or unacceptable
under Federal, State, or local law. The responsibility for determining the acceptable and permissible land uses remains with the local authorities. FAA deter-
minations under Part 150 are not intended to substitute federally determined land uses for those determined to be appropriate by local authorities in response
to locally determined needs and values in achieving noise compatible land uses.

KEY: SLUCM—Standard Land Use Coding Manual.

Y (Yes)—Land use and reiated structures compatibie without resirictions.

N (Noj—Land use and relfated structures are not compatible and should be prohibited.

NLR—Noise Level Reduction (outdoor to indoor) to be achieved through incorporation of noise attenuation into the design and construction of the structure.
25, 30, or 35—Land use and refated structure generally compatibie; measures to achieve NLR of 25, 30, or 35 must be incorporated into design and construction
of structure

Mhere the community determines that residential uses must be aliowsd, measures to achieve outdoor to indoor Noise Level Reduction (NLR) of at least 25 dB and

30 dB should be incorporated into building codes and be considered in individual approvals. Normal construction can be expected to provide a NLR of 20 dB; thus,
the reduction requirements are often stated as 5, 10 or 15 dB over standard construction and normally assume mechanical ventilation and closed windows year round.
Howevet the use of NLR criteria will not eliminate outdoor noise problems.

Measures to achieve NLR of 25 must be incorporated into the design and construction of portions of these buildings where the public is received, office areas, noise-
_sensitive arsas or where the normal noise level is low.
>Measures to achieve NLR of 30 must be incorporated into the design and construction of portions of these buildings where the public is received, office areas, noise-
sensitive areas or where the normal noise level is low.

Measures to achieve NLR of 35 must be incorporated into the design and construction of portions of these buildings where the public is received, offices areas,
nonse -sensitive areas or where the normal noise level is low.

La."d use compatible provided special sound reinforcement systems

Resndenual buildings require an NLR of 25.
3Resndentual buildings require an NLR of 30.
'Residential buildings not permitted

SOURCE: Adapted from 14 CFR Part 150, Airport Noise Compatibility Planning.

preempted control of aircraft in flight. Because
the Federal Government is immune from suit
(without its consent) and because the aircraft oper-
ate under Federal regulation, litigants with com-
plaints about aircraft noise have no recourse but
to the airport operator. Courts have consistently

held that the airport proprietor has the authority
to control the location, orientation, and size of
the airport and from that authority flows the
liability for the consequences of its operation, in-
cluding the responsibility to protect citizens from
residual noise. Litigants have used various ap-
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preaches in suing airports and have collected
damages on the grounds of trespass, nuisance, and
inverse condemnation.

Balancing their extensive exposure to liability
claims, airport operators have some authority—
albeit limited—to control the use of their airports
in order to reduce noise. Basically, any restric-
tion of operations at the airport must be non-
discriminatory. Further, no airport may impose
a restriction that unduly burdens interstate com-
merce. The definition of “undue burden” is not
precise, and restrictions at individual airports
must be reviewed on a case-by-case basis. Restric-

Photo credt: Oorn McGr8fh, Jr.

Noise contour map

tions must be meaningful and reasonable—i.e.,
a restriction adopted to reduce noise should ac-
tually have the effect of reducing noise. Finally,
local restrictions must not interfere with safety or
the Federal prerogative to control aircraft in the
navigable airspace.

Under FAR Part 150, airport operators can
undertake noise compatibility studies to determine
the extent and nature of the noise problem at a
given airport. They can develop noise exposure
maps indicating the contours within which noise
exposure is greater than a permissible level. They
can identify the noncompatible land uses within
those contours and develop a plan for mitigating
present problems and preventing future ones. Un-
fortunately, the airport operator’s ability to pre-
vent future problems is usually very limited.
Unless the airport actually owns the land in ques-
tion, the authority to make sure it is reserved for
a compatible use is usually in the hands of a mu-
nicipal zoning commission.

Many of these noise abatement programs al-
lowed under current legislation are eligible for
Federal aid. They include:

- takeoff and landing procedures to abate noise
and preferential runway use to avoid noise-
sensitive areas (which must be developed in
cooperation with and approved by FAA);

- construction of sound barriers and sound-
proofing of buildings;

- acquisition of land and interests therein, such
as easements, air rights, and development
rights to ensure uses compatible with airport
operation;

- complete or partial curfews;

- denial of airport use to aircraft types or
classes not meeting Federal noise standards;

- capacity limitations based on the relative
noisiness of different types of aircraft; and

- differential landing fees based on FAA-cer-
tificated noise levels or on time of arrival and
departure.l’

*Adapted from J. E. Wesler, “Federal Policies Affecting Airport
Noise Compatibility Programs,” prepared for American Institute
of Aeronautics and Astronautics, [nternational Air Transportation
Conterence, Atlantic City, Nj, May 1981,
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FAA provides assistance to airport operators
and air carriers in establishing or modif ying flight
paths to avoid noise-sensitive areas. In some cases,
aircraft can be directed to use only certain run-
ways, to stay above minimum altitudes, or to ap-
proach and depart over lakes, bays, rivers, or in-
dustrial areas rather than residential areas.
Procedures may be developed to scatter the noise
over several communities through some “equitable”
rotation program. These noise-abatement proce-
dures can have a negative effect on airport capac-
ity. They may require circuitous routing of air-
craft or use of a runway configuration that is less
than optimum with respect to capacity.

Restrictions on airport access or on the num-
ber of operations have an even more deleterious
effect on airport capacity. One form of restric-
tion is the night curfew, which effectively shuts
down the airport during certain hours. Only a few
airports have officially instituted curfews. One
such is Washington National Airport, which has
a curfew based on FAA-certificated noise stand-
ards. Aircraft with noise ratings over 72 dbA on

takeoff or 85 dbA on approach may not use the
airport between 10:00 p.m. and 7:00 a.m. This
eliminates nearly all jet operations. Some other
airports have reached informal agreements with
carriers to refrain from operations after a certain
hour, and some, like Cleveland, impose a curfew
by not supplying jet fuel at night.

Alir carriers are concerned about the spread of
curfews as a noise abatement tool because they
can play havoc with airline scheduling and reduce
the capacity of the entire national airport system.
Imposition of curfews at even two or three ma-
jor airports on the east and west coast could re-
duce the “scheduling window” for transcontinen-
tal flights to only 4 or 5 hours daily (see fig. 3)
and would also affect flights within each region.
Curfews are especially threatening to air cargo
operators, whose business is typically conducted
at night. Some see widespread imposition of cur-
fews as a burden on interstate commerce, and
hence unconstitutional.

Other types of airport access restrictions—
excluding certain aircraft types, instituting special

Photo credit: Dorn McGrath, Jr

Land bought and cleared of houses at Playa del Rey, west of Los Angeles
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Figure 3.—Effects of Curfews on Scheduling Transcontinental Service
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SOURCE: Peter D. Connolly, ‘‘Airport Access and Preservation of the National Airport System: Final Obstacles to a Free Marketplace,” prepared for Federal Aviation

Administration, The Law of Aviation Symposium, Dec. 1, 1981.

fees for noncomplying aircraft, or establishing
hourly limits based on a “noise budget”—are sub-
ject to the legal tests of nondiscrimination and
reasonableness. For example, the ban on jet air-
craft instituted at Santa Monica airport was struck
down by the court in 1979 because many new-
technology jet aircraft that would have been
banned by such a rule are quieter than the pro-
peller-driven aircraft that would have been al-
lowed to operate. A later ordinance by the city,
banning operations by aircraft with a single-event
noise rating of 76 dBA, was upheld. The court
rejected the argument that enforcement of a local

standard violates Federal preemption .16 On the
other hand, a Federal court struck down in 1983
the curfew-quota system in effect at Westchester
County airport in New York. Under that system,
an average of only six aircraft with noise ratings
above 76 dBA were permitted to land between the
hours of midnight and 6:30 a.m.

1sPeter D. Connolly, “Airport Access and Preservation of the Na-
tional Airport System: Final Obstacles to a Free Marketplace,”
prepared for the Federal Aviation Administration Law of Aviation
Symposium, Dec. 1-2, 1981.
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Both air carriers and airframe manufacturers
have objected to the proliferation of local noise
standards and noise-based quota systems. Boeing?!”
for example, has pointed out that airlines are
already in the process of replacing or reengining
their noisier aircraft in response to FAA regula-
tions. This replacement will require a large capi-
tal outlay on the part of carriers—capital that will
have to be generated largely by continued oper-
ation of the aircraft they already have. If airports
adopt local noise standards more stringent than
FAA'’s, carriers will have to accelerate their fleet
replacement programs in order to continue serv-

7Boeing Commercial Airplane Co., “The Economic Impact on
the Airlines of Local Airport Operation Limitations Designed To
Reduce Community Noise,” submitted to the DOT/CAB Airport
Access Task Force, Nov. 29, 1982.

ing those markets. According to Boeing’s esti-
mates, such acceleration would be beyond the fi-
nancial means of many airlines.

Federal funds are available to assist airport
operators in soundproofing buildings or buying
noise-impacted land. Usually, these are extremely
expensive remedial measures, but a number of air-
ports have been forced to undertake them. St.
Louis Lambert Airport expects to spend about $50
million over the next 20 years under its Environs
Plan. The airport has soundproofed some build-
ings and returned them to public use. In other
cases, it has purchased land and resold it for more
compatible use. In some cases, the land was
“sterilized,” that is, the buildings were torn down
and the land left vacant as a noise buffer zone.
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Chapter 3

THE PROBLEM OF

CAPACITY AND DELAY

A major concern of airport users and opera-
tors is delay. Flights cannot be started or com-
pleted on schedule because of the queue of air-
craft awaiting their turn for takeoff, landing, or
use of taxiways and gates at terminal buildings.
These delays translate into increased operating
costs for airport users and wasted time for pas-
sengers. The cause for this delay is commonly re-
ferred to as a “lack of capacity,” meaning that the
airport does not have facilities such as runways,
taxiways, or gates in sufficient number to accom-
modate all those who want to use the airport at
peak periods of demand.

The solutions generally advocated by airport
operators, airlines, and the Federal Aviation
Administration (FAA) are to build additional fa-
cilities at crowded airports or to find ways to
make more efficient use of existing facilities. The
latter course is viewed as attractive because it re-

quires less capital investment and avoids many
of the problems associated with increasing the size
of the airport and infringing on the surrounding
communities. A third course advocated by some
is not to increase capacity but to manage demand
by channeling it to offpeak times or to alternate
sites. The rationale underlying all these approaches
is that capacity and demand must somehow be
brought into equilibrium in order to prevent or
reduce delay.

The relationship of capacity, demand, and de-
lay is considerably more complex than the forego-
ing suggests. Before addressing solutions, it is nec-
essary to look more closely at matters of definition
and to examine how and where delays occur. It
is also necessary to look at specific airports where
delays are now being encountered to obtain a
clearer picture of the severity of the problem and
the points at which it could be attacked.

CAPACITY, DEMAND, AND DELAY

Capacity generally refers to the ability of an
airport to handle a given volume of traffic (de-
mand)—i.e., it is a limit that cannot be exceeded
without incurring an operational penalty.1 As de-
mand for the use of an airport approaches this
limit, queues of users awaiting service begin to
develop, and they experience delay. Generally
speaking, the higher the demand in relation to
capacity, the longer the queues and the greater
the delay.

De Neufville explains the relationship of ca-
pacity, demand, and delay thus:

The performance of a service system is, indeed,
sensitive to the pattern of loads especially when
they approach its capacity. The capacity of a serv-
ice facility is, thus, not at all similar to our no-

tion of capacity in everyday life, that is, the vol-
ume that a bottle or other vessel can hold. A
bottle will accommodate any amount of liquid up
to its capacity equally well; and after that, it can
hold no more. A service facility, on the other
hand, does not provide equal service at all times;
its service rapidly deteriorates as traffic nears
capacity. A service facility, can, furthermore,
eventually handle more than its immediate ca-
pacity by delaying traffic until an opportunity for
service exists.”

The illustration of this theoretical relationship
in figure 4 shows that delay is not a phenomenon
occurring only at the limit of capacity. Some
amount of delay will be experienced long before
capacity is reached, and it grows exponentially
as demand increases.’

‘R. De Neufville, Airport Systems Planning (London: Macmillan,
1976), p. 135.

‘The term congestion, referring to the condition where demand
approaches or exceeds capacity, is not commonly defined in the

technical literature and is used in this report only as a qualitative
descriptor of a situation where demand is high in relation to capacity.

45
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Figure 4.—Theoretical Relationship of Capacity
and Delay

Average delay
Capacity

Demand (number of operations)
SOURCE: office of Technology Assessment,

Capacity

There are two commonly used definitions of
airfield capacity: “throughput” and “practical
capacity. ” The throughput definition of capacity
is the rate at which aircraft can be handled—i. e.,
brought into or out of the airfield, without regard
to any delay they might incur. This definition
assumes that aircraft will always be present wait-
ing to take off or land, and capacity is measured
in terms of the number of such operations that
can be accomplished in a given period of time.
Practical capacity is the number of operations
(takeoffs and landings) that can be accommodated
with no more than a given amount of delay,
usually expressed in terms of maximum accept-
able average delay. Practical Hourly Capacity
(PHOCAP) and Practical Annual Capacity (PAN-
CAP) are two commonly used measures based on
this definition."PANCAP, for example, is defined
as that level of operations which results in not
more than 4 minutes average delay per aircraft
in the normal peak 2-hour operating period.’

‘Airfield and Airspace Capacity/Delay Policy Analysis, FAA-
APO-81-14 (Washington, DC: Federal Aviation Administration, Of-
fice of Aviation Policy and Plans, December 1981).

‘Airside Capacity Criteria Used in Preparing the National Air-
port pLAN, AC 150/5060-1A (Washington, DC: Federal Aviation Ad-
ministration, July 1968).

Delay

Delays occur on the airfield whenever two or
more aircraft seek to use a runway, taxiway, gate,
or any other airside facility at the same time. One
must wait while the other is accommodated. If
all users of the airfield sought service at evenly
spaced intervals, the airfield could accommodate
them at a rate determined solely by the time re-
quired to move them through the facility.

Aircraft, however, arrive and leave not at a uni-
form rate but somewhat randomly, which means
that delay can occur even when demand is low
in relation to capacity. Further, the probability
of simultaneous need for service increases rapidly
with traffic density, so that the average delay per
aircraft increases exponentially as demand ap-
proaches throughput capacity. When demand ex-
ceeds capacity, there is an accumulation of air-
craft awaiting service that is directly proportional
to the excess of demand over capacity. For ex-
ample, if the throughput capacity of an airfield
is 60 operations per hour and the demand rate is
running at 70 operations per hour, each hour will
add 10 aircraft to the queue awaiting service and
10 minutes to the delay for any subsequent air-
craft seeking service. Even if demand later drops
to 40 operations per hour, delays will persist for
some time since the queues can be depleted at a
rate of only 20 aircraft per hour.

Figures indicates the relationship between prac-
tical and throughput capacity. As demand ap-
proaches the limit of throughput capacity, delays
increase sharply and, theoretically, become in-
finite when demand equals or exceeds through-
put capacity. Practical capacity, which is always
less than throughput capacity, is that level of air-
field utilization which can be attained with no
more than some acceptable amount of delay.

The acceptability of delay is the key to the con-
cept of practical capacity. Unlike throughput
capacity, which can be objectively determined by
analysis of airfield components and traffic pat-
terns, practical capacity is value judgment-a con-
sensus among airport users and operators—about
how much delay they can tolerate.

Although practical capacity is usually stated in
terms of an average figure, the acceptability of
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As demand approaches capacity, queues develop

delay is actually determined not so much by the
average but by the probability that the delay for
a given aircraft will be greater than some amount.
Just as demand tends to be nonuniformly distrib-
uted, so, too, is delay. Figure 6 shows a typical
distribution of delays encountered by aircraft at
a particular level of demand. Note that most de-
lays are of short duration and that, even though

Figure 5.— Relationship Between Throughput and
Practical Capacity

|

|

;|
A .
=
3 I8
S | 8
0 —
o =2
8 | &
@ =)
< Maximum acceptable ! é
_________ 3 1 PE

8

|

Demand (number of operations)
SOURCE: Office of Technology Assessment,

the average delay is low (5 minutes), there are a
few aircraft encountering relatively long delays
of 15 minutes or more. Thus, while practical
capacity is usually specified as that level of oper-
ations which—on average—will result in a given
amount of delay, it is understood that the aver-
age implies that some percentage of delays will
be considerably longer.

Figure 6.-Typical Probability Distribution of

Aircraft Delay
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How much delay is acceptable? This is a judg-
ment involving three factors. First, it must be rec-
ognized that some delay is unavoidable since it
occurs for reasons beyond anyone’s control—
wind direction, weather, aircraft performance
characteristics, the randomness of demand for
service. Second, some delay, though avoidable,
might be too expensive to eliminate—i.e., the cost
of remedial measures might exceed the potential
benefit. Third, even with the most vigorous and

successful effort, the random nature of delay
means that there will always be some aircraft en-
countering delay greater than some “acceptable”
length. Thus, acceptable delay is essentially a pol-
icy decision about the tolerability of delay being
longer than some specified amount, taking into
account the technical feasibility and economic
practicality of available remedies. °

*Airfie/d and Airspace Capacity/Delay Policy Analysis, op. cit.

FACTORS AFFECTING CAPACITY AND DELAY

The capacity of an airfield is not constant over
time; it may vary considerably during the day or
the year as a result of physical and operational
factors such as airfield and airspace geometry,
air traffic control rules and procedures, weather,
and traffic mix. When a figure is given for air-
field capacity, it is usually an average based either
on some assumed range of conditions or on ac-
tual operating experience.

In fact, it is the variability of capacity, rather
than its average value, that is more detrimental
to the overall operation of an airfield. Much of
the strategy for successful management of an air-
field involves devising ways to compensate for
factors that, individually or in combination, act
to lower capacity or to induce delay. These fac-
tors can be grouped in five categories.

Airfield Characteristics

The physical characteristics and layout of run-
ways, taxiways, and aprons are basic determi-
nants of the ability to accommodate various types
of aircraft and the rate at which they can be han-
dled. Also important is the type of equipment
(lighting, navigation aids, radar, and the like) in-
stalled on the airfield as a whole or on particular
segments. For any given configuration of runways
and taxiways in use, capacity is constant. Capac-
ity varies, however, as configurations change,

Airspace Characteristics

The situation of the airfield in relation to other
nearby airports and in relation to natural obstacles
and features of the built environment determines

the paths through the airspace that can be taken
to and from the airport. Basically, the airspace
geometry for a given airfield does not change over
time. However, when there are two or more air-
ports in proximity, operations at one airport can
interfere with operations at another, causing the
acceptance rate of one or both airports to suffer
or requiring aircraft to fly circuitous routes to
avoid conflict. In some cases, the interdependence
of approach and departure paths for nearby air-
ports can force one to hold departures until ar-
rivals at the other have cleared the airspace or ne-
cessitate that each leave gaps in the arrival or
departure streams to accommodate traffic at the
other.

Air Traffic Control

The rules and procedures of air traffic control,
intended primarily to assure safety of flight, are
basic determinants of airfield capacity and delay.
The rules governing aircraft separation, runway
occupancy, spacing of arrivals and departures,
and the use of parallel or converging runways can
have an overall effect on throughput or can in-
duce delays between successive operations. ATC
rules and procedures have an especially impor-
tant influence on capacity and delay at airfields
where two or three runways may be in use at the
same time or where there may be several arrival
streams that must be merged on one final ap-
proach path.

A related factor affecting delay is the noise-
abatement procedures adopted by FAA and by
local airport authorities. These usually take the
form of restrictions on flight paths over noise-
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sensitive areas or reduction (or outright prohibi-
tion) of operations during certain hours. These
noise-control measures can have an adverse ef-
fect on capacity. For example, the runway con-
figuration with the highest capacity may not be
usable at certain times because it leads to unac-
ceptably high noise levels in surrounding areas.
Similarly, some noise-abatement procedures in-
volve circuitous flight paths that may increase de-
lays. The airport must thus make a tradeoff be-
tween usable capacity and noise control, with the
usual result being some loss of capacity or increase
of delay.

Meteorological Conditions

Airport capacity is usually highest in clear
weather, when visibility is at its best. Fog, low
ceilings, precipitation, strong winds, or accumula-
tions of snow or ice on the runway can cut ca-
pacity severely or close the airport altogether.
Even a common occurrence like a wind shift can
disrupt operations while traffic is rerouted to a
different pattern; if the new pattern is not op-
timum, capacity can be reduced for as long as the
wind prevails. A large airport with multiple run-
ways might have 30 or more possible patterns of
use, some of which might have a substantially
lower capacity than the others.

For most airports, it is the combined effect of
weather, runway configuration, and ATC rules
and procedures that results in the most severe loss
of capacity or the longest delay queues. In fact,
much of the effort to reduce delays at these air-
ports, through airfield management strategy and
installation of improved technology, is aimed at
minimizing the disparity between VMC and IMC
capacity. ’

Demand Characteristics

Demand—not only the number of aircraft seek-
ing service, but also their performance character-

'Visual Meteorological Conditions (VMC) are those in which at-
mospheric conditions permit pilots to approach, land, or take off
by visual reference and to see and avoid other aircraft. Instrument
Meteorological Conditions (IMC) are those in which other aircraft
cannot be seen and safe separation must be assured solely by ATC
rules and procedures. Under IMC, pilots must also rely on in-
struments for navigation and guidance to the runway.

istics and the manner in which they use the air-
port—has an important effect on capacity and
delay. The basic relationship among demand,
capacity, and delay described earlier is that as
demand approaches capacity, delays increase
sharply. But, for any given level of demand, the
mix of aircraft with respect to speed, size, flight
characteristics, and pilot proficiency will also de-
termine the rate at which they can be handled and
the delays that might result. Mismatches of speed
or size between successive aircraft in the arrival
stream, for example, can force air traffic con-
trollers to increase separation, thus reducing the
rate at which aircraft can be cleared over the run-
way threshold or off the runway.

For any given level of demand, the distribution
of arrivals and departures and the extent to which
they are bunched rather than uniformly spaced
also determines the delay that will be encountered.
In part, this tendency of traffic to peak at certain
times is a function of the nature of the flights using
the airport. For example, at airports with a high
proportion of hub-and-spoke operations, where
passengers land at the airport only to transfer to
another flight, the traffic pattern is characterized
by closely spaced blocks of arrivals and depar-
tures. Accommodating this pattern can cause
much greater delays than if arriving and depart-
ing flights are spread and more uniformly in-
termixed.

Photo credit Federal Av/a//on Administration

Much delay is in the terminal
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MEASUREMENT OF DELAY

FAA regularly collects and analyzes data on
delay, which are maintained in four data bases.’
The most extensive data base is that maintained
by the National Airspace Command Center
(NASCOM). It is made up of daily reports from
controllers at about 60 major airports and con-
tains information on the number of delays, the
time of beginning and end, and judgments by con-
trollers about the primary and secondary causes.
The principal value of NASCOM is that it allows
FAA to monitor general trends of delay at major
airports on a continuous basis. The subjective
nature of controller reports limits the value of
NASCOM data in analyzing the causes of delay.

The Standard Air Carrier Delay Reporting Sys-
tem (SDRS) contains reports from American,
Eastern, and United Air Lines on their entire sys-
tems and at 32 specific airports (about 13 percent
of all air carrier operations). SDRS provides data
on the flight phase where delays are incurred (taxi-
out, taxi-in, at gate, and airborne), measured
against a standard ground time and a computer-
projected flight time. The cause of delay is not
reported. Like NASCOM, SDRS is used prin-
cipally to monitor trends in delay on a daily basis.

The Performance Measurement System (PMS)
is similar in structure to NASCOM, except that
it is maintained manually rather than on a com-
puter. Delays of 15 minutes or longer are reported
by controllers at about 20 airports. A fourth de-
lay monitoring system, developed by the FAA Of-
fice of Systems Engineering Management (OSEM),
uses data from the Civil Aeronautics Board on
operational times actually experienced by air car-
rier flights. Delay is measured by OSEM as the
difference between an arbitrary standard flight
time and the actual time reported for each flight.

All of these delay measurement and reporting
systems suffer from basic faults. NASCOM and
PMS are based on controller reports, and the
guality and completeness of reporting vary con-
siderably with controller workload. Further,
NASCOM and PMS include only the longer de-
lays (30 minutes or more for NASCOM, 15 min-

‘Airfield and Airspace Capacity/Delay Policy Analysis, op. cit.,
pp. 32-35.

utes or more for PMS).’Since delay is a highly
skewed distribution, measuring only the “tail” of
the distribution produces a distorted picture of the
incidence and magnitude of delay. It is impossi-
ble to infer the true value of average delay from
such extreme statistics, and both NASCOM and
PMS probably exaggerate mean delay by a sub-
stantial margin.

All four FAA data bases measure delay against
the standard of flight times published in the Offi-
cial Airline Guide. This, too, probably results in
an overestimation of delay since there is wide
variation in the “no-delay” time from airport to
airport and, at a given airport, among various
runway configurations. Many operations, when
measured against a single nominal standard, are
counted as delays but are, in fact, within the nor-
mal expectancy for a given airport under given
circumstances. There may also be a distortion in
the opposite direction. Most airline schedules—
especially for flights into and out of busy air-
ports—have a built-in allowance for delay. In part
this is simply realistic planning, but there is also
a tendency to inflate published flight times so as
to maintain a public image of on-time operation,

Finally, all the delay measuring systems incor-
porate whatever delay may be experienced en
route. Delays en route may not be attributable
to conditions at the airport; and including them
in the total for airports probably leads to over-
estimation.

While it is clear from the data that delays do
occur at many airports, it is probably true also
that actual delay is not as great as FAA data bases
indicate, either in terms of the number of aircraft
delayed or the average length of delay. The fol-
lowing estimates, based on FAA data, should
therefore be interpreted with caution. They afford
the best available picture of the pattern of delay,

‘At the beginning of 1982, the threshold for reporting delay in
the NASCOM system was lowered to 15 minutes. While this makes
the NASCOM and PMS data bases more compatible, it prevents
direct comparison with NASCOM data from previous years when
only delays of 30 minutes or more were reported. As a rule of thumb,
FAA estimates that changing the definition of reportable delay from
30 to 15 minutes increased the number of recorded delays by a fac-
tor of between 2 and 3.
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but they almost certainly overstate the length of
average delay and the number of air carrier oper-
ations affected. It may also be that, because some
are based on subjective reports, the cause of de-
lay is not correctly attributed. '

NASCOM data for 1976 through 1983 (table
9) indicate that, through the first half of 1981,
roughly 80 percent of all delays were due to
weather, which either forced temporary closing
of the airport or required that operations be con-
ducted under Instrument Flight Rules (which usu-
ally entail greater separation than under Visual
Flight Rules) in order to assure safety. The next
largest category of delay was also weather-related
(weather and equipment failures), typically occur-
ring when landing aids required for instrument

°As pointed out earlier, the discussion here focuses on airfield
delays encountered by air carriers, primarily because this is the only
type of airport delay on which data are collected on a nationwide
and continual basis. Delays experienced by noncommercial flights
(general and business aviation) are probably of comparable
magnitude and similarly distributed, but there are almost no studies
to support this. De Neufville (in Airport Systems Planning, op. cit.,
pp. 135-139) presents a general discussion of the difficulty of measur-
ing capacity and delay and notes the inadequacy of commonly
employed measurement techniques. He also describes factors that
affect estimation of capacity and delay in passenger facilities such
as moving sidewalks, baggage conveyors, mobile lounges, and on-
airport transit.

operations malfunction or are otherwise unavail-
able at a time when visibility is reduced by rain,
fog, or snow. Delays caused by traffic volume in
excess of throughput capacity typically accounted
for about 6 percent of all delays reported by
NASCOM. Nearly all volume-related delays (over
95 percent) were at the departure airport.

Since 1981, the pattern of causality suggested
by NASCOM data is somewhat confused by two
factors. First, the requirement for reporting de-
lays to NASCOM was lowered from 30 to 15
minutes. Thus, part of the sharp increase in the
number of delays in the past 2 years is simply an
artifact of the reporting procedure. FAA estimates
that this factor alone has led to as much as a three-
fold increase in the number of reported delays.
A second factor contributing to more reported de-
lays is the imposition of flow control procedures
by FAA, initially to cope with the effects of the
strike by air traffic controllers in August 1981 and
now to prevent overloading of certain airports at
peak periods. Flow control delays (which are
volume-related delays) accounted for over half of
all delays in 1982 and were running at slightly less
than one-quarter of all delays for the first 6
months of 1983, Flow control shifts the phase of
flight where delays occur, under the rationale that

Table 9.—Air Carrier Delays Reported to NASCOM, 1976-83

Jan.-July Jan.-June
1976 1977 1978 1979 1980 1981° 1981° 1982’ 1983C
Total delays. . .. ......... 36,196 39,063 52,239 61,598 57,544 39247/ 05352 322,321 vy, [8l
Percent due to:
Weather . ............. 76 83 79 84 78 80 46 35 63
Equipment failures. . . . . 4 2 7 3 4 4 3 1 1
Weather and
equipment failures . . . 11 5 3 4 6 5 3 1 3
Runway closed for
construction . . . .. .. | 3 3 3 3 1 1 1 2
Traffic volume®........ 5 2 5 4 4 6 3 4 8
Other causes. . . ....... 3 4 3 2 5 3 45 1 0
Flow control’. ........ — - - - - - - 57 23
Total air carrier
operations (millions) . . . 9.57 9.88 10.21 10.33 9.96 4.94' 9.34 9.16 4.85'
Delays (per 1,000
operations) . . ......... 3.8 3.9 5.6 6.0 5.8 7.9 10.3 35.2 22.7

3The period before the air traffic controllers' strike in August 1981.

Data distorted by the effects of the air traffic controllers’ strike and the imposition of quotas at 23 major airports.
Data not comparable with previous years because the threshold for reporting defays to NASCOM was fowered from 30 to 15 minutes

dAImost exclusively departure delays.

eD(-zlays due to flow control were counted as ““other causes” in 1981 and in a separate category thereafter.

Estimated.

SOURCE: FAA National Airs

Airspace Command Center (NASCOM).
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it is less wasteful of fuel and less burdensome on
the ATC system to have delays on the ground at
the departure gate than in the air at the arrival
airport. Despite the high incidence of flow con-
trol delays, the NASCOM data for 1983 indicate
that weather-related delays still accounted for
about two-thirds of all delay.ll

Table 10, based on SDRS data, shows the dis-
tribution of delays by the phase of flight where
they occur. While the average delay per flight has
remained surprisingly constant over the 7-year
period, the effects of flow control in 1981 and 1982
are evident. Airborne arrival delays have been cut
nearly in half compared with 1976-80, and taxi-
out (departure) delays have been correspondingly
increased.

Table 11, also drawn from SDRS, shows the
distribution of delay times by flight phase for a
typical month in 1982. Average departure delays
(gate-hold plus taxi-out) were 6.7 minutes, and
average arrival delays (airborne plus taxi-in) were
4.5 minutes. Since roughly 96 percent of all flights
encountered no delay at the gate, it can be infer-
red that the principal point of delay was in the
taxi-out phase, where about one flight in five en-
countered delay of 10 minutes or longer. Simi-
larly, about 55 percent of delayed arrivals were
at the gate within 10 minutes of scheduled time
and 93 percent were no more than 20 minutes late,
with the delay about equally distributed between
the airborne and taxi-in phases.

*’Some of these weather delays occur at airports where the run-
way configuration is inefficient for certain combinations of wind,
visibility, and precipitation. This is an airport design problem, and
at certain locations it may be possible to lessen weather delays by
building new runways or otherwise changing the runway layout so
that the airport is less vulnerable to meteorological conditions.

Table 11 .—Distribution of SDRS Delay Time by
Flight Phase, September 1982

Percent of operations delayed by flight phase

Minutes of
delay Gate-hold Taxi-out Airborne Taxi-in
o ..... 95.7 8.7 55.8 18.2
T 0.3 8.9 7.9 2715
2 0.2 11.8 7.0 22.8
34 0.5 232 11.4 21.9
59 .. ... 1.0 29.2 12.5 75
10-14 . . . .. 0.7 10.6 3.7 1.2
15-19 . . . .. 0.5 4.1 1.0 0.5
20-24 . . ... 0.3 1.7 0.4 0.2
25-29 . . ... 0.3 0.8 0.1 0.1
30-44 . . ... 0.4 0.7 0.2 0.1
45-59 0.1 0.2 0.1 0
60+ . 1 0.1 0.1 0 0

Average delay
(min.) 0.7 6.0 2.3 2.3

SOURCE: FAA Standard Delay Reporting System (SDRS)

Table 12 shows the mean delay at a sample of
busy airports in 1982, when the average delay
systemwide was slightly less than 6 minutes per
operation. Delays at the 27 airports in the sam-
ple ranged from 3.5 to 9.9 minutes per operation.
The average delay at most airports was of short
duration, 7 minutes or less, as measured against
the published schedule. Further, table 12 shows
that mean delay is roughly correlated to the level
of operations; the airports with the greatest mean
delays tend to be those with the highest ratio of
actual operations to PANCAP. Thus, while de-
lay affects a large number of flights at the busier
airports, the average delay at these airports is rela-
tively short—7 minutes or less at all but seven air-
ports, which is less than 10 percent of the aver-
age operating time of a flight from gate to gate.

Delay averaging, however, can be deceptive,
in that it may diminish the apparent severity of
the problem. Combining data for peak and slack

Table 10.—SDRS Trends, 1976-82

Average delay per flight (minutes)

1976 1977 1978 1979 1980 1981 1982

Flight phase:
Gate-hold. . .. ... .
Taxi-OUL . . .o
Airborne. . . ...
Taxi-in . .o
Average perflight . . ........ ... ... .. . ...
Average per operation. . .. ...

0.06 0.12 0.12 0.12 0.17 0.57 0.84
4.46 451 4.78 5.06 5.10 6.00 6.25
4.28 4.27 4.36 4.40 4.13 3.17 2.50
2.16 2.23 241 2.57 2.43 2.25 2.23
10.96 11.13 11.67 12.15 11.83 11.99 11.91
5.48 5.57 5.84 6.08 5.92 6.00 5.96

SOURCE: FAA standard Delay Reporting System (SDRS).
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Table 12.—Delay at Selected Airports, 1982

Ratio of
Mean Delay operations to
Airport (min. per operation) Operations PANCAP?
Kennedy (JFK) ........... ... ... ..... 9.9 312,245 1.15
La Guardia (LGA)..................... 9.5 307,719 1.25
Dallas-Fort Worth (DFW) .............. 8.8 457,403 0.82
Chicago O'Hare (ORD) ................ 7.8 591,807 0.96
Boston (BOS)........................ 75 296,405 0.98
Los Angeles (LAX) ................... 7.2 473,470 1.06
Washington National (DCA) ........... 7.1 304,276 1.1
Newark (EWR) ....................... 6.9 215,026 0.77
Houston (IAH) ....................... 6.6 338,789 1.13
Denver (DEN) ........................ 6.4 467,508 1.32
Atlanta (ATL) ........... ... ... ... .... 6.2 565,584 1.20
Miami (MIA) .. ..., 6.2 349,368 0.88
Philadelphia (PHL) ................... 6.1 328,313 1.1
Orlando (MCO)....................... 6.0° 149,134 0.51
San Francisco (SFO) ................. 5.8 315,003 0.79
Detroit (DTW) ...t 5.7 250,481 0.53
Honolulu (HNL) . ..................... 5.5 305,992 0.58
Phoenix (PHX) ....................... 5.3 350,995 1.06
St.Louis (STL)............... ... 5.0 289,826 1.16
Tampa (TPA). . ... . ... 5.0 244,467 0.69
Pittsburgh (PIT) ............. ... ... ... 4.8 295,960 0.51
Las Vegas (LAS) ..................... 4.5 296,256 0.90
New Orleans (MSY)................... 4.4 193,504 0.70
Seattie (SEA) ........................ 4.3 212,287 0.64
Fort Lauderdale (FLL)................. 4.1b 244,237 0.57
Minneapolis-St. Paul (MSP) ............ 3.8 265,329 0.74
Cleveland (CLE) . ..................... 3.5 208,436 0.71

3practical Annual Capacity.

t’Average for 3 months only (October, November, and December 1982).

SOURCE: FAA Standard Delay Reporting System (SDRS).

periods, obscures the impact of delay at times of
heavy demand. If delays at peak periods alone
were examined, delay would be longer, and there
would be a much greater incidence of extreme de-
lays of 30 minutes or more.

Table 12 also reveals an interesting aspect of
PANCAP, which is defined as the level of opera-
tions that produces no more than 4 minutes aver-
age delay per aircraft in the normal peak 2-hour
operating period. Practical Annual Capacity does
not necessarily mean that the airport cannot ac-
commodate more operations or even that conges-
tion has reached an intolerable level. Actual oper-
ations at 10 of the airports in the sample exceeded
PANCAP by a margin of up to 32 percent with-
out delay running appreciably longer than the
systemwide average of 6 minutes, except for the
extreme cases of Kennedy and La Guardia.

Qpnerating experience such as this sugoests that
Operating experience such as this suggests
PANCAP is an unnecessarily low measure of

practical capacity and that estimates of future
capacity needs based on the ratio of actual oper-
ations to PANCARP tend to be inflated. FAA itself
considers PANCAP not as a limit of acceptable
delay but as a warning signal that an airport is
approaching a congested condition and that ac-
tion may have to be taken to increase capacity.
In the National Airspace System Plan, for exam-
ple, FAA’s estimate of future airport capacity
needs is based on 140 percent of PANCAP, i.e.,
when operations at an airport reach a level of 40
percent above PANCAP, the airport is considered

”
counro aireide conoectinn’
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otherwise defined. Other sources at FAA have in-
dicated that the upper limit of tolerable delay may
not be reached until operations are at 190 percent
of PANCAP, at which time mean delay per peak-
period operation would run nearly 20 minutes.
But even this may not be absolute. Tolerability
is, after all, an essentially subjective judgment
about the cost imposed by delay.
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Airport access is another source of delay

A related, and more general, observation is that
the present methods of measuring capacity and
delay are not adequate. The absolute capacity of
an airport, or its parts, cannot be determined ex-
cept by computer simulation or measurement of
an asymptote on a graph. The extreme condition
of unlimited demand and infinite delay can be
assumed theoretically, but never observed. The
data bases themselves are partial and highly selec-
tive at best. There are virtually no published em-
pirical studies of delay for all types of flights,
much less delay encountered by passengers in all
segments of an air trip (travel to and from the air-
port, in the terminal, and during the flight). Thus,
it is difficult to quantify, except in the most gen-
eral and inexact terms, the extent and severity of
airport capacity and delay problems.

Cost of Delay

A 1981 FAA study attempted to estimate the
cost of delay to air carriers and the extent to which
this cost could be avoided. *FAA calculated the

2 Airfield and Airspace Capacity/Delay Policy Analysis, op. cit.

total delay cost in 1980 to be about $1.4 billion,
based on 5.9 minutes average delay per operation
systemwide, at a cost of $1,398 per hour. Of
this delay, FAA estimated that about one-third
was attributable either to weather or to unavoid-
able queuing delays at peak operating times. Sub-
tracting these delays left about $904 million in po-
tentially avoidable delay costs for airline operations
in 1980, or about $89 per flight.

The FAA study also calculated future delay
costs that would result if air traffic continues to
grow and no remedial actions to reduce delay
were undertaken. FAA estimated that by 1991
average systemwide delay would increase to 8.7
minutes, with annual delay costs to airlines
reaching $2.7 billion (1980 dollars). Deducting
unavoidable delays due to severe weather and
queuing, FAA estimated that $1.7 billion per year
might be subject to control. For the average flight,
the cost of unavoidable delays would rise from
$89 to $125, an increase of 40 percent, but still
not much more than the average price of one air-
line ticket.

OTA finds these estimates to be reasonable, but
probably near the high end of the range. For the
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reasons cited above, FAA data bases tend to over-
estimate delay. Because of the skewed distribu-
tion of delay and the inaccuracies in the various
reporting systems used by FAA, it is difficult to
fix the magnitude of the overestimate, but it may
be on the order of 25 to 50 percent. Thus, actual
systemwide 1980 delay costs may have been be-
tween $0.7 billion and $1.4 billion, with the
avoidable costs ranging from $0.5 billion to $0.9
billion.

A second reason for treating the FAA estimates
with caution has to do with the tolerability of de-
lay costs—either total costs or those defined by
FAA as subject to control. The FAA report rightly
points out that much of the avoidable delay results
from airline scheduling practices. Airlines oper-
ations peak in part because of public demand to
travel at certain times of day. However, another
equally important cause of peaking is airline com-
petitive practice and concern about losing mar-
ket share to other airlines offering service at
popular times. Airlines also concentrate arrivals
and departures of flights to capture connecting
passengers for their own airline. Presumably air-
lines find the delays caused by such practices
tolerable since they continue to schedule opera-
tions in this way despite the cost. (Recall that all
measures of practical capacity involve some judg-

25-420 0 - 84 - 5

ment about what constitutes acceptable delay. )
If, for the sake of illustration, delay of more than
15 minutes is assumed to be “unacceptable,” the
NASCOM data for 1982 show that only about
3.5 percent of flights were so delayed.

From this, one should not draw the conclusion
that delay is an insignificant problem and that
measures to increase airport capacity would be
unwarranted. Delay is an important source of ad-
ditional cost to airlines and passengers at the Na-
tion’s airports, and there is legitimate reason for
concern about the future capability of airports to
serve the expected increase of demand. The point
is that there is not now a systemwide capacity
crisis, nor perhaps even a crisis at the busiest air
carrier airports, if crisis means intolerable delays.
FAA data show that about 98 percent of all flights
depart or arrive within 15 minutes of schedule.

Certainly, delays are being experienced, and
they could increase as economic recovery leads
to resumption of demand growth. If this increase
cannot be accommodated, the air transportation
system will suffer. But these problems are to some
extent foreseeable and they can be managed,
though not entirely eliminated, by a combination
of the technological and administrative means
which will be examined in later chapters.
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Chapter 4

TECHNOLOGY’

The airport system in place in the United States
today is extensive and highly developed; in gen-
eral, it serves the Nation well. Still, there are
problems of congestion and delay at the busiest
airports, where facilities are not adequate to ac-
commodate demand at all times and in all condi-
tions of weather and visibility. The Federal Avia-
tion Administration (FAA) forecasts that growth
of commercial and private aviation could be con-
strained by lack of airport capacity, which it con-
siders to be the most serious problem facing civil
aviation through the remainder of this century. *

Recent policy statements by FAA acknowledge
that, with a few exceptions, the direct solution
of building new airports and expanding existing
ones may not be practical due to lack of suitable
new airport sites, physical limitations of present
facilities, and concerns about environmental im-
pacts of aviation on surrounding communities.’
Similar views have been expressed in two recent
studies of airport capacity,”and there is a widely
held opinion that, while the airport system is ex-
pandable in the broad sense, there is little hope
of creating major new facilities in those key metro-
politan areas where air travel demand and avia-
tion activity continue to outstrip available airport
capacity unless airport planners can persuade sur-
rounding communities that airports can be good
neighbors.

For this reason, the aviation community and
FAA have sought technological solutions that will

IThis chapter is based on material prepared for OTA by Landrum
& Brown, Inc.

‘National Airspace System Plan, revised edition (Washington, DC:
Federal Aviation Administration, April 1983), p. 11-10.

“1bid., p. I-5.

‘Report of the Industry Task Force on Airport Capacity Improve-
rnent and Delay Reduction (Washington, DC: Airport Operators
Council International, September 1982).

‘Report and Recommendations of the Airport Access Task Force
(Washington, DC: Civil Aeronautics Board, March 1983).

ease congestion by allowing fuller and more effi-
cient use of the airports we already have. This
technology includes new equipment for surveil-
lance, navigation, and communication and revised
procedures for using the airspace and airport fa-
cilities. In this way, it is hoped that additional de-
mand can be absorbed within the infrastructure
now in place, without adversely affecting sur-
rounding communities.

This chapter examines technological measures,
either currently available or under development,
that could be employed to relieve congestion and
delay. It consists of a survey of possible improve-
ments in airport technology, with emphasis on the
circumstances in which this technology would be
applicable, the extent to which it could increase
the amount of traffic handled, and the prospects
for development and deployment over the com-
ing years.

In aviation, the term technology typically brings
to mind sophisticated electronic and mechanical
devices used for navigation, surveillance, com-
munication, and flight control. Such devices are
clearly of interest, but for the purposes of this re-
port, technology is interpreted in a broader sense.
As used here, technology refers not only to new
devices and equipment but also to new opera-
tional concepts and procedures that they make
possible. Also, many in the aviation community
draw a distinction between technology (meaning
equipment and sometimes procedures) and civil
engineering (referring to the design and construc-
tion of physical components of the airport—the
concrete, so to speak). While recognizing that dif-
ferent engineering disciplines and techniques are
involved, this report does not make such a ciistinc-
tion and considers the design and construction of
improved physical components such as runways,
taxiways, and terminal buildings as simply one
more form of technology that will add to airport
capacity or permit more effective and economi-
cal use of the airport as a whole.

59
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THE AIRPORT AND ITS COMPONENTS

The airport is a complex transportation hub
serving aircraft, passengers, cargo, and surface
vehicles. It is customary to classify the several
components of an airport in three major catego-
ries: airside facilities; landside facilities; and the
terminal building, which serves as the interchange
between the two’ (see fig. 7).

Airside components, sometimes called the aero-
nautical surfaces, or more simply the airfield, are
those on which aircraft operate. Principally, they
are the runways where aircraft take off and land,
the taxiways used for movement between the run-
way and the terminal, and the apron and gate
areas where passengers embark and debark and
where aircraft are parked. Because the airspace
containing the approach and departure paths for
the airfield has an important effect on runway uti-
lization, it is also customary to include terminal
area airspace as part of the airside.

The terminal consists primarily of the buildings
serving passengers and is made up of passenger
loading and waiting areas, ticket counters, bag-

6 Some experts do not employ this tripartite classification. For ex-
ample, R. Horonjeff and F. X. McKelvey, Planning and Design of
Airports (New York: McGraw Hill, 3d cd., 1983), distinguish only
between the airside and the landside, making the division at the
passenger loading gates and including the terminal as part of the
landside.

gage handling facilities, restaurants, shops, car
rental facilities, and the like. Loading, handling,
and storage areas for air cargo and mail, often
separately located, are also part of the terminal
complex.

The landside is essentially that part of the air-
port devoted to surface transportation. It begins
at the curbside of the terminal building and in-
cludes roadways, parking facilities, and—in some
cases—rail rapid transit lines and stations that are
part of a larger urban mass transit system. Cus-
tomarily, only roadways and transportation fa-
cilities on the airport property are considered part
of the landside, even though they are actually ex-
tensions of, and integral with, the urban and re-
gional transportation network.

In the discussion that follows, attention is fo-
cused initially on those airside components where
capacity and delay problems tend to be severe.
The landside and terminal areas are not trouble-
free, however, and congestion of these facilities
can have an important effect on the overall ca-
pacity of the airport. An examination of possi-
ble technological improvements in terminals and
landside access is included at the end of this
chapter.

AIRPORT AND AIRSPACE TECHNOLOGY

Technological approaches to expanding airport
capacity or reducing delay fall into three broad
categories. First, there are improved devices and
procedures that will expedite the flow of air traf-
fic into and out of the airport—i.e., techniques
that will augment airside capacity or mitigate air-
craft delay by increasing the runway operation
rate. The second category includes techniques to
facilitate movement of aircraft on the airport sur-
face. The purpose of these technologies is to move
aircraft from the runway to the passenger loading
gates and back again as expeditiously as possi-
ble, thereby shortening the taxi-in and taxi-out
components of delay and easing congestion on
taxiways, aprons, and loading ramps. The third
category embraces techniques that can be used to
aid the transit of passengers through the terminal

building and the flow of vehicles on airport cir-
culation and access roads. In contrast with the first
two categories, where the aim is to alleviate air-
craft delay, the third category is intended to fa-
cilitate the movement of people and to reduce that
part of delay incurred in getting to and from
aircraft.

Thus, the survey that follows addresses the
broad question of airport capacity, not just air-
side capacity or aircraft delay. The intent is to
examine ways to improve the overall adequacy
and efficiency of the airport as a transportation
hub. The underlying proposition is that delay—
any form of delay—ultimately affects the passen-
ger through loss of time and increased cost of air
transportation service. In this sense, it is parochial
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Figure 7.—Airport Components

SOURCE Federal Avlatlon Adminlstration
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to speak only of aircraft delay since the basic pur-
pose of the air transportation system is to move
people from origin to destination, in safety, with
minimum expenditure of time and money. All
measures taken at airports to shorten travel time,
to lower travel cost, or to lessen inconvenience
are of equal importance, regardless of whether
they apply to the airside, the landside, or passage
through the terminal.

The scheme of organization for this survey is
outlined in table 13, which lists various forms of

technological improvements and identifies the
area of the airport where they could be applied
and the purpose they could achieve. Discussion
of specific technologies listed in table 13 is pre-
sented in the sections that follow, which make up
the bulk of this chapter. In the concluding part
of the chapter is a survey of the capacity and de-
lay problems at a representative sample of airports
and a tabulation of possible forms of technologi-
cal relief.

GUIDANCE, SURVEILLANCE, AND CONTROL

The position and spacing of aircraft in the air-
borne traffic stream is a key factor in determin-
ing airfield capacity. For the pilot, it is vital to
know where the aircraft is in relation to the run-
way and the airspace corridors around the air-
port. This is accomplished by ground-based navi-
gation equipment and airborne receivers. The air
traffic controller uses surveillance radar to mon-
itor the position of the aircraft on approach and
departure paths and in relation to other aircraft
using the airport. The success of these activities—
navigation by the pilot and surveillance by the
controller—is affected by the inherent accuracy
of the equipment used. (Is the aircraft in fact
where the pilot and controller think it is?) The
data update rate is also important. (How recent
is this information and what may have happened
since the last position reading?)’

In conditions of good visibility, when visual
cues can be used by the pilot to confirm the posi-
tion of the aircraft and to supplement guidance
systems, the spacing between aircraft can be re-
duced to the minimum permitted by safe operat-
ing procedures. When visibility is lessened by
darkness, rain, or fog, the pilot must rely on in-
struments and the controller on radar. In such cir-
cumstances, a margin of safety must be added to
the interval between aircraft, in effect increasing
the time that must be allowed for each to use

‘To appreciate the magnitude of this uncertainty, consider that
at typical jet approach speeds, an aircraft can travel almost 1,000
ft horizontally and descend 50 to 60 ft in the 4 seconds between suc-
cessive scans of the radar presently used for air traffic control at
airports.

an assigned portion of the airspace or to occupy
the runway, and correspondingly lowering the
throughput rate. If the accuracy of navigation and
surveillance devices could be improved, the ca-
pacity of the airfield under Instrument Meteoro-
logical Conditions (IMC) could be closer to that
attainable under Visual Meteorological Condi-
tions (VMC).

Three technologies that could improve aircraft
guidance, surveillance, and control are planned
for deployment in the next few years. They are
the Microwave Landing System, improved sur-
veillance radar, and automated traffic-manage-
ment systems for the air traffic controller.

Microwave Landing System

The guidance system for approach and land-
ing now in use is the Instrument Landing System
(ILS), which has been the standard system in this
country since 1941 and is widely used by civil
aviation throughout the world. ILS provides guid-
ance by radio beams that define a straight-line
path to the runway at a fixed slope of approx-
imately 30 and extending 5 to 7 miles from the
runway threshold. All aircraft approaching the
airport under ILS guidance must follow this path
in single file, spaced at intervals dictated by stand-
ards for safe longitudinal separation and the need
to avoid wake vortex. This long, straight-in ap-
proach is a bottleneck that reduces the runway
utilization rate, especially when fast and slow air-
craft are mixed in the approach stream or when
arrivals from different directions must be merged
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Table 13.—Technology To Increase

Airport Capacity and Reduce Delay

Area of

Technology application Purpose Benefit

Aircraft guidance, surveillance, and control:

Microwave Landing System .. ......... Airspace Improve precision of Increased capacity; reduced
navigation; make more delay; less noise impact
flexible use of airspace

Surveillanceradar . . ................. Airspace Improve surveillance; reduce Improved safety; increased
separation capacity

Traffic management techniques . . . . . ... Airspace Improve traffic flow Reduced delay

Airspace use procedures:

Reduced lateral separation for parallel and

converging runways Airspace Increase utilization of multiple Increased capacity
runways in IMC

Reduced longitudinal separation . . . . . . . Airspace Reduce in-trail separation Increased capacity

Separate short runways for small aircraft . . . . Airspace Segregate air traffic by size Increased capacity; reduced
and speed delay

Weather and atmospheric effects:

Wake vortex detection . . .. ........... Airspace Reduce in-trail separation Increased capacity

Wind shear detection . . . ............. Airspace Alert pilots to wind shear Improved safety; reduced

delay

Noise control and abatement:

Control of aircraft noise . . . ........... Airspace Reduce aircraft noise Increased capacity; reduced

delay

Aircraft operating procedures . . . ... .... Airspace Lessen or distribute noise Increased capacity: reduced
impacts delay

Airport surface utilization:

Surveillance and control . . . ........... Taxi ways Improve surveillance, control, Increased capacity; reduced
and guidance of aircraft delav; improved safety
on ground

High-speed turnoffs and improved taxiways. Runway Reduce runway occupancy Increased capacity
time

Taxiway marking and lighting . . ... ..... Taxi ways Increase efficiency of taxiway Reduced delay
use

Apron and gate facilities . . . .. ........ Ramps and Improve docking at gate; Increased capacity; reduced

aprons improve aircraft delay
maintenance and servicing

Terminal facilities and services:

Terminal building design . . ... ........ Terminal Increase utility and efficiency Increased capacity; reduced
of terminal building delay

Passengermovers................... Terminal Improve circulation in Reduced delay; greater
terminal; reduce walking passenger convenience
distance

Ticketing . . ... Terminal Expedite ticket purchase and Reduced delay
passenger check-in

Baggage handling . . ................. Terminal Expedite baggage check-in, Reduced delay
transfer, and pickup

Passenger security screening . . .. ...... Terminal Make screening faster and Reduced delay; improved
more reliable security

Federal Inspection Service . . ... ....... Terminal Expedite customs and Reduced delay
immigration clearance

Airport access:

Terminal curbfront design . . .. ......... Terminal; Facilitate airport entrance Reduced delay

landside and exit

Airport circulation roads . . .. .......... Landside Facilitate automobile traffic Reduced delay
flow

Airport ground access . . .. ... ... ... Land side  Reduce access time; lessen Reduced delay

road congestion

SOURCE Office of Technology Assessment
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on the common final approach path. As a result,
the capacity of the airfield under IMC, when the
long ILS common approach path must be used,
is usually less than under VMC.

The runway utilization rate under IMC could
come closer to that attainable under VMC if air-
craft could follow multiple approach paths, de-
scend at different approach angles, or aim at dif-
ferent touchdown points on the runway—none
of which is practical with ILS. If this flexibility
were possible, as it is under VMC, airfield capa-
city would be less affected by weather conditions,
and throughput would be governed almost ex-
clusively by runway geometry and aircraft per-
formance characteristics.

The Microwave Landing System (MLS), which
has been under development by FAA for over a
decade, would overcome some of the disadvan-
tages inherent in the ILS. Because MLS uses a
beam that scans a wide volume of airspace, rather
than the pencil beam of ILS, it permits aircraft
to fly any of several approach angles (including
two-step glide slopes) and, in the horizontal plane,
to approach along curving paths that intersect the
extension of the runway centerline at any chosen
point. In effect, MLS offers a degree of freedom
in using the airspace that is closer to that enjoyed
under conditions of good visibility (see fig. 8).

The chief motive for FAA in seeking to develop
and deploy the MLS is not the potential capacity
benefits, however, but its operational advantages
—more precise guidance, ease of installation, im-
proved reliability, less susceptibility to electro-
magnetic interference, and greater number of
transmission channels. The capacity benefits are
secondary but still of great importance at some
airports where the present ILS acts to constrain
capacity in adverse weather conditions. In terms
of its effect on capacity, the chief advantage of
MLS is that, in IMC, it allows pilots and con-
trollers greater flexibility in selecting an approach
path so as to shorten the approach time, to avoid
air turbulence generated in the wake of preceding
aircraft, or to avoid noise-sensitive areas. Another
advantage is that MLS can provide guidance for
the aircraft during missed approach, allowing a
safe exit from the terminal airspace and smooth
reentry into the approach pattern. The availabil-

ity of missed approach guidance could have a sig-
nificant capacity benefit at those airports with par-
allel or converging runways that cannot now be
used in IMC. A third advantage is that MLS can
be installed on runways where ILS is not possi-
ble due to siting problems and on short auxiliary
runways reserved for commuter and small gen-
eral aviation (GA) aircraft.”On some runways,
MLS can increase capacity during IMC by pro-
viding lower landing minimums than ILS and
thereby allowing the airport to remain open in
marginal weather conditions. A fourth advantage
of MLS is its capability to provide nonconflicting
routes into closely situated airports, where ap-
proach or departure paths may mutually interfere
and limit capacity utilization.

The capacity benefits of MLS are highly site-
specific—depending on the runway configuration,
the prevalence of adverse weather, the mix of air-
craft using the airport, and the extent to which
these aircraft are equipped with MLS receivers.
Estimates by FAA indicate that the benefits could
range up to 10 or 15 percent greater capacity at
some airports under IMC. The overall effects on
capacity at these airports would be somewhat
smaller since they depend on how often Instru-
ment Meteorological Conditions occur. The net
economic benefits are estimated by FAA to be
$500 million over a 20-year period (1976 dollars),
principally to air carriers and commuter airlines
in the form of reduced delay costs and savings
of passenger time.’

This estimate has been challenged in a recent
report by the Industry Task Force on Airport Ca-
pacity Improvement and Delay Reduction. The
Task Force found that the chief advantages were
at small or remote airports served by helicopters
and commuter airlines and in high-density traf-
fic areas where MLS could permit commuter air-
craft to approach and land on separate short run-

°For a further discussion of MLS technology and its benefits, see
Airport and Air Traffic Control System (Washington, DC: U.S. Con-
gress, Office of Technology Assessment, OTA-STI-175, January
1982), pp. 92-96, 117; and Improving the Air Traffic Control System:
An Assessment of the National Airspace System Plan (Washington,
DC: Congressional Budget Office, August 1983), pp. 9-18.

‘An Analysis of the Requirements for, and the Benefits and Costs
of the National Microwave Landing System (MLS), FAA-EM-80-7
(Washington, DC: Federal Aviation Administration, June 1980).
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Figure 8.—Comparison of Microwave Landing System and Instrument Landing System
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ways. 10 Th.direct benefits to major air carriers procedures that have not yet been tested and

are much less clear, according to the Task Force, proven in an operational environment .11
because they depend on use of curved or seg- - . . . .
mented approaches and multiple glide paths— FAA is now proceeding with MLS implemen

tation. A contract for production and installation
of 172 units was let in late 1983, with follow-on

19For instance, a study conducted at Denver showed that when
commuter and GA aircraft make use of separate short runways, the — ' )
delay to air carrier using the long runways could be reduced sig- YReport of the Industry Task Force on Airport Capacity Improve-
nificantly. ment and Delay Reduction, op. cit., pp. 9-10.
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procurements planned for 1985-95 (900 units) and
1996-2000 (350 units), making a total of approx-
imately 1,425 installations by the beginning of the
next century. Priority will be given to large and
medium hub airports and to those airports now
lacking ILS because of siting restrictions or lack
of available transmission channels.1’FAA esti-
mates the total cost of ground equipment to be
$1.33 billion. User costs for MLS receivers are esti-
mated to be an additional $1.63 billion, bringing
the total cost for full deployment of MLS to nearly
$3 billion over the coming 20 years.1°14

Replacement of the existing ILS poses two prob-
lems that may complicate the transition to MLS
and delay realization of the full benefits. There
are at present about 650 ILS units in commission
at some 460 airports and another 150 or so units
in various stages of procurement—some as re-
placements for existing units, others as new in-
stallations. The MLS transition plan calls for these
ILS units to remain in service for many years to
come, until at least 60 percent of the aircraft
routinely using the ILS/MLS runway are equipped
with MLS. While ILS and MLS can be colocated
and operated simultaneously without signal in-
terference, there may be procedural difficulties in
blending aircraft equipped with ILS (and there-
fore capable of only straight-in approaches) into
a traffic stream with MLS-equipped aircraft fly-
ing curved or segmented approaches. Thus, the
full capacity benefits of MLS may not be attain-
able at a given airport until all or nearly all air-
craft are MLS-equipped and the ILS can be decom-
missioned.

A second factor that may delay taking full
advantage of MLS at specific sites is the agree-
ment with the International Civil Aviation Orga-
nization whereby the United States is committed
to retaining ILS service at international gateway
airports until 1995. There are 75 such airports,

12 The aviation industry has voiced strong opposition to the Pro-
posal for installing MLS at large and medium airports first, and in
May 1984 FAA agreed to a complete review of the deployment
strategy. Depending on the outcome of this review, the early stages
of the MLS program schedule might be set back a year or more.

13 Microwave Landing System Transition Plan, APO-81-1 (Wash-
ington, DC: Federal Aviation Administration, May 1981).

14 Preliminary Analysis of the Benefits and Costs To Implement
the National Airspace System Plan, DO~/~AAIEM-82-2?72
(Washington, DC: Federal Aviation Administration, June 1982).

generally the busiest U.S. airports and those most
prone to capacity and delay problems. Retaining
ILS service at these airports may influence some
users to defer purchasing MLS equipment for
another 10 years or more.

While the capacity gains attributable to MLS
may be rather small for the airport system as a
whole, MLS does appear to offer promise at those
airports where it could be used to create a more
flexible traffic pattern or to provide commuter and
small GA aircraft access to an alternate runway
in IMC, thereby relieving pressure on the main
runway used by large air carrier aircraft. Beyond
these direct benefits, moreover, MLS may permit
procedural changes that could also increase ca-
pacity or reduce delay. These potential benefits
of MLS are discussed in a later section on airspace
use procedures.

Surveillance Radar

Surveillance is accomplished by radar and asso-
ciated electronic and computer systems that locate,
identify, and display the position of aircraft in the
airspace. In terminal areas, two types of radar are
presently used for this purpose: search radar
(technically termed “primary radar”) and the ra-
dar beacon system (sometimes called “secondary
radar”). Search radar emits signals and displays
the returns reflected from the body of the aircraft,
objects on the ground, and precipitation or weather
fronts, thereby providing a basic two-dimensional
map of the airspace. The beacon system, known
as the Air Traffic Control Radar Beacon System
or ATCRBS, displays only replies from aircraft
equipped with electronic devices, called trans-
ponders, that send out a coded signal when in-
terrogated by the radar beacon. This signal in-
dicates not only the position of the aircraft but
also its identity (flight number) and altitude (if
the aircraft is equipped with an altitude-encoding
transponder). The beacon system is presently the
main source of surveillance information for air
traffic control (ATC).

This radar-derived information is correlated
and presented to the air traffic controller on one
of four different types of display systems: TPX-
42, ARTS Il, ARTS Ill, or ARTS 111A. The TPX-
42 is the least sophisticated equipment. It is a non-
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programmable device that correlates and displays
search radar data and beacon returns on each suc-
cessive sweep of the antenna. The TPX-42 is used
at airports with little traffic. The Automated Ra-
dar Terminal System (ARTS Il) is a program-
mable data processor that displays primary and
secondary radar data on the controller’s scope but
does not track aircraft or predict their position.
It is used at airports with low to medium levels
of activity.

ARTS Ill detects, tracks, and predicts the posi-
tion of aircraft. This information is presented on
the controller’s display as computer-generated
symbols (denoting altitude, ground speed, and
identity) positioned alongside the secondary ra-
dar return. ARTS 111 also incorporates features
that alert the controller when aircraft descend
below minimum safe altitude or when two air-
craft are approaching too closely and require ac-
tion to assure safe separation—a feature known
as conflict alert. ARTS 111A is a refinement of
ARTS 111 that is capable of tracking aircraft de-
tected by search radar alone—i.e., aircraft not
equipped with an ATCRBS transponder. ARTS
111 and ARTS 111A equipment is installed at the
62 busiest air traffic hubs.

FAA is now in the process of replacing much
of the primary radar and display equipment. The
existing primary surveillance radars used at air-
ports (ASR-4, ASR-5, and ASR-6) are based on
vacuum tube technology that suffers from relia-
bility problems and maintenance difficulties.
Newer solid-state equipment (ASR-7 and ASR-
8) has been installed at some locations, but these
radars, like earlier versions of ASR, are adversely
affected by ground clutter, false targets generated
by flocks of birds, propagation anomalies, and
masking of aircraft returns by weather. Of these
shortcomings, weather masking is perhaps the
most severe operational problem. The strong re-
turn from storms conceals the weaker return from
aircraft detected on primary radar alone. To com-
pensate, controllers alter the polarization of the
radar to reduce weather echoes and make the air-
craft return stand out more clearly, but this lessens
the apparent severity of weather fronts and pre-
cipitation.

Between 1986 and 1990, FAA plans to install
a new primary radar system (ASR-9) which will
have a separate weather channel allowing the con-
troller to assess the severity of storms while re-
taining the ability to detect small aircraft with-
out transponders. The ASR-9 will also incorporate
an improvement called Moving Target Detection
to overcome the problems of ground clutter and
spurious targets. These improvements in primary
radar information, when coupled with the pres-
ent radar beacon display, will provide the con-
troller with a clearer and more accurate picture
of the airspace—thereby lessening workload and
creating a better basis for decisionmaking about
aircraft movement around the airport. The esti-
mated cost of installing 105 ASR-9 systems is $480
million, with the option of adding 35 more in the
1990s at a cost of roughly $125 million.I*

As radar systems are being upgraded, FAA also
plans to improve the data processing and display
equipment used by air traffic controllers. Initially,
the TP)(-42 system will be replaced by a new ver-
sion of ARTS I, designated ARTS 11A, which will
incorporate minimum safe altitude warning and
conflict alert features like the present ARTS III.
The ARTS |1l equipment will also be enhanced
with greater memory to handle heavier traffic
loads and improved software that will reduce the
number of false conflict alerts. In the period 1990-
95, ARTS Il and 11 will be replaced by new data
processing and display consoles, called sector
suites, that will provide improved presentation
of surveillance and weather data, display of traf-
fic management and planning information, and
automated assistance to the controller in sep-
arating and routing traffic in terminal airspace.l’

The immediate capacity benefit of the ASR-9
radars will be surveillance information of im-
proved reliability and accuracy, which will pro-
vide the controller with a better picture of the
airspace situation. Of even greater importance,
the improved ASR-9 radar, the upgraded ARTS
Il and Ill, and the eventual installation of new sec-
tor suites will support changes in traffic manage-
ment techniques that will help the controller make

*National Airspace System Plan (Washington, DC: Federal Avia-
tion Administration, April 1983), ch. IV.
*]bid., ch. IIL.
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more efficient use of the airspace. These prospects
are discussed next.

Traffic Management Techniques

A major task of the air traffic controller is man-
agement of traffic so as to maintain a smooth flow
of aircraft to and from the airport with minimum
delay. This is done by the techniques of meter-
ing, sequencing, and spacing.1'With current tech-
nology, these are largely matters of controller art
that depend heavily on the individual’s skill and
experience. On a typical day, the controller must
make literally hundreds of related decisions about
the order and timing of aircraft movements in the
traffic pattern under the prevailing conditions of
wind and weather. The chief problems that the
controller must deal with in performing these
activities are randomness in the arrival and depar-
ture streams and differences in the speed and flight
characteristics of successive aircraft using the
airspace. The extent to which the controller is suc-
cessful in applying the techniques of traffic man-
agement has a significant influence on delay and
efficient use of airport capacity.

It has long been recognized by ATC experts that
the key to more effective traffic management,
especially in circumstances of heavy demand, is
to involve computers in the decisionmaking proc-
ess. In some instances, this means providing the
controller with computerized aids to decision-
making—devices to collect, integrate, and display
information that will give a better picture of the
traffic situation and help in executing a control
strategy. In other instances—particularly where
decisionmaking is routine, repetitive, and reduc-
ible to unambiguous rules—the approach is to
substitute the computer for the human operator,
thus relieving him of workload and guarding
against human error and inconsistency.

As part of the planned modernization of the
ATC system, FAA is developing new software
packages that will assist in traffic management

17’ Metering is regulating th,arrival time of aircraft in the terminal

area so as not to exceed a given acceptance rate. Sequencing entails
specifying the exact order in which aircraft will take off or land.
Spacing involves establishing and maintaining the appropriate in-
terval between successive aircraft, as dictated by considerations of
safety, uniformity of traffic flow, and efficiency of runway use.

at and around airports. Known under the collec-
tive designation of Traffic Management System
(TMS),1°this new software will perform several
important functions to increase the efficiency of
airport and airspace utilization: airspace con-
figuration management, dynamic planning and
computation of acceptance rate, tactical execu-
tion of control strategy, runway configuration
management, and departure flow metering.

For incoming flights, TMS will establish an
acceptance rate and order of landing based on esti-
mated arrival time and predetermined flight paths.
As aircraft progress toward the runway, TMS will
adjust landing time and spacing between aircraft
as necessary to eliminate gaps or surges in the traf-
fic stream and to make efficient use of airspace
and runways. In the earlier stages of implemen-
tation, the computer will generate recommended
instructions and command messages for the con-
troller to relay to pilots by voice radio. In later
stages, the computer will transmit commands
directly to individual aircraft by the Mode S data
link.1’

1*TMS is a relatively new term for a concept that was originally
called Integrated Flow Management.

*Mode S (for selective) is a proposed addition to the ATCRBS
transponder that will permit direct, automatic exchange of digitally
encoded information between the ground controller and individual
aircraft.

Photo credit: Federal Aviation Administration

Traffic management can smooth the flow
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Other components of TMS will contribute to
more efficient traffic management in other ways.
Runway configuration management, a software
program that has been under development at Chi-
cago O’Hare since 1980, will assist controllers in
establishing the most efficient combination of ar-
rival and departure runways for given conditions
of weather and demand. Departure flow meter-
ing will help assure an appropriate blend of take-
offs and landings and will feed aircraft out of the
terminal area and into en route airspace.

FAA plans do not call for implementation of
TMS all at once, nor at all airports. The compo-
nents are being developed separately and will be
tested and put in place as ready and where needed.
The overall timetable is contingent on the devel-
opment and installation of new computers and
sector suites in terminal area control centers and
on the development of companion software pack-
ages for the en route ATC system—the Advanced
En Route Automation (AERA) program. Full im-
plementation of TMS, AERA, and related tech-
nological changes will not occur until 1995 or
later.

TMS and AERA are tied together because FAA’s
long-term response to air traffic growth involves
a general application of the flow management con-
cept so as to provide strategic and tactical plan-
ning, continuous performance monitoring, and
flexible and adaptive exercise of control for the
airspace as a whole. For example, en route meter-
ing—which is a feature of AERA-will contrib-
ute to efficient runway use by treating all arrivals
along all routes as a single traffic pattern and ad-
justing in-trail separation so as to achieve a steady

rate of delivery into the terminal area. The pres-
ent method of flow management, which uses uni-
form, preestablished in-trail separation, can re-
sult in inefficient runway utilization (surges and
gaps in the traffic flow) because it cannot adapt
readily when flow along arrival routes does not
exactly match the nominal rate used as the basis
for selecting in-trail spacing.

The capacity benefits of TMS are difficult to
estimate on a systemwide basis. The anticipated
benefits are highly specific to conditions at the air-
port site and particular patterns of demand. Fur-
ther, it is not always possible to distinguish be-
tween the benefits of TMS and those that would
result from other planned improvements in the
ATC system. Estimates published by FAA as part
of an analysis of overall benefits and costs of the
National Airspace System Plan (NAS Plan) sug-
gest that the benefits arising from improved traf-
fic management and flow planning in terminal
areas could be fuel savings on the order of 0.75
to 1.25 percent. FAA calculates the value of these
savings to be between $165 million and $280 mil-
lion per year (1982 dollars) for the period 1993-
2005. Of these savings, about 60 percent would
accrue to air carriers, with the remainder about
equally distributed between business and private
general aviation.”

The FAA report does not provide a projected
cost for TMS alone, but lumps these costs with
those of AERA and other airport and airspace
programs in the NAS Plan (see table 14). The total

2Preliminary Analysis of the Benefits and Costs To Implement
the National Airspace System Plan, op. cit.

Table 14.-Summary of NAS Plan Benefits and Costs (billions, 1982 dollars)

20-year totals

Present (discounted) values®

Benefits costs Net Benefits costs Net

Aviation users:
Microwave Landing System Program ...... 26 1.6 1.0 1.0 0.2 0.8
Airport Throughput Improvement Program . 5.7 b 5.7 1.7 b 1.7
Increased fuel efficiency® ............... 16.4 2.4 14.0 41 0.9 3.2
Total for aviationusers................ 24.7 4.0 20.7 6.8 1.1 5.7
Federal Aviation Administration ............ 243 8.0 16.3 9.0 5.0 4.0
Total . ... e 49.0 12.0 37.0 15.8 6.1 9.7

210-percent discount rate.

Avionic costs for this program are included in the costs shown for other programs.

CChiefly AERA program benefits.

SOURCE: Federal Aviation Administration, Preliminary Analysis of the Benefits and Costs To Implement the National Airspace System Plan, DOT/FAA/EM-82-22, June 1982
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costs are estimated to be $12 billion ($4 billion
to aviation users and $8 billion to FAA) over the
next 20 years; the associated 20-year benefits are
calculated to be $24.7 billion to users, primarily
in fuel savings attributable to AERA and $24.3
billion to FAA in operating cost savings. (All esti-
mates in 1982 dollars. )

Supporting Technologies

In addition to programs aimed specifically at
reducing delay and increasing the throughput of
major airports, FAA is pursuing other technologi-
cal developments that will either facilitate the
ATC process or provide greater assurance of
safety. Three particularly important developments
of this sort are the Mode S data link, the Cockpit
Display of Terminal Information (CDTI), and the
Traffic Alert and Collision Avoidance System
(TCAS). These technologies will not, by them-
selves, provide relief to the problems of conges-
tion and delay in terminal areas, but they could
make possible other technological improvements
or procedural changes to improve the flow of
traffic.21

The addition of Mode S to the present ATCRBS
transponder has perhaps the most far-reaching im-
plications for air traffic control. Mode S will allow
the air traffic controller to interrogate aircraft in-
dividually and will make possible direct and selec-
tive two-way digital communication between air
and ground. Mode S thus will form the basis for
the more automated forms of air traffic control
envisioned in the TMS and AERA programs.
Equally important, Mode S will open up a new,
high-capacity channel of communication that will
provide more complete and rapid exchange of in-
formation and greatly reduce controller and air-
crew workload by relieving them of the time-
consuming process of transmitting, receiving, and
acknowledging messages by voice radio. A third
benefit of Mode S is that it can enhance the sur-
veillance function by reducing interference among
transponder replies of aircraft operating close to-
gether in terminal airspace.

An important potential application of the Mode
S data link is that it could be used to improve the

“See Airport and Air Traffic Control System, op. cit., for more
detailed discussion of these technologies.

guantity and quality of information available in
the cockpit by providing a display of traffic in
the surrounding airspace. This display, CDTI, has
been under development for several years and has
been recommended by pilots and ATC experts as
a valuable new tool to enhance safety and to aid
maneuver in terminal airspace. The CDTI, by
showing the location and path of nearby aircraft,
could give the pilot an overall view of the traffic
pattern and could provide an additional source
of information under conditions of reduced visi-
bility.

The CDTI is not envisioned as a substitute for
ground-based air traffic control nor as the basis
for independent maneuver to avoid collision or
to assure safe separation. Rather, it is intended
as a supplemental display that will allow the pilot
to “read” the air traffic pattern and to cooperate
more effectively and confidently with the ground-
based controller in congested airspace. FAA, in
cooperation with the National Aeronautics and
Space Administration (NASA), is currently ex-
ploring roles for a CDTI. The focus of this effort
is to develop CDTI system requirements and to
determine the compatibility of these requirements
with Mode S and TCAS data sources.

The overriding concern in seeking ways to in-
crease airport throughput and runway acceptance
rates is maintaining safe separation among air-
craft. Basic separation assurance is provided in
two ways: by application of the “see-and-avoid”
principle in Visual Flight Rules (VFR) and by ATC
procedures and ground-based surveillance in In-
strument Flight Rules (IFR). Pilots and others con-
cerned with aviation safety have long advocated
additional assurance in the form of an airborne
(i.e., ground-independent) collision avoidance
system. The system currently proposed by F&I—
Traffic Alert and Collision Avoidance System—is
an independent airborne device designed to use
ATCRBS (or Mode S) transponder information
for generating a warning to the pilot that an ap-
proaching aircraft is a threat and that evasive ma-
neuver may be called for.

TCAS is in the development stage at present
and may not be ready for operational use until
the late 1980s. The availability of TCAS, or an
equivalent system of airborne collision avoidance,
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will be an important factor in the decision to
adopt revised procedures for increasing the effi-
ciency of airspace use. Without assurance that safe
separation can be maintained and that there is a

backup to ground-based air traffic control, nei-
ther airspace users nor FAA are likely to have the
confidence to proceed with revision of present
longitudinal and horizontal separation standards.

AIRSPACE USE PROCEDURES

Procedures governing the use of terminal air-
space and airport runways, which are designed
primarily to assure safety, sometimes slow or
disrupt the flow of traffic. In general, these pro-
cedures consist of rules and standards pertaining
to the permissible distances between aircraft in
various weather conditions and approach pat-
terns. Actually, there are two sets of procedures:
one for use in Visual Meteorological Conditions
(VMC) and another, more stringent, set for use
in Instrument Meteorological Conditions (IMC).
Instrument Flight Rules—which are largely deter-
mined by available navigation, communication,
and surveillance technology—often cause delays
at busy airports because of the increased separa-
tion standards and special safeguards that must
be applied in restricted visibility.

There is a widely held, but not unanimous,
view among airspace users that revisions of the
existing instrument flight procedures are practical
and that they would be warranted in the interest
of reducing delay. While these revisions are some-
times spoken of as capacity improvements, they
would not in most cases actually increase the ca-
pacity of airports. Instead, they would allow ex-
isting capacity to be used more fully or with
greater efficiency and would bring the through-
put attainable under IMC closer to that which
prevails under VMC.

In response to urging from airspace users, FAA
instituted a comprehensive examination of air-
space use procedures in October 1981. This ef-
fort, known as the National Airspace Review
(NAR) is a 42-month joint undertaking by FAA
and the aviation industry “to identify and imple-
ment changes which will promote greater effi-
ciency for all airspace users and simplify [the
ATC] system. Additionally, the NAR will match
airspace allocations and air traffic procedures to
technological improvements and fuel efficiency

25-420 0 - 84 _ 6

programs.”2’ The portion of NAR concerned spe-
cifically with terminal area ATC procedures was
completed in July 1984.

Many of the procedural changes sought by
airspace users and under study by FAA in NAR
were also examined by a special aviation indus-
try task force convened at the request of FAA
under the auspices of the Airport Operators Coun-
cil International. The task force report, issued in
September 1982, strongly urged FAA to revise
present airspace use procedures, especially those
pertaining to the use of multiple runways under
Instrument Meteorological Conditions.”

Reduced Lateral Separation

Several of the proposed revisions would per-
mit changes in the standards for lateral separa-
tion of aircraft under instrument flight conditions.
The present standards often severely restrict
throughput because they preclude use of all the
available runways when visibility is reduced. If
the airport could continue to operate these run-
ways, the disparity between IMC and VMC ac-
ceptance rates could be substantially narrowed.
The following are the major capacity-related
changes under consideration.

Converging Runways

Converging runways are those whose extended
centerlines meet at a point beyond the runways
themselves. Simultaneous approaches to con-
verging runways are presently authorized only
during VMC. The proposed procedure would ex-

22Federal Register, vol. 48, No. 153, Aug. 10, 1981, p. 40654.

3Report of the Industry Task Force on Airport Capacity Improve-
ment and Delay Reduction, op. cit. In a subsequent letter to FAA
Administrater Helms, dated Dec. 9, 1983, the Task Force put forth
proposals for simulation and demonstration of IFR approaches to
converging and independent parallel runways. The Task Force also
endorsed studies to evaluate reduced longitudinal separation in cer-
tain circumstances.
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tend this authorization to IMC in certain circum-
stances. The major problem to be overcome in
using converging runways under instrument con-
ditions is development of procedures to assure
separation in the event of a blunder by one of the
aircraft during the approach or in case both air-
craft must execute a missed approach at the same
time. These procedures, in turn, depend on the
availability of improved surveillance radar, MLS
to provide missed approach guidance, and per-
haps automated aids for the controller to coordi-
nate simultaneous approaches to two runways.

In time, it maybe possible to extend these pro-
cedures to the case of intersecting runways-those
whose surfaces actually cross at some point. In
addition to the problems of blunder protection
and separation assurance during missed approaches,
this configuration poses the risk of collision be-
tween two aircraft on the ground, and there must
be adequate safeguards that aircraft on both run-
ways can stop or turn off before reaching the in-
tersection. Because of the inherent safety prob-
lems, most observers are skeptical about the
feasibility of using this type of runway layout for
instrument operations.

Dependent Parallel Runways

At present, instrument approaches maybe con-
ducted on parallel runways that are as close as
3000 ft apart so long as a diagonal separation of
2 nautical miles (nmi) is maintained between ad-
jacent aircraft. For parallel runways separated by
2,500 ft, the diagonal spacing requirement is 2.5
nmi. In addition, aircraft must be separated by
1,000 ft vertically or 3 nmi horizontally as they
turn onto their parallel approach paths. These
runways are termed dependent because the ap-
proaches to each must be coordinated to main-
tain the prescribed diagonal spacing. Hence, the
operational rate attainable on either is constrained
by the movement of aircraft on the other.

FAA studies suggest that the diagonal spacing
requirements for IFR operation on dependent par-
allel runways could be reduced. For runways
separated by 2,500 ft, the standard could be re-
duced from the present 2.5 nmi to 2 nmi with cur-
rent technology and no other changes in existing

procedures. 2+ reducing the SPACing requirements
for approaches to parallel runways less than 2,500
ft apart requires: 1) that the pilot be able to con-
firm that he is, in fact, on approach to the proper
runway since radar surveillance would no longer
be sufficient; and 2) that wake vortices from air-
craft approaching one runway do not interfere
with operations on the other. Because of wake
vortex, current procedures require that aircraft
approaches to closely spaced parallel runways
(less than 2,500 ft apart) be treated as approaches
to a single runway and separated accordingly.

An operational solution to the wake vortex
problem on closely spaced parallel runways en-
tails that the following additional conditions be
met:

- there must be a steady crosswind to diminish
the effects of wake vortex, but the wind
velocity must be less than maximum cross-
wind limitation;

- small aircraft that are vulnerable to wake
vortices must use the upwind runway of the
closely spaced pair;

- the threshold of the upwind runway must
be displaced from that of the downwind
runway;

- the upwind runway must have a high-angle
glide slope to allow for a steeper descent by
vulnerable aircraft so that they can remain
above, and hence avoid, wake vortices; and

- wind monitors must be set up along the ap-
proach path to ascertain that conditions
are favorable for the dissipation of wake
vortices.

Satisfying these requirements may be difficult
at airports that do not have runways with suitably
staggered thresholds and a sufficiently large num-
ber of aircraft that can approach at a steeper than
normal glide slope to avoid wake turbulence. In
addition, there are operational difficulties that
may limit the applicability or the capacity benefits
of this procedure. First, the wake vortex gener-
ated by a heavy aircraft carrying out a missed

#A. L. Haines and W. ]. Swedish, Requirements for Independent
and Dependent Parallel Instrument Approaches at Reduced Run-
way Spacing, FAA-EM-81-8 (Washington, DC: Federal Aviation Ad-
ministration, Office of Systems Engineering Management, May
1981).
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approach could interfere with operations on the
other runway. One possible solution would be to
require that both the leading and trailing aircraft
execute missed approaches along diverging paths
whenever the leading heavy aircraft misses the ap-
proach. Second, interference from departures
could limit capacity gains since it may be neces-
sary to retain present longitudinal separation
standards between heavy aircraft departing on
one runway and small aircraft landing on the
other in order to avoid wake turbulence. Finally,
as the distance between parallel approaches is re-
duced, there will be a need for more accurate sur-
veillance to verify that aircraft are on approach
to the proper runway. The radar now in use,
which has a 5-milliradian accuracy and a 4-second
update rate, is probably not adequate for this pur-
pose and may have to be replaced with new ra-
dar capable of I-milliradian accuracy and 1-
second update .25 Such radar performance has been
achieved in the Precision Approach Radar system
formerly installed at some airports but now de-
commissioned. Military radar also has this capa-
bility but would have to be adapted and tested
before use in civil aviation.

Independent Parallel Runways

Independent instrument approaches to paral-
lel runways separated by at least 4,300 ft are
presently authorized under the following condi-
tions: 1) when aircraft are turned onto the ap-
proach path, they must be separated vertically by
at least 1,000 ft or laterally by 3 nmi from air-
craft turning on approach to the other runway;
and 2) a “No Transgression Zone, ” at least 2,000
ft wide, must be maintained between the ap-
proaches, with a separate controller assigned to
monitor this zone. A study by FAA indicates that,
as with dependent parallel runways, reducing
lateral spacing for independent parallel runways
from 4,300 to 3000 ft would require installation
of more accurate radar but no other changes in
current procedures. 26

“1bid.
“lbid.

Triple Parallel Runways

Demand at some of the busier airports, such
as O’Hare, Atlanta, Dallas/Fort Worth, Pitts-
burgh, and Detroit, sometimes exceeds the capac-
ity of the runway system in IMC, and addition
of a third approach stream would be desirable.
Current ATC procedures allow approaches to tri-
ple parallel runways only during VMC. Revision
of separation standards to permit their use dur-
ing IMC would significantly expand the time that
maximum airfield capacity is available at these
few very busy airports.

While the requirements for three parallel ap-
proaches are similar to those for two parallel ap-
proaches, the addition of a third runway com-
plicates the approach procedures and limits possible
gains in capacity utilization. To be most effective,
at least the outside pair of approaches should be
independent from each other, although both may
be dependent on the middle runway. If all three
parallel runways were dependent, there would be
only a minor increase in throughput compared to
that attainable with two dependent runways.
Also, since a blunder on one of the outside ap-
proaches could affect more than one other air-
craft, establishment of triple independent paral-
lel approaches necessitates two “No Transgression
Zones, ” with a separate controller assigned to
monitor each. Because the I, 000-ft vertical separa-
tion rule for aircraft turning onto parallel ap-
proach paths still apply, final approach courses,
particularly for the center runway, would be
longer-thereby diminishing somewhat the through-
put gain attainable with the triple parallel con-
figuration.

A few airports have runway layouts that allow
a converging approach to be added to two existing
parallel approaches. This third approach is used
during VMC, but in IMC the converging runway
must be closed because separation between air-
craft executing missed approaches cannot be
assured visually.

The requirements for three approaches, one of
which is converging, are similar to those for two
converging approaches. However, establishing the
third converging approach for use with a paral-
lel pair involves additional safeguards because a
blunder by an aircraft on one of the outside ap-



Sys mD m

preaches affects more than one other aircraft. The
missed approach path for the converging runway
must be coordinated with those of the other two
runways—a procedure that is quite complex and
cannot be implemented without further research
and evaluation. In particular, FAA is studying
whether MLS will be required to provide non-
conflicting missed approach paths .27

Reduced Longitudinal Separation
on Final Approach

Current procedures require longitudinal (in-
trail) separation of 3 nmi between aircraft con-

ducting instrument approaches to the same run-
way In VMC, in-trail separations of 2.5 nmi

¥Response to the Industry Task Force on Airport Capacity Im-
provement and Delay Reduction (Washington, DC: Federal Avia-
tion Administration, FAA Management Steering Group, May 25,
1983}, p. 6.

*When there is a hazard of wake turbulence, these longitudinal
separation standards are increased to 4 to 6 nmi depending on the
size of the leading and following aircraft.

and even 2 nmi are not uncommon depending on
the runway geometry, the observed runway oc-
cupancy time, and the mix of aircraft. Proposals
have been advanced to reduce the IMC standard
to 2.5 nmi immediately, and perhaps to 2 nmi
eventually for certain airports and runway con-
figurations.?®

One determinant of the longitudinal separation
standard is the length of time needed for aircraft

to leave the runway after landing (runway oc-
cupancy time}. As a safety measure, current ATC
procedures do not permit two aircraft to occupy
a runway at the same time. FAA studies have
shown that runway occupancy time at many ma-
jor airports averages between 41 and 63 seconds.*

#See, for example, Report of the Industry Task Force on Airport
Capacity Improvement and Delay Reduction, op. cit., pp. 6-7; and
letter from the Task Force Chairman to the FAA Administrator,
Dec. 9, 1983,

* Analysis of Runway Occupancy Times at Major Airports, FAA-
EM-78-9 (Washington, DC: Federal Aviation Administration, May
1978); and W._ J. Swedish, Evaluation of the Potential for Reduced
Longitudinal Spacing on Final Approach, FAA-EM-79-7 (Washing-
ton, DC: Federal Aviation Administration, August 1979).
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For those airports where runway occupancy time
averages so seconds or less, FAA studies indicate
that minimum in-trail separation of 2.5 nmi could
be allowed in circumstances where wake vortex
and ATC workload permit. Flight tests conducted
by the U.S. Air Force have demonstrated the fea-
sibility of 2.5-mile separation for military use.
However, safety standards for commercial oper-
ations are different than those for military oper-
ations, and analysis of radar accuracy and update
rates, controller and pilot response times, and air-
craft performance characteristics will be needed
to determine whether 2.5-mile separation during
IMC is safe for civil aviation. Since there is a di-
rect relationship between in-trail separation and
throughput, this procedural change would be a
very effective method to reduce delay under in-
strument flight conditions.

Present ATC procedures specify that the nom-
inal longitudinal separation standards for VMC
or IMC be adjusted to compensate for the possi-
ble effects of wake turbulence. These separation
standards, shown in figure 9, are based on a three-
way classification of aircraft according to gross
takeoff weight and attempt to account for the
wake-turbulence characteristics of aircraft and
their vulnerability to wake vortex encounters:

- heavy ah-craft—maximum gross takeoff
weight (GTW) in excess of 300,000 Ib,

- large aircraft—maximum GTW between
12,500 and 300,000 Ib, and

- small aircraft—maximum GTW less than
12,500 Ib.

Definition of aircraft categories based on GTW
alone is not an accurate index of of wake vortex
generation for all aircraft, notably those aircraft
whose GTW is slightly over 300,000 Ib such as
the DC-8 and B-767. As the number of B-767 air-
craft in the fleet grows and as the re-engining pro-
gram for DC-8S proceeds, aircraft whose GTW
is roughly 300,000 Ib will become an increasingly
large proportion of the commercial aircraft fleet.
If these aircraft continue to be classified as “heavy,”
greater arrival separations will be required, with
adverse effects on capacity and delay.

If aircraft were classified on the basis of more
precise analytical or empirical data concerning
their specific aerodynamic and wake-vortex char-
acteristics, it might be possible to reduce the in-
trail separation rules for some types. As a mini-
mum, the use of approach weight rather than
maximum GTW as the basis for separation cri-
teria could be considered. To be even more pre-

Figure 9.—Arrival and Departure Separations

Minimum Arrival Separations—Nautical Miles

Visual Flight Rules*

Trail
S L H
Lead
S 1.9 19 19
L 2.7 19 19
H 4.5 3.6 2.7

Instrument Flight Rules

rail
S LIH
Lead
s 3 3 3
4 3 3
H 6 5 4

Minimum Departure Separations—Seconds

Visual Flight Rules*

Instrument Flight Rules
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L 60 60| 60
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Lead
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*VFR separations are not operational minima but rather reflect what field data show under saturated condition

KEY: S = Small, L = Large, H = Heavy (see text.)

SOURCE: Adapted from Parameters of Future ATC Systems Relating to Airport Capacity/Delay (Washington, D.C.: Federal Aviation

Administration, June 1978), pp. 3.3, 3.5.
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cise, wingspan, approach speed, and engine and
flap configurations should also be taken into ac-
count. A recommendation to this effect was made
in the report of the Industry Task Force on Air-
port Capacity Improvement and Delay Reduction
and is now under consideration by FAA.’1

Separate Short Runways for
Small Aircraft

The current practice in air traffic control is to
organize aircraft on approach according to time
of arrival, not type of aircraft. So long as the traf-
fic mix is reasonably uniform, this practice has
a minor effect on throughput. At many airports,
however, small aircraft represent a significant por-
tion of traffic. To avoid wake turbulence gener-
ated by the heavy and large classes of transports,
these small aircraft are required to follow in trail
at distances of 4 to 6 nmi from the larger aircraft.
Since many of these small aircraft operate at slow
speeds, safety requires that larger and faster air-
craft be spaced more than 3 nmi behind so that
the leading small aircraft are not overtaken on ap-
proach. One way to overcome these operational
penalties would be to segregate small general avia-
tion and some commuter aircraft into a separate
traffic stream using a different (short) runway. At
some airports such a runway is already available
but not usable for instrument approaches because

31Report of the Industry Task Force on Airport Capacity Improve-
ment and Delay Reduction, op. cit., pp. 3-4.

of inadequate instrumentation; at others, new
runways would have to be built and equipped
with MLS.

There is some disadvantage to separate short
runways in that they do not provide as much
operational flexibility as a full-length additional
air carrier runway. However, the separate short
runway can be built at a fraction of the cost of
an air carrier runway, and runway siting prob-
lems as well as local environmental issues may
be easier to resolve.

Ideally, the separate short runways for small
aircraft should be parallel to and operate inde-
pendently from the main runway used by large
air carrier traffic. A short runway that is not par-
allel to the main runway would not be available
for use in IMC unless revised procedures for con-
verging instrument approaches are also imple-
mented; but even so, dependency on the main
runway would limit the throughput gain because
of the need to coordinate the two traffic streams.
If the procedures described above to reduce spac-
ing requirements for independent and dependent
parallel approaches prove feasible, the siting of
these short secondary runways could become
easier. Another development that would facilitate
siting of short runways and broaden the appli-
cability of the concept would be installation of
MLS to allow curved approaches and steeper glide
slopes by small aircraft, not only to alleviate wake
turbulence problems but also to achieve a greater
rate of runway use.

WEATHER AND ATMOSPHERIC EFFECTS

Perhaps the single greatest technological need
in relieving delay at airports, aside from improved
radar to monitor aircraft more closely spaced in
terminal airspace, is development of techniques
to improve the detection and prediction of weather
and atmospheric effects. Weather-related technol-
ogies are typically viewed as safety improvements
rather than capacity improvements, but there are
significant exceptions—notably methods to pro-
tect from wake vortices. Current aircraft arrival
and departure separations are predicated in large
part on avoidance of wake vortices, and the key
to many of the revised approach procedures de-

scribed above is a better method to detect or to
predict the occurrence of wake turbulence.

Beyond this, improvement in the ability to pre-
diet weather and atmospheric phenomena could
lead to general reductions in delay. Present tech-
nology does not always permit sufficiently ac-
curate prediction of the time and magnitude of
adverse weather conditions, making it necessary
to increase safety margins and thereby reduce
throughput. The ability to foresee disruptions due
to weather would permit planning to compensate
fer the impacts on traffic flow.
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Wake Vortex

Woake vortex is an aerodynamic disturbance
that originates at the wingtips and trails in cork-
screw fashion behind the aircraft. Since the strength
of the turbulence increases with lift, the strongest
vortices occur behind heavy aircraft. These vor-
tices spread downward and outward in the wake
of the aircraft and may persist along the flight path
for as long as 2 or 3 minutes in still air. When
the aircraft is within 300 ft of the ground, the vor-
tices can bounce off terrain and rise back toward
the flight path, creating even more disturbance.
Woake turbulence can be of such strength and
duration that it poses a hazard to following air-
craft (especially smaller aircraft), and present pro-
cedures require separation of 3 to 6 nmi depend-
ing on the size of the leading and following aircraft
and the movement of the airmass.”

Alternatives to the present procedural method
of avoiding wake turbulence are being sought
both in the interest of safety and for the capacity
benefits that could be realized through closer spac-
ing of aircraft in the approach zone. Two avenues
are being taken. FAA has concentrated on devel-
opment of techniques to detect wake vortex and
to predict its movement and persistence. NASA
has focused on aerodynamic research to provide
better understanding of the mechanics and causes
of wake vortex and to develop designs to alleviate
it at the source. NASA research indicates that cer-
tain combinations of flaps, spoilers, and protru-
sions on wing surfaces can reduce turbulence or
cause it to dissipate more quickly. Unfortunately,
many of these techniques also tend to increase
noise and reduce energy efficiency. Work is con-
tinuing on ways to minimize wake vortex at an
acceptable price in terms of noise and fuel con-
sumption, but no ready solution is in sight. This
isan important area of research and development
since the alternative—wake vortex detection and
avoidance—has not been perfected to the point
that pilots have confidence in its reliability.

FAA has sought to develop equipment and a
concept of operation that provide real-time vortex

“J. N. Barrer, “Operational Concepts for Reducing Vortex Spac-
ings on Closely Spaced Parallel IFR Approaches, ” The MITRE Corp.,
WP-81W520, September 1981.

sensing capability and to devise a predictive
algorithm that will warn pilots and controllers.
An experimental device, known as Vortex Advi-
sory System (VAS), was installed and tested at
O’Hare in 1978. VAS is made up of wind sensors
mounted on towers along the approach path, a
central computer to process wind data and pre-
dict the strength and movement of wake tur-
bulence, and a display to alert the controller when
a hazardous condition exists. VAS has not yet
proven operationally acceptable, and FAA plans
further development and test.

The disadvantage of VAS is that it does not
detect wake vortices; it only measures wind direc-
tion and velocity, from which an inference can
be made about the presence and strength of wake
turbulence. This deficiency is particularly evident
further out on the approach path (beyond the
middle marker) and in crosswind conditions
where turbulence on one approach path may
migrate to a parallel approach. To overcome these
limitations, FAA is also investigating other tech-
nological approaches such as short-wave radar,
lasers, and infrared devices that could provide bet-
ter long-range sensing and wider coverage.

No practical solution is now in view, and it
seems likely that procedural methods to avoid
wake turbulence will continue to be employed.
So long as wake vortices cannot be reliably de-
tected and predicted, the present separation stand-
ards (perhaps with some modification to account
for the aerodynamic characteristics of specific
types of aircraft) will remain in force and preclude
any throughput gains that might be achieved
through reduced in-trail spacing.

Wind Shear

Wind shear is any sudden change in wind veloc-
ity or direction. It may be associated with warm
and cold fronts, low-level jet streams, or moun-
tainous terrain. One of the most dangerous types
of wind shear is a downward surge of air strik-
ing the ground and spreading out in all directions.
This kind of wind shear is often associated with
thunderstorms, but it may occur in other weather
conditions. These downdrafts, called microbursts,
are difficult to predict because they are small and
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localized, extending only 2 or 3 miles and often
lasting less than 5 minutes.

For the pilot of an aircraft, wind shear is ex-
perienced as an abrupt increase or decrease of lift
(or often one rapidly followed by the other)
caused by a sudden shift in the relative wind. I n
this condition, the aircraft may gain or lose al-
titude unexpectedly and become difficult to con-
trol in angle of attack and flight path (see fig. 10).
If this occurs near the ground on takeoff or land-
ing, there can be extreme hazard.* While the pri-

30n July 8, 1982, a Pan American World Airways Boeing 727
crashed at Kenner, LA, near New Orleans International Airport,
shortly after taking off in a thunderstorm. Wind shear was deter-
mined to have been the cause.

mary concern is safety of flight, wind shear also
disrupts airport activities and can cause suspen-
sion of operations until the condition abates.

In 1982, The Federal Government undertook
a project known as Joint Airport Weather Studies
(JAWS) to provide a better understanding of wind
shear, thunderstorms, and related weather hazards
and to identify weather conditions that could be
warning signs to pilots. A multi-agency effort in-
volving the National Science Foundation, the Na-
tional Aeronautics and Space Administration, the
National Oceanic and Atmospheric Administra-
tion, and the Federal Aviation Administration,
JAWS collected data on downbursts at Denver
Stapleton airport during a 3-month period in the
summer of 1982. The knowledge of wind shear

Figure 10.—Effects of Low=Aititude Wind Shear
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Base of
thunderstorm

Downburst

\ Projected flight path of aircraft
if no intervention by npilot

The downburst spreads out as it nears the ground. The aircraft, instead of following a straight path to the runway, encounters first an abrupt
increase in headwind which lifts the nose, and then a sudden strong tailwind, which forces the nose down. If the pilot cannot compensate

for these wind changes at low altitude, the aircraft may crash.

SOURCE: ICAO Bulletin
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gained through JAWS will contribute to the Low
Level Wind Shear Alert System (LLWSAS) which
provides the air traffic control tower with infor-
mation on wind conditions near the runway.
LLWSAS consists of an array of anemometers that
read wind velocity and direction around the air-
port and signal the sudden changes that indicate
wind shear. LLWSAS is now installed at 60 air-
ports, and FAA plans to deploy 50 more by 1985.

Over the longer term, FAA is developing other
systems intended to provide better and more
timely weather information at airports, both to
improve safety and to help in traffic management.
The Automated Weather Observing System
(AWOS) will gather weather data from urtrnanned
sensors, automatically formulate weather reports,
and distribute them to airport control towers.
AWOS wiill also broadcast this information to
pilots as voice synthesized messages over VHF
radio. Implementation of the system, scheduled
for the period 1983-90, began with a Il-year
demonstration program in June 1983, when 21
units were put into operation at towered and non-
towered airports in various locations. Full deploy-
ment at 745 airports is scheduled to begin in
1986.* A similar system, Joint Automated Weather

“Several GA user groups have argued that the AWOS timetable

could be accelerated by a year or more and have asked FAA to recon-
sider the deployment schedule.

Observation System (JAWOS), is planned for in-
stallation at some medium and large hub airports.
JAWOS will automatically gather local weather
data and distribute it to other air traffic control
facilities and to the National Weather Service.

In cooperation with the Department of Defense
and the National Oceanic and Atmospheric Ad-
ministration, FAA is also developing a next gen-
eration nationwide weather network based on
pulsed Doppler radar (NEXRAD). This network
will provide more accurate information on pre-
cipitation, reflectivity, wind velocity, and tur-
bulence. NEXRAD will probably not provide the
minute-to-minute observations needed to detect
small localized downbursts that produce wind
shear, nor will it be able to detect wind shear in
the absence of precipitation. Still, NEXRAD will
greatly improve the quality and comprehensive-
ness of the weather information available to air
traffic controllers and will be a significant aid in
managing traffic to compensate for adverse weather
conditions. A total procurement of 160 units is
planned, with the last scheduled to be in place and
the system fully operational by 1992.

NOISE CONTROL AND ABATEMENT

Aircraft noise, especially the noise of jet air-
craft, is one of the greatest barriers to airport uti-
lization and expansion, and it is the most com-
mon subject of complaint by airport neighbors.
The areas of severest noise impact are just beyond
the ends of runways, but noise levels can be unac-
ceptably high elsewhere along approach and de-
parture paths where aircraft are close to the
ground. In legal actions brought by airport neigh-
bors, the courts have generally found that the air-
port operator is responsible for injury due to re-
duced property value or nuisance and have awarded
damages to property owners and others affected
by noise.

There are two ways to reduce noise. One is to
quiet the aircraft themselves, notably the engines,

and FAA has imposed progressively stricter noise
standards for aircraft in FAR 36 and FAR 91E.”
As a result, new aircraft entering service are much
quieter than earlier models, and some older air-
craft have been equipped with new, quieter en-
gines. While research is continuing on aircraft
noise, airframe and engine manufacturers tend to
the view that large-scale and cost-effective ad-
vances in the technology of noise suppression will
be increasingly difficult to find.

35FAR part 36 defines noise requirements for certification of new
aircraft and engines. FAR Part 91 Subpart E sets the timetable for
compliance and calls for retirement or retrofit of aircraft (both foreign
and domestic) that do not comply with FAR Part 36 by 1985. To
protect air service to small communities, FAR Part 91 Subpart E
allows three additional years (until 1988) for twin-engine aircraft
with 100 or fewer seats to achieve compliance.
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The other approach has been to impose opera-
tional restrictions on airports—principally in the
form of limits on the hours of use, frequency of
flights, and the approach and departure routes
that may be taken. Airport operators and airlines
have resisted these measures since they reduce the
capacity of the airport overall or at peak times
and because noise abatement flight procedures
often result in lengthier, less fuel-efficient paths
to and from the airport. Two studies of airport
capacity published recently have stressed the need
to lessen some of these restrictions in the interest
of increasing airport capacity and making more
efficient utilization of aircraft.”37

The discussion that follows addresses first pro-
spective improvements in aircraft technology that
might lessen noise, and then procedural solutions
to alleviate the noise problem.

Aircraft Noise

Aircraft noise has two components: engine
noise produced by moving engine parts and by
air flow through the engine, and airframe noise
caused by the passage of air over aircraft surfaces.
In early jet aircraft, the engine was the predomi-
nant noise source. Advances in engine technol-
ogy over the past 20 years have reduced engine
noise to the point where the engine and the air-
frame are now about equal contributors to air-
craft noise on landing. The engine is still the ma-
jor noise source on takeoff.

Engine Noise

The principal sources of noise in a jet engine
are: 1) the fan, 2) the compressor and turbine, and
3) the exhaust. The relative importance of these
sources varies somewhat with the design of the
engine and the operating regime, but exhaust noise
is generally the greatest of the three.

Efforts to reduce fan noise have centered on
altering the design of the fan blades and incor-
porating sound absorbing material in the fan case
and the inlet and discharge ducts. Typically, this

35 Report and recommencaions of the Airport Access Tskk Force

(Washington, DC: Civil Aeronautics Board, March 1983).
37 Report of the Industry Task Force on Airport capacity improve-

ment and Delay Reduction, op. cit.

sound absorption is accomplished by a liner of
porous material backed by cavities to trap sound.
The newer aircraft engines now in service incor-
porate these design concepts, but further, small
noise reductions may still be achieved.

Compressor and turbine noise are generated in-
side the engine by the compression, heating, and
expansion of the air passing through. Methods for
reducing compressor and turbine noise have in-
cluded redesign of compressor parts and turbine
blades to modify their sound characteristics, and
use of sound absorbing material. Since the ability
to alter the design or configuration of the com-
pressor or turbine is limited by mechanical and
aerodynamic considerations and engine load re-
quirements, it is expected that the principal method
to attain further reductions in compressor and tur-
bine noise will be acoustic treatment in the intake
ducts. Research is now aimed at development of
improved acoustic material capable of withstand-
ing the hot and cold environment of the com-
pressor and turbine, and at reducing the cost of
these noise suppression treatments.

Exhaust noise results from the turbulent mix-
ing of hot, high-speed exhaust gases with the am-
bient air. The way to reduce this noise is through
techniques that lower the temperature and veloc-
ity differential between the exhaust and the out-
side air, but without loss of engine efficiency and
thrust. In the early, pure turbojet engines, all of
the intake air was passed through the hot section
of the engine, from which it exited at high veloc-
ity. These engines were very noisy. A later de-
velopment diverted some of the air from the com-
pressor around the combustion chamber and
turbine and merged it with the exhaust stream—
thus shielding the high-velocity exhaust with a
cooler, slower moving sheath of air from the com-
pressor. These low bypass ratio engines were more
efficient and proved, on average, to be about 8
decibels (dB) quieter than pure turbojets.”Engines
introduced in the 1970s made use of an even
higher bypass ratio to achieve both greater fuel
efficiency and a further 8- to 10-dB reduction of
noise .39

38 The bypass ratio is the amount of air diverted around the com-

bustor relative to that which passes through it.
39 For reference, a change of 3 dB is just perceptible to the human

ear. A reduction of about 10 dB is perceived as halving the amoyance
of a sound source.
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Engine manufacturers are continuing to explore
techniques such as high-pressure turbines, exhaust
diffusers, and improved internal cooling methods-
principall to increase engine efficiency but also
for their potential to reduce noise. They are also
evaluating internal flow mixers to combine low-
velocity bypass air with higher velocity engine
flow to produce an exhaust stream with less tur-
bulence and a more uniform exit velocity. These
efforts are yielding diminishing returns since fur-
ther noise reduction involves very tightly coupled
tradeoffs with fuel efficiency, production tech-
niques, and maintenance costs. Attainment of
noise levels significantly lower than those of FAR
Part 36 appears to be very difficult without a sac-
rifice of fuel efficiency or a large cost penalty.

Airframe Noise

Airframe noise stems primarily from turbulent
air flow past the undercarriage, leading and trail-
ing edges of high-lift devices, aircraft cavities, and
projections from the aircraft surface. For an air-
craft in flight, these noises intermingle and are not
usually distinguishable as to source. The principal
methods available to reduce aerodynamic noise
are wing design, high lift systems, and aircraft
streamlining.

Recent exploratory development in aircraft
wing design has included supercritical airfoil sec-
tions and winglets. Aircraft using these wing de-
sign features are currently being flight tested. Fun-
damentally, the supercritical airfoil and winglets
would reduce drag and provide additional lift, but
they also serve to reduce aerodynamic noise some-
what. Drag is exhibited as turbulence in the wake
of aircraft, and turbulence produces noise. Fur-
ther, insofar as reduced drag and increased lift per-
mit the aircraft to be operated at lower power set-
tings on takeoff and landing, these aerodynamic
improvements might provide a secondary bene-
fit of reduced engine noise.

Advanced high-lift systems make use of two-
segment trailing edge flaps and a variable camber
on the leading edge of the wing. High-lift devices
of this sort are currently used on Short Takeoff
and Landing (STOL) aircraft such as the deHavilland
DHC 7. They have also been incorporated in some
large transport aircraft. The 747 and later model

727 aircraft have triple-slotted flaps, and the 767
has both variable camber leading-edge flaps and
double-slotted trailing edge flaps. These systems
do not necessarily produce quieter aircraft; in fact,
they may be noisier. However, high-lift devices
permit steeper approach and takeoff paths, thereby
reducing the size and severity of the aircraft noise
footprint on the ground and leading—in effect—to
less aircraft noise overall.

Techniques to streamline aircraft include place-
ment of fairings around extended landing gear and
other projections from the aircraft surface and
enclosure of wing and body cavities. Such features
are intended primarily to improve the aerody-
namic performance of the aircraft, but they could
also lessen aerodynamic noise. Another streamlin-
ing technique involves strategic placement of the
engines at locations where the airframe can act
as a shield for engine noise. There are critical
tradeoffs between engine placement and aircraft
performance and safety that need to be treated
carefully. There is also a need for additional re-
search to improve the understanding of how the
engines and airframe interact in the production
and suppression of noise.

Many of the techniques described above might
lessen aerodynamic noise, but the overall reduc-
tion would probably be rather small. There is a
widely held view among aircraft designers that
the newest aircraft are close to the practical lower
limit of aerodynamic noise and that further re-
ductions will be technically difficult, prohibitively
costly, and perhaps disadvantageous for other
aspects of aircraft performance. While some of
these techniques will be pursued and might be in-
corporated in future aircraft, the general opinion
is that there are no aerodynamic solutions that
will lead to large-scale reductions in aircraft noise.

Aircraft Operating Procedures

In addition to technological measures to reduce
noise at the source, there is the the procedural
solution of operating aircraft in a way that alle-
viates the effect on noise-sensitive areas. Many
such measures have already been adopted—some
locally, some more generally—and work is con-
tinuing to improve these procedures, to devise
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new ones, or to extend their application more
widely.

Procedures in use today are limited, in some
cases, by safety and capacity considerations and
by the capabilities of the ATC system. The ability
to apply these procedures is also affected by con-
ditions of wind, weather, and visibility. Perhaps
the greatest deficiency, however, is that restric-
tions are applied airport by airport—often as a
result of local ordinance—in a fashion that is
fragmentary, confusing, and inefficient. Aircraft
operators complain that both airport capacity and
aircraft utility are wasted and that market oppor-
tunities are lost. The Airport Access Task Force
of the Civil Aeronautics Board (CAB) devoted
major attention to the question of noise abatement
procedures and urged the Federal Government to
reduce the number of locally imposed aircraft
operating restrictions and to develop nationally
applicable procedures that would appropriately
balance public concerns about noise with the in-
terests of air commerce.”

Prospective advances in technology might make
some of the procedures in use today more effec-
tive or less onerous to aircraft operators. One such
procedure is departure thrust management, which
necessitates adjustments in power settings during
climbout and exit from the terminal area. As
newer aircraft with better performance character-
istics and quieter engines come to predominate in
the fleet, these departure practices may be easier
to implement, or—in some instances—they may
not be required as often. The CAB Airport Ac-
cess Task Force estimated that phasing out air-
craft with low bypass engines (from 94 percent
of the fleet in 1980-81 to 10 percent by 2000)
would produce an average noise reduction of
almost 6 dB systemwide, even if operations were
to increase by 50 percent.‘1

Preferential runway use is another method for
reducing the extent or severity of noise impact on
the surrounding community. This involves using,
whenever possible, those runways that minimize
the number of people or the area exposed to air-

**Report and Kecommendations of the Airport Access Task Force,
p. cit.
“lbid., p. 17.

craft noise. The effectiveness of preferential run-
way use is site-specific since it depends on the run-
way layout in relation to land use patterns, the
prevailing wind and weather, and the installation
of navigation and landing aids. Implementation
of the Traffic Management System and deploy-
ment of MLS might make it possible to extend this
practice to other airports or allow it to be used
in a wider spectrum of weather conditions.

On the other hand, preferential runway use has
the effect of exposing the unfortunate few who
live or work in affected areas to more unremit-
ting noise than might be considered their “fair
share.” For this reason, it may be more equitable
to temper preferential runway use with some
variation of runway use patterns. Distributing
noise more uniformly among areas surrounding
the airport would lessen the impact on some, but
at the risk of antagonizing perhaps far more who
are not presently exposed to aircraft noise.”

Preferential flight paths are prescribed routings
for arriving and departing aircraft to avoid over-
flight of noise-sensitive areas. This procedure is
frequently combined with preferential runway
use, but may be used even where the airport has
only a simple runway layout. At some airports

“2The controversy over the scatter plan tested at Washington Na-
tional Airport in early 1984 is a classic illustration of how attempts
to distribute aircraft noise more uniformly simply engender new op-
position, chiefly from those who find their previously quiet areas
subjected to noise.

Photo credit: Dom McGrath, Jr.

Houses under the approach path to San Diego airport
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the use of preferential flight paths is limited by
the availability or capability of the installed land-
ing and navigation aids. It is expected that MLS
will enhance the ability to use noise-avoidance
flight paths since it provides more precise and flex-
ible approach guidance with a wider range of cov-
erage than the existing ILS. MLS would permit
multiple final approach paths, including curved
approaches. The ability to fly curved approach
paths will enable aircraft to avoid noise-sensitive
areas in IMC much as they do now in VMC and
will aid in the reduction of noise levels for air-

ports with noise-sensitive land uses located under
the straight-in approach path. MLS would also
allow some aircraft to fly steeper approach paths,
which—by keeping aircraft higher as they pass
over development around the airport-will reduce
the area of high noise impact. In FAA studies of
the application of MLS to specific sites, it was
found that the use of curved and segmented IMC
approaches made possible by installation of MLS
at airports such as La Guardia, Minneapolis, San
Francisco, Seattle, and Washington National
could lead to significant noise reductions.

AIRPORT SURFACE UTILIZATION

An airport is an interconnected set of physical
facilities and components. For it to function effi-
ciently, the capacities of each of these elements
must be matched. Relief of a bottleneck in one
part of the airport will not have the desired ef-
fect on overall throughput unless other parts are
capable of absorbing a greater influx of traffic.
Indeed, a common experience is that enlargement
of one part of the airport complex simply shifts
the delay elsewhere, to the next most constrain-
ing element.

Nowhere is this more evident than on the air-
port surface. Measures to augment runway capac-
ity or to increase the flow of traffic through the
airspace may be of little practical benefit unless
aircraft are able to move expeditiously on and off
runways and to and from the terminal building.
It is on airport taxiways and aprons that aircraft
are closest together and that their speed is lowest.
If the movement of aircraft on the airport surface
is constrained by runway and taxiway design and
layout, by operational procedures, or by poor vis-
ibility, the effect ripples throughout the airport
and airspace, and delays accumulate.

This section examines three types of technol-
ogy deployed on the airport surface: surveillance
and control systems, taxiway design and lighting,
and equipment used at parking aprons and gates.
In general, new airport surface utilization tech-
nologies will not lead to major increases of air-
side capacity, which is largely determined by
available runways and airspace use procedures.
The primary capacity benefits are indirect—in-

creased safety, especially during inclement weather,
and relief of operational impediments to making
efficient use of the airside.

Surveillance and Control

Surveillance and control of aircraft movement
on the airport surface is accomplished largely by
visual means. In darkness or fog—and even in
good visibility at large, complex airports-Airport
Surface Detection Equipment (ASDE) is used by
air traffic controllers to augment and confirm in-
formation obtained from visual surveillance of the
airport surface. Used primarily at high activity
airports, ASDE allows controllers to locate and
monitor the movement of aircraft and ground
equipment on runways, taxiways, and apron areas.

The existing equipment, designated ASDE-2,
utilizes tube technology, which presents reliability
and maintenance problems. In addition, utility of
ASDE-2 is limited by display resolution, bright-
ness, airport map definition, and poor weather
penetration capability. The last is particularly sig-
nificant under conditions of precipitation or fog,
when the system is needed the most. Under these
conditions, visual surveillance is virtually impos-
sible, and ASDE is the controller’s primary means
to obtain the necessary information.

A new system utilizing solid state technology
is programmed for deployment by 1986-89. This
system, ASDE-3, is expected to increase reliability
and reduce system maintenance, in addition to im-
proving display resolution and weather penetra-
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tion. More accurate information on the specific
location and movement of aircraft and ground
equipment on the airport surface provided by
ASDE-3 might allow reductions in safety-dictated
separation of aircraft and promote more efficient
utilization of runways and taxiways. Ultimately,
small gains in airfield capacity could result.

Research and development on more advanced
systems will be needed since even ASDE-3 can-
not identify aircraft and surface vehicles under all
weather conditions or be used by the controller
to guide them to their destinations. At present,
the capability of navigation systems to help air-
craft land in very low visibility (Category IIC
operations) exceeds that of surveillance and con-
trol systems to guide them after they are on the
airport surface.

The Tower Automated Ground Surveillance
System (TAGS) is a display enhancement intended
for use in conjunction with ASDE at major air-
ports. The ASDE-3 search radar provides a map
of the airport and the location of aircraft on the
airport surface, which are shown graphically on
the ASDE display. TAGS will provide, for trans-
ponder-equipped aircraft, a flight identification
label alongside the position indicator on the ASDE
display. Since TAGS operates by receiving a
signal transmitted directly by aircraft equipment,
the system would be virtually immune to weather.
Presentation of flight identity by TAGS would
also improve ground control capability in good
visibility. TAGS is presently in the exploratory
phase of development and probably will not be
ready for deployment until the 1990s.

Taxiways

The design and layout of taxiways, particularly
those that provide egress from runways, have an
important effect on runway occupancy time
(ROT) .43 The placement of exit taxiways, where
landing aircraft turn off the runways, and the
angle at which these taxiways intersect the run-
ways can be crucial. Poorly placed exit taxiways

“Runway occupancy is measured from the time an approaching
aircraft crosses the threshold until it turns off the runway or from
the time a departing aircraft takes the active runway until it clears
the departure end. Current ATC rules prohibit two aircraft from
occupying the runway at the same time.

prolong runway occupancy by forcing incoming
aircraft to taxi at low speed for some distance
before clearing the runway. Taxiways that leave
the runway at right angles force the aircraft to
come almost to a complete stop before turning.
Since the runway occupancy rule (with a few ex-
ceptions in VMC) does not allow an approaching
aircraft to cross the runway threshold while the
preceding aircraft remains on the runway, longer
runway occupancy either forces the air traffic con-
troller to increase arrival spacing or causes some
approaching aircraft to execute a go-around—
both of which are disruptive of throughput.

At some airports, relocating taxiways so that
aircraft with shorter stopping distances can leave
the runway sooner would lower ROT by as much
as 20 to 30 percent. At others, providing a drift-
off area alongside the runway or redesigning taxi-
ways so that they diverge from the runway grad-
ually and allow aircraft to turn off at higher speeds
(i.e., sooner after landing) would have much the
same effect. However, translating reduced ROT
into a corresponding throughput gain is not
straightforward since it depends on whether the
runway layout, the airspace geometry, and the
ATC procedures will permit closer arrival spac-
ing to take advantage of the shorter runway oc-
cupancy. Still, it is an avenue to be explored, and
among the recommendations of the Industry Task
Force on Airport Capacity Increase and Delay Re-
duction were several that urged FAA and airport
operators to adopt measures that would assist
faster exit from runways.”One of these was to
adopt procedures and rules that would increase
the motivation of pilots to use specified rapid exits
and improve the coordination between controllers
and pilots in minimizing ROT.

Marking and lighting of taxiways can be as im-
portant as their design and physical layout in ex-
pediting ground movement of aircraft. For run-
way exits to be used to their full potential, pilots
must be able to detect their location and identify
the one they are to use with ample leadtime. This
is especially critical at night and during periods
of poor visibility. A taxiway marking and lighting
system that conveys the necessary information to

44Report of the industry- Task Force on Airport Capacity Improve-
ment and Delay Reduction, op. cit., pp. 11-14.
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pilots in a clearly understandable fashion will
promote more efficient utilization of airfield
pavements.

Research and development are in progress on
several aspects of marking and lighting. For exit
taxiways, the major efforts are to improve the
lighting pattern and the configuration, spacing,
and orientation of components in a way that pro-
motes ready identification of the exit and provides
visual guidance for safe and prompt transition
from the runway to the taxiway. Among the areas
under study are improved lighting and signing for
taxiway intersections, traffic control signals and
lighting systems for ground guidance, and meth-
ods for controlling lighting patterns and intensity
from the tower. Development is also proceeding
on new lighting techniques such as lights that use
low voltage electricity, light-emitting diodes, and
electroluminescent components to relieve some of
the deficiencies of present lighting, which pilots
characterize as “the blueberry pie maze. ”

To optimize the use of airport pavements and
to make proper decisions related to safety, pilots
and controllers must have accurate and up-to-date

information on surface conditions that affect air-
craft ground movement and stopping character-
istics. Perhaps the most noticeable changes in
these characteristics are aircraft braking and stop-
ping distance on wet or icy pavement, which are
important not only from a safety standpoint but
also because of the effect on capacity.

One major effort is to devise pavement designs
and surface treatments that will improve traction.
Research is also being conducted on means to pro-
vide information that will allow pilots and con-
trollers to predict aircraft stopping capability and
skid risk more accurately under various runway
surface conditions. Items such as pavement sen-
sors that continuously monitor pavement condi-
tion and coefficients of friction are being exam-
ined. Attention is also directed at development
of better methods to convey this information to
the pilot and, ideally, to provide braking guidance
or warning of specific hazardous conditions and
locations. The primary concern is safety, but bet-
ter information about pavement condition and
aircraft performance when traction is reduced
would also yield a capacity benefit in that a more
accurate delineation of safety limits might make

Photo credit’ Federal Aviation Administration

Night life at Chicago O’Hare
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it possible to relax some of the present conserv-
ative rules governing aircraft movement on the
surface in slippery conditions.

Apron and Gate Facilities

Opportunities to relieve airport surface conges-
tion extend up to the parking spaces at the gates.
Aircraft docking is typically accomplished by a
ramp agent with flashlights and hand signals
guiding the flight crew for proper parking of the
aircraft and assuring that the wing tips have safe
clearance from buildings, ground equipment, and
other aircraft. New optical, electrical, electronic,
and mechanical devices are being developed to
provide flight crews with positive visual guidance
that will permit more rapid and accurate dock-
ing. This technology will allow apron space to be
used more efficiently and help prevent the delays
that arise when aircraft must be repositioned in
order to mate with fixed ground support systems
and passenger loading bridges.

While needs and procedures vary by airline and
by airport, the aircraft servicing functions com-
monly performed at an airport include fueling,
engine start, galley and cabin service, electrical
ground power, towing, passenger stair or loading
bridge operation, and handling of baggage, mail,
and cargo. In addition, various routine or special
aircraft maintenance functions are conducted.

Several technological advances offer reductions
in servicing time and cost. At some airports,
ground power is now being provided by fixed sys-
tems mounted on the passenger loading bridge or
in underground pits. Similarly, fixed pneumatic
systems are being developed to provide ground
power and aircraft engine start. These installations
ease the congestion caused by mobile units clus-
tered around aircraft on the ramp and provide for
a more efficient servicing operation. Auxiliary
power units now provided on most newer aircraft
alleviate congestion by replacing ground equip-
ment needed for electric service, air start, and air-
conditioning. These self-contained units also assist
in quick turnaround, thereby reducing gate oc-
cupancy time. Special pallets and handling equip-
ment provide for efficient transfer and loading of

bags and cargo. While use of this technology saves
time at the gate, the loading and unloading of the
pallets themselves can sometimes be time-con-
suming due to mechanical problems and align-
ment difficulties.

These improvements in technology help ease
surface congestion in two ways, Those that speed
turnaround lessen gate delays and enhance through-
put. Those that reduce the apron space needed
for service vehicles and equipment allow more air-
craft to be parked in a given area, thereby directly
increasing apron capacity and helping to ease air-
port surface congestion in general.

Terminal Facilities and Services

The airport terminal-the building itself and the
paved areas surrounding it on the airside and the
landside—is the zone of transition for passengers,
providing the link between surface and air trans-
portation. Design and operation of the terminal
have an influence on both airside capacity and
ground access and on overall throughput of the
airport complex. This basic relationship, illus-
trated in figure 11, dictates that the design of the
terminal complex must reconcile the requirements
of three operational areas:

- airside—where aircraft are serviced and
passengers board,

- terminal building—the collection point con-
taining facilities for passenger processing and
services during transfer between airside and
landside, and

- landside—the area accommodating ground
transportation (roadways, parking areas,
etc.).

Basically, the terminal and associated landside
facilities are long-term installations with relatively
stable patterns of use. They are largely independ-
ent of the specialized aircraft and airline passenger
processing functions that occur on the airside. In
contrast, the airside is characterized by short-
term, impermanent use which is closely tied to
changing aircraft technology with a useful life of
about 10 to 15 years. The essence of airport ter-
minal design is to strike an appropriate balance
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Figure 11.—Airport Landside Functional Flow
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between these somewhat contradictory require-
ments.”

The principal effect of the terminal on the air-
side is through the design of aprons and gates,
which determines the number of aircraft that can
be accommodated at one time and the turnaround
time for passenger boarding and aircraft servic-
ing. As seen in the previous section, gate and
apron operations can also have a wider—though
not major—effect on airside throughput. The im-

45Leigh Fisher Associates, Inc., “Recommended Planning Criteria
for New Passenger Terminal Facilities at Tampa International Air-
port,” July 1963; cited in R. E. Horn and J. C. Orman, “Airport
Airside and Landside Interaction,” in Airport Landside Capacity,
Transportation Research Board, Special Report 159, 1975.

25420 0 - 84 - 7

pacts of terminal design usually do not extend
beyond the apron and gate area, and terminal
building characteristics have scant influence on
the design of other airside components such as
taxiways and runways.

Overall, the influence of the terminal on the
functional requirements and performance of air-
side facilities is relatively small compared with the
inverse effect that the airside exerts on the ter-
minal.* The primary purpose of the terminal is
to transfer passengers and their baggage between
surface and air transportation with minimum
time, confusion, and inconvenience. The func-

“Horn and Orman, op. cit.
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tional requirements and choice of design for a ter-
minal complex must take into account the pas-
senger and baggage flows resulting from aircraft
size, traffic mix, schedules of operation, and type
of service provided (origin-destination or connect-
ing flights). As a design task, this involves the in-
tegration of three major parts of the terminal: air-
side gates, passenger collection and service areas,
and landside access and egress. Since these parts
are highly interactive, it is important that the
separation between them be kept to a minimum
and that traffic flow smoothly among the parts.

This would be a fairly straightforward task
were it not for the need to design the airside in-
terface so that it can be adapted to accommodate
continually changing aircraft technology, airline
service patterns, and traffic volumes. At some
large hubs, the steadily increasing size of aircraft
and their fixed-point servicing requirements, when
coupled with growing passenger and automobile
traffic, have led to terminal complexes of a size
that imposes inconvenience and delay on passen-
gers. In response, airport designers have been
forced to add an intermediate transportation
mode within the terminal itself (moving sidewalks,
transport buses, fixed rail systems, and other such
people movers) to aid passengers in transferring
between the airside and the landside.”

The discussion that follows touches first on gen-
eral questions of terminal building design and then
on technology of specific features that might be
improved to facilitate passenger movement or to
reduce passenger inconvenience and delay. It
should be recognized that these aspects of design
and operation will have little, if any, effect on air-
side capacity and throughput even though they
might lead to substantial reductions in the over-
all trip time for air travel. It should also be rec-
ognized that such matters have been of little in-
terest to FAA or to policymakers in the Federal
Government. They are, of course, keenly impor-
tant to airport operators and—to a lesser extent—
airlines because they constitute investment needs
that must be balanced against airside capacity ex-
pansion in the overall program of capital improve-

“M. Brink and D. Maddison, “Identification and Measurement
of Capacity and Levels of Service of Landside Elements of the Air-
port,” in Airport Landside Capacity, op. cit.

ment for airports. Recent estimates indicate that
over half of the large hub airports are experienc-
ing congestion and delay within terminal buildings
and that over 30 large and medium hubs are con-
templating investments in terminal expansion or
improvement, with a total cost of $4 billion. “*

Terminal Building Design

Airport terminals can be grouped into four cat-
egories according to their basic design concept:

« centralized with finger piers—a common hall
with branching corridors leading to aircraft
gates;

- centralized with satellites—a central con-
course surrounded by small, separate clusters
of gates and waiting areas, each connected
to the concourse by walkways or people
movers;

+ linear or gate arrival—usually semicircular
buildings with ground access on one side and
aircraft gates on the other, designed so as to
minimize walking distance through the ter-
minal; and

+ transporter—a compact passenger facility
with buses or special vehicles used for trans-
port to a remote aircraft parking apron.

These concepts are embodied in pure form only
at a few airports which have been built on entirely
new sites. At most airports the design of the ter-
minal building has evolved and been modified in
response to traffic growth and local conditions,
giving rise to a hybrid that incorporates features
of two or more of the basic concepts (fig. 12). At
airports with land available adjacent to the ex-
isting facility, the design has tended to evolve into
a finger pier arrangement, sometimes with sepa-
rate unit terminals for commuter airlines or groups
of new air carriers for whom there is not room
in the main terminal. At airports where the ter-
minal has grown to the limits of available land
area, satellite terminals and remote hardstand
parking have typically developed. Transporter
and satellite terminal concepts utilizing people-

“*Report of the Industry Task Force on Airport Capacity Improve-
ment and Delay Reduction, op. cit.

“Metropolitan Area Assessment Report (Washington, DC: Federal
Aviation Administration, Office of Airport Planning and Program-
ming, April 1982).
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moving equipment have been adopted at some air-
ports to enhance the attractiveness of the terminal
for passengers Since they eliminate the extreme
walking distances associated with long piers ex-
tending from central terminals. The transporter
concept has the additional advantage of allow-
ing a small terminal building, free of the con-
straints imposed by aircraft parking gates.

At a new site, the choice of terminal design is
largely dependent on the volume and type of traf-
fic expected. Centralized terminals are best for air-
ports with a high proportion of transferring pas-
sengers, especially those changing from one airline
to another. The gate-arrival design works well for
origin-destination passengers and commuter air-
lines since it shortens the transit from the curb-
front to the aircraft gate. The unit terminal with
passenger transporters can handle peaks of traf-
fic efficiently, but only if the traffic is made up
largely of origin-destination passengers. In the ex-
pansion of existing terminals, these same con-
siderations come into play, but the choice may
be constrained by the design of the existing struc-
ture, the available land, and the on-airport road
net.

Misestimation of traffic volume or the type of
service to be provided can sometimes render even
a well-conceived design inefficient or inappro-
priate. Dallas-Fort Worth Airport, for example,
was planned with the expectation that origin-
destination traffic would predominate. Since air-
line deregulation, the growth of hubbing—which
typically requires passengers to change planes at
the airport—has thwarted the effectiveness and
convenience of the design. At O’Hare, the need
to adapt the concourses for passenger security
screening has created long and circuitous routes
for transferring passengers. Efforts to encourage
greater use of Dunes Airport for short and medi-
um-length domestic flights have been hindered by
the design of the terminal since the need to go
from apron to terminal and back again by mobile
lounges greatly increases the time and inconven-
ience of interline connection. Kennedy Airport,
planned with separate terminals for major airlines,
is well-suited for origin-destination passengers and
for transfers to flights on the same airline, but very
inconvenient for interlining domestic passengers

and those coming in on international flights and
continuing to other U.S. destinations.

Clearly, no single design is best for all circum-
stances. Traffic patterns, traffic volume and flow
characteristics (e.g., peaking), the policies of in-
dividual carriers using the airport, and local con-
siderations (e.g., esthetics and civic pride) dictate
different choices from airport to airport and from
one time to another. The airport planner, who
is required to anticipate conditions 10 to 15 years
in the future, must often resort to guesswork.
Even if the guess is right initially, conditions
change—as the above examples illustrate—and re-
sult in a mismatch between terminal architecture
and the traffic to be served. To guard against this,
airport planners now tend to favor flexible designs
that can be expanded modularly or offer the op-
portunity for low-cost, simple modification as
future circumstances may demand.

Terminal Services

These precautions, of course, are of little help
in terminals that have already been built for one
type of traffic but forced to accommodate another,
or where demand outstrips capacity. Many air-
ports will continue to suffer from inappropriate
or outdated designs that lead to congestion and
delay in passenger areas and diminish the over-
all utility of the airport as a transportation hub.
For such airports, an alternative to a new or ex-
panded terminal as an avenue of relief from con-
gestion is to correct specific features that cause
bottlenecks by applying improved technology that
will compensate for design inadequacies. Some
of these partial technological remedies are dis-
cussed next.

Passenger Movers

To speed passenger movement through the ter-
minal and to lessen the inconvenience of walk-
ing long distances to board flights or to reach
landside exits, some airports have turned to pas-
senger movers.so Several technologies are avail-

able, covering a broad spectrum of cost. They in-

$°At airports designed as unit terminals with remote aircraft park-
ing, some form of passenger mover is, of course, a necessity.
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elude buses, mobile lounges, moving sidewalks,
and automated guideway systems. The choice of
any of these involves a tradeoff between their
service characteristics and cost (capital and oper-
ating) against those of adding new gates or ter-
minal wings. This tradeoff is very sensitive to the
rate of use, the specific vehicle chosen, and the
cost of gate construction. Passenger movers tend
to be more cost effective than gates if the rate of
use is high. Variation in traffic load is also im-
portant, and analysis indicates that passenger
movers are best suited to serving those locations
and intraterrninal trips where there is a great fluc-
tuation in demand. 5l

Buses and mobile lounges add to airside sur-
face traffic; they are also labor-intensive and
therefore costly to operate. For these reasons, air-
ports with finger piers or satellite terminals have
sometimes opted for automated vehicles such as
moving sidewalks or guideway transit systems.
Moving sidewalks are not an entirely satisfactory
option. They are costly to operate and maintain,
and their speed must be slow to allow passengers
to board and descend safely. Thus, they provide
only a marginal decrease in passenger movement
time, although they greatly reduce the effort of
long passages through the terminal complex.
There is some experimentation with accelerating
devices and transition techniques that would per-
mit greater line speeds and still afford comfortable
and safe boarding and descent. If these experi-
ments are successful, the utility of moving side-
walks will be greatly increased.

For longer distances or where the volume of
traffic is large, automated guideway systems are
sometimes practical. Several different types are
available, varying principally in terms of propul-
sion, vehicle size, and complexity of the guideway
network and control system. Reliability and train
control system design were problems in the first
systems installed at airports (Dallas-Fort Worth,
for example), but the technology has improved
rapidly and now appears to give good service at
airports such as Atlanta and Orlando. Capital
costs of vehicles and guideway construction re-
main high, and they are still difficult and expen-

51 R. De Neufville, Airport Systems Planning (London: Macmillan,
1976); pp. 118 ff.

sive to maintain. The view of airport designers
is that these systems are cost effective only at a
few very large airports, and there is reluctance
to utilize this technology except as a last resort.

Ticketing

The ticket counter serves three major functions:
ticket transactions, baggage check-in, and flight
information. Of these, the most time-consuming
are ticket transactions (which often include bag-
gage check-in for the individual passenger). Tech-
nologies to speed ticket counter operations or to
eliminate them altogether are being explored, both
to reduce delays in the terminal and to cut air-
line personnel costs. Computerized ticket systems
available today offer passengers advance reser-
vations and sales, preassignment of seats, and
automatic tagging of baggage. They will probably
be used more widely by the major air carriers,
some of whom may also offer them to small car-
riers under a service contract. A companion de-
velopment is the computerized aircraft manifest
that has been implemented by some airlines. These
systems typically produce aircraft load sheets,
passenger manifests, and automatic telex reser-
vations. They greatly reduce the administrative
work at the counter and expedite airline dispatch
from the gate.

Ticket dispensing machines similar to those
used for banking are now in limited use by some
airlines at a few locations and for selected routes.
Improvement of these machines so that they can
handle a larger number of routes and fare struc-
tures could promote wider use, with correspond-
ing reduction in the amount of activity that must
be conducted at the ticket counter. This technol-
ogy could also be extended to sale of tickets off
the airport property. With the deregulation of
travel agencies, the range of services provided by
these firms has expanded, offering passengers an
alternative to purchasing tickets at the airport.
Travel agents now account for more than 60 per-
cent of airline ticket sales in the United States. The
entry of mass-marketing firms such as Sears and
Ticketron into the air travel field may further de-
crease the need for ticketing at airport terminals,
reducing airline personnel and equipment require-
ments, and alleviating congestion at terminal
ticket counters.
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Baggage Handling

The handling of baggage, especially baggage
claim at the end of a flight, is a common and=
for passengers—particularly onerous form of de-
lay in terminals. At most airports, baggage han-
dling is the responsibility of the individual air car-
riers, but some airports operate a consolidated
baggage service—either with airport personnel or
on a contract basis—in the interest of speeding
the process and reducing the cost. Reduction of
the delays and passenger inconvenience associated
with baggage handling has been approached in
three ways: more efficient procedures for check-
in and claim, automated handling and sorting,
and elimination of some baggage handling by en-
couraging carry-on luggage.

One of the simplest and most widely applied
methods to expedite baggage handling is curbside
check-in. This separates baggage handling from
other ticket counter and gate activities, thereby
disencumbering those locations and allowing bag-
gage to be consolidated and moved to aircraft
more directly. Another method is replacement of
the baggage claim carrousel with loop conveyor
belts that allow passengers greater access to their
luggage without increasing the size of the claim
area.

Sorting baggage, moving it to and from the
apron, and aircraft loading and unloading are
time-critical and labor-intensive operations. Tech-
nologies to improve this process include high-
speed conveyors to transport baggage between the
terminal and the flight line, often used in conjunc-
tion with pallets or containers that can be put on
and taken off aircraft with labor-saving equip-
ment. Computerized sorting equipment, capable

“ of distributing bags with machine-readable tags,

has been installed at some airports. These devices
are not yet fully satisfactory since the encoding
and reading of tags are time-consuming and some-
what unreliable.

To handle peak loads, automated systems must
have a larger capacity because they are less flexi-
ble than manual systems. Redundancy is a must
with an automated system, which increases the
capital cost. As these automated systems improve
and come into wider use, a further step is to in-
stall self-service systems that allow passengers to

check and claim luggage either in the terminal,
at the curbside, or at remote locations on or off
the airport property. While such a development
would be primarily a labor-saving measure by air-
lines and airport operators, it might also speed
transit through the airport for many passengers.

The functional equivalent of automated, self-
service baggage handling systems—and one that
may be cheaper and more reliable—is expanded
capacity within the aircraft for carry-on luggage.
With the advent of stronger and lighter materials,
aircraft designers have been able to reconfigure
cabins to provide larger and more secure storage
space on board. New aircraft universally contain
such overhead storage bins, and many airlines
have converted older aircraft to incorporate sim-
ilar enclosed overhead storage. A further devel-
opment might be provision of a common baggage
space either within the cabin or in a special mod-
ule that could be transferred to the cargo bay.
Passengers entering and leaving the aircraft would
pass through this space and handle their own
baggage.

Passenger Security Screening

To deter aircraft hijacking, the Federal Govern-
ment has established regulations to ensure safe
passage for the traveling public. These regula-
tions, implemented in January 1973, require secu-
rity screening of passengers and carry-on articles.
Over the past decade, security screening has be-
come an accepted fact of life for air travelers and
a problem for airport designers and operators
since the security checkpoints tend to disrupt
passenger flow and—in some instances—force
remodeling of the terminal.

The equipment used today consists of X-ray
machines with moving belts and magnetometers
for metal detection. This system, which replaced
manual search, significantly increased the capacity
and capability of the screening process. The chief
drawback of the existing equipment is that, while
effective in detecting metal, it has limited capa-
bility to detect explosives and volatile substances.

New technology for screening cargo and bag-
gage is being investigated. The aim is both to
speed the screening process and to increase the
thoroughness and reliability of detection. The new
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Customs and immigration: once gracious . . .

systems under development make use of improved
bomb and explosive sensing techniques such as
vapor detection, bulk detection, and computerized
tomography.

Federal Inspection Service

The United States has 24 airports of foreign
entry where Federal Inspection Service (FIS) for
clearing passengers and cargo is provided by
Customs, Immigration, and Agriculture officials.
Clearance procedures are rigid and time-consum-
ing, and FIS processing has been a major cause
of delay at high-volume ports of entry.

The U.S. Department of State is now issuing
machine-readable passports that may help ex-
pedite FIS clearance. Additional procedures and
technologies are being investigated to achieve
greater capacity, reduced clearance time, and
higher agent productivity. Alternative procedures
and physical arrangement of facilities are the prin-
cipal areas of concentration.

The system employed at most airports of en-
try today is the Customs Accelerated Passenger
Inspection Service (CAPIS), which provides sep-
arate immigration and customs checkpoints.
CAPIS is highly time-consuming for passengers
and labor-intensive to operate. A new system, re-
ferred to as One Stop, combines immigration and
customs functions at a single station. Although
promising, this system has not yet achieved its
expected capacity in tests and demonstrations.
Chicago O’Hare and Houston Intercontinental
Airport are experimenting with another approach
that uses a modified version of the standard Euro-
pean system known as “Red-Green,” where trav-
elers who do not have goods to declare are sep-
arated from those who do, with only the latter
passing through a secondary inspection station.
Also under study are hybrid systems that com-
bine features of CAPIS, One-Stop, and the “Red-
Green” concepts.

Photo credit: U.S. Depatiment of Transportation

.. now streamlined

LANDSIDE ACCESS

It is a truism that nearly every airplane trip
begins and ends with an automobile ride, and
there is no clearer manifestation of our depend-
ence on the automobile than at the terminal curb-
side and on the access roads to the airport. While

the figures vary among airports, it is generally
estimated that over 90 percent of all airline pas-
senger trips to and from airports are by private
automobile or taxi. At medium and small airports,
the figure is probably close to 100 percent since
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these communities tend not to have well-devel-
oped public transit providing a practical alterna-
tive to the automobile.

A further indication of the symbiosis between
the airplane and the automobile is the emergence
and growth of the car rental industry. This busi-
ness has its origin in the need for air travelers to
have transportation to and from airports in cit-
ies away from home. While many car rental firms
have since branched out into other markets, the
bulk of their business is still rentals to airline
passengers, and revenues from this activity are
a major source of income for airport operators.

Not all trips to the airport are made by airline
passengers or those who come to meet travelers
or drop them off. For airport workers (account-
ing for perhaps one-third of all access trips) and
calls by delivery vans, service representatives, and
others with business on the airport property (also
about one-third of all access trips), the automobile
likewise predominates. Some (especially airport
workers) come at times when public transit is not
available or when service is infrequent, and they
have almost no alternative but to drive to the air-
port and park.

At many airports, automobile traffic is a prin-
cipal source of landside congestion and delay. Of
the 33 major airports surveyed by the Industry
Task Force on Airport Capacity Improvement and
Delay Reduction, the most common problem
areas were at the curbside (20 airports) and on
airport circulation and access roads (11 airports) .52
Similar findings were obtained in a survey of air-
ports performed for this assessment. Of the 39
large, medium, and small hubs and commuter air-
ports sampled, 23 indicated present or anticipated
problems with parking, curbfront circulation, on-
airport roads, or access routes. A recent review
of airport problems by FAA found that 23 of 41
major metropolitan area airports are suffering
from capacity constraints imposed by landside
congestion or lack of adequate access.”

Perhaps the best known example of the effect
that landside access can have on airport opera-

52 Report of the Industry Task Force on Airport Capacity Improve-

ment and Delay Reduction, op. cit. .
53 Metropolifan Area Assessment Report, op. cit.

tions is at Los Angeles International Airport
(LAX). Because of limited capacity of airport cir-
culation roads and the inability of the freeways
and city streets near the airport to absorb a greater
volume of automobile traffic, regional transpor-
tation authorities imposed a capon aircraft oper-
ations and annual passenger volume permitted at
the airport. Much of the impetus for the recent
expansion at LAX was to relieve this landside con-
straint, and a large share of the $700 million mod-
ernization program now nearing completion there
was expended to double-deck roads leading to and
from the terminal and to remodel the terminal
complex so as to segregate arriving and depart-
ing automobile traffic .54

LAX is not an isolated example. Chicago O’Hare
is proposing a $1 billion program of airport mod-
ernization, a large share of which will be to “bring
aging and congested terminal and roadway facil-
ities into balance with underutilized airside capac-
ity. “5°St. Louis spent $78 million of the total $273
million in funds programmed through 1983 on
highways and airport frontage roads on or adja-
cent to the airport property.” The Port Author-
ity of New York and New Jersey has launched a
$1.5 billion modernization plan for the three New
York airports. Important parts of this plan are
new roadways and local transportation to im-
prove airport access and additional parking space
around the terminals.

Only a few landside improvements and airport
access projects are eligible for Federal aid from
the Airport and Airway Trust Fund. The Federal
Highway Administration (FHWA) and the Urban
Mass Transportation Administration (UMTA)
also provide funds for landside development, and
the airport operator or local airport authority con-
tributes an important share through retained ear-
nings and revenue bonds. Funding of landside
investments is a complex multijurisdictional ar-
rangement with wide variation from airport to air-

54B. Sweetman, "The New LAX Prepares 1984, ” hteravia, iuiv
1983, pp. 724-725.

55 J. Ott, “$1 Billion Upgrade Planned at O’Hare,” Aviation Week
& Space Technology, Aug. 8, 1983, pp. 35-36.

“J. Oftt, “Expansion Eases St. Louis Congestion,” Aviation Week
& Space Technology, May 23, 1983, PP. 35-36.

“E. Kozicharow, “New York Port Authority Boosting Airport
Capacity,” Aviation Week & Space Technology, May 9, 1983, pp.
33-34.
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port. The capital improvements sponsored by
FAA are limited to on-airport roadways, guide-
ways, and walkways. Off the airport property,
projects to improve landside access may receive
FHWA and UMTA grants or be supported by
State and local funds®(see fig. 13).

In general, the solution to landside problems
does not appear to be new technology, but ap-
plication of management techniques to make bet-
ter use of the facilities available and construction
of new facilities (based on existing technology) to
add to landside capacity. In a larger sense, there
is also a need to look at the question of airport
access from the perspective of the regional trans-

58A. J. Negrette, “Airport Landside and Off-Airport Interaction, ”
in Airport Landside Capacity, op. cit.

portation system and to find ways to integrate the
airport more effectively into the urban area it
serves. The sections that follow focus on approaches
that can be taken or applied more widely to
alleviate the problems of traffic flow on the air-
port property and to reduce the cost and incon-
venience of access from the surrounding metro-
politan area.

Terminal Curbfront

The terminal curbfront provides temporary
vehicle storage during passengers’ transition be-
tween the terminal and the landside, and it is at
the curbside that all passengers, except those using
nearby parking or transit facilities, either enter
or leave some form of ground transportation.

Figure 13.—Federal Capital Funding of Airports and Related Facilities
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Curbfront congestion is a particularly difficult
problem to solve because the facilities there are
intimately tied to the design of the terminal build-
ing and airport characteristics such as activity
level (peak passenger volume), user characteris-
tics (mode of transportation, mix of passengers
and well-wishers, and number of bags), and vehi-
cle characteristics (type, number of passengers,
and dwell time at the curb). The most practical
approaches are physical expansion or modifica-
tion of facilities and procedural changes to im-
prove passenger and vehicle flow.

The most common forms of physical improve-
ment are additional curbfrontage, bypass lanes,
multiple entry and exit points in the terminal
building, remote park and ride facilities, and
pedestrian overpasses or underpasses. These im-
provements are intended to increase the utiliza-
tion of curbfrontage by vehicular traffic or, in the
case of park and ride, to reduce demand on the
curbfront by diverting passengers from private
cars to high-volume vehicles. Walkways to seg-
regate foot and vehicular traffic promote pedes-
trian safety and facilitate roadway traffic by elim-
inating conflicts between pedestrians and vehicles.

In some cases, procedural changes—either alone
or in conjunction with low-cost physical modifica-
tions such as signing or lane dividers—are an ef-
fective alternative to expensive construction or
remodeling of the curbfront. For example, park-
ing restrictions combined with strict enforcement
will reduce curbside congestion and dwell time in
discharging and boarding passengers. Short-term
parking islands or reserved sections along the
curbfront, defined by roadway marking or sim-
ple dividers, may segregate vehicles picking up
or discharging passengers from those that must
handle baggage or enter the terminal for brief er-
rands. Similarly, separation of private cars from
taxis, buses, and limousines can diminish conflicts
among these kinds of traffic and improve the flow
to and from the curbfront. An effective approach
at some airports has been provision of bus serv-
ice from remote parking to the terminal and reg-
ulations to discourage bringing private automobiles
to the terminal building. None of these measures
is a substitute for adequate curbside capacity, but
they can lead to more efficient use of the facil-

ities available and perhaps compensate for defi-
ciencies in terminal and curbfront design.

Airport Ground Access

Aside from expansion or improvement of the
road network leading to the airport, most effort
to facilitate airport ground access has focused on
substitutes for the automobile. Bus or airline
limousine service has proved workable in some
cities, but patronage is generally low because of
the infrequency of service or the inconvenience
of getting between origin or destination and a cen-
trally located bus terminal. Helicopter shuttle be-
tween the airport and city center has been tried;
but it is expensive, unreliable because of weather,
and objectionable to the community because of
noise.

A solution that has been advocated by many
planners is a rail rapid transit system, either oper-
ated exclusively to and from the airport or as part
of a regional network. Cleveland, for example,
built a rapid transit extension to Hopkins Inter-
national Airport in 1968; and the Washington,
DC, Metro system includes a station near, but not
at, the main terminal at National Airport. Pro-
posals to provide such service-either by con-
struction of a new line to the airport or by link-
ing an existing line to the airport by a feeder
bus—have been advanced for several other cit-
ies. 59

In part, this interest has been stimulated by ex-
amples in foreign countries, which either have or
are planning rail service to airports. Paris Charles
de Gaulle Airport has a rail station a little over
a mile from the terminal with connection provided
by shuttle bus. Amsterdam (Schiphol), Birming-
ham, Dusseldorf, Frankfurt, Gatwick, Heathrow,
Orly, Vienna, and Zurich already have rail sta-
tions in or immediately adjacent to the airport ter-
minal. Cologne and Munich 2 will have such serv-
ice by 1985. Haneda Airport in Japan has a monorail

59 A suvey by the us. aviaion INAUStry  Working Group in 1979

found that eight U.S. airports-Atlanta, Baltimore-Washington In-
ternational, Kennedy, Los Angeles International, Oakland, Miami,
Ontario (California), and San Francisco—were considering some
form of rail link. Of these, Kennedy and Oakland have established
such service, but in both cases it is by a bus connection with transit
station off the airport property.
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line from the center of Tokyo to the terminal,
which brings passengers to within 300 ft of check-
in counters. Toronto and Montreal (Dorval) in
Canada have rail lines that are close by but not
integral with the terminal (a connecting bus or
taxi trip is needed to complete the link), and Mon-
treal International (Mirabel) will soon have direct
service from the airport to the downtown area
with 13 intermediate stops. Figure 14, a cutaway
drawing of the Zurich airport, illustrates the con-
cept of the integrated airport-rail complex.

De Neufville points out that rail transit is not
a universal solution to the airport access prob-
lem. " In most major U.S. cities, there is not a re-
gional rail network to be tied into the airport; and,
without it, there is little prospect that an exclusive
line between downtown and the airport would be
viable. Few passengers want to travel between the
airport and the central business district, and even
fewer want to go during rush hour. Rail transit,
with its fixed routes and corridor structure, does
not serve well in the U.S. setting, where there is
wide dispersion of origins and destinations for air-
port passengers. The capital costs of such systems
are likely to be high, and it is doubtful that oper-
ating expenses could be covered from the fare box,
necessitating subsidy from the municipality or the
airport. There may be public resistance to build-
ing a system to serve airport users exclusively
when other parts of the metropolitan area could
profit perhaps more from rail rapid transit serv-
ice. Finally, the service characteristics of rail tran-
sit do not lend themselves particularly well to air-
port trips. Passengers encumbered by baggage
find rail transit inconvenient because there is no
storage space on trains and narrow aisles may be
difficult to negotiate with luggage in hand. If there
are intermediate stops—as there almost certainly

60 De Neufville, op. cit., p. 7.

would be if the rail line attempts to serve more
than a few who want to travel from city center
to the airport—the trip is prolonged, and trains
may be crowded with passengers riding for other
purposes.

These arguments do not necessarily deny the
validity of foreign experience, but they raise
doubts about the viability of rail transit access to
airports in this country —where we do not have
the population densities, the existing urban rail
network, and the tradition of public transit that
are characteristic of Europe and Japan.

An alternative to rail transit, which accom-
plishes the same purpose but with greater flex-
ibility and somewhat lower cost, is the remote
airline terminal (fig. 15). This is a facility for proc-
essing arriving and departing passengers at a site
off the airport property and transferring them to
the terminal by group transportation. The off-
airport terminal may include facilities for ticket-
ing, baggage handling, and parking. Connection
with the airport can be provided by public tran-
sit, special airport bus, or helicopter shuttle. The
technology to implement this concept exists, and
it has been tried in several cities.

The popularity of the remote terminal concept
has waned in recent years, largely because indirect
costs tend to offset the benefits. Trip origins and
destinations are becoming more and more scat-
tered throughout the urban area, to the extent that
trips to and from the city center now account for
less than a quarter of airport patronage. On the
other hand, the increasingly tighter restrictions
on airport terminal and landside expansion may
make this concept worth reexamining, particularly
if a way can be found to build and operate a net-
work of small dispersed facilities adapted to the
urban-suburban pattern of business and residence
in major metropolitan areas.

APPLICATIONS OF TECHNOLOGY TO AIRPORT PROBLEMS

In the search for solutions to capacity and de-
lay problems, the value of new technology is
typically measured by its ability to achieve one
or more of the following results:

- increased capacity,

- higher efficiency (or throughput),
- greater safety,

- improved reliability,
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Figure 14.—Zurich Airport and Rail Terminal Complex

)

.
»

“‘ ] 7,1 O
CYITLINRYJL Y I I ;#:
SAENZIETITIE =S

ri==]

SOURCE: European



Ch. 4—Technology . 99
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ard, Special Report 159, 1975.

tance, but it has little relationship to capacity and
delay unless—as is often the case with procedures
and rules—the requirement for safety precludes
some measure for increasing capacity or through-
put. Thus, if some new method of assuring safety
is found and it also allows a subsequent change
in procedures or utilization ofairport facilities,
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safety improvements may give rise to a second-
ary capacity-related benefit. Reliability, accuracy,
cost, and convenience are operational benefits.
They are worth seeking in and of themselves, but
they have little direct relation to capacity except
insofar as they are attributes that lead to adop-
tion of new technology or hasten its implemen-
tation.

The description of airside, terminal, and land-
side technologies presented in the first part of this
chapter has touched on all of these prospective
benefits. The emphasis has been on their poten-
tial to relieve capacity and delay problems, but
other attributes have been cited where they ap-
pear relevant either to the future use of the tech-
nology or to the choice of one form of technol-
ogy over another.

To provide additional perspective on the value
of new and emerging technologies from the stand-
point of capacity and efficiency, OTA surveyed
a sample of 54 airports to determine the nature
of the capacity and delay problems they now face
or expect to face within 10 years. The survey also
examined specific technological remedies that
might be applied at each airport. The results of
this survey, presented below, should not be in-
terpreted as a prescription for planning and im-
plementation of new technology at these airports
or for the airport system as a whole. Rather, the
survey attempts to show the general extent to
which technology can improve the capabilities of
the airport system and relieve congestion and
delay.

No attempt is made to quantify the systemwide
capacity increase or delay reduction that might
result from application of new technology. These
benefits are highly dependent on the operational
conditions and physical characteristics of the in-
dividual airport. Although certain airports may
be similar in some respects, there is little basis for
concluding that what works at one will necessarily
be of the same benefit to others. Thus, the tabula-
tion of technological measures considered appro-
priate to the airports surveyed should be viewed
simply as a general map of the forms of relief
available and their possible application to the
problems at representative airports.

Capacity and Delay Problems at
Selected Airports

The airports surveyed consist primarily of
large, medium, and small hubs, cross-categorized
by the predominant type of traffic—long-, medi-
um-, and short-haul. Also included are a few com-
muter service, reliever, and general aviation air-
ports. The sample was not scientifically drawn
and stratified to represent the airport system as
a whole. In choosing these 54 airports, the intent
was to include as many types as possible so as
to indicate the general problems that airports face,
but the focus was on those where congestion and
delay tend to be greatest and have the more pro-
nounced effect on air transportation—hence, the
predominance of large and medium hubs in the
sample.

Another consideration governing the choice of
airports was other recent studies of airport capac-
ity and delay. The report of the Industry Task
Force on Airport Capacity Improvement and De-
lay Reduction contained a survey of 33 major air-
ports; 19 of these are included in the OTA sam-
ple. A study of capacity and delay performed by
FAA in 1981, examined 19 large airports, of which
the OTA ‘sample includes 13.°1 Another FAA
study described airport problems in 41 metro-
politan areas.” The OTA sample includes airports
in 27 of these metropolitan areas, although not
always the major airport or all the airports that
FAA examined in their survey of the region. By
overlapping the OTA sample with these other
studies, the intent was to provide a cross-reference
to these reports and an indication of the similarity
of findings.

Table 15 indicates the nature of the capacity
and delay problems found in the OTA survey.
For each of the airports, deficiencies and bot-
tlenecks in the following areas were identified:

. airspace,
. airfield,
. taxiway,
.apron,

$1Airfield and Airspace Capacity/Delay Policy Analysis, FAA-
APQO-81-14 (Washington, DC: Federal Aviation Administration, Of-
fice of Aviation Policy and Plans, December 1981).

¢2Metropolitan Area Assessment Report, op. cit.



Ch. 4—Techt?ology . 101

- gates,

- terminal building,

- parking,

« curbfront,

- on-airport roads,

- off-airport roads, and
« environment and noise.

Entries in the table indicate whether problems
or limitations exist now (E) or are expected in the
future (F). The most severe problem area is iden-
tified by a dagger. In all cases, this information
was obtained from published sources (FAA reports,
airport master plans, regional transportation
studies, and the like), supplemented with tele-
phone interviews to confirm the findings or to re-
solve differences among the source documents.

One of the highlights of this survey is that
airspace and airfield problems are widespread and
affect airports of all sizes. Of the 30 large and
medium hub airports, 23 reported existing or
future airside limitations. So, too, did 17 of the
24 smaller airports—an indication that this form
of capacity limitation is not solely a function of
the size of the airport. Gate and terminal prob-
lems, not surprisingly, are confined almost ex-
clusively to larger airports served by major air
carriers.

Perhaps the most striking result of the survey
is that landside congestion and delay at the curb-
front, in parking areas, and on circulation and
access roads are of equal rank with airside prob-
lems at large and medium hub airports. The same
number of airports—23 large and medium hubs—
cited the landside and the airside as problem areas.
For 10 of these airports, the airside is or will be
the most severe problem; for 8 it is the landside.
This suggests that efforts to relieve congestion and
delay should not focus entirely on the airfield and
airspace. Landside access is also a pressing con-

cern. The point is even stronger if the terminal
building is grouped with the landside. The airside
is the most severe problem area at 10 large and
medium airports, while at 15 the problem is in
nonaeronautical areas.

Prospective Technological Solutions

To complete the analysis, an assessment was
made of the various forms of technology that
might be applied to remedy problems at the sam-
ple airports. Table 16 lists the results. The spe-
cific problem areas cited earlier in table 15 have
been combined into four general categories: air-
side, airport terminal, surface access, and envi-
ronment and noise. Listed under these headings
are technologies that have the potential to relieve
or mitigate capacity and delay problems at the
54 sample airports.

Table 16 does not constitute a comprehensive
list of all technologies that might be applied, only
OTA'S estimate of those that offer the greatest
promise or would be the most practical to imple-
ment. Identification of a technology as applica-
ble to a given airport does not necessarily imply
that FAA or the airport operator plans to imple-
ment it, nor that capacity and delay problems
would thereby be “solved. ” In some cases, the ca-
pacity gains provided by these technologies will
be small, or they may provide benefits only in
certain weather conditions or for a small part of
the day. Thus, table 16 should be interpreted
simply as a general indication of how the tech-
nologies described here can be related to a set of
typical airports. For those familiar with conditions
at these particular airports, table 16 may also pro-
vide insights on the relationships among various
measures to increase capacity or to reduce delay
and on the dynamics of airside, terminal, and
landside interactions.
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Table 15.—Airport Capacity Survey (continued)

Auto On-airport Off-airport Environ/

Airport Airspace Airfield Taxiway Apron Gates Terminal parking Curbfront roads roads noise Comments

Hartford Brainard, CT . .. ... .. E,F EF - E,F - - - - - - E,Ft Severe noise problems; landlocked

Kansas City Downtown, MO. . . — - - - - - - - - - - Ample capacity

Mesa Falcon, AZ . . .. ..... ... — Et - E E E - - New runway to be built; hangar
facilities and fixed base
operator space needed

Novato, CA ... .............. E,F E,F E,F E,Ft - - - - - E.F Landlocked; adjacent land is too
expensive; wetlands laws may
preclude further expansion

Van Nuys, CA . . ............. — - - - - - - - - - E Airport saturated; no further
growth is projected; 74 dBA
noise limit

General aviation:

Aurora, OR. . .. ............. — - - - - - - - -

Carlsbad, CA . . .............. E,F E,F E,F E,Ft = - - - - - E,F Landlocked; local ordinance
prohibits airport expansion

Cincinnati Lunken, OH . . .. ... — F E E,F - E,Ft - - - - Landlocked

Greeley-Weld County, CO . . . .. E.F E,Ft - E,F - E,F - - - Needs parallel runway and
additional land; constrained by
two other airports

Vero Beach, FL. . ... ......... — E,Ft EF EF E,F E,F E,F E,F EF E,F Maior expansion ~roaram needed

tMost severe problem.

E = Problems or limitations are now being experienced in this area.
F = Problems or limitations are anticipated for the future in this area.

SOURCE: Office of Technology Assessment.

Table 16.—Airport Technology Summary

Rank order

Airport by operatlons® Airside Airport termmal Surface access Environmental/no6e

Large hub:

Long haul:

Atlanta Hartsfield, GA. . ... ... 2 E.Ft Reduced separation, aircraft - - E,F Departure thrust management,
reclassification, TMS, ASR-9, WVAS, preferential flight paths
ASDE-3, TAGS

Chicago, O'Hare, 1L ... .. ... 1 E.F Converging approaches, triple Et Curbfront improvements, E,F Roadways, mass transportation, E,F Departure thrust management,
approaches, separate short runways, termmal conftguratlon, FIS helicopter  shuttle preferential runway use,
reduced separation, aircraft procedures preferential flight paths
reciassification, runway configuration
management, MLS, TMS, ASR-9,
ASDE-3, TAGS, airport surface
condition information, WVAS

Dallas-Fort Worth, TX ... . . 7 E.F1 Triple approaches. reduced separation, E Curbfront Improvements, E Roadways, mass transportahon E,F Preferenhal runway use,
aircraft reclassitication, separate short termmal  configuration departure thrust management,
runway, WVAS preferenhal flight paths

Denver Stapleton, CO..... .. ... 6 E.F Converging approaches, dependent E,F Curbfront Improvements,

sentinnn

paralie! approaches {(with operational
solution to wake vortex), MLS, TMS,
ASR-9, ASDE-3, TAGS, WVAS

AFederal Aviation Administration, FAA Air Traffic Activity, FY 1982

T—Most severe problem
SOURCE: Office of Technology Assessment.

terminal  configuration

E,Ft Roadways, mass transportation E,F

Departure thrust management,
preferential runway use,
preferential flight paths

juswdojersq WajisAS Lodily o PO
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OTHER APPROACHES TO
REDUCING DELAY
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Chapter 5

OTHER APPROACHES TO

REDUCING DELAY

Airport congestion and delay are at least partly
amenable to technological solutions, but there are
other approaches to dealing with the problem.
Chronic delay is limited to a very few specific
times and places, and one of the principal causes
is the “peakiness” of traffic flow. Most travel is
between a few major airports and at certain times
of day. While technological improvements and
construction of new facilities can help airports ab-
sorb growing traffic demand and lessen delay,
these solutions are capital-intensive and may en-
tail prohibitive costs. An alternative approach is
to manage the demand to fit within existing ca-
pacity.

There are two basic approaches to managing
demand, both with the same objective: to ease
congestion by diverting some traffic to times and
places where it can be handled more promptly or
efficiently. This may be done through adminis-
trative means; the airport authority or another
governmental body may allocate airport access
by setting quotas on passenger enplanements or
on the number and type of aircraft operations that
will be accommodated during a specific period.
The alternative approach is economic—to struc-
ture the pricing system so that market forces
allocate scarce airport facilities among competing
users. Thus, demand management does not add

capacity; it promotes more effective or economi-
cally efficient use of existing facilities.

Any scheme of demand management denies
some users free or complete access to the airport
of their choice. This denial is often decried as a
violation of the traditional Federal policy of free-
dom of the airways and the traditional “first-
come, first-served” approach to allocating the use
of airport facilities. Economists reject this argu-
ment on the grounds that it is a distortion of the
concept of freedom to accord unrestricted access
to any and all users without regard to the societal
costs of providing airport facilities. Attempts to
manage demand are also criticized for adversely
affecting the growth of the aviation industry and
the level of service to the traveling public. Never-
theless, as growth in traffic has outstripped the
ability to expand and build airports, some forms
of demand management have already come into
use, and many industry observers, including the
Task Force on Airport Access, have taken the
position that some form of airport use restriction
will become increasingly important in dealing with
delay and in utilizing existing airport capacity effi-
ciently.1

‘Report and Recommendations of the Airport Access Task Force
(Washington, DC: Civil Aeronautics Board, March 1983), p. 21.

ADMINISTRATIVE OPTIONS

Several administrative measures could be adopted
to manage demand at individual airports or for
a metropolitan region. Among these are: required
diversion of some traffic to reliever airports, more
balanced use of metropolitan air carrier airports,
restriction of airport access by aircraft type or use,
and establishment of quotas (either on the num-
ber of operations or on passenger enplanements).
At the national level, demand might be managed
by administrative actions to encourage “rehub-
bing” or redistributing transfer traffic from busy
airports to underused airports.

Diversion of Traffic

In some metropolitan areas, the shortage of air-
port capacity may not be general, but confined
to one overcrowded airport. There may be other
airports in the region that could absorb some of
the demand. The Federal Aviation Administra-
tion (FAA) lists 27 airports in the Chicago area,
51 in the Los Angeles basin, and 52 in the Dallas-
Fort Worth region. The vast majority of these air-
ports are small and suited only for general avia-
tion (GA) aircraft, but in some cases there is also
an underutilized commercial service airport.
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The best regionwide solution to the problem of
delay at a major airport may be to divert some
traffic away from the busy airport to either a gen-
eral aviation reliever airport or a lightly used com-
mercial airport. To some extent, this can occur
as a result of natural market forces. When delays
become intolerable at the busy airport, users begin
to divert of their own accord. While those who
choose to move to a less crowded facility do so
for their own benefit, they also reduce somewhat
delays incurred by users that continue to operate
at the crowded airport. Public policy might en-
courage this diversion through administrative ac-
tion or economic incentives before traffic growth
makes conditions intolerable or necessitates cap-
ital investment to accommodate peaks of demand
at the busy airport.

Diversion of general aviation from busy air car-
rier airports is often an attractive solution. GA
traffic, because it consists mostly of small, slow-
moving aircraft, does not mix well with faster,
heavier air carrier traffic. GA operators, them-
selves, especially those flying for recreational or
training purposes, want to avoid the delays and
inconveniences (and sometimes the hazards) of
operating at a major airport. These fliers are
often willing to make use of GA airports located
elsewhere in the region if suitable facilities are
available.

Diversion of GA traffic from commercial air
carrier airports has been taking place for many
years. As air carrier traffic grows at a particular
location, it almost always tends to displace GA
traffic. FAA has encouraged this trend by desig-
nating 219 airports as “relievers” or “satellites” to
air carrier airports, and earmarking funds espe-
cially for developing and upgrading these air-
ports.’Many other airports, although not specif-
ically designated as relievers, serve the same
function; they provide an alternative operating
site for GA aircraft well removed from the main
commercial airport of the region.

‘Over the 10 years of the Airport Development Aid Program,
about $140 million was designated for relievers. ‘The Airport Im-
provement Fund sets aside almost $480 million for the period
1983-87.

To be attractive to a broad spectrum of GA
users, a reliever airport should be equipped with
instrument approaches and provide runways ca-
pable of handling the larger, more sophisticated
GA aircraft. In addition, users need facilities for
aircraft servicing, repair, and maintenance as well
as suitable ground access to the metropolitan area.

Not all GA aircraft can make use of reliever
airports. Some may be delivering passengers or
freight to connect with commercial flights at the
air carrier airport. Others may be large business
jets that require the longer runways of a major
airport. Even at the busiest air carrier airports,
GA traffic accounts for about 10 percent of total
operations (see fig. 16).

In general, airport authorities do not have the
power to exclude GA as a class, although this has
been attempted on occasion. For example, in the
late 1970s the airport management and city gov-
ernment of St. Louis attempted to exclude all
private aircraft from Lambert Airport. This or-
dinance was overturned by the courts as discrimi-
natory.

Where they have had any policy on the mat-
ter, local airport authorities have attempted to
make GA airports attractive to users by offering
good facilities or by differential pricing schemes,
This approach is most effective where the com-
mercial airport and the principal reliever are oper-
ated by the same entity. The State of Maryland,
owner of Baltimore-Washington International
Airport, operates a separate GA airport, Glenn
L. Martin Field, and has a specific policy of en-
couraging GA traffic to use it rather than the main
airport. The master plan for Cleveland Hopkins
International Airport depends on the availabil-
ity of the city-owned Lakefront Airport as a re-
liever. If that airport should for some reason cease
operation as a GA reliever, Hopkins would ex-
perience a great increase in traffic which might
necessitate additional construction that is not now
planned.

Most local airport authorities, however, do not
operate their own GA relievers. Some large air-
port authorities plan and coordinate activities
with nearby reliever airports operated by other
municipalities or private individuals, but this has
not been the general case. The system of relievers
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Figure 16.-Activity at the Top 50 Commercial Airports (ranked by air carrier operations, fiscal year 1982)
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in each region has tended to grow up without any
specific planning or coordination on the regional
level.

Development of GA relievers is not without
problems. These airports are also subject to com-
plaints about noise, and they experience the same
difficulties as commercial airports in expanding
their facilities or in developing a new airport site.
Further, because many GA airports are small and

function just on the ragged edge of profitability,
problems of noise or competing land use can ac-
tually threaten the airport’s existence. The num-
ber of airports available for public use in the
United States has been declining. Between 1980
and 1983, for example, the number of public-use
airports declined from 6,519 to 5,897. Although
most of the airports that closed were small, pri-
vately owned facilities, some industry observers
worry that the Nation is irrevocably losing many
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potential reliever airports, just as it has become
clear that they are vital.

Balanced Use of Large Airports

At the largest commercial service airports, GA
activity consists primarily of flights by large busi-
ness and executive aircraft. This type of GA traffic
accounts for about 10 to 20 percent of the use of
major airports, a figure that many consider the
“irreducible minimum. ” The delays that persist
at these airports are primarily the result of air car-
rier demand which can be satisfied only by another
commercial service airport. In several metropol-
itan areas, it is clear that the commercial airports
are not used in a balanced manner. For example,

oy
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San Francisco International is experiencing delay
problems while nearby Oakland Airport is under-
utilized. Washington National is overcrowded
while Dunes International and Baltimore-Wash-
ington International are looking for business.
Newark is underutilized compared with busy La
Guardia and Kennedy. Similar pairs exist in Chi-
cago (O’Hare and Midway), Dallas (Dallas-Fort
Worth and Love Field), and Houston (Houston
Intercontinental and Hobby). A policy designed
to divert traffic from busy to underutilized air-
ports would have a generally positive effect on
the ability of metropolitan areas to accommodate
air traffic. Further, it might obviate the need
for expansion or expensive technological im-
provements designed to reduce delays at the busy
airport.
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A threatened reliever airport



Ch. 5—O0ther Approaches to Reducing Delay . 113

Diverting air carrier traffic to alternate airports
is not a simple solution; there are a number of
problems. One is simply the habits of the travel-
ing public. People are accustomed to using the
busier airport. They may prefer the better ground
access, the larger choice of flight times and desti-
nations, the greater variety of carriers, and other
advantages that the busy airport offers.

Air carriers, sensitive to public preferences, tend
to concentrate their service at the busier airport,
where they perceive a larger market. It is in the
carriers’ economic interest to serve the airport
where passengers want to go. The busier airport
is a known and viable enterprise, while the under-
utilized alternate airport is a risk. Air carriers are
justifiably reluctant to isolate themselves from the
major market by moving all their service to the
less popular airport. On the other hand, serving
both airports imposes an economic burden that
carriers seldom choose to bear, as they would in-
cur the additional expense of setting up and oper-
ating duplicate ground services. In addition, split-
ting their passengers between two airports might
make scheduling of flights more complicated and
lead to inefficient utilization of aircraft.

These obstacles have sometimes been overcome
in locations where airport operators have the
authority to encourage a diversion of traffic from
one airport to another. For example, in the New
York area the Port Authority of New York and
New Jersey operates all three air carrier airports.
In theory, this gives the Port Authority the ability
to establish regulatory policies or economic in-
centives to encourage the diversion of some traf-
fic to Newark. In practice, however, measures
adopted to promote traffic redistribution have not
been fully effective. The recent growth of traffic
at Newark has been due primarily to new carriers
entering the New York market and not diversion
of established carriers.

In contrast, San Francisco and Oakland airports
are operated by separate sponsors. San Francisco,
despite severe problems of delay, would rightly
be reluctant to encourage passengers and air car-
riers to move to Oakland. Even though more
balanced regional airport use might be achieved
and the long-range need for expansion at San
Francisco reduced, the short-range effect would

be that San Francisco would lose revenues to a
competitor. There is no regional authority with
the power to promote this reallocation of traffic.

Restriction of Access by Aircraft Type

One means of diverting certain traffic from a
busy airport to one with unused capacity is to re-
strict access to the busy airport on the basis of
aircraft type or use. Restriction of aircraft access
to airports by size or performance characteristics
might affect airport capacity and delay in several
ways. First, the mix of aircraft using a runway
system helps to determine capacity. When aircraft
are of similar size, speed, and operating charac-
teristics, runway acceptance rate is greater than
when performance characteristics vary widely.
Similar aircraft can be more uniformly and ac-
curately spaced on approach and departure, thereby
smoothing out irregularities in the traffic stream,
which is a major factor causing delay. Thus, at

airports where the bottleneck is in the runway sys- “

tern, restrictions which narrow the range of air-
craft using that system might have a beneficial ef-
fect. Diversion of small GA or commuter aircraft
to other airports or construction of a separate
short runway dedicated to their use could improve
the ability of the airport to handle larger trans-
ports or the overall traffic mix.

A second implication of limiting access to spe-
cific aircraft types is that it might reduce the need
for capital improvements required to accommo-
date a larger variety of aircraft. For example,
Washington National Airport does not accept
jumbo jet aircraft or long-range flights (nonstop
flights in excess of 1,000 miles). FAA'’s policy is
to divert these flights to Dunes. Allowing larger
aircraft into National would probably necessitate
changes in runways, taxiways, aprons, and gates.
In addition, the larger number of passengers per
aircraft would put additional strain on National’s
already congested terminal and landside facilities,
making a number of collateral improvements nec-
essary.

Access restrictions at Washington National are
combined with a cap on passenger enplanements.
Although the cap is still under debate, it is cur-
rently set at 16 million passengers annually. (Na-
tional currently handles 13 million. ) FAA consid-
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ers the cap necessary because limiting aircraft size,
without also setting a ceiling on the number of
passengers, might lead to more aircraft operations
than the airport can handle safely or efficiently
and worsen the congestion that already exists at
National.

The purpose of the access restrictions, the cap
on passengers, and the quota system (discussed
below) is to divert traffic from National Airport
to Dunes. Most local airport managers would not
be able to adopt such measures unless there were
a nearby underutilized airport, also under their
control, to handle the diverted traffic. To forbid
some portion of the traffic to use an airport with-
out an available alternative would most likely be
construed as a restriction of interstate commerce
or discriminatory practice.

Quotas

One technique of demand management now in
use at a few airports is the quota system—an ad-
ministratively established limit on the number of
operations per hour. Because delay increases ex-
ponentially as demand approaches capacity, a
small reduction in the number of hourly opera-
tions may have a significant effect on delay. This
makes the quota an attractive measure for deal-
ing promptly (and inexpensively) with airport
congestion.

Examples of airports with quotas are O’Hare,
La Guardia, JFK, and Washington National—
airports covered by the FAA high-density rule.
The quotas at these airports were established by
FAA in 1973 based on estimated limits of the air
traffic control (ATC) system and airport runways
at that time. FAA is currently considering lifting
the rule at some of these locations because of im-
provements made to airport facilities and slower
than expected growth in air traffic. An example
of a locally imposed quota is John Wayne Air-
port in Orange County, CA, which limits sched-
uled air carrier operations to an annual average
of 41 operations per day. This quota is based on
noise considerations as well as limitations on the
size of the terminal and gate areas.

During busy hours, demand for operational
“slots” typically exceeds the quota. At the airports

covered by the high-density rule, the slots are
allocated among different user classes. For exam-
ple, at National, where there are 60 slots avail-
able per hour, 37 are allotted to air carriers, 11
to commuter carriers, and 12 to general aviation.
During Visual Meteorological Conditions, more
than 60 operations can be handled, and aircraft
without assigned slots may be accommodated at
the discretion of air traffic controllers and the air-
port manager.

At airports where the quota system is in force,
slots may be allocated in various ways—through
a reservation system, by negotiation, or by ad-
ministrative determination. The GA slots are gen-
erally distributed through a reservation system—
the first user to call in for a reservation gets the
slot. However, for commuters and air carriers,
the slots at the high-density-rule airports are
allocated by negotiation. Two scheduling com-
mittees, one made up of carrier representatives
and one of commuter representatives, meet under
antitrust immunity to negotiate the flights to be
allotted to each user. If the negotiators fail to
reach agreement (“default), FAA reserves the
right to allocate slots.

Under airline regulation, when the number of
carriers and routes were fairly stable, the work
of the scheduling committee was easy—merely
allocating the existing number of slots to the in-
cumbent carriers. Since 1979, however, the com-
mittees have had to accommodate new entrants
and the changing market strategies of incumbent
carriers. On several occasions since 1979, the
negotiators at Washington National have been
close to defaulting, and FAA had to consider seri-
ously using administrative means to distribute
slots.

One objection to quota systems is that they tend
to favor incumbents over new entrants. Another
is that quotas allocate scarce slots without any
price signals to show whether capacity is being
used efficiently; there is no long-range guide pro-
vided by the market to show what improvements
might be economically justified or which users
most value their operating rights. These problems
can be partly overcome through selling or auc-
tioning slots as discussed below.
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Photo credit: Business and Commercial Aviation Magazine

Business and corporate avialion—a growing sector

Rehubbing

A systemwide response to alleviate delays at
busy airports is redistribution of operations to
other, less busy airports in other regions. Some
air carriers, especially those with a high propor-
tion of interconnecting flights, may voluntarily
move their operations to underutilized airports
located at some distance from the congested hub.
Transfer passengers account for a large percent-
age of traffic at some large airports. About three-
fourths of passengers at Atlanta, and nearly half
of passengers at Chicago, Denver, and Dallas-Fort
Worth arrive at those airports merely to change
planes for some other destination. here is an
advantage for carriers in choosing a busy airport
as a transfer “hub’ ’-they can offer passengers a
wide variety of possible connections. However,
when the airport becomes too crowded, the costs
of delay may begin to outweigh the advantages
of the large airport, and carriers may find it at-
tractive to establish new hubs at smaller, less busy
airports.

This “rehubbing” of the airport system is al-
ready a trend (a subject to be examined further
in ch. 8). Redistribution of operations has cer-
tainly been facilitated by the deregulation of the
airline industry, which allowed carriers greater

freedom in restructuring their routes. Medium-
size airports appear to be receiving increased air
carrier activity since deregulation, and some car-
riers are shifting their transfer operations to these
less congested facilities. For example, Piedmont
has developed Charlotte (North Carolina), Day-
ton (Ohio), and Baltimore-Washington (Mary-
land) as regional hubs. Western has developed
Salt Lake City (Utah) as its principal hub. In ad-
dition to relief from congestion, carriers who have
moved to less busy airports find another, perhaps
more compelling, advantage. Because there is
often little service by competing carriers at those
locations, the hubbing carrier has greater control
of passengers, who can transfer only to depart-
ing flights of the airline that brought them, not
to a competitors.

While it is doubtful that rehubbing has actually
reduced delay problems at major airports, it does
seem clear that development of transfer hubs at
medium airports has allowed for growth that
might not have been possible had the carriers
sought to concentrate their activities at the ma-
jor hubs. Further, rehubbing has taken advantage
of a certain “overcapacity” in the national airport
system by making greater use of the facilities
available at medium airports.
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ECONOMIC OPTIONS

Administrative limits on airport use—whether
by restricted access for certain types of aircraft,
by demand balancing among metropolitan area
airports, or by selection imposition of quotas—
offer the promise of immediate and relatively low-
cost relief of airport congestion. As long-term
measures, they may not be as attractive. Admin-
istrative limits tend to bias the outcome toward
maintenance of the status quo when applied over
a long period of time. Since the economic value
of airport access is not fully considered in setting
administrative limits, incumbents cannot be dis-
placed by others who would place a higher value
on use of the airport. Further, incumbents and po-
tential new entrants alike have no way to indicate
the true economic value they would place on in-
creased capacity. Economists contend that a vital
market signal is missing and that airport opera-
tors and the Federal Government cannot obtain
a true picture of future capacity needs. Admin-
istratively limiting demand, they say, creates an
artificial market equilibrium that—over the long
term-distorts appreciation of the nature, quality,
and costs of air transportation service that the
public requires. Economists, therefore, favor a
scheme of allocating airport access that relies on
the mechanism of price.

At present, price plays a rather weak role in
determining airport access or in modulating de-
mand. Access to public use airports, except for
the few large airports where quotas are imposed,
is generally unrestricted so long as one is willing
to pay landing fees and endure the costs of con-
gestion and delay. Landing fees, most often based
solely on aircraft weight and invariant by time
of day, make up a very small fraction of opera-
tional cost—typically 2 to 3 percent for air car-
riers and even less for GA. Further, landing fees
are not uniform from airport to airport. In many
cases, landing fees are set so that—in the aggre-
gate—they make up the difference between the
cost of operating the airport and the revenues re-
ceived from other sources such as concessions,
leases, and automobile parking fees.’

*See ch. 6 for a more detailed examination of airport pricing
methods.

This leads economists to the conclusion that
landing fees are somewhat arbitrary and do not
reflect the costs imposed on the airport by an air-
craft operation.’ Economists suggest that, by in-
cluding airport costs and demand as determinants
of user fees, delay could be significantly reduced.
The two most commonly advocated methods of
achieving this are differential pricing and auction-
ing of landing rights.

Differential Airport Pricing

Many economists argue that weight-based land-
ing fees are counterproductive because they do
not vary with demand and, consequently, pro-
vide no incentive to utilize airport facilities dur-
ing offpeak hours. Further, they do not reflect the
high capital costs of facilities used only during
peak hours. Thus, economists contend, a more
effective pricing method would be to charge
higher user fees during peak hours and lower fees
during offpeak hours. Theoretically, the net ef-
fect of such a pricing policy would be a more uni-
form level of demand.

Much of the traffic moved away from peak
hours by higher landing fees would probably be
GA. Correspondingly, the benefits of peak-hour
fees would be greater at airports with a high pro-
portion of GA activity. But, peak-hour fees could
also be structured so as to affect the pattern of
air carrier activity. These charges would have to
be fairly high because landing fees represent only
a small fraction of air carrier operating costs and
because increases can be passed on to passengers.

Despite increases in landing fees, carriers would
want to continue to use the airport at peak times,
either to have access to a large number of pas-
sengers or because long-haul scheduling problems

‘The following, based on a survey conducted by Peat, Marwick,
Mitchell & Co, in July 1982, is a sampling of aircraft landing fees
at six airports:

1. Miami International—79a per 1,000 Ib.

2. Boston Logan International-$1.246 per 1,000 Ib.

3. Chicago O’Hare International-$1.095 per 1,000 Ib.

4. Denver Stapleton International-34c per 1,000 Ib.

5. Honolulu International45c per 1,000 Ib.

6. Houston Intercontinental-85 .7~ per 1,000 Ib.
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require them to serve a particular airport during
certain hours. Thus, they would absorb some in-
crease in landing fees, just as they absorb the cost
of delays, as part of the cost of doing business.
However, some flights might be moved to offpeak
hours if the charges were high enough. In fact,
it is possible that properly structured peak-hour
prices, if they were reflected in fares, could have
an effect not only on the airlines’ scheduling pat-
terns but on passengers’ travel habits as well. If
significant savings were possible, some passengers
would choose to travel during offpeak hours.

It it is difficult to project accurately the changes
in patterns of airport use that might be brought
about by peak-hour surcharges. FAA has esti-
mated that peak-hour surcharges, along with im-
provement of the ATC system, would reduce an-
ticipated air carrier delay costs by approximately
80 percent at the Nation’s 25 busiest airports over
the next 25 years. ° A recent Congressional Budget
Office (CBO) report suggests that, although ex-
pansion may be inevitable at many airports, peak-
hour surcharges could significantly delay the need
for expansion and reduce financial pressure at a
number of airports.” Another important aspect
of peak-hour surcharges noted by CBO is that,
even if they do not reduce traffic levels at peak
hours to the desired levels, they could provide air-
ports with increased revenues to expand facilities
and, consequently, to reduce delays.

Some observers reject this line of reasoning.
They contend that, to be effective in shifting de-
mand to slack periods, peak-hour charges would
have to be set so high that they would be politi-
cally unacceptable. Further, there is no assurance
that airlines would not average the higher costs
of peak-hour access at certain airports with the
lower cost at other times and places and pass this
along to all passengers as a general fare increase.
Airlines would thus create an internal cross-sub-
sidy in their fare structure to cover the higher costs
of access to some airports. Since the average fare
increase would likely be small, the economic

*Policy Analysis of the Upgraded Third Generation Air Traffic
Control System (Washington, DC: Federal Aviation Administra-
tion, January 1977), p. 71.

*Public Works Infrastructure: Policy Considerations for the 1980s
(Washington, DC: Congressional Budget Office, April 1983), p. 113.

Photo credit; Federa/ Aviation Administration

Competition

signal to the public would be diminished such that
it would have scant effect on travel behavior.

A major problem with the concept of peak-hour
surcharges is how to determine the level of sur-
charge. One widely advocated method is to charge
the airport user the full marginal costs of airport
facilities. In other words, each airport user pays
a share of the additional capital and operating
costs to the airport authority of providing serv-
ice at the time demanded. For example, if a user
lands at an airport during a period of peak de-
mand where two or more runways are necessary
to handle the traffic, the charge should include
a contribution to the cost of building, operating,
and maintaining those additional runways. On
the other hand, if the user lands during an off-
peak hour when the one runway in use is not
sought by others, there would be no additional
charge. While both onpeak and offpeak users
would pay fees to cover maintenance, wear and
tear, or other costs, only peak-hour users would
pay the additional costs associated with the time
of use. The resulting user fees would be directly
related to the levels of airport activity, produc-
ing the desired effect of higher fees during peak
hours and a strong price signal to use the airport
at offpeak hours.

Some contend that a system of marginal cost
pricing should be based on the dela,costs which
each peak-hour user imposes on other users. For
example, during peak hours, airport users would



118 . Airport System Development

be charged a fee based on the delay costs associ-
ated with their operations. This creates a system
of user fees where the fees become progressively
larger as delays increase. Proponents contend that
using marginal delay costs as the basis for pric-
ing airport access provides a stronger incentive
for off-peak airport use than a scheme based on
marginal facility costs alone.

Implementing a policy of differential pricing—
whether based on marginal facility cost, marginal
delay cost, or some purely arbitrary scheme—is
difficult. It is likely that a significant increase in
airport user fees will raise questions of equity.
Higher fees might be more burdensome for small
airlines and new entrants than for established car-
riers. There are a number of examples where air-
port operators have attempted to increase user fees
and been challenged by air carriers and general
aviation. In some cases, air carrier landing fees
are established in long-term contracts that can-
not be easily changed.’

GA users often contend that differential pric-
ing is discriminatory because it favors those with
the ability to pay and illegal because it denies the
right to use a publicly funded facility. Economists
rebut this argument by pointing out that time-of-
use price is neither discriminatory nor illegal so
long as price differences reflect cost differences and
that it is fair and just to set prices based on the
costs that each user imposes on others and on
society generally.

Despite the difficulties inherent in increasing air-
port user fees, there are two well-documented ex-
amples of differential pricing policies that have
been in effect for several years. In the early 1970s,
the British Airport Authority implemented peak-
hour surcharges at London’s Heathrow Airport.
In the late 1960s, the Port Authority of New York
and New Jersey began imposing peak-hour sur-
charges on general aviation. Both differential pric-
ing policies sought to move traffic to offpeak
hours, even though the pricing methods employed
were considerably different.

1981, the Indianapolis Airport Authorities brought suit against
six airlines for refusing to pay new landing fee rates. The court, even-
tually, decided in favor of the airlines, ruling that the rate increase
was unreasonable. In 1976, a court in North Carolina ruled that
the Raleigh-Durham Airport could only raise its landing fees to 22.3a
per 1,000 Ib instead of the proposed 33 to 35¢ per Ib.

Because of the large volume of international
traffic, activity at Heathrow increases significantly
during the summer months, compounding delay
problems. As a result, the surcharges imposed at
Heathrow in 1972 were set on both an hourly and
seasonal basis. The hours of greatest delay were
from 8:00 a.m. to 1:00 p.m. During the summer,
surcharges were applied for the entire S-hour
period each day. During the remaining months,
surcharges were levied only for the period be-
tween 9:00 and 11:00 a.m., Monday through
Friday. The effects of peak-hour surcharges at
Heathrow were not clear cut. During 1972 and
1973, there was an apparently steady movement
of traffic away from peak periods. This trend,
however, was reversed in the following year and
fluctuated thereafter, leaving some doubt as to the
effectiveness of the surcharges.

The surcharges imposed by the Port Author-
ity of New York and New Jersey were aimed spe-
cifically at general aviation using of the three
major commercial airports in the New York met-
ropolitan area. During July 1968, 17 percent of
all aircraft operations at the three commercial air-
ports were delayed by more than 30. minutes.8
During that same month, GA traffic constituted
25 percent of the airport traffic—30 percent dur-
ing peak hours. In an effort to shift this GA traf-
fic away from peak hours, the Port Authority in-
creased the landing fee for aircraft with fewer than
25 seats to $25 during peak hours—a fivefold in-
crease. The fee remained at the $5 level during
offpeak hours.

Peak-hour surcharges produced significant re-
sults at all three New York airports. Following
the imposition of the surcharges, GA activity dur-
ing August and September decreased 19 percent
overall and 30 percent during peak periods. More
important, delays—in terms of the percentage of
aircraft operations experiencing delays of over 30
minutes—declined markedly.

To be sure, there are factors other than sur-
charges that affect airport use; and, undoubtedly,
some could have influenced the outcomes in both
New York and London. For example, the fuel

‘Port Authority of New York and New Jersey Memorandum,
Aviation Department, “Effects of FAA Allocations, Summer 1969,”
Nov. 20, 1969.
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crisis of 1973 unquestionabl, influenced the traf-
fic at Heathrow and masked somewhat the effects
of the surcharge. A controller slowdown at New
York’s airports during the summer of 1968 inten-
sified delay problems and could have accounted
for some of the traffic diversion attributed to the
surcharges.

In general, peak-hour surcharges represent an
attempt to manage demand by charging cost-
based landing fees. Access to airports is not lim-
ited except by the user’s willingness to bear the
additional cost imposed during peak hours.
Another method of reducing peak-hour airport
activity involves limiting airport access through
a process by which landing rights (slots) are auc-
tioned to the highest bidder. The auction is a hy-
brid process—partly administrative, partly econo-
mic—in which access is regulated, but the right
of access is distributed through a market-oriented
mechanism.

Slot Auctions

Slot auctions have been advocated as the best
method of allocating scarce airport landing rights
on the grounds that, if airport access must be
limited, it should be treated as a scarce resource
and priced accordingly. The method to accom-
plish this is a system whereby the price of airport
access is determined by demand. Slot auctions
allow peak-hour access only to those users will-
ing to pay a-market-determined price.

Slot auctions are particularly unpopular with
new air carriers, who feel that they would be in-
hibited in serving new markets or perhaps ex-
cluded altogether. These earners contend that auc-
tions would place them at a disadvantage with
incumbent airlines, which could hoard slots and,
potentially, limit competition.

There are several practical problems in imple-
menting slot auctions. First, there is the question
of who should actually organize the auction—
the local airport authority or the Federal Govern-
ment. Local authorities are probably in the best
position to determine accurately the number of
available slots, but some experts argue that the
Federal Government has a systemwide perspec-
tive that is better suited to determining the over-
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slots

all effects of slot allocations on airport traffic na-
tionally.

A related problem is who should receive the
proceeds of the auction. Some contend that the
proceeds should be turned over to the airport
authority, which bears the burden of operating
the facility and making necessary capital improve-
ments and maintenance outlays. Others argue
that, like other user fees, funds raised by auctions
should be placed in the Airport and Airway Trust
Fund and distributed as needed for airport capi-
tal projects. A novel approach, advanced by the
Port Authority of New York and New Jersey, is
that funds obtained from peak-hour slot auctions
should be distributed to airlines operating offpeak
thereby providing them an incentive to offer serv-
ice at such times. °

‘J. Ott, “U.S. Reviews Airport Slot Policy," Aviation Week &
Space Technology, Apr. 16, 1984, pp. 32-33.
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Another problem is the status of the slots once
they have been auctioned. One view is that they
become the property of the airlines, to be bought
and sold at will. Another is that they should re-
main the property of either the local airport au-
thority or the Federal Government, which could
retain control over the transferal of slots through
another auction.

Finally, there is the special problem of inter-
national users who need to gain access to Federal
immigration and customs facilities, which are

available only at certain airports. If an aircraft
entering the United States is required to clear
customs and immigration and can do so conven-
iently only at an airport with slot restrictions,
equity would appear to dictate that access be af-
forded, and at no additional cost. On the other
hand, such aircraft are using a valuable com-
modity for which others must compete and pay,
and there is little economic justification in distin-
guishing between domestic and foreign flights
since both impose equal cost on the airport at the
time of use.

FACTORS AFFECTING THE USE OF
DEMAND= MANAGEMENT ALTERNATIVES

The demand-management techniques enumer-
ated above could, in theory, reduce delay. Some
have actually been tried, with mixed results. How-
ever, there are factors that may affect the ability
of airport operators or the Federal Government
to implement them on a wide scale.

Some argue that regulations restricting airport
access are unconstitutional because they interfere
with interstate commerce and abridge the right
of access for some users. Many industry observers
shudder to think that the kinds of access restric-
tions in effect at National Airport might become
common at major airports. Determination of
whether they would be an undue burden is a
delicate matter which must be decided on a case-
by-case basis, depending on the parties involved,
the location of the airport, and its importance to
the national system. FAA itself does not appear
to encourage the spread of quotas and other
restrictions imposed by airports, operators, even
though they are in use at federally owned Wash-
ington National Airport. For example, FM con-
tested the imposition by John Wayne Airport of
a perimeter rule forbidding the operation of long-
range flights.

Deregulation has made the allocation of slots
through negotiation a more difficult process, as
the scheduling committees must constantly ac-
commodate new entrants or changes in incumbent
carriers’ levels of service. The Civil Aeronautics
Board’s Task Force on Airport Access has noted
that scheduling committees are capable of discrim-

inating against new entrants and cautioned that
the whole negotiation process might be anticom-
petitive.l”

Policies to encourage development of reliever
airports or more balanced utilization of airports
in metropolitan regions are unlikely to be imple-
mented in locales where airports are competitors
and not operated by the same sponsor. Congress
has attempted to address the regional implications
of airport development in its mandate for FAA
to develop a National Plan of Integrated Airport
Systems. It remains to be seen whether this plan-
ning document, or any other action at the Fed-
eral level, can improve regional coordination of
airport facilities.

The basic theory of demand-related airport ac-
cess fees and the general principle that fees should
be proportional to marginal delay costs are well
understood. It is also commonly acknowledged
that the present scheme of pricing services, espe-
cially at congested airports, is far from economi-
cally efficient. However, market-related approaches,
such as peak-hour pricing and congestion sur-
charges, may be difficult to implement, and they
are likely to encounter stiff opposition from some
classes of users, especially GA. Despite the
theoretical attractiveness of marginal-cost pricing,
it maybe difficult in practice to determine the true
marginal cost of a landing or a takeoff. There are

*Report and Recommendations of the Airport Access Task Force,
op. cit.
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analytic problems and policy issues to be resolved,
as well as the underlying question of whether eco-
nomic efficiency should be a primary goal of air-
port management. Several years of experimenta-
tion might be needed to establish the most effective
fee structure for controlling delay and covering
airport costs.

There are some dangers inherent in these ex-
periments. It is possible that, in a deregulated
environment where carriers are frequently chang-
ing routes and levels of service, airports would
be unable to determine the effects of their experi-
ments or to guard against unpredictable (and
undesirable) side effects on the airline industry or
on other airports. The process of diverting air car-
rier operations to offpeak might be self-defeating
for some airports. Rather than schedule operations
in slack hours at airports that they perceive as
marginal, carriers might prefer to move out of the
airport altogether. While this might be a desirable
effect from the system perspective, it would be
the opposite for the airport operator, who would
lose revenue.

Further, in order to be effective in shifting air
carrier traffic to offpeak hours, landing fees dur-
ing peak hours might have to be raised substan-
tially. In many cases, use agreements between air
carriers and airports would prevent such radical
changes in fees. If it were determined to be in the
national interest for airport operators to make
such changes in their fee structures, the Federal
Government might have to take action to abro-
gate or modify existing use agreements. On the
other hand, some believe it is unwise for the Fed-
eral Government to become so directly involved
in the pricing decisions of individual airports.

Economic policies or administrative actions to
reduce GA traffic at congested major airports
could have two effects. The intended effect would
be diversion of some GA traffic to other nearby
landing places. However, for some types of air-
craft and for some GA users, there will be no other
facility as suitable as the main air carrier airport;
and they would have to pay the cost if they wish
to continue using it. Alternatively, some users
might find the monetary cost or inconvenience too
high and choose to use commercial flights rather
than continuing to operate their own aircraft.

The sale or auction of slots is controversial with
regard to ownership and the right of sale. The con-
fusion over slots following the Braniff bankruptcy
is a case in point .11 At that time, FAA'’s post-strike
cap on operations was in effect at 22 airports, and
Braniff argued that their assigned slots were assets
that had monetary value which should accrue to
the airline. FAA’s position was that the slots were
under FAA control. (FAA did in fact reassign
those slots to other carriers on an emergency basis
after Braniff stopped flying. ) From the airport
operator’s point of view, however, slots represent
the essential attributes of the airport, namely run-
way time and space. If they are determined to be
property at all, the airport operator would argue
that they belong to neither FAA nor the carriers,
but to the airport.

A 1981 FAA report illustrates the general bene-
fits of demand management.”” The report exam-
ined projected demand and traffic mix at the 39
busiest air carrier airports to determine those with
future capacity problems and to identify remedial
measures that could be applied to alleviate delay.
About half (19 of the 39 airports studied) were
expected to face serious delay problems by 1991.
Analysis of the traffic mix at these airports iden-
tified seven with a high proportion of GA traf-
fic, and FAA concluded that demand-manage-
ment techniques aimed at diverting GA to offpeak
hours or to reliever airports could obviate the need
for new construction to expand capacity.

At four other airports, a different form of de-
mand management offered potential relief. Each
of the four (San Francisco, Dallas-Fort Worth,
Chicago O’Hare, and Washington National) has
another nearby airport with underutilized capa-
city. By shifting some peak-period traffic (air car-
rier and GA) to these alternate airports, capital
improvements at the overcrowded airport could
be avoided. The results of this analysis, sum-
marized in table 17, indicate that demand man-
agement could eliminate or substantially reduce
capital expenditures for new capacity at 11 of the

1Gee, for example, Aviation Week & Space Technology, May
17, 1982; May 24, 1982; and June 14, 1982.

u2Airfield and Airspace Capacity/Delay Policy Analysis, FAA-
APQO-81-14 (Washington, DC: Federal Aviation Administration,
December 1981).
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Table 17.—Application of Demand Management to Soiving Probiems of Capacity and Deiay

Airports where diversion of GA could relieve congestion

Operations forecast,

Percent

1991 (X1,000) PANCAP® Air-carrier/ operations in
Airport Air carrier GA (Xl,000) PANCAP ratio 3" peak hours
Houston................... 316 185 300 1.05 24
LasVegas................. 254 296 330 0.77 28
Memphis .. ................ 288 287 355 0.81 30
Oakland . .................. 201 585 595 0.34 NA®
Phoenix................... 195 276 330 0.59 27
SanDiego................. 137 98 180 0.76
SantaAna................. 353 565 385 0.92 1%’
Ahports when? dlverslon of traffic to another iocai airport couid relieve congestion

Operations forecast, Percent

1991 (XI,000) PANCAP* Air-carried  operations in Alternate

Airport Air  carrier GA (XI,000) PANCARP ratio 3 peak hours airport

Chicago O'Hare. . .. ......... 965 60 616 1.57 24 Chicago Midway

Dallas Fort Worth . ... ....... 620 20 340 1.82 26 Dallas Love Field

San Francisco .. ............ 478 29 400 1.20 24 Oakland

Washington National . . . .. ... 399 117 275 1.45 21 Dunes, Baltimore-
Washington
International

Airports requiring additional capacity by 1991

Operations forecast, Percent
1991 (XI,000) PANCAP* Air-carrier/ operations in

Airport Air carrier GA (X1,000) PANCAP ratio 3 peak hours

Atlanta .................... 725 57 472 1.54 27

Boston .................... 441 75 303 1.46 25

Denver .................... 611 90 355 1.72 28

Los Angeles................ 758 35 448 1.69 25

New York, JFK ............. 329 46 272 1.21 32

New York, La Guardia ....... 454 48 247 1.84 22

Philadelphia................ 528 43 295 1.79 24

St.louis................... 448 40 280 1.60 27

8DANCAD__ Dranti
PANCAP —Practi

bNot avallable.

[+]

SOURCE: Airfield and Airspace Capacity/Delay Policy Analysis, FAA-APO-81-14 (Washington, DC: Federal Aviation Administration, December 1981).

19 major airports expected to have high levels of
demand by 1991.

The FAA findings lend credence to the general
notion that demand management, either by ad-
ministrative or economic means, is worthy of con-
sideration as an alternative to capital investment
in new capacity and to technological approaches
to reduce delay. The attractiveness of the concept
stems in part from the fact that demand manage-
ment can be implemented in far less time than it
takes to construct new facilities or to install new
technology. On the other hand, it must be rec-
ognized that demand management would be con-
troversial. Administrative measures to redistribute
demand would be viewed by many in the avia-
tion community as an arbitrary and unwarranted
exercise of government power, either Federal or

local. Pricing schemes such as marginal-cost pric-
ing or slot auctions would be scarcely more pal-
atable to users accustomed to low-cost and unre-
stricted access to airports. Either approach would
be such a sweeping departure from traditional pol-
icy that aircraft operators forced to shift their
activities to other airports or times of day would
be likely to resist on the grounds of discrimina-
tion or undue hardship. Airport operators, them-
selves, would also be reluctant to venture into an
area where there is so little experience to guide
them and where analysts and economic theoreti-
cians cannot predict the benefits and risks except
in general and carefully qualified terms. Still, from
the standpoint of efficient use of existing resources
and avoidance of large new capital investment,
demand management is an option worthy of seri-
ous consideration and experimentation.
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Chapter 6

AIRPORT FINANCIAL
MANAGEMENT AND PRICING®

Unlike airports in other countries, many of
which are owned and run by national govern-
ments, U.S. commercial airports are typically
owned and managed by local governments or
other non-Federal public authorities. Although the
management approach varies, major U.S. com-
mercial airports function as mature enterprises,
applying up-to-date techniques of financial man-
agement and administration. These publicly owned
and managed facilities are operated in conjunc-
tion with private industry-the commercial air-
lines, which are the airports’ link to their patrons.
This peculiar public-private character distinguishes
the financial operation of commercial airports
from that of wholly public or private enterprises,

distinctly shaping airport management practices,
the pricing of facilities and services, and the in-
vestment planning process.

On the basis of a survey conducted by the Con-
gressional Budget Office (CBO) in 1983 (app. B),
this chapter develops a profile of financial pol-
icies and practices now followed at 60 of the Na-
tion’s larger commercial airports and assesses
trends in airport financial management since Fed-
eral deregulation of the airline industry in 1978.
Brief attention is also given to management and
financing practices of smaller airports, including
publicly owned general aviation (GA) airports.

APPROACHES TO FINANCIAL MANAGEMENT

At most commercial airports, the financial and
operational relationship between the airport oper-
ator and the airlines is defined in legally binding
agreements that specify how the risks and respon-
sibilities of running the airport are to be shared.
These contracts, commonly termed “airport use
agreements, ” establish the terms and conditions
governing the airlines’ use of the airport.*They
also specify the methods for calculating rates air-
lines must pay for use of airport facilities and serv-
ices; and they identify the airlines’ rights and
privileges, sometimes including the right to ap-
prove or disapprove any major proposed airport
capital development projects.

Although financial management practices dif-
fer greatly among commercial airports, the air-

IThis chapter was prepared by the Congressional Budget Office
and appears in unabridged form in Financing U.S. Airports in the
1980s, April 1984. The version here has been condensed and edited
to conform to the OTA report format.

“’Airport use agreement” is used generically hereto include both
legal contracts for the airlines’ use of airfield facilities and leases
for use of terminal facilities. At many airports, both are combined
in a single document. A few commercial airports do not negotiate
airport use agreements with the airlines, but instead charge rates
and fees set by local ordinance.

port-airline relationship at major airports typically
takes one of two very different forms, with im-
portant implications for airport pricing and in-
vestment:

¢ The residual-cost approach, under which the
airlines collectively assume significant finan-
cial risk by agreeing to pay any costs of run-
ning the airport that are not allocated to
other users or covered by nonairline sources
of revenue.

* The compensatory approach, under which
the airport operator assumes the major finan-
cial risk of running the airport and charges
the airlines fees and rental rates set so as to
recover the actual costs of the facilities and
services that they use.

The Residual-Cost Approach

A majority of the Nation’s major commercial
airports surveyed by CBO—14 out of 24 large air-
ports and 21 of 36 medium airports—have some
form of residual-cost approach to financial man-
agement (see box A and table 18). Under this ap-
proach, the airlines collectively assume significant

125.
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financial risk. They agree to keep the airport
financially self-sustaining by making up any defi-
cit—the residual cost—remaining after the costs
identified for all airport users have been offset by
nonairline sources of revenue (automobile park-
ing and terminal concessions such as restaurants,
newsstands, snack bars, and the like).

Although applications of the residual-cost ap-
proach vary widely, a simplified example can il-

Table 18.—Financial Management of
Commercial Airports, 1983

Large Medium
Approach Number Percent Number Percent
Residual cost®. . .... 14 58 21 58
Compensatory® . .. .. 10 42 15 42
Total ............ 24 100 36 100

Note: Data include all large airports and 77 percent of medium commercial air-
ports. Data for small airports were not available.
8Includes one airport using a noncompensatory approach but which does not
calculate airline fees and charges on a residual-cost basis.
binciudes airports that use a “‘cost of services” approach, which is sometimes
classified as a third approach because of differences in the way airport terminal
rental rates are calculated.

SOURCE: Congressional Budget Office, 1963 Survey.

lustrate the basic approach (see table 19). Most
airports have a number of different cost centers,
such as terminal buildings, the airfield, roads and
grounds, and the air freight area. At a residual-
cost airport, the total annual costs—including
administration, maintenance, operations, and
debt service (including coverage) —could be cal-
culated for each cost center, and offset by all
nonairline revenues anticipated for that center.’
The residual between costs and revenues would
then provide the basis for calculating the rates
charged the airlines for their use of facilities within
the cost center. Any surplus revenues would be
credited to the airlines and any deficit charged to
them in calculating airline landing fees or other
rates for the following year.*

The Compensatory Approach

Under a compensatory approach, the airport
operator assumes the financial risk of airport oper-
ation, and airlines pay rates and charges equal to
the costs of the facilities they use as determined
by cost accounting. In contrast to the situation
at residual-cost airports, the airlines at a compen-
satory airport provide no guarantee that fees and

‘Debt service coverage is the requirement that the airport’s rev-
enues, net of operating and maintenance expenses, be equal to a
specified percentage in excess of the annual debt service (principal
and interest payments) for revenue bond issues. The coverage re-
quired is generally from 1.25 to 1.40 times debt service, thereby pro-
viding a substantial cushion that enhances the security of the bonds.
This is discussed further in ch. 7.

‘Harold B. Kluckholn, “Security for Tax-Exempt Airport Revenue
Bonds,” summary of remarks presented at the New York Law Journal
Seminar on Tax-exempt Financing for Airports, 1980.
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rents will suffice to allow the airport to meet its
annual operating and debt service requirements.
A compensatory approach is currently in use at
10 of the 24 large commercial airports and 15 of
the 36 medium airports surveyed by CBO.

Although individual airports have adopted
many versions of the compensatory approach, the
simplified example set out in table 19 illustrates
the basics. First, for each cost center a calcula-
tion would be made of the total annual expense
of running the center, including administration,
maintenance, operations, and debt service (with
coverage). The airlines’ shares of these costs would
then be based on the extent of their actual use of
facilities within each cost center. The airlines
would not be charged for the costs of public space,
such as terminal lobbies. Nor would they receive
any credit for nonairline revenues, which offset
expenses in the residual-cost approach but are dis-
regarded under a compensatory approach in cal-
culating rates and charges to the airlines.

Comparison of Residual-Cost and
Compensatory Approaches

These two major approaches to financial man-
agement of major commercial airports have sig-

nificantly different implications for pricing and
investment practices. In particular, they help de-
termine:

- an airport’s potential for accumulating re-
tained earnings usable for capital devel-
opment;

- the nature and extent of the airlines’ role in
making airport capital investment decisions,
which may be formally defined in majority-
in-interest clauses included in airport use
agreements with the airlines; and

- the length of term of the use agreement be-
tween the airlines and the airport operator.

These differences, examined below, can have
an important bearing on an airport’s performance
in the municipal bond market, as will be discussed
in chapter 7.

Retention of Earnings

Although large and medium commercial air-
ports generally must rely on the issuance of debt
to finance major capital development projects, the
availability of substantial revenues generated in
excess of costs can strengthen the performance of
an airport in the municipal bond market. It can
also provide an alternative to issuing debt for the

Table 19.—Comparison of Residual-Cost and Compensatory Methods
of Calculating Airport Fees®

Residual cost Compensatory
Requirement Terminal Airtield Terminal Airfield
Maintenance, operations, and
administration ................. $ 40,000 $ 40,000 $ 40,000 $ 40,000
Debt service . .................... 40,000 20,000 40,000 20,000
Debt service coverage ............ 10,000 5,000 10,000 5,000
Deposits to special funds ......... 5,000 20,000 5,000 20,000
Other ... 5,000 15,000 5,000 15,000
Total requirement .............. $ 100,000 $ 100,000 $100,000 $100,000
Cost center revenue from nonairline
SOUICES - et —$50,000 —$50,000 NAP NA
Airline share (percent) ............ NA NA 65 75
Residualcost .................... $ 50,000 $ 50,000 NA NA
Activity level . .................... 6,500 100,000ib 6,500 100,0001b
ft2 gross ft? gross
landing landing
weight weight
Rental rate (per square foot) ....... $ 7.69 NA $10.00 NA
Landing fee rate (per 1,000 Ib
grosslanding weight ............ NA $ 050 NA $ 075

3This is not a comparison of actual rate calculations but a simplified illustration. Rates are not necessarily higher under either
approach but differ according to the volume of traffic, amount of debt, and other factors.

DNA = Not applicable.

SOURCE: Congressional Budget Office, adapted from Kluckhohn, ““Security for Tax-Exampt Airport Revenue Bonds.”
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costs, residual-cost airports, as a group, tend to
retain considerably smaller percentages of their
gross revenues than do compensatory airports.
A few residual-cost airports, however, have mod-
ified the approach to permit accumulation of siz-
able retained earnings for use in capital projects.
At Miami and Reno International Airports, for
example, certain airport-generated revenues are
excluded from the revenue base used in calculat-
ing the residual cost payable by the airlines; the
revenues flow instead into a discretionary fund
that can finance capital development projects.

financing of some portion of capital development.
Residual-cost financing guarantees that an airport
will always break even—thereby assuring serv-
ice without resort to supplemental local tax sup-
port—but it precludes the airport from generat-
ing earnings substantially in excess of costs.’

By contrast, an airport using a compensatory
approach lacks the built-in security afforded by
the airlines’ guarantee that the airport will break
even every year. The public operator undertakes
the risk that revenues generated by airport fees
and charges may not be adequate to allow the air-
port to meet its annual operating costs and debt
service obligations. On the other hand, because
total revenues are not constrained to the amount
needed to break even, and because surplus rev-
enues are not used to reduce airline rates and
charges, compensatory airports may earn and re-
tain a substantial surplus, which can later be used
for capital development. Since the pricing of air-
port concessions and consumer services need not
be limited to the recovery of actual costs, the
extent of such retained earnings generally depends
on the magnitude of the airport’s nonairline
revenues.’

Majority=in-interest

In exchange for the guarantee of solvency, air-
lines that are signatory to a residual-cost use
agreement often exercise a significant measure of
control over airport investment decisions and
related pricing policy. These powers are embodied
in so-called majority-in-interest clauses, which are
a much more common feature of airport use
agreements at residual-cost airports than at air-
ports using a compensatory approach (see table
20). At present, more than three-quarters of the
large commercial airports using a residual cost ap-
proach have some form of majority-in-interest

p.3

Because the residual-cost approach is not de-
signed to yield substantial revenues in excess of

‘Peat, Marwick, Mitchell & Co., “Comparative Rate Analysis:
Dade County Aviation and Seaport Departments, ” August 1982,

‘Market pricing of concessions and other nonairline sources of

revenue is a feature of both residualcost and compensatory airports.

clause in their use agreements with the airlines,
and two-thirds of the medium residual-cost air-
ports have such clauses. Of the airports surveyed,
only one-tenth of the large and one-third of me-
dium commercial airports that use a compen-
satory approach to financial management have
majority-in-interest clauses in their use agreements.

Table 20.—Role of Airlines in Approving Capitai Projects at
Commercial Airports, 1983°

Large Medium

Airline role Number Percent Number Percent
Residual cost
Majority-in-Interest clause . . ... ....... 11 79 14 67
No formal requirement of

airline approval .. ................. 3 21 7 33

Total .. ... 14 100 21 100
Compensatory
Majority-in-Interest clause . .. .. ....... 1 10 5 33
No formal requirement of

airline approval .. ................. 9 90 10 67

Total ... ..o 10 100 15 100

Grandtotal ..................... 24 — 36 —

aData include all large commercial airports and 77 percent of medium airports. Data for small airports were not available.

SOURCE: Congressional Budget Office, 1983 Survey.
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Majority-in-interest clauses give the airlines
accounting for a majority of traffic at an airport
the opportunity to review and approve or veto
capital projects that would entail significant in-
creases in the rates and fees they pay for the use
of airport facilities. ' This arrangement provides
protection for the airlines that have assumed fi-
nancial risk under a residual-cost agreement by
guaranteeing payment of all airport costs not cov-
ered by nonairline sources of revenue. For in-
stance, without some form of majority-in-interest
clause, the airlines at a residual-cost airport could
be obligating themselves to pay the costs of as-
yet-undefined facilities that might be proposed in
the 15th or 20th year of a 30-year use agreement.
Under a compensatory approach, where the air-
port operator assumes the major financial risk of
running the facility, the operator is generally freer
to undertake capital development projects with-
out consent of the airlines that account for a ma-
jority of the traffic. Even so, airport operators
rarely embark on major projects without con-
sulting the airlines that serve the airport. Poten-
tial investors in airport revenue bonds would be
wary of a bond issue for a project lacking the air-
lines’ approval.

Specific provisions of majority-in-interest clauses
vary considerably. At some airports, the airlines
that account for a majority of traffic can approve
or disapprove all major capital development
projects—e.g., any project costing more than
$100,000. At others, projects can only be deferred
for a certain period of time (generally 6 months
to 2 years). Although most airports have at least
a small discretionary fund for capital improve-
ments that is not subject to majority-in-interest
approval, the general effect of majority-in-interest
provisions is to limit the ability of the public air-
port owner to proceed with any major project op-
posed by the airlines. Sometimes, a group of just
two or three major carriers can exercise such
control.

The combination of airlines that can exercise majority-in-interest
powers varies. A typical formulation would give majority-in-interest
powers to an,combination of “more than so percent of the scheduled
airlines that landed more than 50 percent of the aggregate revenue
aircraft weight during the preceding fiscal year” (standard document
wording).

Term of Use Agreement

At the airports examined in the CBO study,
residual-cost airports typically have longer term
use agreements than do compensatory airports.
This is because residual-cost agreements histori-
cally have been drawn up to provide security for
long-term airport revenue bond issues; and the
term of the use agreement, with its airline guar-
antee of debt service, has generally coincided with
the term of the revenue bonds. More than 90 per-
cent of the large and 75 percent of the medium
residual-cost airports surveyed by CBO have use
agreements with terms of 20 or more years (see
table 21). Terms of 30 years or longer are not un-
common.

By contrast, about 60 percent of the large and
40 percent of the medium compensatory airports
surveyed have use agreements running for 20
years Or more. Four of the compensatory airports
surveyed have no contractual agreements what-
ever with the airlines. At these airports, rates and
charges are established by local ordinance or
resolution. This arrangement gives airport oper-
ators maximum flexibility to adjust their pricing
and investment practices unilaterally, without the
constraints imposed by a formal agreement ne-
gotiated with the airlines, but it lacks the secu-
rity provided by contractual agreements.

Pricing of Airport Facilities
and Services

Major commercial airports are diversified enter-
prises that provide a wide range of facilities and
services for which fees, rents, or other user charges
are assessed. Most commercial airports, regardless
of size, type, or locale, offer four major types of
facilities and services:

~ airfield facilities, made up of runways, tax-
iways, aprons, and parking ramps for use by
commercial and general aviation;

. terminal area facilities and services provided
to concessionaires and consumers, including
auto parking and ground transportation,
restaurants and snack bars, specialty stores
(e.g., newsstands and duty-free shops), car
rental companies, passenger convenience fa-
cilities (e.g., porter service, restrooms, tele-
phones, and vending machines), personal
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Table 21.—Term of Airport Use Agreements at Commercial Airports, 1983

Large Medium
Length of term Number Percent Number Percent
Residual cost
20years Or more. . .. .....ouveennn.. 3 93 16 76
11-19years. ..o v 0 0 2 10
B-10years . .....ooouiii 0 0 5
Syearsorless............. ... .. .... 1 7 : 0
Negotiations in process . ... ......... 0 0 2 10
Total .. ... 14 100 21 100
compensatory
20yearsormore . . ... 6 60 6 40
11-19years ... . oo v i 0 0 2 13
B-10years . .....ooouii 1 10 2 13
Syearsorless..................... 0 0 3 20
No use agreements .. ............... 3 30 1 7
Negotiations in process . ... ......... 0 0 1 7
Total . ... 10 100 15 100
Grandtotal . .................... 24a — 36" —

aA)) large commercial airports.
77 percent of medium commercial airports.

SOURCE: Congressional Budget Office, 1983 Survey.

services (e.g., barbershops and valet serv-
ices), game rooms and amusement facilities,
office space, and hotels;

¢ agirline leased areas in the terminal and else-
where, including ticket counters, gate space,
passenger waiting rooms, baggage handling
areas, office space, operations and mainte-
nance areas, hangars, cargo terminals and
aprons, ground rentals;® and

e other airport facilities leased to nonairline
tenants and related services, including cargo
terminals, ground rentals, fixed base opera-
tions,’ industrial areas, fuel and servicing of
aircraft, agricultural land, warehouses, and
other buildings and grounds.

At major commercial airports, the facilities and
services provided to users generate the revenues
necessary to operate the airport and to support
the financing of capital development. Smaller
commercial airports and GA airports typically of-
fer a much narrower range of facilities and serv-
ices, for which only minimal fees and charges
often are assessed. Revenue bases shrink as air-

‘Ground rentals are leases of land in which the lessee pays the
cost of constructing any facilities, such as terminals, upon it.

‘Fixed base operators are private concerns that lease aircraft and
offer aviation services, such as fuel sale, flight instruction, and air-
craft maintenance.

ports decrease and many of the smallest
do not generate sufficient revenue to cover their
operating costs, much less capital investment.
Among GA airports, those that lease land or fa-
cilities for industrial use generally have a better
chance of covering their costs of operation than
do those providing only aviation-related services

in size,

and facilities.l”

The combination of public management and
private enterprise uniquely characteristic of the
airports is
reflected in the divergent pricing of airport facil-
ities and Services. The private enterprise aspects
of airport operation—the services and facilities
furnished for nonaeronautical use—generally are
priced on a market pricing basis. On the other
hand, the pricing of facilities and services for air-
lines and other aeronautical users is on a cost-
recovery basis, either recovery of the actual costs
of the facilities and services provided (the com-
pensatory approach) or recovery of the residual
costs of airport operation not covered by nonair-
line sources of revenue. This mix of market pric-

financial operation of commercial

“See Joel Crenshaw and Edmund Dickinson, “Investment Needs
and Self-Financing Capabilities: U.S. Airports, Fiscal Years 1981-
1990, report prepared for the U.S. Department of Transportation,
July 1978, pp. 12, 45; and Laurence E. Gesell, The Administration
of Public Airports, Coast Aire Publications, 1981, pp. VI 6-13.



Ch. 6—Airport Financial Management and Pricing 131

ing and cost-recovery pricing has important imp-
lications for airport financing, especially with
regard to the structure and control of airport
charges and the distribution of operating revenues,

Structure and Control of
Airport Charges

At major commercial airports, the structure and
control of fees, rents, and other charges for facil-
ities and services are governed largely by a vari-
ety of long- and short-term contracts, including
airport use agreements with the airlines, leases,
and concession and management contracts. For
each of the four major groups of facilities and
services outlined above, the basic kinds of charges
assessed at residual-cost and compensatory air-
ports can be compared in terms of;

. method OF calculation,

. term of agreement, and
. frequency of adjustment.

Airfield Area

The major fees assessed for use of airfield fa-
cilities are landing or flight fees for commercial
airlines and GA aircraft. Some airports also levy
other airfield fees such as charges for the use of
aircraft parking ramps or aprons. In lieu of land-
ing fees, many smaller airports, especially GA air-
ports, collect fuel “flowage” fees, which are levied
per gallon of aviation gasoline and jet fuel sold
at the airport.

At residual-cost airports, the landing fee for air-
lines is typically the item that balances the budget,
making up the projected difference between all
other anticipated revenues and the total annual
costs of administration, operations and mainte-
nance, and debt service (including coverage).
Landing fees differ widely among residual-cost air-
ports, depending on the extent of the revenues
derived from airline terminal rentals and conces-
sions such as restaurants, car rental companies,
and automobile parking lots. If the nonairline
revenues are high in a given year, the landing fee
for the airlines may be quite low. In recent years,
several airports—including Los Angeles and Hon-
olulu International—have approached a “nega-
tive” landing fee. At some residual-cost airports,

the landing fee is the budget-balancing item for
the airfield cost center only. At such airports, the
surplus or deficit in the terminal cost center has
no influence on airline landing fees, and terminal
rental rates for the airlines may be set on a resid-
ual-cost or a compensatory basis.

The method of calculating landing fees at re-
sidual-cost airports is established in the airport
use agreement and continues for the full term of
the agreement. To reflect changes in operating
costs or revenues, landing fees are typically ad-
justed at specified intervals ranging from 6 months
to 3 years. At some airports, fees maybe adjusted
more often if revenues are significantly lower or
higher than anticipated. Often, the nonsignatory
airlines (those not party to the basic use agree-
ment) pay higher landing fees than the signatory
carriers. General aviation landing fees vary greatly
from airport to airport, ranging from charges
equal to those paid by the commercial airlines to
none at all. Most landing fees are assessed on the
basis of certificated gross landing weight. ”

At compensatory airports, airline landing fees
are based on calculation of the average actual
costs of airfield facilities used by the airlines (see
table 22). As in the case of residual-cost airports,
each airline’s share of these costs is based on
its share of total projected airline gross landing
weights (or, in a few cases, gross takeoff weight).
In addition to fees determined by this weight-
based measure, three compensatory airports—
Boston Logan International and John F. Kennedy
and La Guardia airports in New York—assess a
surcharge on GA aircraft during hours of peak
demand. At present, however, no major airports

“This practice of basing landing fees on aircraft weight tends to
promote use of commercial airports by general aviation. Since most
GA aircraft are relatively light (under 10,000 Ib), they pay very low
landing fees at most commercial airports-typically $10 or less. The
smallest GA aircraft (under 2,500 Ib) often pay no fee. Among the
airports surveyed by CBO there is no clear indication that landing
fees for GA differ systematically as a function of pricing policy.
Residual-cost and compensatory airports alike have landing fees for
GA that are so small as to be a negligible, either as a source of
revenue to the airport or as a deterrent to use of congested facilities.
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Table 22.—Profiie of Landing Fees at Four Major Airports, 1982

Airline landina fee

a

Basis of fee Method of calculation Fee General aviation landing fee

Boston Logan International

Compensatory; based on recovery Fee = public aircraft facilities costs  $1.24  $1.24 per 1,000 Ib of maximum

of all costs of providing and divided by total projected scheduled gross landing weight, subject to $50

operating “public aircraft facilities™® airline landing weights; adjusted minimum during peak periods and

annually $20 in offpeak periods

Denver Stapleton International

Compensatory; based on recovery Fee = airfield cost center expenses  $0.34  $0.34 per 1,000 Ib of maximum

of maintenance, operations, and divided by total projected airline gross landing weight, subject to $3

debt service costs for airfield area  landing weights; adjusted annually minimum with fuel flowage fees
credited against minimum

Los Angeles International

Residual cost; based on recovery of Fee = residual cost divided by $0.75°  $0.80 per 1,000 Ib of maximum

all costs (maintenance, operations, estimated total landing weights of gross landing weight, subject to $10

and debt service), net of all all airlines; adjusted semiannually minimum for aircraft under 12,500 Ib

revenues other than landing fees and $15 minimum for aircraft from
12,500 to 25,000 Ib

New Orleans International

Residual cost; based on recovery of Fee = residual cost divided by $0.23  $0.40 per 1,000 Ib of maximum

all costs (maintenance, operations,
and debt service), net of all
revenues other than landina fees

estimated total landing weights of
all airlines; adjusted every 3 years

gross landing weight

a7’69 per 1,000 Ib'oif maximum gross landing weight. A typical commercial jet airliner (727-200) weighs about 200,000 Ib; a typical general aviation jet (Lear 25D) weighs

15,000 Ib.

bpefined as including the capital costs of public aircraft facilities; cost of equipment; replenishment of Maintenance Raserve Fund; administration, operations, and

maintenance costs; and allocated portions of payments in lieu of taxes.
€$0.80 for nonsignatory carriers.

SOURCE: Congressional Budget Office, updated and adapted from Peat, Marwick, Mitchell & Co., Comparative Rate Analysis: Dade County Aviation and Seaport

Depafiments, August 1982.

impose such peak-hour surcharges on commer-
cial airlines to help ease congestion problems.1’

Landing fees at compensatory airports are es-
tablished either in airport use agreements with the
airlines or by local ordinance or resolution. The
frequency of adjustment of the fees is compara-
ble to that at residual-cost airports.

Terminal Area

The structure of terminal concession and serv-
ice contract fees is similar under both pricing ap-
proaches. Concession contracts typically provide
the airport operator with a guaranteed annual
minimum payment or a specified percentage of

12Peak-hour surcharges could reduce congestion by giving airlines
and other providers of air transportation services the opportunity
to save money (and offer lower fares) by flying during uncongested
periods. If peak-period demand continued to cause congestion, the
increased revenue generated by the surcharges could help finance
the expansion necessary to accommodate peak-hour traffic. See Con-
gressional Budget Office, Public Works Infrastructure, April 1983,
ch. VII, and Charging for Federal Services, ch. V. See also ch. 5
of this report.

the concessionaire’s gross revenues, whichever is
greater. Restaurants, snack bars, gift shops, news-
stands, duty-free shops, hotels, and rental car
operations usually have contracts of this type.
Terminal concession contracts are often bid com-
petitively, and they range in term from month-
to-month agreements to contracts of 10 to 15
years’ duration. (Hotel agreements generally have
much longer terms, often running for 40 years or
more. ) Airport parking facilities may be operated
as concessions; they may be run by the airport
directly; or they may be managed by a contrac-
tor for either a flat fee or a percentage of revenues.

Airline Leased Areas

At both residual-cost and compensatory air-
ports, airlines pay rent to the airport operator for
the right to occupy various facilities (terminal
space, hangars, cargo terminals, and land). Rental
rates are established in the airport use agreements,
in separate leases, or by local ordinance or resolu-
tion. Terminal space may be assigned on an ex-
clusive-use basis (to a single airline), a preferential-
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use basis (if a certain level of activity is not main-
tained, the airline must share the space), or on
a joint-use basis (space used in common by sev-
eral airlines). Most major commercial airports use
a combination of these methods. In addition, air-
ports may charge the airlines a fee for use of any
airport-controlled gate space and for the provi-
sion of Federal inspection facilities required at air-
ports serving international traffic. Some airports
have long-term ground leases with individual air-
lines that allow the airlines to finance and con-
struct their own passenger terminal facilities on
land leased from the airport.

Among residual-cost airports, the method of
calculating airline terminal rental rates varies con-
siderably. If airline fees and charges are calculated
on a residual-cost basis within each cost center,
the method of calculating rental rates resembles
that of the simplified example shown in table 19.
To arrive at the airline fee, total nonairline rev-
enues generated within the terminal cost center
are subtracted from the total costs of the center
(administration, operations and maintenance, and
debt service). Each airline’s share is based on the
square footage it occupies, with proration of
jointly used space.

On the other hand, at residual-cost airports
where receipts from airline landing fees alone are
used to balance the airport budget, the terminal
rental rates for the airlines may be set in various
ways—on a compensatory basis (recovering the
average actual costs of the facilities used), by an
outside appraisal of the property value, or by ne-
gotiation with the airlines. In all cases, each air-
line’s share of costs is based on its proportionate
use of the facilities. Rental rates may be uniform
for all types of space leased to the airlines, or they
may differ according to the type of space pro-
vided—for example, they may be significantly
higher for leases of ticket counters or office space
than for rental of gate or baggage claim areas.

At residual-cost airports, the rental term for air-
line leased areas generally coincides with the term
of the airport use agreement with the airlines. The
frequency of adjustment of terminal rental rates
ranges considerably—annually at many airports,
but up to 3 to 5 years at others.

At compensatory airports, the method of cal-
culating terminal rental rates for the airlines is
based on recovery of the average actual costs of
the space occupied. Each airline’s share of the total
costs is based on the square footage leased. Typi-
cally, rates differ according to the type of space
and whether it is leased on an exclusive, preferen-
tial, or joint-use basis. The rental term for air-
line leased areas often coincides with that of the
airport use agreement. (It is set by ordinance at
airports that operate without agreements. ) Rates
are typically adjusted annually at compensatory
airports.

Other Leased Areas

A wide variety of arrangements are employed
for other leased areas at an airport, which may
include agricultural land, fixed base operations,
cargo terminals, and industrial parks. The meth-
ods of calculating rental rates and the frequency
of adjustment differ according to the type of fa-
cility and the nature of use. What these disparate
rentals have in common is that, like terminal con-
cessions and services, they are generally priced
on a market basis; and the airport managers have
considerable flexibility in setting rates and charges
in the context of market constraints and their own
policy objectives.

Variation in the Source of
Operating Revenues

1n general, revenue diversification enhances the
financial stability of an airport. In addition, the
specific mix of revenues may influence year-to-
year financial performance. Some of the major
sources of airport revenue (notably landing fees
and terminal concessions) are affected by changes
in the volume of air passenger traffic, while others
(e.g., airline terminal rentals and ground leases)
are essentially immune to fluctuations in air
traffic.

The distribution of operating revenues differs
widely according to factors such as passenger
enplanements, the nature of the market served,
and the specific objectives and features of the air-
port’s approach to pricing and financial manage-
ment. Airport size generally has a strong influ-
ence on the distribution of revenues. The larger
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commercial airports typically have a more diver-
sified revenue base than smaller airports. For ex-
ample, they tend to have a wider array of income-
producing facilities and services in the passenger
terminal complex. In general, terminal concessions
can be expected to generate a greater percentage
of total operating revenues as passenger enplane-
ments increase. On average, concessions account
for at least one-third of total operating revenues
at large, medium, and small commercial airports,
compared to about one-fifth at very small (nonhub)
commercial airports and a smaller fraction still
at GA airports (see table 23).

Factors other than airport size also affect dis-
tribution of operating revenues. At commercial
airports, for example, parking facilities generally
provide the largest single source of nonairline
revenues in the terminal area. Airports that have
a high proportion of connecting traffic may, how-
ever, derive a smaller percentage of their operat-
ing income from parking revenues than do so-
called “origin and destination” airports. Other fac-
tors that may affect parking revenues include
availability of space for parking, the volume of
air passenger traffic, the airport pricing policy,
availability and cost of alternatives to driving to
the airport (e.g., mass transit and taxicab serv-

ice), and the presence of private competitors pro-
viding parking facilities at nearby locations off
the airport property.

The approach to financial management, be-
cause it governs the pricing of facilities and serv-
ices provided to airlines, significantly affects the
distribution of operating revenues. Since so many
other factors play an important role in determin-
ing revenue distribution, however, the mix of
operating revenues at an airport cannot be pre-
dicted on the basis of whether the airport employs
a residual-cost or a compensatory approach. The
mix of revenues varies widely among residual-cost
airports. With airline landing fees characteris-
tically picking up the difference between airport
costs and other revenues at residual-cost airports,
airfield area income differs markedly according
to the extent of the airport’s financial obligations,
the magnitude of terminal concession income and
other nonairline revenues, and the volume of air
traffic. In 1982, for example, airfield area revenues
provided anywhere from 10 percent (Tampa In-
ternational) to more than 50 percent (Chicago
O’Hare International) of total operating revenues
at residual-cost airports. By contrast, compen-
satory airports show a considerably smaller range
of variation in the distribution of revenues.

Table 23.—Average Operating Revenue by Revenue Source, Commercial and Generai Aviation Airports, 1975-76

Source of revenue (percent)

Airfield Terminal area  Airline terminal Hangar and

Airport size area? concessions® leased areas® building area® Other® Total
Commercial

Large.. ..., 36 33 16 4 100
Medium . . ... ... ... ... 33 38 i4 ii 4 100
small ...................L 30 36 15 12 8 100
Nonhub.................... 37 21 10 26 8 100
General aviation

Large..............ial 23 12 5 47 13 100
Medium ................... 22 9 9 57 4 100
Small...............c...... 28 4 — 60 8 100

3includes fees for landing, fuel and oil flowage, airline catering, and aircraft parking.

bincludes auto parking income, auto rental fees, restaurant and lounge fees, shop lease income, advertising, hotel and motel revenues, ground transportation, and
miscellaneous concession revenues.

Cinciudes airline terminal rentals, government leases, and miscellaneous terminal rental income.

dinctudes hangar rentals, ground leases, commercial and industrial leases, government leases, and airport revenue frm fixed base operations.

®Includes utility fees and other systems and services revenues.

fExcludes nonhub and commuter airports.

SOURCE: Congressional Budget Oftice from survey data provided by Aerospace Systems, Inc., Terminal Area Financial Data Study, prepared by U.S. Department of
Transportation, January 1978.
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TRENDS IN AIRPORT MANAGEMENT SINCE DEREGULATION

Federal deregulation of the airline industry has
radically changed the market in which airlines—
and airports—operate. Once subject to strict reg-
ulation of routes and fares, commercial air car-
riers are now free to revise routes, adjust fares,
and introduce or terminate service to particular
airports as market conditions seem to warrant.
This new freedom from Federal intervention has
had pronounced effects on the airline industry.
It has spurred intense competition and even price
wars among the airlines, led to reconfiguration
of the route system, and encouraged the startup
of new carriers. For some of the established air-
lines, serious financial difficulties have ensued. Al-
though deregulation has not caused radical changes
in the financial management of airports, recent
trends do reflect the uncertainties of a new, open
market. Deregulation also appears to have ac-
celerated certain shifts in management policy and
practice that were under way before deregulation.

Since the early days of commercial air travel,
would-be investors in airport revenue bonds have
held long-term use agreements in high regard, con-
sidering them evidence of the airlines’ commitment
to serve an airport for long periods—spans usu-
ally coincident with the terms of bond issues. As
the industry has matured, however, investors and
analysts have increasingly recognized that an air-
port’s financial stability—hence its capacity to
generate a stream of revenue adequate to secure
revenue bond issues—depends more on the under-
lying strength of the local air travel market than
on long-term use agreements.

Deregulation has reinforced this shift, as the
strength of the airlines’ financial commitment to
an airport is significantly diluted by their new flex-
ibility to withdraw from a market virtually at will.
Confidence has also been shaken by the financial
problems now plaguing many airlines. Although
changes in airport financial management occur
very slowly (many standing use agreements run
through the 1990s or later), three important trends
in financial management are now emerging at ma-
jor commercial airports:

. shorter term contracts—shorter terms for air-
port use agreements, nonairline leases, and

25-420 0 - 84

concessionaires’ contracts, and more frequent
adjustment of rates and charges;

+ modification of residual-cost approach—
modification of residual-cost ratemaking and
majority-in-interest provisions, with move-
ment in the direction of more compensatory
forms of financial management; and

- maximization of revenues—concerted effort
by airport managers to maximize revenues
by means of a variety of strategies intended
to strengthen and diversify the revenue base
of the airport.

Shorter Term Contracts

Deregulation appears to have hastened a trend
toward shorter term airport use agreements that
was already under way prior to 1978. Shorter
term contracts give airport operators greater flex-
ibility to adjust pricing, investment policies, and
space allocation to meet shifting needs in a de-
regulated environment. For example, several air-
ports with long-term use agreements in force have
given much shorter term agreements to air car-
riers that have begun serving the airport since
1978. Contracts for such recent entrants often run
for 5 years or less, and they may take the form
of yearly or even month-to-month operating
agreements (similar to those used for air taxi and
commuter operators). At least 15 percent of the
large and medium airports surveyed by CBO have
granted new carriers such relatively short-term
terminal leases and/or use agreements. Moreover,
as existing long-term use agreements expire, many
airport operators indicate an intention to negoti-
ate shorter term use agreements with all carriers
serving the airport. At least a dozen of the air-
ports surveyed by CBO either have recently con-
cluded shorter term agreements or anticipate that
new use agreements (planned or in negotiation)
will be significantly shorter than ones now stand-
ing. In part, this reflects the fact that many post-
deregulation agreements have not involved ma-
jor capital development programs requiring long-
term bond financing.

Many airports also report that, as old contracts
expire, they are routinely shortening the terms of
nonairline leases and contracts with concession-
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aires. Some are also moving to more frequent ad-
justment of rates and charges under existing agree-
ments to meet the escalating costs of airport
operation.

Modifications of Residual=
Cost Approach

Some residual-cost airports appear to be mod-
ifying their approach to financial management.
In recent years, some airports have introduced
changes to the residual-cost approach, such as
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line fees and charges, weakening or elimination
of majority-in-interest clauses, and provisions
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for capital development.’* Many more airports
with use agreements expiring over the next sev-

oral vonrc have indicated a degire or intent to
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move towards a more compensatory approach to
financial management. In general, the compen-
satory approach becomes attractive as airports de-

velop strong markets and thus increase their
revenue-generating potential. Such airports are

1’See J. ). Corbett “Analysis of Trends in Airport Lease/Use
Agreements Executed With Airlines Since Deregulation,” presenta-
tion before the Joint Meeting of the Airport Operators Council In-
ternational Legal Standing and Economic Standing Committees,

Vancouver, B. C Canada Oct. 17, 1983.

better able to assume the financial risks of airport
operation without relying on “break-even” guar-
antees by the airlines, and they may maximize
revenues by adopting a compensatory approach.

Maximization of Revenues

No matter how they approach financial man-
agement, many commercial airports are now seek-
ing to increase and diversify their revenues by a
variety of strategies. These include raising existing
fees and rental rates, seeking more frequent ad-
justment of charges, using competitive bidding for
concessionaires’ contracts, increasing the airport’s
percentage of gross profits, and exploiting hew
or untapped sources of revenue—e.g., videogame
rooms, industrial park development, and leasing
of unused airport property. Some airports are
looking to future possibilities, as well. For exam-
ple, two large airports that recently renegotiated
airport use agreements—Chicago O’Hare and
Greater Pittsburgh International-included clauses
in the new contracts protecting the airport’s right
to levy a passenger facility charge (or head tax)
if and when Federal law permits. In general, this
effort to diversify and expand revenue sources
reflects the paramount importance of a guaranteed
stream of income to assure an airport’s financial
success.
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Chapter 7

AIRPORT FUNDING’

This chapter examines the financial condition
of U.S. airports and their ability to compete for
private capital. It begins with a brief outline of
the evolution of Federal airport funding programs
and summarizes the demand for airport invest-
ment under current policy. This is followed by
analysis of the financial performance of airports

in recent years compared to other municipal enter-
prises, with special attention to the effects of air-
line deregulation. Since tax-exempt municipal
bonds are a primary source of capital for com-
mercial airports, extended treatment is given to
the ability of airports of different kinds and sizes
to compete in the bond market.

FEDERAL AIRPORT DEVELOPMENT AID

Federal capital spending on airports is financed
by user fees, levied chiefly as excise taxes on do-
mestic airline tickets and general aviation (GA)
fuel. These taxes, which originated in 1933 and
1941, were not formally linked to airport expend-
itures until 1970, when the Airport and Airway
Revenue Act established the Airport and Airway
Trust Fund. Most of the Trust Fund income (over
80 percent) derives from an 8 percent tax on do-
mestic passenger tickets. A tax of 14 cents per
gallon on GA jet fuel (12 cents for gasoline) con-
tributes about 5 percent of Trust Fund revenues.
Funds are disbursed to major airports in the form
of matching grants determined by a formula based
on passenger volume and through discretionary
grants to meet special needs. Federal grants can

1This chapter was prepared by the Congressional Budget Office
and appears in unabridged form in Financing U.S. Airports in the
1980s, April 1984. The version here has been condensed and edited
to conform to the OTA report format.

be used for a wide range of airport development
projects, including new construction and upgrad-
ing of runways, taxiways, and aprons, construc-
tion or improvement of public-use terminal areas,
and projects related to safety and noise reduction.
Over the next few years, Federal aid to airports
is projected to increase from the average of $600
million per year for the period 1970-82 to $800
million by 1986 (all in 1982 dollars, see table 24).

Investment Trends

Between 1960 and 1982, cumulative public and
private investment in the Nation’s airports totaled
$25.1 billion (in 1982 dollars), of which the Fed-
eral share accounted for $9 billion, or just above
one-third.”These overall figures, however, mask
wide year-to-year fluctuations in the Federal share

“This excludes the value of tax expenditures stemming from tax-
exempt bonds issued by municipal and airport authorities.

Table 24.—Projected Federal Capital Expenditures on Airports Under Current Policy, 1984-89
(in millions of 1982 dollars)

1984 . 1985 1966 1967 1988 1989
Commercial:

Large ...t 194 188 200 207 196 200
Medium................. 101 98 104 108 102 104
Small ................... 248 240 256 265 251 256
Subtotal .. ............ 543 526 560 580 549 560

General aviation:
Reliever. ................ 81 79 64 87 82 84
Other................... 143 139 148 153 145 148
Subtotal .. ............ 224 218 232 240 227 232
Total ............... 775 751 601 827 785 800

NOTES: Projections assume that currently authorized funding is continued through 1989 and that obligations equal new authorizations in each year. Allocation among

airports is based on data supplied by FAA.

Totals may not add because of rounding and because they include 1 percent of funding used for planning.

SOURCE: Congressional Budget Office.
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140 . Airport System Development

of total airport investment. Between 1973 and
1977, the Federal share swung from a post-1970
low of 20 percent to a high of 85 percent (see fig.
17). Such swings have resulted not from shifts in
Federal outlays, which have remained relatively
stable since 1970, but from extreme changes in the

mix and total volume of airport investment. Peak
investment in 1973, for example, was the result
of very large capital outlays by some of the largest
commercial airports, which rely more on debt
financing than on Federal aid for investment cap-
ital. On the other hand, many small airports, par-

Figure 17.—Federal, State, and Local Shares of Public Spending on Airports, 1960.80
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SOURCES: Congressional Budget Office based on data provided by Federal Aviation Adminlistration (Federal outlays) and U.S. Department of

Commerce, Bureau of the Census (State and local outlays).
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ticularly general aviation airports, earn revenues
insufficient to cover debt service; these airports
tend to rely much more heavily on Federal money.
In 1977, a year of low overall airport outlays in
which much spending probably reflected GA air-
port improvements, the Federal share exceeded
80 percent. The States’ share of airport investment
has remained fairly stable since 1970, at about 11
percent.3

The Airport Improvement Program currently
targets Federal funds both to commercial airports
and to 2,643 general aviation facilities. Of the lat-
ter, 219 “reliever” airports are eligible for specially
targeted funds that will amount to $80 million per
year by 1986—a dramatic increase over the aver-
age of about $25 million per year for such airports
in the period 1976-82 (see fig. 18). Federal invest-
ment in other general aviation airports also grew
steadily throughout the 1970s, and under current
policies, outlays in constant dollars would triple
by 1987, compared to the 1980-82 level.

Demand for Airport Investment

As a result of national economic development
and a general pattern of public sector subsidiza-
tion of aviation activity, growth in both commer-
cial airlines and general aviation has led to mount-
ing airport investment needs. Since 1970, the

‘From data supplied by the National Association of State Avia-
tion Officials.

number of GA aircraft in use grew by 63 percent
(to 213,000 in 1982), and the number of hours
flown increased by 67 percent. At the same time,
with the introduction of wide-body jets, the num-
ber of commercial aircraft in service actually
declined by 7.7 percent, from 2,690 to 2,483. As
a result, general aviation now exerts particular
pressure on the runways, taxiways, and other air-
field components of a number of major commer-
cial airports, often accounting for more than half
of all takeoffs and landings. More frequent com-
mercial flights at the major airports put pressure
on terminals and other buildings, parking lots,
and access roads.

The resulting congestion has led the Federal
Aviation Administration (FAA) to project a need
for substantial investment in upgrading, mainte-
nance, and expansion. Annual airport investment
demand, including work not eligible for Federal
grants, will be $1.5 billion to $2 billion between
1984 and 1993, of which the Federal share—under
currently defined programs—would be about $0.8
billion. This sum represents an estimated 3.3 per-
cent of the Federal share of all public works in-
frastructure needs.” Of the $1.5 billion to $2 bil-
lion, roughly one-third would be needed to correct
all present and expected deficiencies at commer-
cial airports; two-thirds would pay for new ca-
pacity (see table 25).

‘Public works Infrastructure: Policy Considerations for the 1980s,

(Washington, DC: Congressional Budget Office, April 1983).

Table 25.-Projected Annual Demand for Airport Capital, by Airport Type, 1984=93

Percent of demand

Estimated total demand Expanded
(millions of 1982 dollars) capacity Upgrading Maintenance
Commercial:
Large. .. ... 450-650 20 4 5
Medium . .................. 200-350 10 2 1
Small. ..................... 400-500 15 5 5
Subtotal . . ............... 1,050-1,450 45 11 11
General aviation:
Reliever . . ................. 100-150 5 2 1
Other...................... 400-450 15 6 4
Subtotal . ................ 500-600 20 8 5
Total .................. 1,550-2,050 65 19 16

NOTE: Includes projects not now eligible for Federal grants such as certain revenue-producing components of terminal buildings and hangars (duty-free shops, aiftine
maintenance services, etc.). Total rounded to nearest $50 miilion; details may not add to totals because of rounding.

SOURCES: Congressional Budget Office reestimates of data in Federal Aviation Administration, National Airport System Plan, Revised Statistics, 1980-1990, National
Aviation System Development and Capital Needs for the Decade 1982-1991, December 1980; General Accounting Office, Developing a National Alrport System:
Additional Congressional Guidance Needed, Apr. 17, 1979; and unpublished FAA data,

and unbub
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Figure 18.—Federal Capital Spending on Airports, By Type of Airport, 1960.87
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NOTE: Outlays for 19S3-87 are based on authorizations in the Airport and Airway Improvement Act of 1982. Typically, appropriations and thus actual
outlays are somewhat below authorized leveis.
SOURCE: Congressional Budget Office based on data provided by the Federal Aviation Administration.
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FINANCIAL CONDITION OF U.S. AIRPORTS

As in any enterprise, the ability of an airport
to survive without public support hinges on its
financial strength. This section examines recent
trends in the financial performance of major com-
mercial airports—those with earning power suf-
ficient to issue revenue-backed bonds. It also com-
pares the performance of these airports with that
of the other municipal enterprises competing with
airports in capital markets-electric utilities, water
supply and wastewater treatment projects, and
turnpike, bridge, tunnel, and expressway author-
ities. *This section also assesses how the shifts
resulting from Federal deregulation of the airlines
might affect the financial condition of airports of
various sizes.

Measures of Performance

Analysis of key financial ratios is a widely ac-
cepted method of evaluating the financial condi-
tion and performance of a single enterprise or an
entire industry. ° Many different financial ratios
can be constructed, each revealing a particular
aspect of business performance.

Four indicators often used by investment ad-
visors to judge the value of a municipal enterprise
to potential bondholders are: operating ratio, net
take-down ratio, debt-to-asset ratio, and debt
service safety margin. The first two indicate the
availability of revenues beyond those needed to
meet regular operating expenses:

. Operating Ratio—Derived by dividing oper-
ating and maintenance expenses by operat-
ing revenue, this ratio measures the share of
revenues absorbed by operating and main-
tenance costs. A relatively low operating
ratio indicates financial strength, since it
signifies that only a small share of revenue
is required to satisfy operating requirements.
A high ratio (close to 1) indicates that rela-

‘The data used here, including information from airports’ balance
sheets and income statements, were provided by Moody’s Investors
Service Inc. and by the Public Securities Association. The Congres-
sional Budget Office is alone responsible for the analysis and inter-
pretation of these data.

*J. F. Weston, and E. F. Brigham, Manageti/ Finance (New York:
Dryden, 5th ed. 1975), pp. 19-53.

tive]y little additional revenue is available for
capital spending.

. Net Take-Down Ratio —Calculated as gross
revenue minus operating and maintenance
expenses, divided by gross revenues, the net
take-down is similar to the operating ratio,
but it also includes nonoperating revenues
(e.g., interest income). It is a slightly broader
measure of the share of airport revenues re-
maining after payment of operating expenses.

The second two indicators measure the ability
of an airport to support existing and new borrow-
ing for capital investment:

. Debt-to-Asset Ratio—Calculated as gross
debt minus bond principal reserves, divided
by net fixed assets plus working capital, an
enterprise’s debt-to-asset ratio measures the
fraction of total assets provided by creditors.
Creditors prefer low debt ratios because each
dollar of debt is secured by more dollars of
assets. This can be important if assets have
to be sold to pay off bondholders.

. Debt Service Safety Margin —Defined as
gross revenues less operating and mainte-
nance expenses and annual debt service di-
vided by gross revenues, this ratio measures
both the percentage of revenues available to
service new debt and the financial cushion
to protect against unexpectedly low revenues.

Recent Trends in the
Financial Strength of Airports

Overall, examination of these measures shows
a trend toward improved strength in the finances
of major commercial airports. Compared to the
1975-'78 period, when the operating ratio for these
airports averaged 55 percent, this measure im-
proved significantly over the subsequent 4 years,
declining to 50 percent (see table 26)."The net

"Although most credit analysts (including Moody’s) use medians

rather than averages in analyzing industry groups, CBO has found
that averages give an equally meaningful measure of relative per-
formance. This conclusion is based on an analysis of the statistical
distribution of each financial ratio across individual airports. In
statistical terminology, these distributions are “normal” for the in-
(continued)
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Table 26.—Financial Performance of Commercial Airports, 1975-82

Financial performance measures (in percent)?

Net take-down Debt-to-asset Debt service
Year Operating ratio ratio ratio safety margin
1975............ 51.3 55.8 259 18.0
1976............ 56.4 45.1 41.8 14.7
1977 ..., 53.7 48.8 37.7 20.9
1978............ 55.1 48.5 40.5 233
1979............ 519 52.5 475 30.0
1980............ 52.8 52.4 49.6 34.1
1981............ 46.9 57.1 47.6 33.6
i982............ 35.5 63.2 417 23.6
Period averages:
1975-78 ......... 54.5 485 39.0 19.9
197982 ......... 50.2 54.2 48.1 31.6

&Methods of calculating performance measures are explained in the text. Data reflect averages of all commercial airports

represenied.

SOURCE: Congressional Budget Office, based on financial performance data from Moody's Investors Services, Inc., for 13
large, 10 medium, and 2 small commercial airports.

take-down ratio has also improved, increasing
from 48 to 54 percent. This indicates a steady in-
crease in the ability of commercial airports to serv-
ice new debt from available net revenues. Indeed,
major commercial airports today appear to per-
form on a par with other financially self-sufficient
municipal enterprises, such as electric utilities, wa-
ter supply systems, and sewage treatment author-
ities (see Box B).

Purchasers of airport revenue bonds look for
assurances that an airport can generate net reve-
nue (i.e., gross revenues net of operating and
maintenance costs and debt service requirements)
sufficient to pay interest over the term of the
bonds and to repay the principal. Though, in
comparison to other financially mature munici-
pal enterprises, airports appear to carry high levels
of debt relative to the value of their assets, net
airport revenues appear relatively strong. Indeed,
as shown in table 26, the debt service safety mar-
gin for major commercial airports has grown
substantially since 1978, despite the increase in
debt-to-asset ratios. Thus, while only 20 percent
of airport revenues were available to cover the
cost of new investment over the 1975-78 period,
the safety margin grew to 32 percent over the

‘continued)

ustry as a whole and for different airport size categories, indicating
‘hat financial averages provide a meaningful basis for intra- and
nter-industry comparisons. See also M. H. Ledford and P. K.
Sugrue, “Ratio Analysis: Application to U.S. Motor Common Car-
-iers,” Business Economics, vol. 18, No. 4, September 1983, pp.
16-54.

years 1979-82. Moreover, in 1982, airports had
a substantially higher debt service safety margin
than other major municipal enterprises except per-
haps highway toll facilities, for which no infor-
mation is available.

Effects of Airport Characteristics

Although major commercial airports as a group
appear financially strong, important differences
are apparent among them. These variations stem
primarily from the approach to financial manage-
ment and the size and economic strength of the
airport service area.

Financial Management

Differences in earning power may hinge on
whether an airport uses a compensatory or a
residual-cost approach to financial management.
While gross revenue at a compensatory airport
depends largely on the volume of passenger traf-
fic, gross revenue at a residual-cost airport may
be constrained to the minimum amount needed
for operations, debt service, and reserve funds
established in the airport’s bond resolutions. In
fact, the three ratios that reflect gross revenues—
operating ratio, net take-down ratio, and debt
service safety margin—all show substantial dif-
ferences between airports using a residual-cost ap-
proach and those using a compensatory approach.

Operating and net take-down ratios are sub-
stantially stronger at airports using the compen-
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satory approach (see table 27). Over the 1979-82
period, for example, operating and maintenance
costs at compensatory airports absorbed only 44
percent of operating revenues, while residual-cost
airports needed more than half their gross reve-
nue just to cover such expenses. Net take-down
ratios reflect the same pattern; residual-cost air-
ports retained roughly half of their gross revenues

used elsewheré in this

Dl e
it fR5TE

after paying operating and maintenance costs,
while compensatory airports retained 61 percent.
Compensatory airports also exhibited substan-
tially higher debt service safety margins—48 per-
cent, as opposed to 25 percent for residual-cost
airports. This indicates that compensatory air-
ports have greater ability to finance development
with retained earnings or through bond sales.

Table 27.—Financial Performance of Commercial Airports, Compared by Management Approach, 1975-82

Averages of all Airports in category (in percent)

Residual cost Compensatory All airports®
Performance measure® 1975-78 1979-82 1975-78 1979-82 1975-78 1979-82
Operating ratio . . . . ... ...... 56.2 52.9 52.5 44.3 54,5 50.2
Net take-down ratio . . . ... ... 46.5 51.5 53.2 60.8 48.5 54.2
Debt-to-asset ratio . . . ....... 40.4 55.3 47.3 40.5 39.0 48.1
Debt service safety margin . . . 16.0 24.6 331 48.3 19.9 31.6

8Methods of calculating performance measures are explained in the text.
Bincludes airports for which the management approach was not determined.

SOURCE: Congressional Budget Office, based on financial performance data provided by Moody’s Investors Service, Inc., for 13 large, 10 medium, and 2 small commer-

cial airports.
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Airport Size

Airport size (measured in passenger enplane-
ments) has historically been an important deter-
minant of financial performance. Larger airports
show relatively stronger performance than smaller
ones. Operating ratios at large airports were 15
percentage points better than those at medium air-
ports during the 1975-78 period and 18 percent-
age points better over the 1979-82 period (see table
28). Net take-down ratios and debt service safety
margins reflect the same spread, while only debt-
to-asset ratios are better at medium airports.

Effects of Airline Deregulation

Since deregulation of the airlines in 1978, the
financial performance of large and medium air-
ports has improved. Indeed, except for the debt-
to-asset ratio at medium airports, large and me-
dium airports show improvement on all four
ratios. One plausible explanation is that many ma-
jor airlines curtailed service to smaller cities, elec-
ting instead to concentrate operations on the more
profitable routes serving large and medium air-

Table 28.—Financial Performance of Commercial
Airports, by Airport Size, 1975-82

Averages of all airports

in category (in percent)

1975-78 1979-82
before airline after airline
deregulation deregulation

Performance measure?
Large airports: ®

Operating ratio ............. 48.0 43.3
Net take-down ratio ......... 54.6 60.7
Debt-to-asset ratio .......... 56.9 54.0
Debt service safety margin ... 20.9 34.8
Medium alrports: ©

Operating ratio ............. 63.3 61.7
Net take-down ratio ......... 40.9 43.2
Debt-to-asset ratio .......... 29.7 44 1
Debt service safety margin... 17.0 253
All commercial airports: ¢

Operating ratio ............. 54.5 50.2
Net take-down ratio ......... 48.5 54.2
Debt-to-asset ratio .......... 39.0 48.1
Debt service safety margin... 19.9 31.6

2Methods of calculating performance measures are explained in the text.

Pinciudes data on 13 airports.

Cincludes data on 10 airports.
Includes 2 small airports for which financial performance measures were
available only for the years 1977-80. These airports have substantially better
financial ratios than do the large and medium airports. As with the other air-
ports, they also show some improvement between the two time periods.

SOURCE: Congressional Budget Office based on data provided by Moody's In-
vestors Service.

ports. On balance, each 10-percent increase in
traffic volume translates into a 2-percent improve-
ment in operating and net take-down ratios and
debt service safety margin (see app. C). Increased
traffic volume at many large and medium airports
since deregulation appears therefore to have im-
proved gross revenues, yielding improvements in
those indicators that turn on changes in gross
revenue.

Prospective investors in airport revenue bonds
look beyond financial indicators based on gross
revenues, however. In particular, they seek low
debt-to-asset ratios as good cushions against pos-
sible defaults. Though gross revenues grow with
increased business, so do capital needs as airports
may need to expand terminals and other facilities
to handle additional passengers and aircraft. Some
airports, of course, have sufficient capacity to ab-
sorb significant increases in traffic with no expan-
sion. At medium airports, however, debt-to-asset
ratios have indeed increased by more than 14 per-
centage points between the 1975-78 and 1979-82
periods. As a result, the difference between the
debt-to-asset ratios at large and medium airports
has declined from 27 percentage points during the
1975-78 period to 10 percentage points between
1979-82. At the same time, the debt-to-asset ratio
at large airports actually improved somewhat,
from 57 percent (1975-78) to 54 percent (1979-82).
Although the debt-to-asset ratio of medium air-
ports is still better than at large airports, investors
tend to be wary of worsening conditions because
of the speculative factor that they introduce into
a prospective investment. Whether these trends
have actually diminished the investment value of
medium airports is dealt with more closely later
in this chapter.

The picture of small airport performance is ex-
tremely uncertain. The CBO analysis includes
only two small airports, and performance in-
dicators are available only for the 1977-80 span,
rather than for the full 1975-82 period at other
airports. The two small airports examined are
close in size to some medium airports, indicating
that they probably represent the financially stronger
airports in their class. Indeed, their financial ratios
are better than those of the average medium air-
port—perhaps an indication that smaller airports
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require better finances to offset the greater risks
associated with their size.

Financial ratios are unavailable for the remain-
ing 489 small commercial airports and for pub-
licly owned GA airports. In general, it appears
that the income of these airports is inadequate to
support the issuance of revenue-backed bonds. In-
stead, to help finance capital development, many
of these airports depend on government-issued
general obligation bonds, local taxpayer support,

and Federal grants. Revenues at some of the
smaller airports are so low that they fail to cover
even operating costs. However, some of these
airports—especially GA airports with low user
fees and aircraft parking charges—could strengthen
their financial performance by introducing new
or increased charges for the use of airport fa-
cilities.”

AIRPORTS IN THE MUNICIPAL BOND MARKET

Perhaps the stiffest test of an airport’s finan-
cial strength is its success in competing with other
municipal enterprises for private investment cap-
ital in the bond market. The analysis presented
below points to two conclusions. First, while the
financially stronger airports are the ones most ac-
tive in the bond market, even financially weaker
airports can attract private capital—though often
they must use the taxing power of the local gov-
ernment as security for bond financing. Second,
by comparing the cost of capital (the interest that
must be paid to attract bond buyers) for airports
with that of other public enterprises, it is clear
that airports are generally viewed as good in-
vestments.

Role of the Municipal Bond Market in
Airport Development

Between 1978 and 1982, airports raised a total
of $5 billion (in 1982 dollars) in new bond financ-

ing to pay for capital improvements (see table
29).’Most municipal bonds are exempt from Fed-
eral income tax, a key feature that makes this
financing less expensive than most other sources
of private money. Predictably, therefore, the vast
majority of airport debt capital is raised in the
tax-exempt bond market. In 1982 alone, airports
raised $1.4 billion in tax-exempt bond sales, or
about 2 percent of the total volume of $79 bil-
lion in long-term tax-exempt securities sold in that
year.

The 235 bond issues sold partly or wholly for
airport development between 1975 and 1982 were
divided more or less equally between county and
municipal governments (45 percent) and port or
airport authorities (43 percent). Only a small pro-
portion (about 6 percent) of all bonds sold were
issued by State governments, and about 6 percent

9 These are new bond issues only; refinancing issues are excluded.

Table 29.—Airport Bond Issues, 1978.82

Airport bond issues (millions of 1982 dollars)*

Airports by size and category 1978 1979 1980 1981 1982 1978-82 Percent of total
Commercial:
Large .. ... 955 672 186 547 1,036 3,396 67.3
Medium................. 280 109 246 188 296 1,119 22.2
Small . .................. 25 134 172 70 63 464 9.2
Subtotal . . ............ 1,260 915 604 805 1,395 4,979 98.6
General aviation:
Reliever. . ............... 17 1 13 0 8 39 0.8
Other................... 3 5 2 14 7 31 0.6
Subtotal . . .. .......... 20 6 15 14 15 70 14
Total ............... 1,280 921 619 819 1,410 5,049 100.0

1Excludes refunding issues.
SOURCE: Congressional Budget Office.
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(14 issues) were sold by special districts and other
jurisdictions (see table 30).

Effects of Airport Size and Type of Traffic

Although airports of all sizes and types partici-
pate in the bond market, larger airports do so to
a greater extent than smaller ones. Among the
large and medium commercial airports-together
serving about nineteenths of all passenger traffic—
41 (58 percent) used bond financing for capital
development over the 1978-82 period (see table
31). Moreover, according to Moody’s Investors
Service, all large and medium airports have issued
bonds at some time in the past. Although many
small commercial airports also use bond financ-
ing, this group of airports participates in the bond
market in only a small way, with just 50 of 489
airports (10 percent) issuing bonds over the past
5 years. The same is true of general aviation air-
ports. Although 43 used bond financing over the
past 5 years, this represents only 2 percent of all
facilities in this class. However, GA reliever air-
ports—those identified by the FAA as important
in relieving congestion at major commercial air-
ports—appear more likely than other GA airports
to draw on the debt markets to finance capital
improvements.

In terms of total dollar volume of bond sales,
large and medium airports are by far the most pro-
minent in the bond market. Of the total amount of
municipal debt sold for airport purposes over the
1978-82 period, 90 percent was for large and
medium airports, in contrast to only 9 percent for
small commercial airports. GA airports accounted
for a little more than 1 percent of total airport
bond sales.

Table 31.—Use of Bond Market to Raise Capitai,
By Airport Size and Type, 1978=82

Number of airports

Percent
Issuing issuing
Airports by size Total bonds bonds
and category existing 1978-82 1978-82
Commercial:
Large . . ... ... ... 24 19 79
Medium . . . .. .. .. 47 22 a7
Small ........... 489 50 10
Subtotal . . . . . . 560 91 16
General aviation:
Reliever. . .. ... .. 219 9 4
Other. . . ... ..... 2,424 34 1
Subtotal . . . . .. 2,643 43 2
Total . ...... 3,203 134 4

SOURCES: Bond data adapted by Congressional Budget Office from Public
Securities Assoclatlon, Long-Term Municipal Bond File. The numbers
of existing airports by size from the Federal Aviation Administration,
as of February 1984.

The role of bond finance in overall investment
also varies greatly according to an airport’s size
and type of air traffic served. Over the 1978-82
period, investment dollars raised through the
bond market for large airports were three times
greater than the Federal grants awarded these air-
ports. At small airports, in contrast, Federal
grants were more than double bond proceeds (see
table 32). Not surprisingly, debt finance plays the
smallest role at GA airports, where it has ac-
counted for only about 10 percent of total Federal-
plus-private investment over the past 5 years.l”

Although smaller commercial airports rely
more heavily on Federal grants than do larger air-
ports, they nonetheless undertake a sizable amount

19This excludes State and local grants and the fraction of airport
investments covered by retained earnings.

Tabie 30.—Airport Bond issues, By Type of issue and Security, 1978.82

Number of issues

General obligation Revenue Total Percent of

Type of issuer bonds? bonds® issues total issues
Municipality orcounty ............ 60 46 106 45
Port or airport authority ........... 19 83 102 43
State ......... ... ... 11 2 13 6
Other® ... ... ... ..., 9 5 14 6
Total..........cooiieeiiaann, 99 136 235 —

8ynderlying security provided by full taxing authority of governmental unit, by full taxing authority with regard to a single revenue source, or by a single or specified tax.
bUnderlylng security provided by revenues from all airport sources, by revenues from the lessee of the proposed airport facility, or by anticipated revenues from future

bond sales or grants.
CSpecial districts and other special-purpose jurisdictions.
SOURCE: Congressional Budast Office.
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Table 32.-Contribution of Federal Grants and Bond
Issues to Airport Investment, 1978-82

Percent of investment

Airports by size Federal Bond
and catagory grants issues
Commercial:
Large................ 18 82
Medium . ............. 27 73
Small ................ 69 31
Subtotal . ........... 31 69
General aviation:
Reliever . . ............ 80 20
Other................ 92 8
Subtotal . ........... 87 13
Total ............. 35 65

SOURCE: Congressional Budget Office.

of investment through the bond market. For ex-
ample, while Federal matching grants to small
commercial airports totaled about $1 billion (in
1982 dollars) between 1978 and 1982—requiring
$100 million in local matching funds—small air-
ports issued more than $460 million in tax-exempt
bonds during the same period, more than four
times the amount necessary to match Federal
grants. This means that small airports as a group
used more than three-quarters of their bond pro-
ceeds for investments with no Federal financial
involvement. In contrast, GA airports as a group
appear to raise debt capital only to the extent that,
when it is combined with moneys from non-
Federal sources, they can meet their Federal
matching requirement.

Underlying Security of Airport Bonds

For most municipal bonds, including bonds for
airport development, the bond issuer’s pledge to
pay interest and to repay principal is generally
provided in one of two ways:

. general obligation bonds pledge the unlimited
taxing power and the full faith and credit of
the State, municipality, or other general-
purpose government, while

. revenue bonds pledge the user fee or lessee
revenues generated by the facility to be de-
veloped.

General obligation bonds are issued only by
States and other general-purpose governments.
Most States limit the amount of general obliga-
tion debt that a municipality may issue to a speci-

fied fraction of the taxable value of all property
within its jurisdiction. In addition, many States
require voter approval before issuing general obli-
gation debt. By contrast, the volume of debt
issued through revenue bonds is not included in
the amount of total indebtedness subject to State
debt limits, and voter approval is usually not re-
quired. Revenue bonds generally bear higher in-
terest than general obligation bonds because they
are not backed by the full faith, credit and tax-
ing power of a governmental unit, and because
the receipts from user charges are less certain than
tax revenues.

In recent years, there has been a dramatic in-
crease in the use of tax-exempt revenue bond
financing. In 1982, for example, revenue bonds
accounted for three-quarters of all tax-exempt
bond sales, compared to about one-third in 1970.
With the increasing financial pressures on local
governments to reserve general obligation fund-
ing for nonrevenue-producing facilities, revenue
bonds represented the vast majority—over 90
percent— of the total dollar volume of airport
bond sales over the 1978-82 period (see table 33).
During this period, the use of general obligation
bonds for airport development was most promi-
nent among muniapalities and counties, account-
ing for over half of their airport development
issues—though a much smaller fraction of total
proceeds. Revenue bonds predominated, how-
ever, accounting for nearly 60 percent of bonds
sold by all levels of government for airport de-
velopment during this period.

In addition to these two basic forms of bond-
holder security, a few bond issues combine sources
of security to produce a hybrid bond. This de-
vice offers certain advantages, such as improved
ratings and lower interest costs, without placing
undue pressure on the municipal debt ceiling. In
Florida, for example, the City of Tampa and
Hillsborough County lent their credit to the rev-
enue bond program undertaken to finance a new
terminal at Tampa International Airport by ex-
ecuting standby agreements with the Hillsborough
County Aviation Authority, pledging tax reve-
nues to replenish the debt service reserve fund in
the event it had to be drawn down for any rea-
son. As further examples, the cities of Charlotte,
NC, and Austin, TX, built or expanded terminal
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Table 33.-Airport Bond Issues, By Type of Security, 1978-82

Airport category and

Airport bond issues (millions of 1982 dollars)

bond type 1978 1979 1980 1981 1982 1978-82 Percent of total
Commercial airports:
Large:
General obligation . . . . ... ... 30 0 33 10 2 75 2
Revenue . . ................. 925 672 152 538 1,034 3,321 98
Subtotal . . ............... 955 672 186 548 1,036 3,396 100
Medium:
General obligation . . . . ... ... 34 7 55 56 5 157
Revenue . .................. 246 103 190 132 290 961 :
Subtotal . . ............... 280 109 246 188 296 1,118 100
Small:
General obligation . . . . ... ... 11 38 42 16 30 137 30
Revenue . .................. 14 96 131 54 32 327 70
Subtotal . . . .............. 25 134 172 70 63 464 100
All:
General obligation . . . .. ... .. 75 45 130 81 38 370 7
Revenue ................... 1,185 871 473 724 1,357 4,609 93
Total . ............ .. ..... 1,260 916 603 805 1,394 4,978 100
Gemeral aviation airports:
Reliever
General obligation . . . . . ... .. 8 1 4 0 6 19 49
Revenue . ... ............... 9 a 9 0 2 20 52
Subtotal . . . .......... ..., 17 1 13 0 8 39 100
Other
General obligation . . . . . ... .. 2 4 1 13 4 25 83
REVENUE . . ..o ote et : a a 1 3 5 17
Subtotal . . . ............ .. 2 5 2 14 7 30 100
All airports:
General obligation . . . . ... ... 86 136 94 47 413 8
Revenue ................... 1,194 8% 482 725 1,361 4,634 92
Grandtotal . ............ 1,280 921 618 819 1,409 5,047 100

8 ess than $0.5 million.
NOTE: Details may not add to totals because of rounding.

SOURCE: Congressional Budget Office.

facilities with general obligation bonds secured by
the full faith and credit of the cities but serviced
from airport revenues—so-called “self-liquidating
general obligation bonds.”!?

Airport size appears to have great influence on
the tvpe of securitv used to back bonds. In gen-

VAT by PV Vi STl aiayy St U QA DUIRRS.

eral, the larger the airport, the less likely it is to
use general obligation financing. Over the 1978-
82 period, general obligation debt accounted for

pPeaalUle, praiticr DULHG VAL LRV QLA 2

only 2 percent of total bond financing at the
largest commercial airports, 14 percent at medium
commercial airports, and 30 percent at small com-

mercial airports. Among GA reliever airports, by
contrast, some 49 percent of all tax-exempt debt

UR. Bates, “Airport Financing: Whither (or Wither?) the Market1”
presented at Airport Operators Council International Economic
Specialty Conference, Sacramento, CA, Mar. 31, 1982.

capital has general obligation backing. And at
other GA airports, more than 83 percent of debt
finance is secured in this way.

The larger airports use relatively little general
obligation financing because local governments
tend to reserve such bonds for public services and
facilities that cannot generate sufficient revenues
to cover the costs of debt capital. Similarly, since
a substantial general obligation bond issue can
place enormous pressure on the debt limit and,
ultimately, on the credit rating of a municipality,
airport operators generally must rely on revenue
bonds to finance large-scale airport improve-
ments. During the 1978-82 period, the average size
of bonds issued by large commercial airports was
$49 million, compared to $26 million at medium
airports, $6 million at small commercial airports,
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$2.8 million at GA reliever airports, and $0.9 mil-
lion at other GA airports (see table 34). Over the
same period, the average size of revenue bonds
issued by commercial airports was three to five
times greater than the average proceeds of gen-
eral obligation bonds used for commercial airports
of the same size category.

Thus, revenue bonds are the dominant form of
debt financing where investments are large and
where revenues from airport fees and charges are
sufficient to cover debt service requirements. On
the other hand, at GA airports, where the aver-
age size of a bond issue is small (about $1 mil-
lion), general obligation bonds far outweigh rev-
enue bonds as a means of financing airport
improvements.

The Market for Airport Bonds

The competitiveness of airports in the munici-
pal bond market can be gauged by three conven-
tional indicators of investment quality:

bond ratings—a simple system used by ma-
jor investor services to grade bonds accord-
ing to investment quality (see Box C);
interest costs—the interest paid by airports
to attract investors relative to what other mu-
nicipal enterprises pay; and

Table 34.—Average Size of Airport Bond Issues,
1978-82

Average bond issue
(millions of 1982 dollars)

General

Airport size obligation Revenue
and category bonds? bonds  Total
Commercial:
Large .. ................ 10.7 53.6 49.2
Medium............... 12.1 32.0 26.0
Small................. 3.2 9.3 6.0
Category average . . . . . 5.9 36.3 26.2
General aviation:
Reliever................ 3.8 2.2 2.8
Other................. 1.0 0.5 0.9
Category average . . . .. 15 13 14
All-airport average . . 4.5 31.7 21.2

a8amounts represent the proceeds of general obligation bonds used for airport
purposes. In most instances, such proceeds account for less than the full
amount of the bond issue, with the balance going for other public investment
purposes.

SOURCE: Congressional Budget Office.
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Box C.—~What Investment-Grade
Bond Ratings Mean

MBest Grnde
" Bonds rated Aaa (by Moody's) or AAA (by

‘ S&ndarﬁ& Poor’s) are graded best. Their excep-

strong capacity to pa interestandrepay
paloffetsthelowestdegreeof risk to in-

"vestars in bonds.

‘ High Grade :

BoﬁdnbtedAalorAa (by Moody’s) or AA+
or AA (by Standard & Poor’s) have very strong
ability to pay interest and repay principal, but
thtyareiudgedtobeshghtlylesssecurethan
best-grade bonds. Their margins of protection

‘may not be quite so great, or the protective
elements may be more sub)ect to fluctuation.

',Uppwmwm Grade

_Bonds rated A1l or A (by Moody’s) or A+,
A, or A- (by Standard & Poor’s) are well pro-
tected, but the factors giving security to interest
and’ prmcipal aré deemed more susceptible to
adverse changes in economic conditions or other
future impairments than for bonds in the best

and high-gr«lde categones
Medium Grade

‘Bonds rated Baal or Baa (by Moody’s) or
BBB+, BBB, or BBB— (by Standard & Poor’s)
lack ou‘mandmg investment characteristics. Al-
though their protection is deemed adequate at
the time of ratk:g the presence of speculative
elements may Impair their capacity to pay in-
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‘mm‘um-wx , September 1982, p. 144; and
- Seandard & Poor’s Ratings Guide, (Nm‘(ork McGraw-Hill, 1979),
pp. 327-328.

. defaults—the frequency with which a given
type of enterprise has defaulted on a bond
issue.
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Bond Ratings

For the 134 airports where new airport bonds
were issued over the pasts years (including gen-
eral obligation bonds used at least in part for air-
port development), every rated bond has received
an “investment grade” from the two major invest-
ment rating services, Moody’s Investors Service,
Inc., and Standard & Poor’s Corp. (See table 35
for ratings of the most recent airport issues.)” One

12Note that not all traded bonds receive ratings. Of the 235 bonds
used for airport purposes over the 1978-82 period, only 149 were
rated. However, rated bonds accounted for more than 90 percent
of the dollar volume of all airport bonds issued over the past 2 years.
Rating services grade new bond issues only at the request of the
issuer, and issuers sometimes choose not to seek ratings. In particular,
airport bonds for relatively small investments are often sold as so-
called “direct private placements,” which means that the airport or
municipality sells directly to an investor, usually a commercial bank
or insurance company buying the bonds for its own portfolio.
Although a private placement usually incurs a higher interest cost,
this approach can prove worthwhile for small issues because of the
high transaction costs associated with selling in the open market.
(Moody's, for example, charges from $850 to $45,000 to rate a bond
issue.) Over the 1978-82 period, only 8 percent of all revenue bonds
issued by large airports and 13 percent of those issued by medium
commercial airports were unrated. In contrast, 66 percent of revenue
bonds issued by small commercial airports were unrated. All

explanation for these consistently good ratings is
that airports expecting poor ratings do not enter
the bond market.

Although investors clearly have considerable
confidence in airport bonds, ratings vary between
the top and medium grades. A medium grade
means that rating firms see the investment as car-
rying a measure of speculative risk. As shown in
table 35, general obligation bonds draw the best
ratings. Under this form of security, ratings are
determined by the economic vigor of the munici-
pality or the entire State, and airports have little
or no influence on the rating. Revenue bonds, on
the other hand, draw ratings according to the
fiscal vitality of the airport itself. Since more than
90 percent of all airport bonds (in terms of dollar
volume) are secured with airport revenues, the cri-

(continued)

nonreliever GA airport revenue bonds were sold privately and
without ratings. This is a reflection of the smaller average size of
bond issues for small airports. For such airports, rating costs repre-
sent a greater percentage of the total bond sale.

Table 35.-Airport Bond Ratings, 1978=82

Rating received (percent)

Upper medium

Airports by size and Best grade High grade grade Medium grade Not
category and bond type (Aaa) (Aa1/Aa) (A1/A) (Baal/Baa) rated
Commercial
Large:
General obligation........ 33 67 0 0 0
Revenue ................ 0 6 89 0 6
Medium:
General obligation. ....... 50 0 50 0 0
Revenue ................ 0 0 65 18 18
Small:
General obligation........ u 36 21 7 25
Revenue ................ 0 4 14 7 75
All:
General obligation........ 19 32 24 5 19
Revenue ................ 0 3 49 8 40
General aviation
Reliever:
General obligation. . . . .. .. 0 20 20 0 60
Revenue . ............... 0 0 20 0 80
Other:
General obligation. . . . .. .. 0 8 35 4 63
Revenue ................ 0 0 0 0 100
All:
General obligation. . . . .. .. 0 10 24 3 62
Revenue . ............... 0 0 7 0 93

NOTE: Data reflect ratings of the most recent issue of each bond type by all airports represented. The few airports that used both types in this period appear twice,
No airport bonds rated below Baa by Moody’s Investors Service were issued during 1978-82.

SOURCE: Congressional Budget Office.
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teria used by investor services to rate such bonds
are central to the marketability of such bonds.

Credit analysts at the major investor services
rate an airport revenue bond according to a va-
riety of factors, including the financial perform-
ance of the airport, the strength of passenger
demand, and use agreements with the airlines
serving the airport .13 Financial strength is viewed
as a direct function of passenger demand at the
airport, and credit analysts review both financial
indicators and underlying patterns of passenger
traffic. **

Airline deregulation, which has freed air car-
riers from virtually all obligation to serve particu-
lar airports, has caused some shift in the relative
weight credit analysts give to these different fac-
tors. In response to deregulation, the investor
services today place greater emphasis on local eco-
nomic strength than on airport use agreements
and the financial stability of the airlines serving
an airport. The rationale is that, if one airline
withdraws service, a strong local economy would
attract other airlines to pick up the travel business.

In view of the methods adopted by the investor
services, it is not surprising that large airports—
with their comparatively stronger financial show-
ings—tend to draw the best revenue bond ratings.
Over the 1978-82 period, credit analysts were far
more likely to assign medium-grade revenue bond
ratings to issues for medium and small airports

13Credit analysts also examine rate covenants and bond resolu-
tions. The rate covenant is the airport’s promise to establish rates,
fees, and charges for the use of airport facilities, and to adjust such
rates, fees, and charges from time to time so that the total airport
revenue will be sufficient to meet all obligations and produce a
margin of safety. The rate covenant typically requires the airport
to establish rates, fees, and charges so as to provide net revenues
(gross revenues less operating and maintenance expenses) at least
equal to 1.25 to 1.40 times annual debt service. In other words, the
airport promises the bondholder to establish a schedule of fees that
provides a cushion over and above what will be required to pay
operating costs and debt service. The bond resolution establishes
a number of special funds and accounts to facilitate the manage-
ment of bonds proceeds and revenue.

“In considering a particular airport project, credit analysts pay
special attention to past and anticipated growth in air traffic, diver-
sity of revenue sources, level of service, number of air carriers, and
air carrier market shares. Growth is considered a critical factor
because, unless capital projects are accompanied by growth in air-
port use, the project will dilute the airport’s ability to pay principal
and interest on its outstanding bonds. A diversity of revenue sources
is also thought to add stability to the airport’s income stream.

than for large airports. In fact, over that period,
not a single large airport issuing debt was rated
below the upper-medium category.

Since deregulation, bond rating organizations
have emphasized that passengers are an airport’s
true customers and that sufficient passenger de-
mand will provide financial incentives for some
airline to offer service over the long term. In par-
ticular, for origin-destination airports (those at
which most passengers either begin or end their
journeys) in strong travel markets, the financial
failure of one carrier might have no influence on
the airport bond rating. For example, when Dallas-
Fort Worth Airport sold $157 million of revenue
bonds in November 1982, it retained its A rating
from both Moody’s and Standard & Poor’s de-
spite the collapse of Braniff Airways earlier that
year. Braniff had held a significant share of the
Dallas-Fort Worth market and, under a residual-
cost use agreement, had agreed to pay a substan-
tial portion of the total airline share of airport
costs. Moody’s municipal credit report on the
issue cited the bond’s security provisions, the ade-
guacy and diversity of pledged revenues, and the
airport’s role as one of the major facilities serv-
ing a strong Southwestern economy. The report
concluded that this “combination of the sufficient
revenues for all requirements and increases in
scheduled commercial airline service offset the po-
tentially adverse effects following cessation of
operations this past spring of the former domi-
nant airline serving the area. ”’15

For hub airports serving large numbers of con-
necting flights, however, the poor financial out-
look for a major airline could mean a permanent
loss of patronage, with important implications for
bond ratings. In May 1983, for example, Moody’s
revised the rating of Atlanta Hartsfield on approx-
imately $86 million “third-lien” revenue bonds
downward from A to Baal, citing as the primary
reasons Eastern Airline’s financial problems (re-
flected in a net loss of $113.8 million in fiscal year
1982), a trend of declining traffic, and reduced
debt service coverage. Likewise, for the Salt Lake
City Airport, Moody’s downgraded its rating in

sMoody’s Investors Service, Inc., Municipal Credit Report, for
Dallas-Fort Worth Regional Airport, Texas, Nov. 10, 1982.
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connection with the sale of $26 million in reve-
nue bonds, stating that the long-term security of
the bonds must be viewed with uncertainty in light
of the airport’s growing reliance on connecting
passengers carried by the financially troubled
Western Airlines.I’In addition, while strengthen-
ing and expansion of hub-and-spoke networks by
major airlines since deregulation has improved
gross revenues at some airports, the added vol-
ume of connecting traffic has also prompted the
need for airport expansion programs.

In the view of the bond rating analysts, the fi-
nancial picture has not improved significantly for
those airports that have experienced the greatest
growth in operations—and dramatic increases in
debt financing requirements-since deregulation .1’
For example, Standard & Poor’s published credit
rating on the December 1982 issue of $185 mil-
lion of revenue bonds at Denver Stapleton stated
that the issue is not rated higher than A “ . .. be-
cause of current uncertainties surrounding future
airport expansion and the substantial cost asso-
ciated with whichever alternative is pursued. ”
Similarly, Standard & Poor’s published report on
the recent sale of $175 million revenue bonds for
Chicago O’Hare stated that “ . . . the primary
concern is the magnitude of the capital program
being undertaken at the airport, which is expected
to cost $1.2 billion by 1990. ” For this reason, the
Chicago-O’Hare bond issue was also denied bet-
ter than art A rating.1°

Interest Costs

The difference between interest costs paid by
airports and by other public enterprises indicates
that airports generally hold a strongly competi-
tive position in the municipal bond market. As
shown in table 36, airport interest costs for reve-
nue bonds over the 1978-82 period were 70 “basis

16 Moody's_lnvestors Service, Inc., Municipal Credit Report, for

Salt Lake City, UT, Airport System, May 23, 1984. Moody’s also
cited the uncertainty caused by a dispute among carriers serving
Salt Lake City concerning the allocation of costs for new terminal
facilities at the airport-a dispute that now appears settled.

17 Cited by Ann Sowder,  gmjth Barney Harris Upham & Co.
(formerly with Standard & Poor’s), in a presentation at the 55th
Annual Confenmce of the American Association of Airport Ex-
ecutives, Orlando, FL, June 1983.

18 Another factor in the revisionof the revision of the rating for Chicago O'Hare
was evidently the reduced level of coverage on the new bonds com-
pared to that for the airport’s older revenue bond issues.

points” below the interest cost index for all reve-
nue bonds. (A basis point is one one-hundredth
of a percentage point. ) Even general obligation
bonds issued in whole or in part for airport de-
velopment brought below-average interest costs
over that period-perhaps reflecting that munici-
palities with airports tend to be economically
stronger than other places.1’

Like municipal bonds in general, airport bonds
are sold and traded at prices that reflect both gen-
eral economic conditions and the credit quality
of the airport or (in the case of general obliga-
tion bonds) the creditworthiness of the issuing
government. Rated revenue bonds are offered for
sale in one of two ways. Under competitive bid-
ding, the airport selects the lowest bid and thus
obtains funds at the lowest cost of borrowing.
Under a negotiated sale, the bond purchaser con-
sents at the outset to purchase the bonds at an
agreed price.20 in either case, the entire bond issue
is usually purchased by an underwriter (com-
monly, an investment brokerage company) or an
underwriter team who, in turn, markets the bonds
to institutional and individual investors.

In deciding the price of a particular bond issue,
underwriters identify a “ballpark” interest rate on
the basis of general market conditions and then
refine this estimate according to the credit stand-
ing of the airport in question. General market con-
ditions represent by far the most important deter-
minant of interest costs on airport revenue bonds,

*Comparing the indicators of overall bond market rates with those
of airports is somewhat misleading, since the market indicators reflect
only those bonds with 25- to 30-year maturities, whereas some air-
port bonds mature in less time. Over the 1978-82 period, airport
bonds averaged 14.7 years in maturity. In 1981, when high interest
rates caused some airports to favor shorter term bonds, the average
maturity for airport bonds dropped to 10.4 years. Since bonds with
longer term maturities tend to have higher interest rates than shorter
term bonds, this comparison results in average interest costs for air-
port bonds that appear slightly lower than general market rates.
CBO'’s statistical analysis indicates that, on average, for each
10-percent increase in market interest rates, issuers of airport bonds
respond by reducing the average maturity of their issues by about
7 percent.

2°[n bond industry terminology, bonds are thought of in terms
of either price or bond yield (interest cost). Prices and interest cost
move inversely—as prices increase, interest rates decrease, and vice
versa. For simplicity, the discussion here focuses on interest costs—
the airport’s cost of borrowing. It is noteworthy that the underwriters
typically speak in terms of dollar prices. When they say that the
market is “off” or “down,” they mean that dollar prices are lower
and yields higher.
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Table 36.—Comparison of Interest Rates for Airport Bonds and Other Municipal Bonds, 1978-82

Airports by size and

Difference (in basis points)*

category and bond type 1978 1979b 1980 1981 1982 1978-82

Commercial
Large:

General obligation. . . . .. .. -64 ¢ - 109 -115 -138 -95

Revenue ................ N/A® 19 —-66 - 166 -12 -55
Medium:

General obligation. . . . .. .. -80 -45 -73 4 6 -34

Revenue ................ NIA - 117 -46 11 -13 -29
Small:

General obligation. . . . .. .. -71 -46 -50 —183 —-101 -82

Revenue ................ N/A -84 —-189 -133 -132 —153
All:

General obligation. . . . .. .. -71 -46 -70 —102 -85 -73

Revenue ................ NIA -29 -98 -124 -28 -68
General aviation
Reliever:

General obligation. . . . . . .. 76 —-106 -32 ¢ ¢ 3

Revenue ................ N/A ¢ -47 ¢ -64 -55
Other:

General obligation. . . . .. .. -89 -37 - 138 -46 39 -53

Revenue ................ NIA ¢ -243 -113 -60 -107
All:

General obligation. . . . .. .. -48 -47 -85 -46 39 -43

Revenue ................ NIA ¢ - 145 -113 -61 -92
All airports:

General obligation. . . . .. .. -63 -46 -73 -89 -66 -65

Revenue ................ NIA -29 —-103 -123 -32 -70

4Data reflect difference in interest rates between airport bonds and other general obligation and revenue bond issues, in basis points. (A basis point is one one-hundredth
of a percentage point.) General obligation issues are compared with the average value of the Bond Buyer's Index of 20 municipal bonds during the month of issue.
Revenue bonds are compared with the Bond Buyer's Revenue Bond index during the month of issue.

bRevenue bond figures for 1979 based on September-December only.
CNo issue of this security in this year.

AIN/A = Not available; the Bond Buyer's Revenue Bond Index did not start until September 1979.

SOURCE: Congressional Budget Office.

and in this respect airports have little control over
the cost of capital. Airport revenue and general
obligation bonds issued over the 1978-82 period
followed quite closely the interest cost indicators
of revenue or general obligation bonds as a whole,
going from a low of 5 percent in 1978 to a high
of nearly 15 percent in 1982. In fact, statistical
analysis indicates that each 1 percent change in
the overall market rate of interest for tax-exempt
municipal bonds leads to roughly a 1 percent
change in interest rates for airport bonds (see app.
D). Of course, interest costs differ depending on
the type of underlying security and the number
of years until the bonds mature. CBO’S analysis
indicates that, other things being equal, general
obligation bonds for airport purposes draw in-
terest costs that fall about 9 percent below the in-
terest paid on revenue bonds.

Within the range of interest costs dictated by
market conditions, underwriters refine their bids

on airport revenue bonds on the basis of the credit
standing of the individual airport. Two factors
have greatest importance here: the airport’s basic
fiscal condition (including its prospects for traf-
fic growth and the strength of the local economic
base) and the presence of special pressures on the
airport to expand capacity, thereby necessitating
extensive capital development.

In general, an airport’s basic fiscal condition ap-
pears to be more important than long-term air-
line use agreements. For example, airports using
a compensatory approach to financial manage-
ment—which tend to have stronger overall finan-
cial performance and shorter term use agreements
than residual-cost airports—drew revenue bond
interest costs that were 95 basis points below other
revenue bonds over the 1979-82 period (see table
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37).”In contrast, residual-cost airports paid only
4 basis points below other municipal revenue
bonds.

On average, larger airports pay lower interest
costs than smaller airports, allowing for differ-
ences in tzyﬁles of security and aveljzége maturities
of issues.” However, there is considerable varia-
tion in the interest costs paid by airports of dif-
ferent size in the 5 years since airline deregula-
tion. Compared to small airports, large commercial
airports have generally incurred somewhat higher
interest costs for new bond issues, despite their
history of more favorable bond ratings. For ex-
ample, in the period 1978-82, the interest on rev-
enue bonds paid by large airports was 55 basis
points less than the market average, compared to
153 basis points less for small airports. Medium
airports drew higher interest costs, on average,
than either large or small commercial airports-29
basis points below the market average for reve-
nue bonds.

This pattern appears to reflect two factors. First,
the market is wary of increasing expansion needs
at the Nation’s major hub airports and of the pres-
sure that future investments could exert on the
availability of airport revenues to service out-
standing debt. Indeed, from table 36, it appears
that medium airports have incurred the greatest
increase in interest costs, a pattern that goes along
with their mounting debt-to-asset ratios. Second,
the size of the average bond issued by large air-
ports far exceeds that of smaller ones, and under-
writers’ bids usually reflect an interest premium
in such cases to cover the added risks of market-
ing such a large volume of bonds. In the deter-
mination of interest rates, such premiums alone

21 Part of this difference is attributable to revenue bonds issued
by the Port Authority of New York and New Jersey. These bonds
are backed by revenues from all Port Authority operations and not
just airport revenues. Even excluding these bonds, however, com-
pensatory airports had interest costs4/ basis points lower than other
revenue bonds.

22 In technical terms, the elasticity of interest cost with respect to
airport size averaged about -0,013 over the 1978432 period. This
means that an airport with 10 percent more passenger boardings
than another airport would draw about a 0.13 percent lower in-
terest rate on its bonds.

Table 37.—influence of Financial Management
Approach on Airport Bond Interest Rates, 1978-82

Difference (in basis points)*
Residual-cost Compensatory

airports airports Total®
General obligation. . . . -37 -83 -65
Revenue °“........... -4 -95 -70

aData reflect difference in interest rates between airport bonds and other general
obligation and revenue bond issues, in basis points. (A basis point is one one-
hundredth of a percentage point.) General obligation issues are compared with
the average value of the Bond Buyer's Index of 20 municipal bonds during the
month of issue. Revenue bonds are compared with the Bond Buyer's Revenue
Bond Index during the month of issue.

bTotal includes airports for which the management approach is unknown.

CRevenue bond figures based on September 1979-82 issues.

SOURCE: Congressional Budget Office.

could offset the moderately higher bond ratings
achieved by larger airports.

Defaults

The history of an enterprise, or of an entire in-
dustry, with regard to the number of defaults is
an important index of investment value. By this
measure, the record of airports is particularly
strong. The airport industry has never suffered
a single default, a fact noted by several credit
analysts in citing the premium quality of airports
as credit risks. One analyst has put it as follows:

Airport revenue bonds have a remarkable track
record. In spite of recessions, inflation, oil em-
bargoes, fare wars, deregulation, astronomical in-
creases in the price of aviation fuel, increasingly
difficult community-airport relationships, costly
noise mitigation programs, slot restrictions, a con-
trollers’ strike, curfews, threats about antitrust ex-
posure, and the like, the Nation’s airports have
shown that they can meet the challenges, cope
with change, and consistently make payments on
their outstanding debt. The industry has survived
without a single default. The investment commu-
nity has had its “seasoning” with airport revenue
bonds. As a result of the positive experience, there
is a great deal of “comfort” in airports as credit
risks today .23

“R. H. Bates, “Airport Financing: Whither (or Wither?) the
Market?” presented at Airport Operators Council International
Economic Specialty Conference, Sacramento, CA, Mar. 31, 1982.
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Chapter 8

FORECASTING AND TRENDS

Prudent management must take into account
future events and conditions. Often their nature
can be anticipated by analyzing events of the re-
cent past and applying techniques to project the
effects of these trends into the future. The first
part of this chapter reviews forecasting techniques
commonly used in aviation planning and describes
their use by airport operators, air carriers, and

government agencies. The second part discusses
recent events and emerging trends in the aviation
industry that will color future forecasts. These in-
clude the effects of deregulation, changes in route
and service patterns, and the lingering effects of
the air traffic controllers’ strike. The final part of
the chapter speculates on how these trends may
affect the future needs of airports.

AVIATION DEMAND FORECASTING’

Methods of Forecasting

An aviation demand forecast is, in essence, a
carefully formed opinion about future air traffic.
Its primary use is in determining future needs or
estimating when they must be met. Any of sev-
eral methods may be used, with results that will
vary widely in terms of scope, time scale, struc-
ture, and detail; but they have certain common
features. Chiefly, forecasts are derived from as-
sumptions about the relationship of the past and
the future in that they postulate that certain meas-
urable historical events or conditions have a
causal or predictive relationship with events or
conditions that will be of interest in the future,
Analysis of these historical factors—usually by
some sort of mathematical manipulation of data—
allows the forecaster to express expectations in
terms of some measure or index of aviation activ-
ity. From this initial product (e. g., expected pas-
senger travel, cargo volume, or aircraft opera-
tions) the forecaster can derive further estimates
of the nature, magnitude and timing of future
needs for equipment, facilities, manpower, fund-
ing, and the like. Even though the method used
may be quite rigorous and mathematically com-
plex, forecasting is inherently a judgmental proc-
ess where uncertainty abounds. The best that the
forecaster can achieve is to be aware of his biases,
to identify the sources of uncertainty, and to esti-
mate the probable magnitude of error.

‘This section is based in part on a paper prepared for OTA by
David W. Bluestone, John Glover, Dorn McGrath, Jr., and Peter
Schauffler.

In setting out to prepare a forecast, the fore-
caster has at his disposal two basic types of in-
put data. He may choose data on aviation activ-
ity itself and use historical performance trends to
project future activity. In effect, this approach
assumes that the best predictor of future aviation
demand is past aviation demand. Alternatively,
the forecaster may choose data related to underly-
ing economic, social, and technological factors
that are presumed to influence aviation demand,
treating them as independent variables that can
be used to predict demand as a dependent vari-
able. Among the factors that may be so used are:

« basic quantitative indicators, such as popula-
tion, gross national product (GNP), activity
of certain sectors of the economy, personal
consumption expenditures, or retail sales;

- derived socioeconomic and psychological in-
dexes, such as propensity to travel, income
classifications, employment categories, edu-
cational levels, or family lifestyles; and

- supply factors, such as fare levels, aircraft
characteristics (size, speed, and operating
costs), schedule frequency, or structure of the
air carrier industry.

The outputs of the forecast are measures of
aviation activity—passenger enplanements, rev-
enue passenger-miles, freight ton-miles, number
of aircraft in the fleet, or number of aircraft oper-
ations. Other output measures, such as air car-
rier revenue, air traffic control (ATC) workload,
and demand for airport facilities can be derived
from these estimates.
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The range and scope of forecasts can vary
greatly, depending on the purpose they are to
serve. They might include all aviation or be lim-
ited to a particular type of traffic (passenger or
cargo) or a particular type of operator (scheduled
air carrier, charter, or general aviation). The geo-
graphical scope may be international, nationwide,
regional, or limited to a particular market or
airport.

The forecasting horizon may range from a few
months to 20 years, again depending on the pur-
pose of the forecast. Airlines, for example, tend
to use very short-term projections of traffic in or-
der to estimate their financial or staffing needs on
a quarterly or semiamual basis. Airport planners,
on the other hand, use very long-range forecasts,
on the order of 20 years, as a basis for major deci-
sions relating to land acquisition and airport de-
velopment. Between these extremes, forecasting
horizons of 1,5, or 10 years are common for plan-
ning changes and improvements of airport facil-
ities, estimating ATC workload, projecting air
earner fleet requirements, and financial planning.

There are two basic approaches to aviation de-
mand forecasting— “top-down” or “bottom-up.”
The top-down approach begins with the largest
aggregates of economic and statistical data (usu-
ally national totals) and seeks to provide a gen-
eral picture of aviation demand spanning the
country and the entire system of air travel routes
and facilities. Once the aggregate forecast has been
developed, portions of the total volume of traf-
fic can be allocated to specific industry segments
or geographical regions based on historical shares
or assumed growth rates.

The bottom-up approach, in contrast, begins
with data for a specific geographic area and de-
velops a forecast of aviation demand at a particu-
lar airport or in a metropolitan region, typically
as an indicator of need for building or expanding
local facilities. Where good data are available and
the economy of the region is developing in an or-
derly way, this approach can closely approximate
the reality of the area under study. In some cases,
a number of such bottom-up forecasts may be
combined to make a composite forecast for a
larger area, but this approach of building up a
regional or national aggregate from many local

forecasts can lead to difficulties. For example,
forecasts for some areas may be overly optimistic
—often a defensive strategy designed to assure
adequate future capacity. It is not unusual to find
that the sum of many such bottom-up forecasts
exceeds the top-down forecast for the region by
a wide margin.

Whether “top-down” or “bottom-up,” aviation
demand forecasting as practiced today uses a wide
variety of methods. The attributes, limitations,
and typical applications of these methods are dis-
cussed below.

Time Trends

A simple forecasting method is the extrapola-
tion from the past, where the forecaster assumes
that major trends, such as traffic growth or mar-
ket share, will continue uninterrupted and that
the future will be like the recent past. Historical
data for some base period are gathered and ana-
lyzed to determine a trend line, which is then ex-
tended to some point in the future, using either
sophisticated mathematical procedures or simple
estimation of the most likely course. This method
is often used for short-term projections (1 or 2
years) where basic conditions are unlikely to
change much. It is also better than no forecast at
all in cases where a data base suitable for more
sophisticated methods is not available. However,
a basic shortcoming of trend extrapolation is that
it does not take into account underlying economic,
social, and technological factors that affect avia-
tion and that are themselves subject to change.

Econometric Models

The econometric model is by far the most fre-
guently used method for forecasting aviation de-
mand. It is a mathematical representation of air
traffic or its constituent parts and those independ-
ent variables of the national economy which are
thought to influence traffic growth. Econometrics
is the statistical technique used to quantify these
relationships. The mathematical equations of the
model relate economic factors to the level of avia-
tion activity, based on observation of past be-
havior of both the economy and the aviation in-
dustry. The equations may also be constructed
so as to reflect the effects of specific factors within
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the air transportation industry itself, such as fare
levels, route configurations, fuel costs, etc.

Among Federal Government agencies, both the
Federal Aviation Administration (FAA) and the
Civil Aeronautics Board make extensive use of
econometric forecasting methods. Econometric
models are also used by airlines, industry asso-
ciations, and aircraft manufacturers. TWA, for
example, employs a set of econometric models to
forecast passenger travel industrywide and, from
that, TWA'’s prospective market share. The Asso-
ciation of European Airlines uses a mathematical
model in which traffic varies directly with gross
domestic product and inversely with average rev-
enue per passenger. McDonnell Douglas, Boeing,
and Lockheed all have their own versions of
econometric models to project future sales of air-
craft. The equations for the McDonnell Douglas
model, for instance, include the ratio of long- to
short-term interest rates since the cost of borrow-
ing money has an effect on the ability of airlines
to purchase aircraft.

Gravity Models

The gravity model was first developed in the
sociological and marketing fields to describe var-
ious forms of human interaction. The technique
was later adapted by traffic engineers to describe
travel behavior. It is predicated on the assump-
tion that travel behavior obeys a law analogous
to the law of gravity, in that attraction between
cities varies directly with population and inversely
with distance. Thus, two large cities located near
one another have a strong mutual attraction and
form a very dense transportation market; small
cities located far apart have little travel between
them. The gravity model uses socioeconomic data
for each pair of metropolitan areas to predict the
level of transportation activity between them. The
equations often contain terms to describe the
special attractiveness of each city for different
types of personal and business trips.

Although gravity models have been used ex-
tensively in highway planning, their use for avia-
tion forecasting is limited. The State of Califor-
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nia uses a gravity model in its State Airport
System Plan in an effort to give a statewide “sys-
tem view” of air transportation. The California
gravity model takes into account changes in popu-
lation, employment level, and income of major
metropolitan areas to produce estimates of the
travel that will be generated between various parts
of the State. To provide consistency among plans
for all transportation modes, a similar gravity
model incorporating the same socioeconomic
variables is used for other transportation forecast-
ing within the State.

Scenarios

The scenario method is often used to demon-
strate the variation due to differing assumptions
about future conditions, thus bracketing the-range
of uncertainty. The values of input variables in
an econometric model, for example, are in them-
selves simply guesses about the future behavior
of the economy. Rather than depend on a single
“best” estimate of GNP in future years, the fore-
caster may elect to construct several scenarios to
predict the behavior of the aviation industry under
a range of likely economic conditions. FAA began
using this method in 1976 in an attempt to describe
conditions that could affect the future of air trans-
portation, and most FAA forecasts since that time
have included different scenarios incorporating
divergent assumptions about the economy and the
airline industry.

One of the drawbacks of the scenario method
is that the range between high and low estimates
can be so large that the forecast loses practical
value as a guide to planning. For example, in the
initial 1976 FAA study, where five scenarios were
used, the high estimate of revenue passenger-miles
was 2.3 times the low estimate, and the ratio of
high to low forecasts of aircraft operations was
2.9.

Ratios

Some local aviation authorities and industry
groups make forecasts by the relatively simple ex-
pedient of assuming a ratio between national “top-
down” traffic forecasts and their own segment of
traffic. This method is often used by airports that
lack the funds or expertise to make independent

econometric forecasts. A notable application was
in 1969, when the major U.S. air carriers devel-
oped a national forecast on a consensus basis and
then allocated portions of the traffic to each of
22 major air transportation hubs. The allocation,
based on the historical share of national traffic
captured by each hub, was adjusted by expert
judgment to account for shifting patterns of air-
port use.

Market Surveys

This method has been used extensively by the
Port Authority of New York and New Jersey for
the past 25 years. The Port Authority uses in-flight
passenger surveys to gather information on point
of origin, choice of airport in the metropolitan
area, choice of ground access mode, ground ac-
cess travel time, destination, purpose of trip, and
other factors that can be used to predict travel
behavior and consequent demands on aviation fa-
cilities. These data are classified in a travel mar-
ket model made up of over 100 socioeconomic
“cells” defined by age, occupation, income, and
trip purpose. The growth rate for each cell is pro-
jected by straightforward econometric "techniques.

The market survey method, while it produces
a highly detailed forecast of travel, has some sig-
nificant drawbacks. Data collection is compli-
cated, time-consuming, and expensive. Since the
sample is collected in a relatively brief period, it
may not be truly reflective of long-term travel pat-
terns and preferences. Airlines, which serve as col-
lectors of the data, are reluctant for competitive
reasons to relinquish control of survey results
which they consider proprietary.

Judgment

To some degree, judgment enters into all fore-
casting. Even the most formal and scientific fore-
casting methods require that assumptions be made
about future conditions and events. These as-
sumptions, which represent the forecaster’s basic
outlook, are simply informed judgments, and they
can have a powerful effect on the outcomes. Judg-
ment also enters into the forecasting process in
other ways: on the methodology to be employed,
on the trends to be assumed, on the selection of
years to use as a base period, on the choice of data
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sources, and on likely changes in specific factors
such as fuel availability, cost, and technology. At
the completion of a forecast it is not uncommon
to subject the results to the test of expert judg-
ment and to adjust them in the light of what seems
“reasonable. ”

Application of judgment has, in at least two
cases, become institutionalized as part of the fore-
casting process. U.S. airlines generally use econo-
metric models for traffic forecasts and fleet plan-
ning; but since they do not agree on method and
initial assumptions, the Air Transport Associa-
tion (ATA) develops a consensus forecast based
on the judgment and practical experience of air-
line personnel and the ATA forecasting working
group. The International Air Transportation
Association (IATA) uses a modified “Delphi” tech-
nique to produce forecasts for international pas-
senger and freight traffic. Delphi is a method for
attaining consensus among experts, in this case
the forecasters from participating IATA member
airlines. Using this technique, initial estimates are
obtained from each expert. These estimates are
arranged in a composite that shows each patrtici-
pant how his forecast compares to the group as
a whole, and each is invited to submit another
forecast based on this information. After one or
more rounds of comparison and feedback, judg-
ments begin to converge, and a consensus fore-
cast is reached.

The FAA Aviation Forecasting System

The most elaborate aviation demand forecasts
produced in this country are those of the Federal

Aviation Administration. They consist of na-
tional, regional, and individual airport forecasts
that typically cover a 12-year period, although
20-year forecasts are sometimes prepared. These
forecasts, updated and issued annually, provide
the basic context for aviation demand forecast-
ing in the United States. They are used, with a
variety of specialized interpretations, by all ele-
ments of the aviation community.

In addition to the basic annual forecasts, FAA
also publishes special studies and forecasts from
time to time. Subjects covered recently have in-
cluded air cargo activity (1979), commuter air-
line activity (1977 and 1981), and forecasting
needs at the State level (1979). FAA has also pub-
lished special “profile” reports on hourly airport
activity, air carrier operations, and international
passengers. In 1978, FAA began a series of in-
dividual forecasts for 24 large hub airports. These
are adaptations of other FAA forecasts, with
special sections on local economic growth, pas-
senger enplanements, cargo and mail enplaned,
general aviation (GA) and air carrier aircraft oper-
ations, and traffic handled by FAA towers.

FAA National Forecasts

Each year FAA publishes a national forecast en-
titled FAA Aviation Forecasts. The most recent
edition (released in February 1984) includes de-
tailed year-by-year forecasts from 1984 to 1995
for air carriers, air taxis and commuters, GA, and
military aviation. It also contains workload fore-
casts for airports with FAA control towers, air
route control centers, and flight service stations.

The 1984 forecasts anticipate that enplanements
by major airlines will grow at an average annual
rate of 4.6 percent. Larger aircraft and higher load
factors will minimize actual increases in opera-
tions to accommodate this growth, with the re-
sult that FAA projects air carrier operations to
grow by no more than 1.7 percent per year. Larger
gains are expected for commuter carriers, whose
enplanements are expected to increase by 7.4 per-
cent per year and operations by 4.7 percent per
year. GA operations are expected to increase by
6.0 percent annually. The current FAA forecasts
are summarized in table 38.
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