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Preface

This book has been rewritten in its fourth edition to continue to serve as a basic
text for courses in airport planning and design. In the past it has been of value as
reference to airport designers, planners, and administrators worldwide as well as to con-
sultants in airport infrastructure development. The fourth edition is a complete update
of the third edition, published in 1992, taking into account major revisions to Federal
Aviation Adminstration (FAA), International Civil Aviation Organization (ICAO), and
International Air Transport Association (IATA) standards and recommended practices.
Furthermore, the revisions reflect the experiences of the authors in teaching, consulting,
and research in this field. The authors have teaching experience in postgraduate and
post-experience courses throughout the world and extensive consultancy experience,
having in the last 20 years participated in the planning and design of many airports
around the world, both large and small.

This fourth edition of Airport Engineering appears 18 years after its predecessor
and in the interim very big and far-reaching changes have occurred in civil aviation.
Security has been dramatically and irrecoverably tightened throughout the world, espe-
cially in the United States, since the 9/11 terrorist atrocities in the northeastern United
States in 2001. Passenger facilitation has been revolutionized with the introduction of
almost universal electronic ticketing and check-in procedures. The introduction of the
A380 aircraft into service has heralded the arrival of what had, up to then, been termed
the New Large Aircraft. The information technology (IT) revolution had profound influ-
ence on air travel and the air transport industry. The widespread usage of the Internet
has also permitted the rapid and broad publication of standards and recommended prac-
tices by the FAA and other regulatory bodies. The nature of civil aviation itself has
changed with the evolution and proliferation of the low-cost carriers and growth of this
market. Moreover, air freight has grown considerably and now has a significant pro-
portion of its traffic carried by the door-to-door service of the integrated carriers. The
general availability of desktop computers and low-cost software allows designers and
operators to use computerized techniques [e.g., modeling, simulation, and geographic
information system (GIS)] more widely and effectively as a day-to-day tool of airport
design and operation. In the area of the environmental impact of aviation, the aircraft
of the twenty-first century are an order-of-magnitude quieter than their predecessors:
The importance of noise impact has decreased as the industry faces increased scrutiny
and regulation in areas of water and air pollution, carbon footprint, renewable energy,
and sustainable development. In this edition, the authors have addressed these changes
and have restructured the shape of the text to reflect conditions as they are a decade
into the twenty-first century.

Chapters 6, 7, and 8 have seen major restructuring to cover airport—airspace
interaction, airport capacity (both airside and landside), and airside geometric design,
respectively. These three areas of airport planning and design have come to the fore-
front in a major and comprehensive way. In particular, airport capacity has become
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Preface

the basis of evaluating airport performance and as the primary determinant of air-
port improvement, expansion, and development. Chapters 10 and 12 incorporate the
recently published procedures and practices relating to spreadsheet design using new
Transportation Research Board (TRB-Airport Cooperative Research Program and FAA
methods for passenger terminal planning and pavement design. New Chapters 15 and 16
have been included to cover matters relating to the increasingly important subjects of
simulation and the developments of the airport city concepts. Chapter 17 has been
totally revamped and updated to describe current thinking and regulations in the area
of environmental impact. Elsewhere, all chapters have been updated to 2010 standards
and practices to reflect industry structure, operational and market practices, and modern
technology.

Acknowledgments
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Chapter 17, which is a complete rewrite of the environmental impact chapters
of earlier editions
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The Structure and Organization
of Air Transport

1.1 THE NEED FOR NATIONAL AND INTERNATIONAL
ORGANIZATIONS (1)

For those who have matured in an age marked by the noise, bustle, and efficiency of
jet aircraft travel, it is difficult to realize that it is just over 100 years since the first
brief flight of the Wright brothers at Kitty Hawk, North Carolina, and Bleriot’s later
historic crossing of the English Channel. Before the early years of the last century,
except for the infrequent use of nonpowered balloons, man had been restricted to the
earth’s surface. In 2010 civil aviation was a major international industry that carried
approximately 3 billion passengers each year in aircraft which fly an aggregate of close
to 4.5 trillion kilometers. Since aviation is largely international, problems are created
that individual nations cannot solve unilaterally; consequently, from the earliest days
of civil aviation, there has been an attempt to find international solutions through
the creation of international bodies. Typically, civil aviation requires the building of
airports to accepted international standards, the establishment of standard navigational
aids, the setting up of a worldwide weather-reporting system, and the standardization
of operational practices to minimize the possibility of error or misunderstanding.

National institutions can assist in the general aims of providing safe and reliable
civil air transport. Their role is to furnish procedures for the inspection and licens-
ing of aircraft and the training and licensing of pilots and to provide the necessary
infrastructure—that is, navigation aids and airports. Although the establishment of an
infrastructure for a country’s civil air transport is a national concern that cannot real-
istically be assumed by an international body, it is clear that there is a need for the
standardization of procedures, regulations, and equipment, as well as infrastructure, on
a worldwide basis.

1.2 THE INTERNATIONAL CIVIL AVIATION ORGANIZATION

The first attempt to reach an international consensus was unsuccessful; in 1910, repre-
sentatives of 19 European nations met to develop an international agreement. Another
attempt was made to internationalize civil aviation standards after World War I, when
the Versailles Peace Conference set up the International Conference for Air Navigation
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(ICAN). Although this organization lasted from 1919 until World War 1I, its effective-
ness was extremely limited because of the regionality of air transport even up to the
early 1940s.

World War II provided a huge impetus to civil aviation. New types of fast mono-
plane aircraft had been developed, and the jet engine was in its infancy; navigational
aids that had been developed for military purposes were easily adapted to civilian use,
and many countries had built numerous military airports that were to be converted to
civilian use after the war. A generation of peacetime development had been crammed
into the period of the European war from 1939 to 1945. In early 1944, the United States
sought out its allies and a number of neutral nations—55 in all—to discuss postwar
civil aviation. The result of these exploratory discussions was the Chicago Convention
on Civil Aviation in November 1944, attended by 52 countries. Its purposes are best
described by the preamble to the convention (1):

WHEREAS the future development of international civil aviation can greatly help to
create and preserve friendship and understanding among the nations and peoples of
the world, yet its abuse can become a threat to the general security; and

WHEREAS it is desirable to avoid friction and to promote that cooperation between
nations and peoples upon which the peace of the world depends;

THEREFORE the undersigned governments, having agreed on certain principles and
arrangements in order that international civil aviation may be developed in a safe and
orderly manner and that international air transport services may be established on the
basis of equality of opportunity and operated soundly and economically;

HAVE accordingly concluded this Convention to that end.

The Chicago Convention established 96 articles which outlined the privileges of con-
tracting states, provided for the establishment of international recommended practices,
and recommended that air transport be facilitated by the reduction of formalities of
customs and immigration. After ratification by the legislatures of 26 national states,
the International Civil Aviation Organization (ICAO) came into existence on April 4,
1947. By 2008, the original 26 ratifying states had grown to 190 member states. The
modus operandi of the ICAO is stated in Article 44 of the Convention:

ICAO has a sovereign body, the Assembly, and a governing body, the Council. The
Assembly meets at least once in three years and is convened by the Council. Each
Contracting State is entitled to one vote and decisions of the Assembly are taken by
a majority of the votes cast except when otherwise provided in the Convention. At
this session the complete work of the Organization in the technical, economic, legal
and technical assistance fields is reviewed in detail and guidance given to the other
bodies of ICAO for their future work.

Although the sovereign body of the ICAO is the Assembly, in which each contracting
state has one vote, the governing body of the organization is the 36-member Council,
which emphasizes in its makeup the states of chief importance to air transport, with
a provision for geographical balance. One of the principal functions and duties of the
Council is to adopt international standards and recommended practices. Once adopted,
these are incorporated as annexes to the Convention on International Civil Aviation
(Table 1.1).
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Table 1.1 Annexes to the ICAO Convention on International Civil Aviation

Annex“ Covers
1. Personnel Licensing Licensing of flight crews, air traffic control officers, and
aircraft maintenance personnel
2. Rules of the Air Rules relating to the conduct of visual and instrument
flights
3. Meteorological Service for International Air Provision of meteorological services for international
Navigation air navigation and reporting of meteorological
observations from aircraft
4. Aeronautical Charts Specifications for aeronautical charts for use in
international aviation
5. Units of Measurement to Be Used in Air Dimensional systems to be used in air and ground
and Ground Operations operations
6. Operation of Aircraft
Part [—International Commercial Air
Transport
Part II—International General Aviation Specifications that will ensure in similar operations
throughout the world a level of safety above a
prescribed minimum
7. Aircraft Nationality and Registration Marks Requirements for registration and identification of
aircraft
8. Airworthiness of Aircraft Certification and inspection of aircraft according to
uniform procedures
9. Facilitation Removal of obstacles and impediments to movement of
passengers, freight, and mail across international
boundaries
10. Aeronautical Telecommunications Standardization of communications equipment and
systems (Vol. 1) and of communications procedures
(Vol. 2)
11. Air Traffic Services Establishment and operation of air traffic control, flight
information, and alerting services
12. Search and Rescue Organization and operation of facilities and services
necessary for search and rescue
13. Aircraft Accident Investigation Uniformity in the notification, investigation, and
reporting of aircraft accidents
14.  Aerodromes Specifications for the design and equipment of
aerodromes
15. Aeronautical Information Services Methods for the collection and dissemination of
aeronautical information required for flight operations
16. Environmental Protection Specifications for aircraft noise certification, noise
monitoring, and noise exposure units for land use
planning
17.  Security Specifications for safeguarding international civil
aviation against acts of unlawful interference
18. Safe Carriage of Dangerous Goods by Air The storage, handling, and carriage of dangerous and

hazardous cargo

“All annexes, except 9, are the responsibility of the Air Navigation Commission. Annex 9 is the responsibility of the Air Transport
Committee.
Source: Memorandum on ICAO, Montreal: International Civil Aviation Organization, July 1975 as updated.
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1.3 NONGOVERNMENTAL ORGANIZATIONS

There are a number of industrial organizations active in the area of air transportation,
both at the international and the national levels. The most important of the international
organizations are as follows:

1. International Air Transport Association (IATA). An organization with more than
100 scheduled international carrier members. Its role is to foster the interests
of civil aviation, provide a forum for industry views, and establish industry
practices.

2. Airports Council International (ACI). This organization was founded in 1991
as Airports Association Council International (AACI) to serve as a forum and
a focus for the views and interests of civil airport operators. The ACI came
about from a merger of the mainly U.S. Airport Operators Council Interna-
tional (AOCI), a mainly North-American association, and the International Civil
Airports Association (ICAA), which had been dominated by European operators.

In the United States, the more important domestic organizations with views and
policies affecting the civil aviation industry are the Air Line Pilots Association, the
Aircraft Owners and Pilots Association, the Air Transport Association of America,
the National Association of State Aviation Officials, and the American Association of
Airport Executives.

1.4 U.S. GOVERNMENTAL ORGANIZATIONS (2)

The administration, promotion, and regulation of aviation in the United States are
carried out at the federal level by three administrative bodies:

1. The Federal Aviation Administration
2. The National Transportation Safety Board

After the calamitous terrorist incidents of September 2001, security aspects of the
aviation were assumed by the newly created:

3. Department of Homeland Security, which set up the Transportation Security
Administration within its structure

The Federal Aviation Administration (FAA)

The FAA has prime responsibility for civil aviation. Formerly called the Federal
Aviation Agency, it was absorbed into the Department of Transportation under the
terms of the reorganization contained in the Department of Transportation Act of 1967
(80 Stat. 932). It is charged with:

Regulating air commerce in ways that best promote its development and safety
and fulfil the requirements of national defense

Controlling the use of the navigable airspace of the United States and regulating
both civil and military operations in such airspace

Promoting, encouraging, and developing civil aeronautics
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Consolidating research and development with respect to air navigation facilities

Installing and operating air navigation facilities

Developing and operating a common system of air traffic control and navigation
for both civil and military aircraft

Developing and implementing programs and regulation to control aircraft noise,
sonic boom, and other environmental effects of civil aviation

The administration discharges these responsibilities with programs in nine principal
areas:

1. Safety and Regulation. Issuance and enforcement of regulations relating to the
manufacture, operation, and maintenance of aircraft; rating and certification of
airmen and certification of airports serving air carriers; flight inspection of air
navigation facilities in the United States and, as required, abroad.

2. Airspace and Air Traffic Management. The operation of a network of air traffic
control towers, air route traffic control centers, and flight service stations. The
development and promulgation of air traffic rules and regulation and the allo-
cation of the use of airspace. Provision for the security control of air traffic to
meet national defense requirements.

3. Air Navigation Facilities. The location, construction or installation, mainte-
nance, and operation of federal visual and electronic aids to air navigation.

4. Research, Engineering, and Development. Research, engineering, and develop-
ment activities directed toward providing systems, procedures, facilities, and
devices for safe and efficient air navigation and air traffic control for both civil
aviation and air defense. Aeromedical research to promote health and safety
in aviation. Support for the development and testing of new aircraft, engines,
propellers, and other aircraft technology.

5. Test and Evaluation. The agency conducts tests and evaluations on items such
as aviation systems and subsystems, equipment, devices, materials, concept, and
procedures at any phase in the cycle of design and development.

6. Airport Programs. Maintenance of a national plan of airport requirements;
administration of a grant program for development of public use airports to
assure and improve safety and to meet current and future needs; evaluation of
environmental impacts of airport development; administration of airport noise
compatibility program; developing standards and technical guidance on airport
planning, design, safety, and operations; provision of grants to assist public
agencies in airport system and master planning, airport improvement and devel-
opment.

7. Registration and Recording. Provision of a system for the registration of aircraft
and recording of documents affecting title or interest in aircraft, aircraft engines,
and spare parts.

8. Civil Aviation Abroad. Under the Federal Aviation Act of 1958 and the Inter-
national Aviation Facilities Act (49 U.S.C. app 1151), the agency promotes
aviation safety and civil aviation abroad by information exchange with for-
eign aviation authorities; certification of foreign repair stations, airmen, and
mechanics; negotiating bilateral airworthiness agreements; technical assistance
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and training; technical representation at international conferences and participa-
tion in ICAO and other international organizations.

9. Other Programs. Aviation insurance, aircraft loan guarantee programs, allotting
priorities to civil aircraft and civil aviation operations, publication of current
information on airways and airport service, issuing technical publications for
the improvement of safety in flight, airport planning and design, and other
aeronautical services.

The National Transportation Safety Board (NTSB)

The NTSB was established as an independent agency of the federal government in
April 1975 under the terms of the Independent Safety Board Act of 1974 (88 Stat. 2156;
49 U.S.C. 1901). Its five members are appointed by the president. Its function is to
ensure that transportation in the United States is conducted safely. The NTSB assumed
responsibility for the investigation of aviation accidents, which previously had been
carried out by the Civil Aeronautics Board, the economic regulatory organization which
became defunct in the early 1980s as part of domestic deregulation of civil aviation.
The Bureau of Accident Investigation, the section within the agency responsible for
investigating aviation accidents, reports directly to the five-member board through the
Office of the Managing Director.

Department of Homeland Security (Transportation Security Administration)

Part of the Department of Homeland Security is the Transportation Security Admin-
istration, which is responsible nationally for transportation security and in particular
that of aviation. Federal staff is responsible for, among other matters, air passenger
screening, baggage screening, air cargo inspection and screening, federal air marshals
and federal flight deck officers, and canine explosive detection.

1.5 AVIATION PLANNING AND REGULATION AT STATE LEVEL

In the early days of civil aviation, the federal government saw no role for itself in
the provision of airports. This was stated to be a local responsibility that should be
financed principally by the municipalities or by private sources (3). The Air Commerce
Act of 1926 gave the secretary of commerce authority “to designate and establish civil
airways and, within the limits of available appropriations hereafter made by Congress, to
establish, operate and maintain along such airways all necessary air navigation facilities
except airports.”

In that municipalities draw all their power from the authority delegated by the
sovereign states, government at the state level necessarily became involved in avia-
tion. Consequently, state aviation departments and bureaus and, in some cases, state
aeronautical commissions were established. Most states have some form of user tax-
ation on aviation, which is channeled back into airport development in the form of
matching-fund grants.

The planning and financing of airports vary from state to state, and the practice
of a particular state depends greatly on the organizational structure of the overall
administration of transportation within the state. All states now have state Departments
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of Transportation (DOTs), which act as intermediaries in federal—local negotiations. A
number of different organizational forms of state DOTs have evolved. In extreme forms,
they vary from functional structures, in which individual departments are multimodal, to
modal structures, which strongly reflect the single-mode agencies prior to the formation
of state DOTs. Frequently, the structure is of a hybrid form that is somewhere between
these two extremes. Figure 1.1 illustrates the forms of functional, modal, and hybrid
state DOTs.

1.6 PATTERNS OF AIRPORT OWNERSHIP (4, 5)

In the early days of civil aviation in the United States, airports typically were owned
by local authorities or private organizations. Massive increases in passenger volume,
however, required building an extensive infrastructure in the passenger terminal area; at
the same time, the increasing weight and sophistication in aircraft necessitated greater
investment in extensive pavements for runways, taxiways, and aprons; equally neces-
sary were navigational and landing aid systems. These requirements were generally
beyond the capability of private finance, and the private airport operator tended to
disappear, except at the smallest airports.

Until the late 1980s, public ownership of a nation’s large airports was a worldwide
model that was generally upheld as being the natural state of things. However, by the
late 1980s, it became apparent that some airports had grown to be both large generators
of revenues and profits and the centers of activities which required very large infusions
of capital financing. In the wake of de jure deregulation of U.S. domestic civil aviation
and progress toward de facto deregulation of European airlines, strong moves were
made in a number of countries to “privatize” or denationalize the nation’s airports.
The United Kingdom took a lead in this direction with the Airports Act (1986), which
required all its medium and large airports to become private companies by 1987, placing
them in the private sector. In 1987, the BAA plc, which had formerly been the British
Airports Authority, handling three-quarters of all British air passengers, became the
first airport company to be quoted on the public stock exchange.

Since the late 1980s, except in the United States, the international tendency has
been to move from public to private ownership, but the form of public or private
ownership varies from country to country. The principal forms of ownership are the
following:

1. Ownership by a governmental agency or department whereby airports are cen-
trally owned and operated either by a division of the overall Ministry of Trans-
port or by the more specialized Ministry of Civil Aviation

2. Quasi-governmental organizations—public corporations set up by government
for the specific purpose of airport ownership and operation, where the
governmental unit may be national or regional (including state or provincial
governments)

3. Authorities for individual airports or for groups of airports authorized by a
consortium of state, provincial, or local governmental units

4. Individual authorities that run one airport on behalf of one local authority

W

Departments of a local authority
6. Single private companies or private consortia owning one or more airports
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An examination of international patterns of ownership indicates no special trends.
In 2010, France, Italy, Germany, Holland, and the United States had the majority of
their airports in public ownership, run by individual airport authorities. In a number of
developing countries, as well as the United Kingdom, South Africa, Australia, Canada,
Mexico, Chile, and Argentina, airports have been sold to private companies. In many
cases, the largest airports in a country are owned and operated by private companies or
consortia from foreign countries. In 2010 countries such as Holland, Ireland, Nigeria,
and Brazil still owned and operated their airports through centralized organizations that
are owned by or are part of the national government.

1.7 REVENUES AND EXPENDITURES AT U.S. AIRPORTS

Revenues

Since the feasibility of developing and building an airport rests heavily on the antici-
pated revenue and expenditure, the financial aspects of airport planning must take into
consideration both revenues and expenses. These two principal divisions may be further
grouped into operating and nonoperating areas.

Operating Revenues. The operating revenues at airports may be categorized into five
major groupings (5).

1. Landing Area. Revenues are produced directly from the operation of aircraft in
the form of landing fees and parking ramp fees.

2. Terminal Area Concessions. Nonairline uses in the terminal areas produce
income from a varied range of activities, including specialty areas (e.g., duty-
free stores, souvenir vendors, bookshops, newsstands, banks), food and drink
areas (e.g., restaurants, cafeterias, bars), leisure areas (e.g., television, movie,
and observation areas), travel services (e.g., lockers, wash-rooms, nurseries,
insurance desks, car rentals, rest areas, telephones), personal service areas (e.g.,
barber shops, beauty salons, valet service), and off-terminal facilities (e.g., office
rentals, advertising).

3. Car Parking and Ground Transportation. Especially at large airports, car parking
is a very substantial contribution to airport revenues. In conjunction with ground
transportation, this area of revenue generation is both large and profitable.

4. Airline Leased Areas. Within the terminal itself or in the general airport site,
substantial revenues can be generated by leasing facilities to the airlines. Airlines
normally rent offices, hangars, ticket and check-in counters, operations and
maintenance areas, and cargo terminals. Ground rents are paid when the facility
is provided by the airline.

5. Other Leased Areas. Many larger airports function as industrial and transport
complexes incorporating a number of nonairline operations. These operations,
which constitute another source of revenue, typically include industrial areas,
fuel and servicing facilities, fixed-base operators, freight forwarders, and ware-
housing.
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Expenditures

6. Other Operating Revenue. Sources of revenue in this category include equip-
ment rental, resale of utilities, and, at some airports, services such as baggage
handling.

Nonoperating Revenues. All income that accrues from sources that are not directly
connected to airport functions is nonoperating revenue. Such income may derive, for
example, from the rental of nonairport land or from interest on accumulated surpluses.

Operating Expenses. Numerous operating expenses are associated with the provision
of airport services. These can be categorized into maintenance costs and operations
costs:

1. Maintenance Costs. Expenditures are required for the upkeep of facilities; these
are largely independent of traffic volume. Maintenance must be provided to the
landing area (runways, taxiways, aprons, lighting equipment, etc.), the terminal
area (buildings, utilities, baggage handling, access routes, grounds, etc.), and
hangars, cargo terminals, and other airport facilities.

2. Operations Costs. This category, which includes administration and staffing,
utilities, and to some extent security, reflects to a greater degree the amount of
traffic. To some degree, these costs are escapable when demand is low.

Nonoperating Expenses. The inescapable costs that would have to be met even if the
airport ceased operation are said to be nonoperating expenses. Typically, they include
the interest payments on outstanding capital debt and amortization charges on such
fixed assets as runways, aprons, buildings, and other infrastructure.

Table 1.2 shows the effect of the magnitude of passenger operations on the sources
of income and expenditure for 43 airports in the United States. The data reveal
a moderate tendency for nonoperating income and expenses to increase as airports

Table 1.2 Average Income and Expense Breakdown for U.S. Airports with Different Levels
of Operational Activity

Average percentage breakdown of airport
income and expenses by hub type

Medium hubs Small hubs
Large hubs (at least 0.25%, but  (at least 0.05%, but

(1% or more of less than 1% of less than 0.25% of
Income or expense U.S. enplanements)  U.S. enplanements)  U.S. enplanements)
Income
Operating income, % 48.4 42.3 46.4
Nonoperating income, % 51.6 57.7 53.6
Expenses
Operating expenses, % 31.7 32.1 40.4
Nonoperating expenses, % 68.3 67.9 59.6

Sources: FAA Form 127 download and R. Golaszewski, GRA, Inc.
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become larger. The overwhelming source of both revenue and expenditure remains in
the operating category. The low level of nonoperating expense at U.S. airports reflects
high levels of FAA funding for infrastructure. In fundamentally differently financed
systems, nonoperating costs could rise substantially higher.

When the expense and revenue structure of non-U.S. airports is examined, it is
found that the aeronautical income covers aeronautical expenditure only at the largest
airports. At small airports, the aeronautical operations cause substantial losses. Non-
aeronautical income which includes commercial income usually covers nonaeronautical
expenditure at all but the smallest airports. At large airports, the intense commercial-
ization of the passenger terminals generate large profits from nonaeronautical sources.
These profits have proved to be highly incentive for commercial enterprises to buy
into the airport industry. Investment in airports has come from banks, construction
companies, and a variety of nonairport sources.

Structure of Revenues

Operating revenues vary considerably from airport to airport, in structure and in size.
Their structure depends greatly on operating volume. (Since nonoperating revenues are,
by their nature, not dependent on the operating characteristics of the airport, they tend
to be peculiar to the individual airport.) As the number of airport operations increases
across the range of airport sizes, the busier airports attract a higher proportion of
commercial air carrier operations. The larger passenger capacity of commercial carrier
aircraft ensures a disproportionate increase in passenger traffic, in comparison with the
increase in aircraft movements. Consequently, air terminal income increases rapidly in
importance in the overall revenue structure with growing operational activity.
Operational growth that accompanies increasing air carrier traffic requires substan-
tial investment in terminal infrastructure to provide for the rapid increase in passenger
movements. Table 1.3 indicates, for U.S. airports across a range of operational vol-
umes, a historic estimate of the declining relative importance of the landing area as a
source of revenue and the increasing dominance of terminal income. Table 1.4 shows
the average figures for large, medium, and small U.S facilities.The financial stability
of the operation of large airports is strongly related to the income generated by the
terminal area. More than half of this income relates to surface access in the form of
parking charges and leases to car rental firms, but more than one-quarter of terminal
income is almost discretionary, coming from restaurants, bars, shopping concessions,
and similar sources. Careful design can optimize this income relative to expenditure.

1.8 SOURCES OF CAPITAL FINANCING FOR U.S. AIRPORTS (5)

All airports are to some degree self-financing, and some large airports give a healthy
return on invested capital. The initial capital requirement for the construction and devel-
opment of airports is very large, and frequently the owning authority is unable to supply
the necessary amount from its own resources. In the United States, ownership of air-
ports rests almost entirely in the hands of local governmental units with slender capital
resources. Airport development therefore proceeds on the basis of money aggregated
from a variety of sources, such as general obligation bonds, self-liquidating general
obligation bonds, revenue bonds, local taxes, and state and federal grants.



12 The Structure and Organization of Air Transport

Table 1.3 U.S. Airport” Sources of Total Annual Revenues/Types of Costs

Year 2008 or 2007 ($Millions)

Revenues Large hubs Medium hubs Small hubs
Landing fees $2,088.2 $551.7 $147.1
Terminal rental $2,620.5 $582.1 $216.5
Other aeronautical $965.8 $296.0 $155.9
Total Aeronautical $5,674.6 $1,429.8 $519.4
Rents, land, and other nonterminal $249.0 $80.2 $83.0
Rents, terminal $1,198.6 $205.3 $59.2
Car rental $799.9 $369.6 $178.6
Parking $1,763.8 $773.5 $302.0
Other nonaeronautical $651.0 $76.0 $42.7
Total Nonaeronautical $4,662.4 $1,504.5 $665.5
Bond proceeds and interest income $7,497.4 $1,932.8 $473.5
Grants $762.3 $431.8 $445.6
Passenger facility charges $1,918.5 $501.3 $173.7
Other $856.0 $1,139.6 $280.4
Total Nonoperating $11,034.2 $4,005.5 $1,373.2
Total Revenue $21,371.1 $6,939.8 $2,558.1
Expenses
Personnel compensation $2.414.1 $754.5 $382.8
Communications $634.9 $170.6 $84.3
Supplies $550.3 $87.3 $51.0
Services $2,208.6 $704.9 $255.2
Insurance $159.9 $44.6 $26.7
Other operating $538.2 $132.1 $60.1
Total Operating Expense $6,506.0 $1,894.1 $860.1
Interest $2,235.7 $500.1 $137.4
Capital expenditures $7,095.3 $2,256.1 $881.1
Other nonoperating expense $174.3 $78.7 $24.2
Reporting year debt payments $4,542.1 $1,174.7 $221.9
Total Nonoperating Expense  $14,047.5 $4,009.6 $1,264.6
Total Expenses $20,553.5 $5,903.6 $2,124.6
$817.7 $1,036.1 $433.5

“Number of reporting airports: large hub, 29; small hub, 36.

Excluded airports: large hub, FLL; small hub, TUS and SJU.

Note: DOT hub airport definitions:

The definitions and formulas used for designating primary airports by hub type and percentage of annual
passenger boarding are: Large, 1% or more; Medium, at least 0.25% but less than 1%; Small, at least 0.05%
but less than 0.25%; Nonhub, more than 10,000 but less than 0.05%.

Source: FAA Form 127 data download March 2009 and GRA Inc. USA.

General Obligation Bonds

General obligation bonds are issued by a governmental unit. They are secured by the full
faith, credit, and taxing power of the issuing governmental agency. Although the level of
anticipated revenues is considered in the initial determination of the level of investment,
the bonds themselves are guaranteed from the general resources of the issuing body,
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Table 1.4 U.S. Airport Annual Average Revenues and Costs

Year 2008 or 2007 ($Millions)

Revenues Large hubs Medium hubs Small hubs
Landing fees $72.0 $15.3 $2.2
Terminal rental $90.4 $16.2 $3.3
Other aeronautical $33.3 $8.2 $2.4
Total Aeronautical $195.7 $39.7 $7.9
Rents, land and other nonterminal $8.6 $2.2 $1.3
Rents, terminal $41.3 $5.7 $0.9
Car rental $27.6 $10.3 $2.7
Parking $60.8 $21.5 $4.6
Other nonaeronautical $22.4 $2.1 $0.6
Total Nonaeronautical $160.8 $41.8 $10.1
Bond proceeds and interest income $258.5 $53.7 $7.2
Grants $26.3 $12.0 $6.8
Passenger facility charges $66.2 $13.9 $2.6
Other $29.5 $31.7 $4.2
Total Nonoperating $380.5 $111.3 $20.8
Total Revenue $736.9 $192.8 $38.8
Expenses
Personnel compensation $83.2 $21.0 $5.8
Communications $21.9 $4.7 $1.3
Supplies $19.0 $2.4 $0.8
Services $76.2 $19.6 $3.9
Insurance $5.5 $1.2 $0.4
Other operating $18.6 $3.7 $0.9
Total Operating Expense $224.3 $52.6 $13.0
Interest $77.1 $13.9 $2.1
Capital expenditures $244.7 $62.7 $13.3
Other nonoperating expense $6.0 $2.2 $0.4
Reporting year debt payments $156.6 $32.6 $3.4
Total Nonoperating Expense ~ $484.4 $111.4 $19.2
Total Expenses $708.7 $164.0 $32.2
Cash Surplus (Deficit) $28.2 $28.8 $6.6
Numbers of Airports 29 36 66

Source: FAA Form 127 data download March 2009 and GRA Inc. USA.

not from the revenues themselves. With this degree of investment security, general
obligation bonds can be sold at a relatively low interest rate, requiring a lower level of
expenditure on debt servicing. Since local authorities are constitutionally limited in the
total debt that can be secured by general obligation, the use of this type of bond reduces
the available debt level. Because of the high demand on local authorities for capital
investment, usually for facilities that produce no revenue, most government agencies
consider it unwise to use general obligation bonds for such income-generating projects

as airports.
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Self-Liquidating General Obligation Bonds

Revenue Bonds

Self-liquidating general obligation bonds have been recognized by the courts of some
states. These instruments are secured in exactly the same way as ordinary general
obligation bonds; however, since it is recognized that the bonds are financing a revenue-
producing project, the issue is not considered to contribute to the overall debt limitation
set by the state. This type of financing is particularly desirable in that it bears low
interest rates without limiting other general obligation debt.

Revenue bonds can be issued where the entire debt service is paid from project revenues.
Although subject to the general debt limitation, these bonds bear substantially higher
interest rates than general obligation bonds, the interest rate often being dependent on
the anticipated level of coverage of revenues to debt service. Before issuing revenue
bonds, it is normal practice to prepare a traffic-and-earnings report that includes the
forecasting of revenues and expenses during the life of the bond issue. Revenue bonds
are sold on the open market, but they suffer from the disadvantage that banks are
forbidden to deal in revenue bond issues. Banks, on the other hand, are responsible for
a large share of the underwriting of general obligation issues.

Some authorities have negotiated airport—airline agreements to provide a greater
degree of security to revenue bond issues in order to assure a lower interest rate. Under
these agreements, the airline guarantees to meet all airport obligations with respect to
the issue. Usually, however, this sort of agreement requires that capital decisions be
made by the airline—a restriction that few airports are prepared to accept.

In the past, almost all airports were financed by general obligation bonds, but the
rapidly increasing sophistication of the required facilities has necessitated an increasing
trend toward the use of revenue bonds, with an increasing level of commitment by the
airlines in guaranteeing the revenues for debt service. As airports have become larger
revenue generators and have been seen as capable of generating substantial operating
surpluses if commercial development is encouraged, previously unconventional means
of financing have become more important. These include:

Nonprofit Corporation Bonds. These bonds are issued by specially created nonprofit
corporations and are backed by special-use taxes. The improvements financed
in this way usually revert to the airport or municipality on bond retirement.

Industrial Development Authority Bonds. These bonds are issued and underwritten
by a separate corporate entity located on the airport on leased land. Bonds
of this nature permit nonaeronautical development without the involvement of
the airport.

Third-Party Private Finance. This is now more frequently attracted into the airport,
which is seen to be a high potential investment site because of the sustained
growth of aviation.

For further discussion of this type of finance, reference should be made to Section 5.13
and texts on airport financing (5).
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Local Government Taxes

State Finance

Federal Grants

In the early days of aviation, most airports were supported by general local government
taxes. As facilities grew, the fiscal requirements rapidly outpaced the local governments’
abilities to provide capital from their own annual revenues. As a source of capital, this
form of finance is now generally unimportant for all but the smallest facilities.

The individual states contribute substantially to the financing of airports. Most states
require federal funding to be channeled to local government through state agencies. It
is normal in these circumstances for the state to share in the nonfederal contribution of
matching finance for federal funds. Where no federal funds are involved, state funds
may be matched to local funds. Much of state funding comes from taxes on aviation
fuel, which are largely reused for airport development.

The federal government has provided substantial support for the development of inputs
through a series of peacetime programs in the 1930s; the Federal Airport Act of 1946
as amended in 1955, 1959, 1961, 1964, and 1966; and, currently, the Airport and
Airways Development Act of 1970, as amended in 1976, as the Airport Development
Acceleration Act of 1973, the Airport and Airway Improvement Act of 1982, the
Airport and Airways Safety and Expansion Act of 1987, and the Aviation Safety and
Capacity Expansion Act of 1990. Federal financing is discussed more extensively in
the following section.

1.9 FEDERAL FINANCING

Up to 1933, the financing of airports in the United States was carried out almost entirely
by local governments and by private investors. The first significant infusion of federal
monies into the development of airports came in 1933, at the height of the Depres-
sion. In that year, through the work relief program of the Civil Works Administration,
approximately $15.2 million was spent on airports. After a short period of support by
the succeeding work relief program of the Federal Emergency Relief Administration in
1934, the Works Progress Administration (WPA) assumed responsibility for the admin-
istration of federal aid to airports and spent approximately $320 million between 1935
and 1941. The WPA programs required a degree of matching local support, and it was
at this time that the practice of sharing airport development costs among federal, state,
and local governments became established.

In 1938, the Civil Aeronautics Administration (CAA) was created to formulate
policies to promote the overall development of the aviation industry; this body, with
several reorganizations and retitlings later, is now the FAA.

Toward the end of World War II, Congress was aware that postwar civil aviation
was likely to achieve a remarkable growth rate. The CAA was authorized by House
Resolution 598 (78th Congress) to carry out a survey of airport needs during the postwar
period. This survey, and the clear need for federal funds, led to the Federal Airport
Act of 1946. This legislation authorized the spending of approximately $500 million
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in federal aid to airports over seven years. In 1950, the original 7-year period was
extended to 12 years, reflecting the realization that federal appropriations were falling
significantly below the levels of authorization.

Further major amendments were made in 1955, 1959, 1961, 1964, and 1968. During
that period, the authorizations grew from $40 million in 1956 to $75 million for the
period 1968—1970. By the late 1960s, however, it was clear that the scale of capital
investment required to provide airports and airways to meet the sustained growth in
aviation that could be expected in the 1970s and 1980s called for a restructuring of
airport financing beyond what could reasonably be achieved by further amendment of
the Federal Airport Act.

The Airport and Airways Development Act of 1970 further developed the use of the
Airport and Airway Trust Fund (previously established in 1954), with authorizations
amounting to $2.5 billion for airports over a period of 10 years and a further $2.5
billion for airways and air traffic control systems. Financing was handled by a series
of user taxes. The act substantially increased the amount of federal funds available for
airport development. Each year, funds were to be made available for air carrier and
reliever airports; one-third of this fund was earmarked for air carrier airports based on
the number of enplaning passengers, one-third was for air carrier and general aviation
reliever airports on the basis of state population and state area, and one-third was to be
disbursed at the discretion of the Secretary of Transportation. Grant agreements were
to extend over three years, rather than the one-year basis of funding authorized by the
Federal Airport Act.

For a project to be eligible to receive funds under the Airport Development Aid
Program (ADAP), the airport had to be publicly owned and in the National Airport
System Plan. The 1970 act retained the federal share of eligible project costs at 50%,
a holdover from the Federal Airport Act; this federal share was subsequently modified
by amendments in 1973 and 1976.

Under the terms of the development act, airport facilities associated with safety
and necessary operation were eligible for federal grants. Over the 10-year period of
the act, planning funds were also made available to a limit of $15 million for airport
system planning on a regional basis and the master planning of individual airports.
Federal planning funds were available on a 75% cost-sharing basis, with a limit of
$1.5 million to any one state.

The Airport Development Acceleration Act of 1973 made some substantial changes
to the operation of the trust fund. Federal funds for airport development were increased,
with the federal proportion going from 50 to 75% for airports with passenger enplane-
ments less than 1% of total national passenger enplanements; the federal share of airport
certification and security requirements costs was set at 82%. This act also specifically
prohibited the collection of state airport “head taxes.”

Further significant amendments to the 1970 act were made in 1976 (Public Law
94-353) with respect to the federal share of project costs and the use of funds for
non-revenue-producing areas of the passenger terminal. These amendments increased
the level of annual authorization for airport development. For airports enplaning less
than 1% of national enplaning passengers, the federal share of allowable project costs
was increased to 90% in 1976—1978 and 80% in 1979-1980; for the busier airports,
the federal share was increased to 75%. This act also permitted the use of federal funds
for passenger transfer vehicles on both the air side and the land side.



1.9 Federal Financing 17

More changes to airport financing were made by the Airport and Airway Improve-
ment Act of 1982, which replaced ADAP with the Airport Improvement Program (AIP),
which was to fund the new National Plan of Integrated Airport Systems (NPIAS). The
same act authorized funds for facilities and equipment associated with air traffic control
and navigation over the same period and further monies for airspace system operation
and maintenance. Fifty percent of the total authorization was designated for primary
airports (see Section 1.10), with the apportionment formula remaining the same as that
for air carrier airports under the former program, with increases from 10% in 1984
to 30% in 1987. State apportionments amount to 12% of total apportionment. In the
contiguous United States, 99% of the states’ apportionments is for nonprimary airports.
Other fund limitations legislated were that at least 10% of total apportionment was for
reliever airports, at least 8% for noise compatibility, and at least 5.5% for commercial
service airports that are not primary airports and for public noncommercial service
airports that had scheduled service in 1981. At least 1% of total funds was designated
for planning, with 13.5% remaining to be used at the discretion of the secretary. The
1982 Act was amended by the Airport Safety and Capacity Expansion Act of 1987
(Public Law 100-223), which increased program authorizations.

The Airport Safety and Capacity Expansion Act of 1990 permitted airports to
levy the previously prohibited passenger facility charges (PFC), with some restrictive
clauses. These limited the number of charges which could be applied during the course
of a trip and reduced improvement program apportionments to medium and large hubs
which imposed the charges. The act also established federal shares of project cost at
the levels shown in Table 1.5.

Included were the purchase of land for physical facilities and the purchase of
long-term easements to protect navigable airspace in the clear zones; construction and
reconstruction of runways, taxiways, and aprons; resurfacing of runways, taxiways,
and aprons for structural but not maintenance purposes; airfield lighting; buildings
associated with safety, such as the airport fire and emergency buildings; and roads,
streets, and rapid-transit facilities; airfield signage; airfield drainage; planning studies;
environmental studies; safety area improvements; airport layout plans; roads on airport
property; and reduction of hazards.

Wendell Ford Aviation Investment Act for the 21st Century of 2000

Also known as the Air 21 Act, this legislation contained provisions for safety and
whistleblower protection but importantly sought to unlock the Airport and Airways
Trust Fund to allow higher passenger facility fees and exempted the Trust Fund from
discretionary spending caps and congressional budget controls. The provisions were

Table 1.5 Federal Share (Percentage of Project Costs)

Type of airport

Type of project Large and medium primary airport All other
Individual airport planning 75 95
Airport development 75 95

Noise compatibility programs 80 95
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designed to help small airports hold on to low-volume services and to aid high-volume
facilities to solve their capacity problems. For the period 2000—2004, the act authorized
$47.6 billion for FAA operations, facilities, and equipment and a further $19.2 billion
for the Airport Improvement Program.

Aviation and Transportation Security Act of 2001

Rushed through Congress in the wake of the terrorist attacks of September 2001, this act
dealt mainly with aspects of security. These included the transfer of authority for civil
aviation security to the Transportation Security Administration, with the federalization
of airport search and screening of passengers and baggage, the expansion of the number
of sky marshals, and other measures. Importantly, this legislation provided for the new
security program to be paid for by passengers by a $2.50 segment fee, capped at $10.00
per ticket.

Vision 100 Century of Aviation Act

This act extended federal funding to aviation beyond 2003, when the Air 21 Act
provisions expired. The period of late 2001 and 2002 had proven difficult for the
airlines and airports in the wake of the severe drop in traffic due to the aftereffects of
the attacks of September 2001. AIP authorizations were increased from $3.4 billion in
2004 to $3.7 billion in 2007. The act permitted extended use of PFC and AIP funds to
make funding easier for airport/airside improvements and existing debt servicing.

FAA Reauthorization Act of 2010

Among its provisions, the act reauthorized appropriations to the FAA for airport
planning, development and noise compatibility planning, air navigation facilities and
equipment and FAA operations, research, engineering, and development. Furthermore,
the act broadened the usage of the passenger facility charges, including their application
to intermodal ground access pilot projects. It extended the expenditure authority of the
Airport and Airway Trust Fund through fiscal year 2012.

1.10 THE U.S. NATIONAL PLAN OF INTEGRATED AIRPORT
SYSTEMS: A CLASSIFICATION OF AIRPORTS (6)

For the purposes of federal administration, airports in the United States are classified
within a framework identified by function, industry role, and hub type (in terms of
percent of annual passenger boarding), that essentially constitutes the U.S. airport sys-
tem plan. This plan, officially termed the national plan for integrated airports system
(NPIAS), is described in detail in Chapter 4 (see Figure 4.8). In the United States, there
are nearly 20,000 airports of which approximately 5200 are open to public use. All air-
ports which are considered to contribute significantly to the national air transportation
system and which are open to the public are included in the NPIAS. However, as of
2008, over 1800 public use airports are not included in the NPIAS framework, because
they do not meet the criteria for inclusion, are located on inadequate sites, or cannot
be expanded and improved to provide a safe and efficient public airport.
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Table 1.6 Definitions of U.S. Airport Categories

Hub type
percentage of annual Common
Airport Classifications passenger boardings name
Commercial service: Primary Large, 1% or more Large hub
Medium, at least 0.25% but Medium hub
less than 1%
P}thcly owned Have more than Small, at least 0.05% but less Small hub
airports that have at 10,000 passengers than 0.25%

least 2500 passengers boarding each year
boardings each
calendar year and

Nonhub, more than 10,000 but Nonhub primary
less than 0.05%“

receive scheduled Nonprimary Nonhub, at least 2500 and no Nonprimary
passenger service more than 10,000 commercial

service
Nonprimary (except Reliever
commercial service) General aviation
Other than passenger Cargo service
classification

“Nonhub airports—locations having less than 0.05% of total U.S. passengers, including any nonprimary commercial airports,
are statutorily defined as nonhub airports. For some classification purposes, primary locations are separated within this hub
type, although more than 100 nonhub airports are currently classified as nonprimary commercial service airports.

The four main categories of airports in NPIAS—Ilarge, medium and small hubs,
plus nonhub airports—with their various subcategories, comprising the NPIAS airport
classification system are as indicated in Table 1.6.

General aviation airports are further classified according to usage into basic utility
airports and general utility airports.

A basic utility (BU) general aviation airport accommodates most single-engine and
many of the smaller twin-engine aircraft—about 95% of the general aviation fleet.

Basic Utility Stage I. This type of facility accommodates approximately 75% of
single-engine and small twin-engine airplanes under 12,500 pounds. It is pri-
marily intended for low-activity locations that serve personal and business
flights.

Basic Utility Stage II. This type of airport accommodates the same fleet of air-
craft suited to Basic Utility Stage I airports plus a broader array of small
business and air-taxi type twin-engine airplanes. It is primarily intended to
serve medium-sized communities, with a diversity of usage and a potential for
increased aviation activities.

Basic utility airports are designed to serve airplanes with wingspans of less than
49 ft. Precision approach operations are not anticipated for either of the Basic Utility
airport classes.

A general utility (GU) airport accommodates virtually all general aviation aircraft
with maximum takeoff weights of 12,500 pounds or less.
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General Utility Stage 1. General utility airports are primarily intended to serve
the fringe of metropolitan areas or large, remote communities. General Utility
Stage I airports are designed to accommodate all aircraft of less than 12,500
pounds. These airports are usually designed for aircraft with wingspans of less
than 49 ft and are not intended to accommodate precision approach operations.

General Utility Stage II. This class of airports accommodates airplanes with
approach speeds up to 120 knots. These airports are designed to serve
airplanes with wingspans of up to 79 ft. They usually have the capabilities for
precision approach operations.
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Forecasting Air Transport
Demand

2.1 INTRODUCTION

Projecting air travel for an airport, city, or region is a critical and fundamental step in
the airport planning process. Yet it is more of an art than science, or perhaps an inexact
science. This important step of the planning process could be subjective and varies with
the views a forecaster may hold, individual experience, methodology adopted, and the
forecaster’s background.

Forecasting is essentially attempting to replicate a future situation based on histor-
ical data, developing patterns and scenarios of future demand for air travel. In essence,
it considers industry and market forces of today and yesterday to build a case for the
future. History of the market, society, and air transport industry would provide the
basic ingredients of the forecasting process. The expert forecaster could arrive at cer-
tain conclusions on market and industry relationships that would determine the size,
pattern, and characteristics of air travel demand at an airport or region.

Internationally, the International Civil Aviation Organization (ICAO) has been com-
piling statistics on air travel since the start of commercial air travel (1). Figures 2.1
and 2.2 depict the pattern of world international air travel since the inception of com-
mercial air travel between the great wars. They represent three basic descriptors of
demand since air travel data started to be globally recorded:

o Passengers
e Aircraft movements

o Passenger-distance traveled, or more precisely “revenue” passengers traveled, in
terms of revenue passenger-kilometers

It is important to note that the world airline charts in Figures 2.1 and 2.2 present
several levels of aggregation: regions of the world, countries in regions, parts of coun-
tries, and airports. They also represent different sectors of the air transport industry:
scheduled and charter airlines, domestic and international sectors, and even general
aviation (GA) and air taxi.

The forecast of demand at a given airport would go deeper than passengers or
aircraft or air cargo in any given year. To really be useful for planning and development
purposes, the annual forecast must only be the first step from which a whole array
of forecasts are derived. To design facilities, forecasts of hourly passenger flows are
required. To operate different facilities of the airport, weekly and daily patterns are
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also needed. Moreover, while the forecasts of aircraft on the airside and passengers
on the landside are the basis for their respective facilities design, some estimate of
ground vehicles on the airport access is important to design the airport access and
parking infrastructure. All these separate facilities ultimately would rely on the basic
air transport demand forecasts.

The quality and accuracy of a forecast are reflective of the tools, data, and method-
ology adopted in the forecasting process. The logic of assumptions, analytical models
used, and accuracy and validity of data all contribute to the quality and accuracy of
the forecasts.

Rationale for Air Travel Forecast

People normally travel to fulfill business obligations, for leisure, for other personal
reasons, or for some combination thereof. Air travel is not significantly different from
other modes of intercity travel, but it is inherently unique in many other ways. One
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principal difference between air and ground inter-city travel modes relates to the trav-
eler’s perception of time involved in travel and restrictions on the traveler’s desire to
select a route, a carrier, a transport mode to reach final destination, in addition to safety,
cost, convenience, and accessibility to the traveler (2).

As the world air travel industry has matured after undergoing phases of growth,
regulation, deregulation, consolidation, globalization, and liberalization, the industry has
matured and stabilized in terms of basic structure, operating characteristics, underlying
economic forces driving the market, and interrelationships with the socioeconomic
environment within which it exists and functions. Air travel industry has long become
the backbone and vital link of interstate culture and commerce regionally, nationally,
and internationally. Air travel demand relates primarily to certain basic economic,
demographic, behavioral, and market factors that simply provide people and business
with the means to travel and connect. It is simply the outcome of supply of people
with motivation to travel, who have resources of time and money, utilizing a transport
infrastructure that fulfills their requirements to travel at the time, location, and cost they
desire. During each phase of the industry, the rationale and methodology to forecast
demand for air travel would be unique and distinct.

Factors Contributing to Air Transport Demand

Demand for air travel is invariably affected by a variety of causal variables. These
variables should be unambiguous and measurable and the available data should rea-
sonably conform to mathematical formulation and statistical analysis (3). These causal
variables are intrinsic to models that provide future estimates of demand. They reflect
the different sectors of air transport demand represented in the respective demand mod-
els. Causal variables typically used for demand forecasts, their influence on demand,
and corresponding model type are indicated in Table 2.1.

Air passenger demand is correlated to a region’s population and the motivation of
individuals to travel (i.e., their propensity to travel) as well as socioeconomic activities
and measures that support travel and the availability of related services and infras-
tructure. The underlying assumption in all forecasts is the strong correlation between
demand and trip-generating factors that are derived from historical data, and this corre-
lation is applicable for the forecasting horizon. Expected future demand environments
expressed as forecasts of such factors as airfare levels, airline service, gross national
product, and so on, are all inputs to the forecasting process. An underlying assumption
in all forecasts is that forecast models hold in the future as long as assumptions related
to all factors hold in the future as they do at past and present. Typically, econometric
forecast models are developed based on time-series historic database or industry cross-
sectional data. Availability and accuracy of the data used are critical to this process
both for airlines and for airports.

In conducting forecasts of airport demand, the following factors are considered (2):

1. Availability of capacity; airports and airspace

2. General economic situation; locally, nationally, and internationally
3. Socioeconomic and demographic variables of the airport region

4. Economic factors directly related to airlines operating at the airport
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Table 2.1 Demand Variables and Application (3)

Type of influence

Variable

Application

Size and spending ability of
market

Ethnic (or linguistic) ties
between areas
Price of air service

Quality of air service

Access to air transport services

Price and quality of competing
service

Population or number of households

Gross domestic or national product
for a country or region

Personal disposable income

Exports

Imports

Proportion of population of one area
born in other area

Published tariffs

Revenue yield

Departure frequency

Number of stops or connections on a
route

Travel time

Number of destinations served

Proportion of market within a certain
distance or travel time from airport

Tariff of a competing air service

Departure frequency on competing air
service

Fare on competing surface transport
service

Travel time on competing surface
transport

Passenger forecasts
All types of forecasts

Nonbusiness passenger

Outbound international freight

Inbound international freight

Passenger forecasts for route or group
of routes

Route forecasts

All types of forecasts

Scheduled forecasts

Scheduled route forecasts

Route forecasts
Regional forecasts

Airport or route forecasts

Route forecasts
Route forecasts

Route forecasts

Route forecasts

5. Competition between airlines serving the airport as well as competition between
the air and other modes of transport

6. Environmental and political constraints on the air transport system and airline
industry

7. Technological advancement in aeronautics, telecommunication, air navigation,
and other related fields

8. Overall safety, security, and convenience of air travel

The forecaster must pay good attention to the manner in which airport forecasts
are presented. Sound presentation of forecast is vital to acceptance of the forecasts and
success of the project. Deriving the forecast model, including performing the required

statistical tests, may not be enough for acceptance.

The airport planner must also cover the following aspects (3):

e Statement of purpose for the airport project and the forecast

o Relation of the forecast being presented to the entire airport forecasting process,
and not just an isolated step

o Description of the air travel environment and the unique airport situation

o Forecast methodology, including approach, use of assumptions, model mechan-
ics, and reasons to adopt the particular approach
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o Assumptions related to factors affecting demand and justifications for the
assumptions

o Historical records and databases for the causal variables making the model,
quality of these data, and data sources and definitions

o Discussion of the accuracy of the forecast indicating the range of uncertainty
and model boundaries

From a quantitative perspective, the demand forecast is not a final objective on
its own, but only a part of a larger goal and greater purpose (4). The forecast primary
use is to guide the airport planner to develop a strategy for tackling several important
interrelated tasks. These tasks include developing new or expanded facilities, determi-
nation of financial feasibility, mitigation of environmental impacts, and conducting a
complete master plan for the airport development.

Typically, demand forecast is central to the formal airport master plan, which
constitutes demand/capacity analysis, sizing facility requirements, airport development
conceptual plans, and economic-financial feasibility.

In general, demand forecasting is the backbone to the plan of future development
of the airport.

2.2 COMPONENTS OF AIR TRANSPORT DEMAND

The above factors—with respect to geographic scale; local, national, and international;
sector of industry; and different components of air transport—will all act to varying
degrees of impact and contribute to estimating the air transport demand at airports.

On the local and regional levels, the socioeconomic/demographic variables and
the shifts and directions the economy takes would play the major role in defining the
number of passengers within the region or airport.

On the national level, the state of the national economy and the state of the airline
industry are the major factors that would dictate aviation demand. Other factors include
geographic and demographic distribution of demand, technological advancement in the
industry, and perhaps politically sensitive environmental issues.

Internationally, bilateral agreements, state of global and regional economies, polit-
ical considerations vis-a-vis hostilities, regional turmoil and internal security, airline
globalization, cultural and social ties between nations, and advances in aeronautics,
telecommunication, navigation, and surveillance technologies all may contribute to the
size and kind of international air travel.

In terms of components of air travel, the airports and airlines distinguish between
the originating (origin—destination, or OD) passengers and the connecting passengers.
The split of passenger demand between these two basic components of demand may
impact how the airlines operate, but most importantly how the individual airport facil-
ities are used.

OD passenger demand is the passenger trips originating or terminating at an airport.
It represents the passenger demand directly associated with the airport/region local
socioeconomic and “propensity to travel” characteristics.

Since deregulation of the airline industry in the late 1970s, airlines have resorted to
“hubbing” as a strategy to gain market share and operate more profitably. Connecting
passenger demand refers to passengers on flights to/from the passengers’ origins and
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destinations who have to go through a third airport depending on the airline flown—the
airline hub. Establishing a clear understanding of airline hub planning considerations
and quantifying the connecting element of passenger demand have always been prob-
lematic and difficult to project. For one thing, establishing hubs has always been a
closely guarded decision by airlines. It is a decision predominantly based on the air-
line’s business model and marketing strategy. But in broad terms, the conditions that
favor an airport to be established as a hub by an airline may include geography and
orientation of the hubbing market, airport infrastructure capacity, strong OD base vis-
a-vis extent of hubbing, aircraft fleet of the airline, competition with other airline and
hubs in close proximity, the airline adding opportunities to improve its profitability and
market dominance, and potential for establishing an international hub.

An important aspect of airline hubbing is the issue of partnering of commercial air
carriers and regional/commuter airlines with well-integrated route networking to ensure
good penetration to communities and effective market coverage. In the past a variety of
strategies were used by airlines to gain more route structure integration to gain market
control and enter new markets. Strategies such as code sharing, computer reservation
systems, and acquisition of regional airlines helped provide better connections and
service frequencies to passengers and higher load factors and hence yields to the airlines.

While not air travel related, airport demand forecast may be influenced by inter-
modal interactions with other transport modes that may be competitive with or supple-
mentary to air travel. Therefore, in conducting air travel demand forecast for a particular
airport, this aspect has to be carefully considered. Implementation of competing (or sup-
plementing) ground transport modes will largely depend on such considerations as the
geographic region’s ground transport network, technological advancement in ground
modes, financial and economic feasibility of all travel modes, future availability of
options and their costs of energy, convenience and acceptability by the traveling public,
and the environmental and social impacts of the modes.

2.3 CONVENTIONAL AIRPORT FORECAST METHODS

The conventional forecast methods outside the comprehensive frameworks described
above are discussed below. While these simple methods have been applied with rea-
sonable success on all levels, they are not as comprehensive or sophisticated, and their
overall long-term expected accuracy is much less. It is also important to note that
the possibility of using any of them may be limited by lack of data, resources, or
time. Invariably, a more reliable forecast may include more than one approach and
consolidating results into a unified forecast (3).

Expert Judgment

Total lack of data on the airport and airline industry would prevent making any reason-
able estimate of future demand. Under certain conditions, a crude but effective method
of forecasting is the judgment estimate by an expert close to the problem and environ-
ment who would be able to integrate and balance the factors involved in the specific
situation. However, the chances of success diminish as the complexity of the particular
situation increases, number of factors increase, and the need for long-term forecasts
becomes necessary.



2.3 Conventional Airport Forecast Methods 27

Survey of Expectation

This method is one step above the previous one—essentially providing an aggregate
judgment of several experts in the airport and air transport industries who are in a posi-
tion to cast their expert opinions and judgment to estimate future trends. By assembling
an expert panel with broad range of interests and specialties, the forecaster would hope
for a balanced view and a reasonable estimate.

A refined and improved version of this approach is the Delphi technique. It is essen-
tially the informed consolidation of the responses of all the experts through an iterative
procedure. The experts cast their opinion regarding the forecasts. This is administered
with a questionnaire in which they are requested to indicate a most probable course of
development in the activity being forecast (4). The initial returns and feedback on the
opinions of the entire panel are consolidated in the first iteration of the procedure as a
composite return by the entire panel. This composite figure is returned to the panel in
the second iteration questionnaire, giving them the opportunity to revise their original
assessment in light of the prevailing opinions among the entire panel. In this proce-
dure, the range of expert responses after each iteration tends to narrow and consensus
is ultimately reached. This technique is a practical means of bringing experts from a
wide range of specialties and based on the information each provides moves toward
consensus with aggregate composite values. In general, however, this method is more
appropriate and suitable to aggregate forecasts at the national level than to disaggregate
forecasts at the airport or regional levels.

Indeed, a version of this method is used in the United States to provide industry
consensus on short-term industry trends to feed into the FAA National Forecast Sys-
tem (described elsewhere in this chapter). The biennial FAA Transportation Research
Board (TRB) Forecast Workshop series was initiated in 1979, first including only U.S.
participants, then branching out to international participants. Participants are experts
drawn from government, industry, academic, and private consulting firms representing
different sectors of the travel industry in the United States and the developed world.
These experts are invited to an expert workshop hosted by the TRB (5) to discuss the
state of the economy and factors impacting the air transport industry in the short term.

In an interactive workshop environment the experts discuss the issues at hand and
cast their opinions on the future prospects for the different sectors of air travel, market
directions and possible development in the economy, global energy cost, business envi-
ronment, fare structures, competitive conditions, operations, and technology. Specific
topics typically include domestic and international macroeconomic outlook, structure
and operating patterns of major and regional U.S. air carriers, expected developments
in international aviation and aircraft and engine manufacturers, impacts of the price of
oil and jet fuel on the industry, trends in business aviation, and trends and patterns of
air cargo operations. Consensus is reached on the level of economic growth, air traffic
growth rates in the different sectors of the market, as well as geographic regions. The
conclusions on economic growth, airfares, potential impact of fuel price, and other
factors would be input in the FAA forecast system.

Ratios of National Forecasts

This technique is widely used in the United States, which benefits from the vast amount
of demand forecast data generated by the FAA national demand forecast system. It is
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a simplistic approach typically used at the local level. It basically assumes that, for

a city or region in the United States, the percentage of the annual national passenger

volumes remains relatively stable over time in the short and medium terms. Airport

passenger forecasts are obtained by a step-down percentage of the national forecasts.
The major drawbacks of this technique include:

1. The percentage of national figures does not necessarily remain stable; rapidly
growing areas attract more demand than mostly slow-growing areas where the
primary-sector economic base is static and growth is insignificant. Conversely,
excessively large error will occur at an airport that starts operating as an air-
line hub.

2. Airport market areas in certain parts of the world may overlap within their
regions. A certain level of competition comes into the picture that requires
careful consideration and may render this technique less useful.

3. As discussed later, certain errors are typical in the national demand forecasts,
primarily due to large variations with certain variables of the FAA national
forecasting system such as load factor and average aircraft size.

Obviously, this method could not be used outside the United States without major
assumptions made. The air transport industry in different parts of the world is struc-
turally different than in the United States. Certain elements of the air transport industry
have a different business model and are more influenced by fares.

In the United States, this method constitutes an essential part of the regional-
level component of the Comprehensive Airport Demand Forecast Framework described
elsewhere in this chapter. There are three variations for this technique:

Method A

1. Determine the percentage of national enplaned passengers that the airport has
attracted in the past.

2. Adjust this percentage to reflect anticipated abnormal growth trends.

w9

. Obtain data for national passenger traffic for the design year.

4. Calculate step-down design figures as the product of the percentage of step 2
and the national figure from step 3.

Method B
1. Obtain the number of passengers per 1000 population that the airport has expe-
rienced in the past.

2. Compare the figure computed in step 1 with the number of passengers nationally
per 1000 population

3. Compute the ratio of local to national rates, that is,
Passengers/1000 population for airport
Passengers/1000 population for nation

4. Obtain the national forecast of air passenger traffic per 1000 population for the
design year
5. From steps 3 and 4 calculate the local passenger traffic per 1000 population.
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Method C A slightly more detailed variation of this technique includes the airport,
the state, and the nation:

Ei =My . Mys . Myus . Mus - Eus (2.1)

where

E; = domestic passenger enplanement
M;; = domestic passenger enplanement in location i
M, = percent market share for airport i of total scheduled domestic total
passenger enplanement in rejoin j
M,ys = percent market share for region j of total state market s
Mys = percent market share of state s of total U.S. market
Eys = total scheduled domestic passenger enplanement in the United States

A synthesis of airport forecasting practices (6) identified four major categories of
forecasting methods:

e Trend projection, where a time series is used to establish a demand trend and
extrapolate it into the future

o Market share analysis—based on market research and industry surveys, the local
airport activity is calculated as a share of some larger aggregate forecast (e.g.,
local to national and local to regional)

¢ Econometric modeling, where aviation activities are tied to other economic
measures

o Simulation—a technique that is separate and independent from demand forecast-
ing used to provide high-fidelity operational snapshot estimates of traffic flows
across a network through the airport

These techniques are described below.

Trend Projection

Trend projection of demand relies on the quality of the historical data (time series) and
the stability of growth over time. In the short term this technique is reasonably reliable,
especially when extrapolation takes into account adjusting growth rates to compensate
for short-term disturbances and fluctuations in traffic levels. In deriving medium- to
long-term forecasts by extrapolating current traffic trends, the primary assumption here
is that underlying factors which determined the historical development of demand
will continue to hold and operate in the future as in the past. Therefore, this method
of forecasting is only appropriate when there is strong stability in the past trend of
demand development and the level of confidence in this major assumption is high (2).

The simplest procedure for identifying the particular trend curve in a time series
of historical data is to actually plot it. As each point in the time series is plotted (traffic
as the y and time as the x of each point), a smooth curve of the trend appears. A trend
may be stable in terms of demand values or in terms of percentage of demand. For the
former growth would be linear, and for the latter growth would be exponential. In other
words, the trend of the historical demand may be linear or exponential in formulation;
it also could be a number of mathematical formulations, or curves. After the time-series
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trend is identified, the forecast demand would simply be extrapolating the fitted trend
into the future.

The different types of trend curves can be better represented by their mathematical
formulation on the computer. Figure 2.3 depicts the typical trend curves in linear and
exponential formats. The respective mathematical formulation for each is stated below
where Y is traffic, T is time (years), and a, b, ¢ are coefficients that define the specific
curve:

Linear: Y =a+0bT
Exponential: ¥ =a(1 4+ b)7
Parabolic: Y =a+bT+ cT?
Gompertz: Y = [(ab)~]"

But which of the above formulations would represent the “best fit” for the historical
data that would later be used to project into future?

Market Share Analysis

This method uses market analysis and industry surveys to conduct empirical analysis
of the air transport market and examine how air transport traffic varies between the
different sectors of the market sectors, the public, and the airline industry (3). This
technique may be used in two distinctly different markets: in the developing world
and in large metropolitan areas in the United States. For the former the majority of
consumers of air transport services belong to a limited number of well-defined sectors
of society. The latter refers to well-developed, complex, and mature markets. Domestic
air travel forecasts in major U.S. metropolitan areas have been generated using this
method.

Based on the national travel market surveys conducted in major U.S. cities by
market research companies, data are compiled on the air travel propensities of various
socioeconomic groups. The population data (on national, regional, or local levels) are
divided into a number of data cells that characterize a specific socioeconomic profile
of the population by occupation, income, and education, among other factors. Each
cell is identified by a specified trip rate per head of population associated with the
particular profile. Relationships are then established, through sophisticated statistical
and mathematical techniques, between trip rates for each cell and trends associated
with trip frequencies of all the travelers. Forecasts of air travel are then derived by
applying these “cell rates” to the corresponding forecast population from demographic
databases (e.g., census). This approach is used typically to analyze the business air
travel markets and air travel of population throughout wide metropolitan areas and for
forecast of air freight based on type of trade, commodity and its value per unit weight,
and shipping mode.

In this technique, rates per group calculated in a given year may be used in future
years directly or after adjusting the rate for changes with time of the behavioral aspects
and trends of air travel.

Econometric Models

Econometric demand forecasting incorporates various causal economic, social, and
operational variables in determining, on the basis of historical data, a quantitative
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relationship between air travel and the variables influencing the level of traffic. These
models have been widely used over the years to predict urban passenger demand.
When applied to air transport, an econometric model is established (and statistically
tested to validate the model) between rate of passenger air trips and a number of
predictive causal variables. Model development is usually carried out by evaluating air
trip generation rates from survey data and records against socioeconomic data of the
area and the physical characteristics of the overall OD air—ground transport system.
The evaluation uses a variety of multivariate statistical techniques such as correlation
analysis, factor analysis, and linear and nonlinear regression analysis to define suitable
predictive variables selected as the independent variables of the model.

Future demand levels are developed based on the assumption that the relationship
developed through econometric analysis is applicable in the future and valid in the
future as it was in the past. However, it is possible to adjust the econometric models
if the causal variables change in the intervening years after the models are developed.
The causal variables of econometric models are monitored and any changes observed
could be verified and necessary adjustments are made on the model parameters. This
would ensure the continuing adequacy and verification of continuing applicability of
the econometric model.

An econometric forecast of air travel typically involves several steps that include:

e Selecting the relevant and appropriate causal factors to be taken into account in
the model

o Collecting data and verifying its accuracy

o Specifying the postulation of the functional relationship existing between air
traffic demand and the relevant causal variables

o Conducting statistical analysis and testing of the proposed model and if statistical
tests are successful

e Observing the future development of the variables to ensure future applicability
before applying the model to forecast future air traffic

Econometric models are constructed to describe the relationship, which uses regres-
sion analysis techniques extensively (7). The typical multiple-linear regression model
has the form

T =ag+ aixi +axr+ -+ a,x, 2.2)
where
T = number of air trips
X1, ..., X, = independent predictive variables
ai,...,a, = regression coefficients

In developing the econometric models it is important to ensure that not only
does a statistical correlation exist for the relationship, but also there is a logical or
implied causal relationship between the predicted and predictive variables. Moreover,
it is also an important statistical requirement that predictive variables are independent
of each other.

Independent predictive variables commonly used to predict air trips to an airport
include population, income, type of employment, and accessibility of the catchment’s
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population to the airport. For national aggregate levels of demand, gross domestic
product would be the better variable to use.

A typical regression-based econometric model to predict total air passengers at
airports includes:

1. A regional airport in Virginia (8):

InE;/P; =10.8 —0.172F +1.411nY; (2.3)

where

E; = predicted passenger enplanements
P; = population of catchment area

F = U.S. average airfare per mile

Y; = per-capita income of catchment area

2. International and domestic passenger forecasts in Boston (9):

International passengers:

BOSNYPC = —33.31 + 431.3 1og(RINCPC) — 239.9 log(RARDT) (2.4)

Domestic passengers:

log(PDCEP) = 0.5597 + 1.4757 1og(RINCPC) — 0.700 log(RARDT) (2.5)

where

BOSNYPC = Boston-based international air passengers per capita
RINCPC = Boston regional income per capita, in real terms
RAARIT = real average yield per international passenger-mile

PDCEP = Boston-based domestic passengers per capita
RARDT = real average yield per domestic passenger-mile

2.4 INTEGRATED DEMAND FORECAST FRAMEWORK

In order to have accurate forecasts for the airport in the future (whether existing or
new airport) a comprehensive forecast framework that integrates three distinct levels
of forecasting is warranted. This comprehensive framework integrates the following
forecasting approaches:

o Top-down approach that essentially relates the airports with the larger airport
system of the region, country, and region.

o Bottom-up approach that considers individual trip-making rates and personal
decisions describing the propensity of the people the airport will be serving

e Economic, air travel market, and air transport industry principles that would
determine certain demand forecast parameters of the airport in the future

e Ground transport variables (primarily trip travel time and modal convenience)
that will influence the passenger’s selection of ground transport mode and, in
multiairport regions, even the selection of preferred airport



34

Forecasting Air Transport Demand

The top-down approach considers the incidence of demand, not the causation.
It is based mostly on experience gained in the past with certain demand relationships
assuming a rationale that the future will not be that different from the past. On the other
hand, the bottom-up approach essentially establishes relationships correlating demand
directly to the underlying variables that cause occurrence of demand. Valid in the past
and in the future, these relationships (or models) address the “real” factors that will
contribute most to the incidence of demand.

Such an airport demand forecast framework covering the above principles would
be robust, reasonably accurate, and well balanced in predicting future airport demand
levels. This framework was adopted in a major airport development study (10) and was
thoroughly critiqued and verified. This forecasting framework outlines three demand
levels: national, regional, and the airport.

The methodology the study used adopts the three levels described with the hybrid
top-down/bottom-up approaches—the national level for the former and the regional
level for the latter. The three demand levels of the methodology—national, regional
and airport—are described below.

National Demand Level

In the United States, national demand forecast relies entirely on the FAA Aviation
Demand Forecast system conducted and published annually (11). The FAA’s Office
of Aviation Policy and Planning routinely provides invaluable resources to undertake
aviation demand forecasts in the United States on an annual basis and is responsible to
administer this system supported by huge databases compiled through the implemen-
tation of the U.S. air transport regulation.

FAA U.S. National Forecasting System. This important national resource—a unique
system developed by the United States for developing the national air transport demand
forecasting—is not commonly available worldwide. It is integrated, interactive, contin-
uous, and annually updated (12). It provides comprehensive long-range forecasts of the
entire national air transport system at various levels of disaggregation (13). Its composi-
tion combines economic and time-series models with aviation industry forecasts, taking
into consideration effects of airline industry trends (e.g., deregulation, consolidation,
liberalization, globalization), and interactively adjusts model results for industry input
and forecasters’ expertise (14). The FAA forecast results are analyzed and adjusted peri-
odically based on most recent developments in aviation and air travel trends, including
factors expected to experience market and industry changes and growth rate variations.

In parallel and for different purpose, the FAA also conducts ‘terminal area fore-
casts” for major U.S. airport hubs, the FAA jargon for major commercial airports
colocated in a single metropolitan area. These forecasts could not be considered for
comprehensive airport development planning, as their focus is primarily to estimate
aircraft operation projections for terminal area air traffic control activities.

The structure of the entire methodology is a sequence of regression step-down
models developed on the national level. The variables these models use are major
factors that essentially define the aviation demand forecasts of the United States in any
given year. They are in sequence of the methodology: yield, revenue passenger miles
per kilometers, passenger enplanements, aircraft operations, and average aircraft fleet
composition.
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Data required for this system include:

1. Historic time series of airline operating statistics (mainly, passenger enplane-
ments, aircraft operations, aircraft size, and load factor) from the U.S. DOT
database of airline reporting system (15), which compiles and manages U.S. air
carriers filing as per various parts of U.S. Code of Federal Regulation (CFR 14)
(16). Elements of this system used in the FAA forecast process include various
schedules of Form 41 for certified air carriers, part 298-C for regional-commuter
airlines, and the T-100 system for large certified air carriers and foreign air car-
riers. Samples of the data generated by this system for different sectors on a
monthly, quarterly, and annual basis are shown in Tables 2.2, 2.3, and 2.4.

2. National economic variables, mainly gross national product (GNP), and their
forecasts, as published by the U.S. Office of Management and Budget (OMB)
and leading economic forecasting consultants.

Table 2.2 Scheduled System (Domestic and International) U.S Airlines (18)

Monthly Year to date
May 2008 May 2009 Change, % 2008 2009 Change, %
Passengers (in millions) 65.9 59.7 -9.3 3114 281.9 -9.5
Flights (in thousands) 889.5 812.7 —8.6 4,330.8 3,927.0 —-93
Revenue passenger miles (in billions) 71.7 65.0 94 337.1 304.6 -9.6
Available seat-miles (in billions) 88.6 81.6 -7.9 430.0 394.1 —-8.3
Load factor® 80.9 79.7 —1.2 78.4 77.3 —1.1
Flight stage length? 718.7 716.0 —-04 719.8 718.5 —-0.2
Passenger trip length® 1,088.4 1,088.3 0.0 1,082.5 1,080.7 —0.2

“Change in load factor points.

bThe average nonstop distance flown per departure in miles.

“The average distance flown per passenger in miles.

Note: Percent changes based on numbers prior to rounding.

Source: Bureau of Transportation Statistics, T-100 Market and Segment.

Table 2.3 Domestic Scheduled Airline Travel on U.S. Airlines (18)

Monthly Previous calendar years
May 2008 May 2009  Change, % 2008 2009 Change, %
Passengers (in millions) 57.9 52.9 —8.6 273.0 247.2 -94
Flights (in thousands) 816.0 747.0 -85 3,967.3  3,589.1 -95
Revenue passenger miles (in billions) 50.2 46.0 —8.4 238.0 214.8 -9.7
Available seat-miles (in billions) 61.7 56.5 —8.4 302.8 273.0 -9.8
Load factor® 81.4 81.4 0.0 78.6 78.7 0.1
Flight stage length” 622.4 616.1 —-1.0 627.1 619.3 —1.3
Passenger trip length® 866.6 868.5 0.2 871.9 869.2 —-0.3

“Change in load factor points.

bThe average nonstop distance flown per departure in miles.

“The average distance flown per passenger in miles.

Note: Percent changes based on numbers prior to rounding.

Source: Bureau of Transportation Statistics, T-100 Domestic Market and Segment.
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Table 2.4 International Scheduled Airline Travel on U.S. Airlines (18)

Monthly Previous calendar years
May 2008 May 2009  Change, % 2007 2008 Change, %
Passengers (in millions) 8.0 6.8 —14.8 38.5 34.7 —9.8
Flights (in thousands) 73.5 65.7 —10.5 363.6 337.9 -7.1
Revenue passenger miles (in billions) 21.5 19.0 —11.6 99.1 89.8 —94
Available seat-miles (in billions) 26.9 25.1 —6.8 127.2 121.1 —4.8
Load factor” 79.9 75.7 —4.2 77.9 74.1 -3.8
Flight stage length® 1,788.4 1,851.9 3.6 1,731.6  1,772.3 24
Passenger trip length® 2,699.4 2,800.5 3.7 2,577.0 12,5884 0.4

“Change in load factor points.

bThe average nonstop distance flown per departure in miles.

“The average distance flown per passenger in miles.

Note: Percent changes based on numbers prior to rounding.

Source: Bureau of Transportation Statistics, T-100 International Market and Segment.

3. Fuel price predictions based on U.S. Department of Energy and other interna-

tional energy sources.

4. Airline industry operational data, including operating costs and fleet expansion

plans.

The steps of the U.S. national air carrier forecasting process defining those factors

are:

1. Yield. Expressed as revenue per passenger mile per kilometer; the independent
variables of its regression model are airline aircraft utilization, airline operating
and labor costs, and aircraft fuel cost. The regression model formulation is

Y = ap + JFa, + Wa, + ATMas;

where

JF = jet fuel price
W = airline industry wages
ATM = air transport movement per aircraft

(2.6)

2. Revenue Passenger Miles. It is the basic expression for air transport demand,

and “real yield” and GNP are the independent variable. For GNP, the FAA
uses the OMB economic forecasts and the consensus growth rates of economic
forecasts prepared by private economic forecasting consultants. The formulation
of the regression model for domestic certified air carriers, regional-commuter
airlines, and U.S. air carriers on international flights, forecast separately, is

RPM = by + GNPb, + Yb, 2.7)

where

GNP = real gross national product
Y = real yield
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3. Airline Operations Variables. The FAA uses the data of the DOT- Bureau of
Transportation Statistics (BTS) and previously Research and Special Programs
Administration (RSPA), augmented with subjective trend analysis and industry
feedback to generate forecasts on the following based on historic trends, and
market and technology changes:

(a) Average system load factor
(b) Average system aircraft size (seat per aircraft)
(c) Average system passenger trip length

4. Passenger Enplanements. Domestic passenger enplanements are forecast sep-
arate from international. The average passenger trip length is estimated based
on the BTS/RSPA airline filing database, for domestic and regional-commuters,
separately. The U.S. domestic passenger enplanements for certified domestic air
carriers and regional commuters are then calculated as

RPM
Passenger enplanements = - (2.8)
average trip length

5. Aircraft Operations. Aircraft movements are forecast by dividing the passenger
enplanements by the average load factor and average aircraft size; both are
output of the BTS/RSPA airline filing.

6. Aircraft Future Fleets. Airline future fleet expansion plans are verified against
the long-range forecasts conducted by major aircraft manufacturers, primarily
Boeing and Airbus (17). These “industry outlook™ forecasts provide not only
projections of new aircraft entering the industry on the long term but also
high-level aggregate passenger and aircraft movement forecasts globally.

Figure 2.4 depicts the FAA forecasting system relationships graphically.

FAA Forecast System Accuracy. The FAA reports about the accuracy of its own
U.S. aviation demand forecasts and the degree of forecast variance (19): “Forecasts,
by their nature, have a degree of uncertainty incorporated in them. They involve not
only statistical analyses and various scientific methods, but also judgment, and reliance
on industry knowledge and the forecaster’s experience to incorporate industry trends
not yet reflected in recent results.” The U.S. Aerospace Demand Forecast, published
by the FAA annually and used by various entities in the United States to generate their
individual forecasts, is no exception. Given the dynamic nature of the air transport
markets and the volatile nature of the U.S. airline industry, it would be inevitable that
forecasts would exhibit forecast statistical variance from one year to the other.
Therefore, FAA forecasters have tried to build forecast models that give a consistent
and predictable pattern of results. Analysts relying on the forecasts produced by the
models would then be able to adjust for the predictable variance from actual results.
Since the FAA forecast system constitutes the first step of the study forecast
methodology, it becomes crucial to verify that accuracy of the FAA forecasts is rea-
sonable and within the standard margin of error. The entire forecasts would then rely
on the level of accuracy of the FAA forecast. Several important airport forecasting
studies in the United States had to rely on the assumption that the FAA forecast system
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Figure 2.4 Aviation demand forecast process and relationships.

generates reasonable and statistically acceptable forecasts in the future. In conducting
the aviation demand forecast of the Chicago South Suburban Airport study, the bur-
den was on the consultant to prove that the FAA forecasts have the desirable level of
accuracy to base the entire airport forecast reliably on it (20).

While the FAA forecasts typically generate debate and discussion on content and
approach when they are published annually, they rarely undergo a diligent and system-
atic validation. Given its critical importance, the study consultant team conducted a
validation exercise whereby the actual demand reported in a given year is compared to
the published FAA demand forecast for the particular year, as conducted in the previous
years (5). The consultant team reviewed the FAA forecasts of enplanements developed
over 20 years prior. As depicted in Figure 2.5, the analysis showed that the variance
of the forecast (when it was done) and the eventual demand (when it occurred) were
indeed within the allowable statistical standards.

Subsequently, the FAA took it on its own to conduct an analysis of the variance
from historical results for five key forecasting metrics during the fiscal year (FY)
2003-FY 2008 forecast period. Although this brief period has experienced industry
upheaval, the FAA’s forecast methodology remained consistent during this time. For
these reasons, inclusion of prior periods in an analysis of forecast variance might lead
to inconclusive, or inaccurate, implications about the accuracy of the FAA’s current
forecast methodology.
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Figure 2.5 Analysis of FAA forecast accuracy (20).

Table 2.5 FAA Forecast Accuracy Evaluation (18)

Mean absolute percent error (combined FY 2003—-FY 2008)
(Forecast variance from actual)
forecast performed years prior to actual

Forecast variable 1 Year 2 Years 3 Years 4 Years 5 Years
ASMs 0.7% 4.1% 7.2% 9.9% 10.9%
RPMs 1.5% 2.9% 4.1% 4.7% 5.4%
Pax enplanement 1.1% 1.7% 3.7% 4.6% 5.9%
Mainline Pax yield 2.8% 7.2% 8.6% 7.4% 5.9%
IFR aircraft handled 2.0% 4.1% 5.8% 6.1% 6.4%

This FAA accuracy analysis is shown in Table 2.5, which contains the mean abso-
lute percent errors for the projected values versus the eventual results for U.S. carrier
domestic operations. Each metric has five values showing the relative forecast variance
by the number of years before the preparation of the forecast took place. For example,
the three-year column for ASM shows that the mean absolute percent error was 6.5%
for ASM forecasts prepared three years in advance. For the period under examination,
preparation of the forecasts for FY 2005, FY 2006, FY 2007, and FY 2008 occurred
in FY 2003, FY 2004, FY 2005, and FY 2006, respectively. Presenting forecast vari-
ances from actual data in such a manner simplifies a review of longer term trends. This
allows for examining changes in the relative variances by time horizon, signaling when
dramatic shifts in accuracy occur.
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Examination of the forecast variances indicates:

1. All the metrics examined show declining variances as the forecast time horizon
decreases, although the variances in yield increase somewhat between years 3
and 5. The largest variances were found in the forecasts of ASMs and yield,
the two variables most directly affected by carrier business decisions. However,
both variables show largest declines in variance between years 3 and 1.

2. The FAA’s forecast model produces relatively small variances for both of the
passenger traffic metrics, enplanements and RPMs, with none of the forecast
variances exceeding 6% for any forecast time horizon examined.

3. The relative divergence in forecast variances between RPMs and ASMs suggests
errors in forecasting load factor.

Examination of the forecast variances over time suggests two primary implications.
Added focus on “load factor” might improve the model, as this variable is currently
calculated by dividing the forecast RPMs by forecast ASMs. Since there are variations
for both RPM forecast and ASM forecast, an even larger variance is expected in the
forecast of load factor, which is the critical factor in converting passenger demand into
aviation activity. But as the difference between the RPM and ASM forecast variance
narrows, the near-term load factor forecasts become more reliable. Consequently, the
large variances in load factor forecasts will lead to large variances in the long-term
forecasts of aviation activity. Aircraft load factor is the most volatile variable of the
FAA forecasting system.

Moreover, as carriers adapt to changing market situations, the ASMs become
increasingly difficult to forecast beyond a relatively short time horizon. One reading on
this fact is that the relatively large variances in the ASM forecasts suggest that carri-
ers have reacted by permanently removing capacity. The FAA’s longer term forecasts
rely on anticipated aircraft deliveries and retirements as well as historic relationships
between economic activity and capacity deployed. Given the volatile nature of many
of the factors influencing longer term ASM forecasts, a simpler approach that could be
adopted is dividing the RPMs by load factor, which may improve the long-run accuracy
of the ASM.

Regional Demand Level

A step down from the national to the regional level may be required in certain cases, but
not always. Establishing a correlation between national and regional demand forecast
essentially determines the airport region’s share of the entire national demand. This
is particularly necessary when the region’s share is not stable, for example, if it is
undergoing significant growth more than other regions that will result in higher share
in the future than presently. Base-year share of regional passenger demand to national
is determined based on expected level and nature of the economic growth, particularly
those aspects related to aviation and air travel (2).

The outcome of this level establishes a threshold to benchmark the aggregate
regional demand derived through the bottom-up part of the framework. But it is only
an approximation of the aggregate demand and does not consider inelasticity of:

(a) OD passenger demand in the region that is strongly correlated with its socioe-
conomic variables
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(b) Airport demand constraints due to airport capacity shortages that restrict demand
simply because it could not be physically accommodated

(c) If and when the airport becomes an airline hub, airport demand forecast is
treated differently to include connecting passengers

Therefore, the forecasting methods described previously are quite simplistic to
forecast regional air travel demand, and they could be considered only as thresholds or
benchmarks. They mostly assume the future to simply be a continuation of past trends;
hence, they represent a macroscopic model of regional air travel. In general terms,
exponential growth is assumed at the advent of air transport activity (a new airport or a
new air service) for a certain period of time beyond which rate of growth will stabilize
and plateau due to various reasons. This behavior or demand pattern clearly describes
the logistic curve formulation. However, it would be very difficult for forecasters to
estimate the inflection points of this model without analyzing the building blocks of
the regional or metropolitan air travel market. This bottom-up analysis of the market
and demand would overcome the gross errors of the top-down approach.

While this approach attempts to relate air traffic at an airport with changes in a
variety of causal and closely associated market and socioeconomic factors, it neglects
to consider system-based variables (e.g., accessibility and frequency of service, level of
service, and convenience and comfort). Therefore, changes in all these variables would
ultimately guide the forecaster to predict the demand level and pattern in the future.
The predictive power of this approach is more realistic and is far more accurate in its
outcome. The framework for adopting this to forecast regional airport demand is very
similar to that used very successfully in conventional transportation planning analysis
to estimate vehicular trips in an urban context. It follows this modeling schema, with
its primary functional models of:

Generation — distribution — modal choice — assignment

Generation models estimate the number of trips originating or terminating in a
specific area based on the socioeconomic characteristics of the area vis-a-vis the entire
region and the nature of the transport system.

Distribution models essentially mate specific pairs of origins and destinations to
estimate trip interchanges between them using equilibrium models with time or distance
as the parametric impedance to travel.

Modal choice models allocate trips made and distributed among the specific modes
available to individuals. These models are normally a function of the structure and
nature of the transport system as well as socioeconomic and demographic profiles of
the trip market.

Assignment models relate particular trips with route and airport selected by the
individual traveler to make the trip.

It is in the last two functions (modal split and trip assignment) that the relationship
between the principles of air trip and ground trip models gets blurred and similarity
breaks down. The airport demand modeling schema would then be transformed to:

Air trip generation — air trip distribution — airport choice

This modeling schema is implicit within the integrated forecast framework. Their
models are described in the respective level of the framework.
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But first it is important to rationalize the model’s building blocks of this framework.
Air travel can be recognized as the product of four basic factors that must be accounted
for in the representation of the variables of the models to predict airport demand over
time.

These basic factors are a supply of people, a motivation to travel, resources avail-
able for expenditure on travel in terms of time and money, and a transport infrastructure
capable of supporting travel demand.

In considering these factors in the context of the framework over the horizon of
the forecast, it is necessary to consider the nature of these underlying demand factors
in the forecasting process, which should include the following:

1. Observation of past trends

2. Identification of exogenous variables that act as surrogates for the basic factors
causing changes in level of air transport demand

3. Conduct of base socioeconomic, population, and demographic surveys to collect
data that would describe the population’s socioeconomic profiles, the nature of
the airport area and region, and certain technological characteristics of the air
transport system

4. Establish relationships of the predictive variables and changes in level and
pattern of air transport demand

5. Establish relationships to predict the anticipated level of the exogenous variables
in the forecast horizon, as per future planning increments to predict future air
trip demand levels

It is important that the forecasting framework represent all factors likely to influence
the independent variable in the models (i.e., air travel demand). Neglecting or omitting
some of the causal variables may undermine the accuracy and predicting power of
the model and affect the entire forecast. The list of variables previously used may
include (21):

1. Demographic variables, including size and density of population centers

2. Proximity to other large population centers

3. Economic characteristics of the city

4. Government activity, including promotional and regulatory policies, subsidy of
competing modes, environmental sustainability and energy conservation, and
balance of payment policies

5. Airfare levels within the industry and the respective competitive influence on
fares

6. Technological development and market competitiveness of other transport
modes

7. Development in aircraft technology and air traffic systems

8. Adequacy of public transport infrastructure provision of the air mode and the
competing modes

9. Urban and regional characteristics and related development trends

10. Various other imponderables, such as sociocultural changes in leisure and work

patterns, changes in communication technology, and modernization in lifestyle
patterns
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2.5 MULTIAIRPORT REGION FORECAST FRAMEWORK

The discussion above is applied further to develop a demand forecast framework for
regions with more than one commercial air carrier airport. In these regions, passengers
would have the option to use any of these airports based on certain selection criteria. In
this environment, supply for air travel to the region (i.e., the airports and their airlines)
would accommodate the demand collectively based on the selection criteria of airports,
where the passenger would select the airport of choice.

This relationship of regional supply and demand and the rationale involved make
the airport forecasting process a complex one. The complexity of this framework is
related to the variables required to address the distribution of regional passenger demand
to the existing airports in the region or to include a new airport to the supply side of
the equation. The number of variables required for developing the regional demand
generation and distribution models would be high, and the associated data used to
develop and calibrate the models would typically be quite large. These models, which
cover the generation, distribution, and allocation of passenger trips in the region studied,
would allocate passenger demand to the region’s airports using actual and measurable
travel demand and airport selection variables.

The variables and data for regional demand generation and distribution include (22):

1. Local population and employment geographic distributions based on standard
local government-metropolitan geographic identification. Typically, this is based
on an “analysis zone” identified by the urban planning council of the region.

2. Social and economic characteristics by analysis zone.

3. Travel time and route assignment between the population, commercial, and
employment zones to the airports of the region. Typically, travel-related data
are synthesized through use of urban transportation network models developed
by the regional planning authority

4. Other travel-related data, including travel costs by mode.

5. Airline service measures for each airport, including the frequency, aircraft type,
and fares by market and airline sector [i.e., major vs. low-cost carriers (LCCs)].

6. Other airport-related service quality and commercial attributes that may influ-
ence passenger selection of airports.

Given the model complexity and extensive data required, the effort, cost, and time
required for such an undertaking are invariably substantial and require the collaboration
of many organizations, authorities, and industry stakeholders. Such modeling frame-
works have been developed in large metropolitan areas as part of their regional airport
development plans, including Airport Authority of New York and New Jersey airports
(22), Southern California Association of Governments (22), San Francisco Bay Area
(23), Washington-Baltimore metropolitan area (24), and the Chicago Airport study (2).

The above methodology’s rationale and components of the multiairport regional
demand model are described in the following example— Chicago Third (Supplemental)
Airport study:

Framework Application

This integrated three-level demand forecasting framework adopts a top-down, bottom-
up methodology on three levels (national, regional, and airport) to furnish regional- and
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Figure 2.6 Chicago region, showing the two existing airports

sites (25).

and five supplemental airport

airport-level aviation demand forecasts for air carrier airports in the region. It was
applied to the Chicago Supplemental Airport study that addressed concerns of long-
term capacity shortages in this region. Figure 2.6 depicts the Chicago region, the two
existing airports, and the five sites for a new supplemental airport evaluated in this

study.
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Level 1: National to Regional. The process starts with a step-down derivation of the
regional air travel demand forecast based on the widely accepted FAA national demand
forecast system (described previously). Regional demand control totals are derived
as the Chicago region’s share of the national forecasts. These shares are influenced
by past trends and analysis of market movements in present trends reshaping the air
transport industry locally, nationally, and internationally. Based on a region-specific
airport selection model, the regional totals would then be allocated to each of the
region’s existing air carrier airports and new supplemental airports.

An extensive review is conducted for previous studies addressing air transport
forecasts; relevant regional and local socioeconomic, demographic, national-regional
economic studies; and market analysis of variables influencing aviation demand in the
medium and long term. For the Chicago region, two were particularly important: The
Illinois-Indiana Regional Supplemental Airport study was conducted (25) to respond
to the findings of a previous study (26), which concluded that the Chicago region
(covering nine counties; seven in Northeastern Illinois and two in Northwestern Indi-
ana) will run short of airport capacity and will require a new ‘“supplemental” airport
to fulfill the long-term (2020) aviation demand with sufficient capacity. Both stud-
ies were part of a broader effort over several stages to set a long-term strategy for
the Chicago region’s requirements of airport infrastructure development. Figure 2.7
presents the entire Chicago region airport development planning process and its com-
ponents and plan phasing. The Chicago Airports Capacity Study concluded that a new
supplemental regional Chicago airport is both needed and feasible (25). An “expert
consensus” preliminary passenger forecast was reached among industry stakeholders
and study sponsors for a total of 65 million enplaned passengers that would need to be
accommodated at the region air carrier airports by the year 2020.

In the dynamic market and industry environment of Chicago at that time, it would
have been particularly difficult to predict airport demand accurately. The following
measures were adopted in the Chicago Supplemental Airport study to arrive at a more
accurate forecast (27):

e Both pre- and post-deregulation periods of the air transport industry were
covered,

o The FAA national forecasts were accepted as given and used in level 1 of the
methodology after careful analysis of its accuracy,

o Allocation of the Chicago region’s share of the national FAA forecasts was given
reasonable consideration and consensus was maintained,

e Individual components of the forecasts (i.e., domestic OD and connecting,
national and international, and air carriers and regional commuters) were
thoroughly reviewed, debated, and analyzed,

o All forecast components were tempered with expert judgment, collective experi-
ence, and intuition of expert professionals and leaders of the industry and further
offered for discussion and refinement by the public.

While the Chicago Airports Capacity study provided an industry consensus fore-
cast, the independent forecast conducted in the Chicago Supplemental Airport study
determined that this forecast may have been underestimating some of the region’s
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air travel market and industry dynamics and should therefore be revisited and a more
comprehensive approach to demand forecast applied. This approach was more robust
based on sound industry, market, and region socioeconomics that consider a “discern-
able historic relationship between Chicago and the US” (27). In this study, the Chicago
region is expanded into 15 counties covering 6 more counties in southeastern Wisconsin
to account for demand interactions of the northern part of the study area with Chicago
O’Hare and Milwaukee airports. To cover the wider regional demand to air service
from the Chicago airports, the study included “external zones” beyond the study area
that extends south and north to other counties in Illinois, Indiana, and Wisconsin and
east to southwestern Michigan counties and shown in Figure 2.8 (external counties are
the wider named grid, and the study area in the smaller grid).

Level 1 forecasting was carried out following the FAA forecasting system method-
ology as follows:

e Domestic air carrier yields and GNP were used to forecast the RPM of the
region’s air carriers.

o The FAA estimates for average passenger trip length for Chicago air carriers
and regional commuters were estimated to derive the Chicago region’s domestic
enplaned passengers throughout the study horizon (2000, 2010, and 2020). This
component was also used to project an average aircraft size to reflect that for
Chicago air carriers’ fleets. The base flight schedule developed is used to project
flight schedule per aircraft type in the future.

o International enplaned passengers are developed in a similar process based on
ICAO, IATA, and the aerospace industry “outlook™ forecasts. The international
passenger forecasts developed are compared against the FAA international pas-
senger forecasts.

For the different forecast components, the study conducted variable sensitivity and
elasticity analyses for factors determined to influence the resulting future forecasts.

The regional aviation demand forecast was analyzed and estimated for air carriers
(OD and connecting; domestic and international), commuters, air taxi, and general avia-
tion (GA) of the primary airports in the expanded Chicago region (O’Hare International,
Midway, and Milwaukee airports) during the industry turbulent years of 1970-1988,
which included airline deregulation in 1978 and recession cycles. The socioeconomic
characteristics (population, households, employment, and per-capita income) for the
14-county study area “analysis zones” (a total of 260) were obtained from various
studies and surveys conducted by the regional planning authorities of the three states,
U.S. agencies, and economic forecast consultants.

This process is iterative and is conducted in three parts:

(a) Air trip generation based on base-year demographics and socioeconomic factors
and for the future years based on the forecasts of the factors dictating the trip
generation rates for the 14-county study area

(b) Distribution of air passenger trips to capacity unconstrained airports of the
region, both at base year for existing airports and future years if a new one is
developed
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Figure 2.8 Chicago region airport development planning process (27).

(c) Assignment of passenger trips under capacity-constrained airports, where trips
are allocated to airports considering their infrastructure capacity condition in
the airport choice criteria

The region’s socioeconomic databases compiled by regional planning and munic-
ipal agencies in the three-state study area and supplemented by federal sources are
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verified and analyzed to set the base regional socioeconomics for the study (28). Trends
and forecasts of population, households, and per-capita income for the region were veri-
fied based on the aggregate structure of the economy, industry output and employment,
labor force projections, specific relevant emerging issues, and indicators of regional
dynamics (29). Based on extensive analyses of each of these variables, a socioeco-
nomic profile of the 14-county, 3-state 214-analysis-zone study area was determined
for the base year 1989 as follows:

e Population: 9.75 million
e Households: 3.6 million
e Per-capita Income: $15,750

Economic analysis determined that regional growth for the interim period
1990-2010 was expected to reach 7.3% for population and 17.6% for households. It
was determined that projected estimates for growth of per-capita income in the study
area analysis zones would yield inaccurate results and therefore were not included for
the long-term forecasts. Employment levels by type were used instead.

Evaluation of the socioeconomic parameters influencing the domestic passenger
forecasts indicated that economic and demographic activities in the Chicago region
(as a major U.S. business, industry, and transport hub) are closely correlated to availabil-
ity and adequacy of transportation services in general and, for Chicago, air transporta-
tion in particular. Forecasting one without forecasting the other would be problematic,
and therefore an interactive approach to demand forecasting would need to be devised.
Initially, the region’s demographic and economic forecasts (as share of the total U.S.
forecasts) are used to determine the share of U.S. aviation activities attracted to the
study area (provided aviation infrastructure is available and service is unconstrained).
The regional demographic and economic forecasts are then revised to examine the
aggregate economic impacts on the region and each of its airports, including the new
airport site. Based on these assumptions and rationale, the Chicago region’s share of the
national domestic OD and connecting passengers forecast is determined. The region’s
base-year total enplaned passengers’ share of the United States was determined to be
7.45%: 11.5% for connecting and 5.3% of OD enplaned passengers. A similar ratio-
nale with different database and information is used to determine international OD and
connecting passenger forecast.

To address subtle regional socioeconomic trends and market dynamics in the fore-
casting process, the Chicago Supplemental Airport study reviewed airport and regional
aviation forecasts previously conducted; various socio-economic, regional, economic
and demographic forecasts; industry market research; and other forecasting concepts
set by consensus among experts in the field.

The study considered several forecasting techniques in response to industry and
stakeholder reviews, queries, and desire. Regional OD forecasts allocated to analysis
zones were estimated from base and forecast socioeconomic and demographic vari-
ables. Total “control” OD passenger demand forecast for the region is first determined.
The analysis determined that certain techniques provided better results than others. In
particular, total regional passenger enplanement was found to have strong correlation
with total regional employment (30). A similar strong correlation between regional and
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national (U.S.) OD passenger enplanement was determined, which confirms the relia-
bility of the share analysis approach. By contrast, regression analysis of the national to
Chicago regional OD share forecast provided unsatisfactory results.

The OD passenger enplanement forecast process also included estimated “induced
demand” generated by building a new airport. Since the new airport location has not
been determined at this stage of the framework, an iterative process is used to estimate
OD demand generated in analysis zones closer to the airport and influenced by airport
activities.

The other element of OD demand, regional connecting passengers, is tackled sep-
arately based on analysis of airline hubbing activities in the region’s air carrier airports
used as hubs (for Chicago, it is O’Hare International, the largest airport by volume
during that time). This analysis covered such techniques as airline hubbing models,
statistical analysis of hub centrality measurement, and the location of airline hubs vis-
a-vis air travel markets and supplemented previous analysis (31). The outcome of this
analysis indicated that total passenger enplanement forecasts in the region were split
almost in half between OD and connecting passengers in the air carrier airports of the
region—mainly Chicago O’Hare, the largest U.S. airline hub.

Level 2: Regional to Airports. The trip generation forecast approach involves a step-
down allocation of recommended regional OD passenger enplanements to each analysis
zone based on the future distribution of the major generators of air passenger trips (32).
Passenger surveys conducted in the region airports in the base year (1989) indicated that
68% of all OD passenger trips originated at the residence, 14% at employment places,
and 18% at hotels and convention centers. Future land use trip generation was adjusted
considering Chicago’s future convention center and hotel expansion, yielding 65%
from residence, 15% from business and employment, and 20% from hotel/convention
centers.

The base-year trip generation is based on the OD passenger trips allocated to the
analysis zone derived from its socioeconomic trip generator factors: households, jobs,
and hotel rooms. The future trip generation per analysis zone is estimated from the
future trip generator factors per zone for the three forecast horizons up to 2020. The
forecasts of future socioeconomic factors are conducted by the respective agencies in
the three states. These future forecasts are then distributed to the existing and future
airports. At this stage five alternative sites were considered for the new supplemental
airport based on the findings of the Chicago Airport Capacity Study: Bi-State, Peotone,
Kankakee, Lake Calumet, and Gary; see Figure 2.6.

The allocation of the region’s passenger demand to existing and proposed alter-
native airport sites is the critical part of the airport demand forecasting framework.
Future airport operations, airline schedules, employment forecasts, airport facility siz-
ing and design, and even location of new airports are all dependent on these allocations
(32). A comprehensive analysis must therefore be undertaken to ensure results are
reasonable and accurate. In particular, there may be need to have several allocation
iterations conducted, first in an unconstrained environment, then to capacity-constrained
allocation.

The distribution of regional demand to the alternative airports is a three-step itera-
tive process: First, a comprehensive air trip generation for the base-year demographics
and socioeconomics for the 14-county study area is conducted, as discussed below.
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Second, the air passenger trips are distributed to capacity unconstrained airports of the
region. Third, passenger trips are allocated to airports (existing and proposed) accord-
ing to the airport selection criteria subjected to the individual airports infrastructure
real (constrained) capacities.

In general, the appropriate forecasting technique selected for a particular study
depends on the history, industry environment, and role of the airport. Airports serving
large urban areas are large enough to warrant sufficient competition. Activity in these
airports are demand driven and in certain situations capacity unconstrained—airlines
will provide enough capacity to accommodate the demand at that airport (33). For
the Chicago region study, a bottom-up iterative methodology that uses modeling and
simulation techniques is adopted. It starts with estimating trip generation per zone of
the entire region. Trips of each zone are distributed to the region’s airports using a
predetermined airport selection criteria based on data from travel surveys and socioe-
conomic variables that would indicate the propensity of the population to make air trips
under the stated air travel distribution parameters. The iterative process starts with the
capacity-unconstrained condition, and then the airport selection model would reassign
residual trips over the stated airport capacity to the other airports until equilibrium
is maintained—the capacity-constrained demand. This trip generation—distribution—
assignment process would estimate the aggregate passenger demand going to each
of the region’s airports. This aggregate demand, which is essentially the OD element
of demand (both international and domestic), is in turn used to estimate other
components, namely, the connecting and airport-induced elements of the demand.

Since trip allocation to airports is actually dictated by the individual passenger
selection of airport, mode, and other factors, the behavioral characteristics of airline
passengers become paramount. As air travel became more competitive, airlines and air-
ports may have jointly influenced the passenger decision-making process, as it involved
variables other than distance. De Neufville (34) was one of the first to identify airport
choice patterns and the factors influencing passenger selection of airports. Kanafani
(35) studied competition between airports and air travel markets using such supply
variables as frequency of service, distance, access travel time, air fare, and other lev-
els of service attributes, and aggregate models were developed. Passengers’ choice of
airport in a metropolitan area or region with more than one air carrier airport therefore
becomes critical to locating and sizing new airports and would be central to the airport
passenger demand framework.

Airport choice became very important in airport demand forecasting studies, and
many have successfully developed and calibrated airport choice models worldwide
using more robust and refined models. These have actually been used to predict the level
of future airport activities under different market environments, provision of service,
and effects of competition on existing airports as well as bringing a new airport into
the competition.

The model most widely used in airport choice studies is the multinomial logit
(MNL) model. Originally, it was developed by urban transportation planners to evaluate
the public transport options available. It was later used by airport planners and has
proved its robustness and success to develop the airport selection criteria in multiairport
regions. Successful applications of the MNL model in airport selection were reported
by Skinner (24) in the Washington Metro area, Harvey (23) in the San Francisco Bay
area, Ashford (36, 37), in Central England, and Mumayiz (2) in the Chicago region.
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In this section, the Chicago MNL application for airport choice model is described,
including model formulation, information required, surveys conducted, databases used,
and the model calibration process.

Mathematical Formulation of Airport Selection Criteria. To fully understand pas-
senger behavior and related decision-making attributes, specific information is sought
and different surveys are conducted. Equally important, base composite trip generation
tables to summarize travel characteristics of the residents and visitors of the region
would need to be developed.

A mathematical allocation model could then be developed that, when properly vali-
dated and calibrated, would systematically distribute the region disaggregate passenger
demand generated on the analysis zone level and allocate it to airports. The airport
selection model is the driver of the allocation mechanism, based on the assumptions
considered in the analytical thought process for passengers to choose from options
available.

The formulation of the MNL model is

Py = ey /Te' gkle,....r =1) (2.9)

Py = share of trips originating in alternative g using option k, or the probability that
alternative g will be chosen by individual k
Vex = utility function of the attributes for the options considered, such that

a Xy +arXo+---+a, X,

where
X1, X3, ..., X, = explanatory attributes (variables) of the utility function
ai,a, ...,a, = parameters for coefficients (weights) of each attribute in the

function

In choosing the variables or attributes of the utility function, two factors need to be
considered: availability of accurate base data and ease of adequately predicting future
values. The most influential variables dominating the passenger’s decision-making pro-
cess are cost of making the trip to the airport (in terms of access time and/or cost),
convenient level of air service at the airports (in terms of flight frequency and/or
destinations), and corresponding airfares.

While most of MNL applications cited used the three attributes, the model for this
particular (Chicago) application used only travel time and airline service. The reason is
it would be particularly difficult, if not impossible, to predict airfares in a deregulated
and global environment 20 and 30 years into the future.

It was further surmised that the overall airline fare structure to common destinations
from the region’s airports would not vary significantly to merit including this attribute
in the utility function. This particular attribute of airport choice would be of more
importance where competition is limited between airports, and potential markets are of
lesser magnitude.
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The MNL model was calibrated as reported above using the following attributes:

Application  Utility function variables Parameter/Coefficient
(1) Central England (36, 37)
- Access time to airport (—0.136)% (—0.138)" (—0.178)° (—0.233)¢
-Flight frequency (1.66) (1.07»  (2.07)¢  (2.69)¢
- Air fare - (—1.2)% - (—0.75)¢
(2) San Francisco (23)
- Travel time to airport (—0.10)¢ (=0.138)
- Flight frequency per week (0.003)¢ (0.002)
- Air fare (—0.04)¢ (0.08)
(3) Washington-Baltimore (24)
- Travel time to airport (—0.059)¢  (=0.076)" (—0.073)
- Nonstop flights per weekday (0.200)8 (0.200)" (0.090)
Chicago Metro (32)
- Travel time to airport (—0.06)
- Airline service as weekly flights (0.0003)
Notes:

(1) Linear utility functions calibrated for: (a) Business, (b) Leisure, (¢) Tours, (d) Domestic.
(2) Nonlinear utility functions calibrated for: (e¢) Business, (f) Nonbusiness.
(3) Linear utility functions calibrated for: (g) Business-Peak, (%) Business-Off Peak, (i) Nonbusiness.

Information and Data Collection

The feasibility of using the MNL model for airport selection depends on the availability
of data on the attributes and variables of the utility function. Information needed to
calibrate and use the disaggregate MNL model is typically extensive and includes:

o Travel Times. As one of two variables of the utility function, travel time between
analysis zone centroids and airports is required for the three horizons and on
the disaggregated zonal level. These data were made available by the Chicago
Area Transportation Study (CATS), a participant on the study team. CATS
provided the base year and projected auto travel time on the regional high-
way network between zone centroids and each of the airport options under
congested conditions, as generated by the CATS transportation network sim-
ulation model—one of the first and most extensive of its kind developed in the
world.

e Airline Service. The other utility function attribute, airline service at the airport,
refers to airport nonstop domestic departing flights per week. It is determined in
two ways: from the Official Airline Guide (OAG) for the period when airport
surveys were conducted and from the airport airline weekly activity records
excluding non-air carrier/commuter and international flights.
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e Airport Surveys. Surveys conducted by the airport authorities of the three exist-

ing airports in the region were conducted during the base year. These surveys
provide a database for trips made by individual passengers responding to a survey
questionnaire at the airport. These data provide a reference of the passenger’s ori-
gin analysis zone, basic personal information reflecting some socioeconomic and
demographic information, access mode, and route selected to the airport. These
surveys also provide additional data on the independent variable (originating
trips) for the trip distribution and allocation process.

e Home Interview Surveys. In addition to airport surveys, the regional planning

authorities in Illinois and Indiana conducted home interviewing surveys as part
of their work that provided additional samples to supplement airport surveys.
These surveys would cover analysis zones that may not have provided passengers
to respond to airport surveys. These surveys would provide more passenger and
analysis zone reference information to refine the data for trip distribution and
allocation. Special techniques were employed to merge and normalize the two
types of surveys into one database.

Calibration of MNL Utility Function

Calibrating the MNL model depends on the quality and detail of data obtained from
the travel surveys. This would determine the possibility of a discrete and disaggregate
form of the model. Otherwise, an aggregate model would have to be developed using
passenger trip data grouped into analysis zones.

The MNL calibration process is carried out in three steps:

Step 1. Defining the Utility Function. Given the importance and centrality of the

utility function in the distribution of trips to airports, the Chicago appli-
cation used two methods to calibrate the MNL airport choice model. The
first followed the Harvey approach, which applied the MicroLOGIT (38)
program to calibrate the utility function. The regression model developed
estimates percent of passengers selecting any one airport on the basis of
differences in travel time and airline service, the independent variables.
A dataset is first created from the entire database (251 observations) that
includes the differentials of the independent variables’ probability (percent
share) for passengers selecting between the three airports. Utilizing loga-
rithmic relationships, the dataset is then regressed to define the following
model:

In(P1/Pr3) = b1 (TTy —TT23) + ba(AS1 — ASy3) (2.10)

where

P) = percent of passengers in analysis zone using airports 1, 2,
and 3
TT; 23 = travel times from analysis zone to airports 1, 2, and 3
AS| 73 = airline service (weekly departing flights) from airports 1, 2,
and 3
b1 = coefficients of respective utility variables (b; for travel time
and b, for airline service)
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The calibrated model for a dataset of 251 observations had a
reasonably good correlation of > = 0.74 and t-value = 0.8. The utility
function is

In(Py/P>3) = 1.2 — 0.06(TT; — TT5.3) 4+ 0.0003(AS; — AS;3) (2.11)

The second independent calibration was conducted by CATS using the
disaggregated maximum-likelihood approach and the UNILOGIT software
(32, 38) and calibration procedure of the UTPS (urban transportation plan-
ning system). The calibration results were virtually identical to the first
method.

Step 2. Analysis of Airport Choice Probability. The MNL model is used to analyze
the percent shares of passenger trips from analysis zones to each airport.
The data generated from the MNL model are compared to the actual
shares (probability) of passenger trips going to each airport. The purpose
of this step is to ascertain that predicted probabilities in the base year fall
within reasonable statistical limits of variation as a condition to using the
model to predict the probability of airport selection in future years. Any
inconsistencies, variations, and influence of other factors are investigated,
analyzed, and adjusted accordingly to ensure that the model is equally
applicable and valid to predict airport selection probabilities in the future
and for new airports in the region.

Step 3. Airport Choice Model Validation. The probabilities (shares) of passengers
originating from each analysis zone using the three existing airports are
determined. The model is validated by comparing the calculated predicted
analysis zone OD passenger enplanements and percent shares (probability)
of selecting an airport with the actual base-year recorded airport trips and
respective airport choice as reported in the airport and home interview
surveys. Statistical analysis is conducted to measure the variability of the
predicted versus actual data, which indicated excellent correlation between
predicted and actual data.

It is important to note that this part of the process generates a capacity-
unconstrained scenario for distributing passenger OD trips to airports. It does not
consider airport infrastructure capacity—both airside and landside to handle passen-
gers. Therefore, to achieve reasonable balance between passenger selection of airports
and the “residual trips” at the alternative airports, an iterative balancing process would
be required to determine acceptable capacity-constrained demand at the airport. An
iterative process is conducted in two steps: distributing air passenger trips to capacity-
unconstrained airports and then assigning passenger trips to airports under capacity-
constrained conditions.

Regional Aircraft Movement Forecast

An estimate of aircraft movement forecasts in the region on the aggregate level is
derived from the regional passenger enplanements forecasts. Air carrier aircraft move-
ments are typically predicted on the aggregate regional level using the refined anal-
ysis of air passenger forecasts developed through the modeling approaches discussed
previously.
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Any analysis of air transport demand must take into account relationships between
air passengers and aircraft movements. To convert annual air passenger demand to
aircraft movements, two major factors are considered: aircraft size and associated fleet
mix and the system aircraft load factor. Average system aircraft size, aircraft fleet mix
in target years are estimated based on industry projections, aircraft technology trends
and load factors. Both factors are particularly difficult to forecast with accuracy due
to short-term changes in the airline industry, market dynamics, and future aircraft fleet
composition under changing aircraft and aeronautical technologies. Load factors in
target years are normally determined on the regional level using trend analysis, time-
series correlation, or simply expert judgment with feedback from air transport market
analysts and airline experts.

Load factor is the ratio of passenger.miles carried to the aircraft seat.miles oper-
ated in the system (i.e., passenger.kilometers/aircraft seat.kilometers). Airlines naturally
wish to maintain high load factors, which provides higher yields and hence increases
airlines’ profits in operating aircraft. Since the average load factor covers peak as well
as off-peak operation, excessively high system load factors over long periods indicate
passenger demand may not have been captured at peak periods, and this may be less
profitable to the airline than accepting less load factor but using larger equipment.
Therefore, there is a delicate trade-off between average load factors and system equip-
ment capacity. Airlines manage this trade-off by accepting a lower average system load
factor and lowering the acceptable net airline yield per passenger kilometer through
offering low fares but with seat availability restrictions. Due to principles of airline
operation at airports and aircraft operational and scheduling requirements, load factors
cannot reach beyond 85% on a systemwide basis. For planning purposes and as aver-
age system load factors are subject to systemwide variations and strong variation in
seasonal and daily peaking patterns, a ceiling of about 80% load factor is applied for
analysis.

The planner must also observe both past and new emerging trends and confer with
airlines and industry analysts on future aircraft fleet mix. Obviously, the type and size
of aircraft the industry would put in its systems would undoubtedly impact the aircraft
movement forecasts. An example of this is the proliferation of regional jets (RJs) by
airlines in the 1990s as a means of maximizing yield on thin routes or as feeders to
airline hubs. This trend took airport planners by surprise as the number of operations
at certain airports grew much higher than passenger traffic, which altered the expected
average system load factor for these airports by changing the fleet mix at these airports.
The lesson learned is that judging what aircraft type would be available and the timing
of their introduction is extremely important and perhaps the most difficult element in
forecasting aircraft movement demand.

Level 3: Airports.  Air passenger demand at airports is related to the region’s passen-
ger air trip generation, their distribution from their origin to the region airports, and
the airports the passenger prefers to use. Prior to allocating demand to each of the
region’s airports, it would be necessary to estimate the capacity of individual airports.
Typically, airport capacity may be reached with excessive demand, when the airport
would be severely s are constrained.

The balance between demand and capacity will probably be influenced by fare
levels. At highly competitive “spoke” airport markets, fares tend to be low. Fares tend
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to be higher at airline hubs dominated by a single airline and at smaller, less competitive
airports. Demand-driven markets lend themselves to certain forecasting techniques.
Regression analysis is the most commonly used technique, where passenger origination
(the dependent variable) is correlated as a function of one or more independent variables
representing the regional economy such as employment, income, or gross domestic
product (GDP), a price variable such as average fare level or yield (airline revenue per
passenger mile), and sometimes an air service variable.

Airport forecasting models thus require a large amount of historical data in a
consistent format. More importantly, a forecasting model based on regression analysis
requires that the future relationship between passenger origination and the independent
variables remain similar to what they were for the historical period for which the
regression data were collected. If there is a change in this relationship, whether it
results from a new airport site, a change in regulations, or a fundamental change in the
structure of the economy, this relationship will no longer hold true. Accurate projections
of the independent variables are as critical to the forecast, particularly socioeconomic
projections from local/national planning agencies, and the FAA yield projections used
to estimate future levels of the price variable. To address the uncertainty inherent in the
forecast, demand and market scenarios are used in a “what if” format. This approach
is more realistic, practical, and superior to the typical high-, medium-, and low-range
forecasts.

The methodology for estimating passenger traffic on the airport level is governed by
the following rationale: At airline hub airports, connecting traffic is typically estimated
as a percentage of originating (OD) traffic. Total passenger enplanements (i.e., the sum
of originating and connecting passengers) are divided by the airline system load factor
as an estimate of “seat departures.” In the United States, load factor projections are
usually obtained from the FAA National Aviation Forecasting system. Seat departures
divided by average seats per aircraft adjusted by airlines are obtained. As detailed
system-level information becomes available on the hub bank structure at the OD airports
and on the fleet acquisition plans of the airlines, flight frequency with airline fleet
mix/aircraft type per market at that airport provides a more accurate forecast.

Peak-Design Concepts

The annual passenger and aircraft movement forecasts are required as a measure of
the size of the airport in terms of its air passenger demand, and this is used primarily
for financial-based planning. For the purpose of airport facility planning and design,
however, annual levels do not lend themselves to short-term (hourly, daily) traffic
variations that are typically used to plan and design airport facilities. It is the short-
term demand variation and peaking characteristics that are the primary factors for
facility planning and design—the peak hour and typical business day. These demand
measures are used on the airport landside for passengers and autos and for aircraft on
the airside.

One of the first peak-design concepts used is the typical peak-hour passenger devel-
oped by the FAA (39) described in Chapter 10. It provides empirical criteria to convert
annual passenger demand to typical peak-hour passenger (TPHP) demand based on
the size and peaking pattern of the airport. Certain ratios of peak passenger demand
to annual passenger demand are provided to estimate the peak-hour passenger traffic
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at the airport. This concept generally replicates an average-day, peak-month peaking
and assumes estimated 85th percentile use of ultimate capacity. A similar approach
is adopted to convert annual aircraft operation forecast to peak aircraft operation by
applying the average load factor and aircraft size to the TPHP estimated. Another con-
cept, devised by the British Airports Authority, is the 30th highest hour or standard
busy rate (SBR)—passenger traffic flow which is exceeded by only 29 other hours of
operation during the year (40).

The relationships between peak-hour flows and annual passenger volumes are
normally given in conjunction with other estimates used for peak-period planning.
Figures 2.9 and 2.10 show these relationships as graphs recommended for preplanning
purposes, which relate peak-hour passenger flows and peak-hour aircraft operations
to annual passenger enplanement throughput. The BAA concept of the 30th highest
hour is more widely used worldwide than the TPHP. Figure 2.11 depicts the log-log
relationship between the SBR and the total annual passenger flows observed over an
eight-year period for a range of British airports plotted against the TPHP relationship
(dashed line) to demonstrate the similarity of both concepts (40). The reader is referred
to Chapter 10 for a comparative discussion on the TPHP relationship.

The IATA devised a similar approach to estimate the peak passenger demand for
planning and design purposes based on airline operations methodology. The IATA’s
airport busy-day concept is defined as the second busiest day in an average week during
the peak month (41). For the peak month at the airport an average weekly pattern of
passenger traffic is calculated for that month, and peaks associated with special events
are excluded and handled separately. The busy-day analysis assesses relevant factors
far deeper than the FAA TPHP method.

The source of data to generate the “base” busy day is the airport tower flight log, the
operations equivalent of the flight schedule, and includes airline flight number, aircraft
type, aircraft registration, seating capacity, flight origin/destination, arrival/departure
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time, terminal, and enplaning and deplaning passengers. In order to identify the peak
hour, a computer model is developed to incorporate the database and display flow
of traffic. Using a bottom-up approach, the computer model is used to forecast the
airport aircraft movements, passenger flows, and aircraft gate requirements in future
years. The IATA methodology projects passenger traffic for a typical busy day by
determining historical (base) ratios of busy-day traffic to total annual passenger traffic
and then applies it to project annual traffic. The relationship of busy day to annual
traffic depends largely on seasonal variations and passenger population profiles.

The hourly profile of the busy day is derived from the distribution of the busy-
day traffic by time of day to determine the future peaking pattern and peak-hour traffic
levels. This method is suitable to provide passenger demand forecasts that could be used
adequately for planning purposes. The IATA also developed a model for international
passenger forecasts at airports (4). The model formulation is

Passengers = a + b x GDP + ¢ x yield + d x GDP of other countries
+ other explanatory variables (2.12)

or

Passengers = a + b x GDP/population + d x population + ¢ x yield+ f
x GDP of other countries + other explanatory variables (2.13)

where a, b, c, d, e, and f are coefficients.

More recently, major studies have resorted to modeling and simulation techniques
to perform airport-level forecasting analysesbased on the specific facility and forecast
component (passengers, aircraft, landside vehicles, etc.). Chapter 15 will provide a
wider coverage of the use of modeling and simulation techniques for the various airport
planning functions.

At this stage of the forecasting framework, airport forecasting techniques depend
largely on the particular application for specific elements of the airport.

2.6 AIR TRIP DISTRIBUTION MODELS

The trip distribution model predicts the level of trip interchange between designated
airport pairs once the level of generation of the air trip ending at the individual airport
has been computed. The most widely used distribution model applied to the transport
situation has been the gravity model. This model, analogous to Newton’s law of gravity,
has grown from knowledge developed in the social sciences that interactions between
human settlements appear to be in accord with principles that are in many ways similar
to the physical law of gravity. The gravity model in transport practice distributes trips
between city pairs according to measures of the attractiveness of the cities, allowing
for the impedance effects of cost, time, and other factors.

As early as 1943, use of the gravity model was advocated for predicting the air
trip interchange between cities. This model takes the form

kP Py
ij =
%

(2.14)
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where

T;; = travel by air passengers between cities i and j
P; = population of the origin city

P; = population of the destination city

d;; = distance between i and j
k = a constant of proportionality
x = a calibrated constant

Using distance as the measure of impedance, it was found that the value of x
appeared to vary from 1.3 to 1.8. Other forms of this model have been developed that
attempt to define the measure of impedance in terms other than distance alone. Using
travel cost, the following model was calibrated:

_KTT,
ij = C;

(2.15)

where

T; = total air trips generated in city i
T; = total air trips generated in city j
Cj; = cost of travel between i and j
K = a constant of proportionality

x = a calibrated constant

In a study of the U.S. airline interstate traffic, it was found that this model could be
used only for city pairs less than 800 miles apart. For larger distances, traffic appears
to be independent of both travel cost and distance and dependent only on the level of
trip generation at either node. Thus, for greater air trip distances, the form of the model
can be simplified to

Ty = k(T;T))" (2.16)

where p is a calibrated parameter.
A modified form of the gravity model was used in Canada:

0.62 p0.35
P2 P;

j 488 4083 @1.25 -0.38 ~—0.38 ~—1.4
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where

P; = population at i

distance between i and j

R; = indicator of road condition around city i
S

o
I

A; = indicator of attraction to city j
;i = seats available between i and j
F;; = service reliability indicator
Cp; = percent of manufacturing and retail employment of total employment at i

SR S
1

A predictive equation of a similar form was developed by the British Airports
Authority for the Western European Airports Association:

Yio = ai(F)* (I)P" (1 + )™ (2.18)
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where

Y;; = number of air trips in year ¢ in trip category i
i = trip category—cross-classified for business/leisure, European resident/
nonresident, long haul/short haul
real cost of fares in year ¢
= real income in year ¢
an autonomous trend
elasticity of demand (fares)
elasticity of demand (income)
a regression constant

A ™®RN ~ ™
I

2.7 MODAL CHOICE MODELS

As previously stated, the analytical forecasting method has frequently been applied to
mode-specific air trip generations that have been separately distributed. A more rational
approach would be to generate non-mode-specific intercity movements, distribute these
according to travel limitations, and finally determine modal selection by the application
of modal choice models. It has been generally determined that disaggregate models
which attempt to reflect individual travelers’ choices rather than aggregate or zonal
models give better results for modal choice analysis. A generalized cost disaggregate
model is given here for illustrative purposes; it should be borne in mind, however, that
many other disaggregate model types are available which, in the right context, have
shown equal or better validity.

Many factors affect modal choice, such as convenience, comfort, and safety.
Although such factors are often difficult to quantify, a simple method of allowing
for them and for individual variability among travelers is to construct the model from
parameters that reflect the degree of randomness of the traveler’s choice. The general-
ized cost model assumes that the traveler will usually choose the mode with the lowest
generalized cost, but there is a finite probability that some other mode will be selected.
One model that uses this hypothesis is of the form

Tijr  exp(—aCy)
T, &
Yo Y exp(—aCi)

r=1

(2.19)

where

T}; = total trips by all modes from i to j

Tij = trips by mode k from i to j
o = some calibration constant

Cijx = generalized costs of travel from i to j by mode k
n = number of available modes

The generalized cost of any mode is the total of direct and indirect costs incurred
in traveling. Theoretically, the generalized cost is capable of reflecting in monetary
terms all factors affecting travel. In the absence of complete knowledge of social and
attitudinal cost trade-offs, the generalized cost concept has its limitations. In practice,
generalized cost is frequently expressed in terms of direct monetary costs and cost
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of travel time. Where this is so, and where two alternate modes p and ¢ are being
considered, equation 2.9 reduces to
Tijp
log | = | = —a [(Myj, — Mig) + Aty — tjg)] (2.20)
ijg
where

o, A = calibration constants
M, — M;;, = difference in money costs for modes p and ¢ for the journey from i
toj
tiip — tijq = difference in travel times by modes p and g for the journey from i to j

This form of the model has been successfully used to analyze the air transport’s
share of a short-haul market in competition with high-speed conventional rail travel
and a high-speed tracked hovercraft mode.

2.8 GENERATION-DISTRIBUTION MODELS

Some analysts do not agree that the decision to make an air trip is separated from the
decision of where to go, an implication of accepting the independent generation and
distribution models. In an attempt to reflect the integrated decision process, combined
generation—distribution models have been produced. Typically, two types are available:
mode-specific and multimode models. Both are generally of the multiple regression type.

Mode-Specific Models

Air travel volumes can be generated and distributed directly between city pairs by means
of mode-specific models. In this analysis technique, the generation of air travel is con-
sidered entirely separate from the demand levels of other intercity and interregional
movements. These models are usually of the regression type, with predictive vari-
ables related to the socioeconomic characteristics of the population and the economic
characteristics of the cities themselves.

One form of this type of model can be written as follows:

Ty =r P Pjd;ljl7 2.21)

where

T; = volume of air passenger traffic between city i and city j
P;, P; = populations of cities i and j
d;j = distance between i and j
[;,l; = respective portions of the cities’ populations with income in excess
of $10,000 annually
r, s, t, u, v, w = regression-calibrated parameters

(In logarithmic form, the structure of the equation is of standard
linear type.)

The structure of equation 2.21 can be extended to include other applicable vari-
ables, including the economic characteristics of the cities. An examination of the model
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indicates that it is “backward looking,” specific to the mode concerned—the calibrated
value of the regression constants reflecting the relative levels of air and other technolo-
gies at the time of calibration. New technological options or radical changes in existing
systems cannot be accommodated within this form of model, making it of questionable
utility in the long term.

The Canadian Transport Commission produced a mode-specific time trend analysis
of the form

F:
P.” =a+ Bt + Q; (2.22)
]

o)

where
F;; = air trips between i and j
P; = population at i
t = time in years
Q;; = factor to adjust for quantum effects, such as new surface links

A mode-specific econometric model has been produced of the form

T;j = a(@;GNP;)” (a;GNP;) (F, A+ c) (2.23)
-

T;; = air traffic between stations i and j
o = station share of GNP
B = country pair relation index
F = economy fare
A, B, C = currency scale constants
a, b, ¢, d = regression constants

A two-category model has been developed for both the business and leisure cate-
gories of air trips (10). These models are

Business
<E> = A+ Mf, |:R1(Zo, Zp)t + Riz_} (2.24)
P), T K (F /D
Leisure
where

I = air trips in year y for the stated purpose
P = population at origin
A, M = constants
fyp = f (income, station affinity, propensity to invest and trade) in year y
for business
R{, R, = constants
Zy, Zp =ratios in real terms of origin and destination countries’ economies
relative to base date
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F = mean total effective fare (fare, supplements, and travel time)
I = mean income of households of potential travelers in origin country
K = constant reflection surface route saturation

p, ¢ = constants

A number of distribution models have been developed using growth factors. How-
ever, these are simplistic models, and it is difficult to justify their use in long-term
forecasting. The reader is referred to the literature (42) for a reasonably complete
discussion of these models.

Multimodal Models

In an attempt to overcome the shortcomings of mode-specific models, multimodal
models that can simultaneously predict the generation rates, distribution patterns, and
modal choice of travelers have been introduced. Perhaps the best known multimodal
model is the abstract mode model, which emphasizes modal characteristics and is
inherently capable of representing any existing or hypothetical modes by a set of
variables that completely describe the pertinent attributes of a transport mode for the
type of travel being considered. For passenger transport, therefore, variables such as
travel time, frequency of service, and indices of comfort and safety may be used. For
each mode under consideration, the abstract mode model represents the characteristics
in a ratio relative to the best mode available. These ratios are then used as predictive
variables in the calibrated equation. In one of its forms, the model can be written in
the following way:

Jpp— o] pUg v,y o3y, 0 as o AT0T
Tij = ao P PYOY 8 M MOON

x fi(Hy, Hyj), f2(Cyj, Cij)s f3(Djjs Digj) - - - (2.26)
where
ap, A, ..., Q7 = regression constants
P;, P; = populations of the two nodes
Y;, Y; = median incomes at the two nodes
M;, M; = institutional (industrial) indices of the two nodes

H;; = least required travel time

Hy;; = travel time by the kth mode

N;j = number of modes between i and j
C;; = least cost of travel between i and j
Cy;j = travel cost by the kth mode

D;; = best departure frequency from i to j
Dy;; = departure frequency by the kth mode

The advantage of abstract mode models is that they can be used to predict demand
for some novel transport system that does not now exist but for which a set of charac-
teristics can be specified. Such applications include predicting demand for short-haul
V/STOL transportation or for interurban third-level carrier transportation and in the
projection of the impact of new technologies for which only the performance standards
can be specified at the time of analysis.
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The abstract mode model was used to assign trips by mode in the California
Corridor Study (43). This model was applied to absolute levels of demand derived
from the following regression models:

Business
In(T;j) = —=7.32 +0.291In(P;) + 0.37In(P;) + 0.89 In(Y;;) — 0.33In(z;)  (2.27)
Leisure
In(7;j) = —15.65 + 0.311In(F;) + 0.421In(P;) + 1.40In(Y}) (2.28)
where
i = origin
j = destination
P = zonal population
Y;; = average zonal mean income of zones i and j
t;j = shortest time between i and j

2.9 AIR FREIGHT DEMAND FORECASTS

National Projections

Theoretically, the movement of freight by any mode is likely to be more amenable to
analysis and prediction than passenger travel, because the element of subjective choice
or personal taste is lessened where freight movement is concerned. Additionally, social
variables, which have been found to be so important in passenger demand models,
are absent in the analysis of freight movement, greatly simplifying the procedure.
However, the forecasting of freight movement by all modes, including air, is currently
in its infancy, reflecting the great scarcity of historical data at a necessary level of
detail. Consequently, aggregated projections at the national level are more easily made
than disaggregated forecasts of freight movement between specific locations.
Using regression techniques, excellent correlations can be achieved from equations
of the form
F = f(GNP, Py) (2.29)

where

F = domestic scheduled air freight traffic (revenue ton-miles)
GNP = gross national product
P4 = air freight rates

Regional Projections

At the level of predicting actual regional freight movements, the lack of specific data
on city pairs has prevented the calibration of satisfactory models. Whereas large sums
have been expended on the collection and analysis of urban passenger movement data,
and to a lesser degree intercity passenger movement data, a similar amount of detailed
information relating to freight traffic is not available. Ideally, freight traffic can be
considered as moving according to some cost minimization rationale. In fact, air freight
appears to be responsive to some generalized cost function composed of the following
elements:
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Freight tariff

Time in transit

Frequency of service

Time of scheduling

Security of product

Reliability of service

Quality of service

Value of freight per unit weight

The two principal approaches to freight forecasting are regression analysis and
input—output analysis.

Regression Analysis

Regression analysis has been applied in the hope that the method would be as successful
for freight as it has been with respect to passenger movements. Successful calibration
has not been possible, however, because of the lack of adequate data on movements
between specific city pairs. It has been proposed that freight movement is likely to
be strongly correlated to a surplus of specific commodities at the origin ends of the
trips and a demand for the same commodities at the destination ends. In the absence of
detailed knowledge of commodity supply and demand, surrogate variables describing
the industrial makeup of the city pairs are used, in conjunction with variables descriptive
of the level of air service. Experience with these models has been less than satisfactory.

Input-Output Analysis

In the United States, some effort has been made to use the interindustry model, a
macroeconomic model sometimes designated as input—output analysis. This model can
be used to determine the supply and demand of commodities of different types for
individual sectors of industry. This information, in turn, can be applied to the industrial
structure of specific city pairs to determine the generation of freight flows. The model
is still at an embryonic stage.

Distribution and Modal-Split Models

Distribution of freight movements has been carried out using gravity models to dis-
tribute the demand between origins and destinations. These standard procedures are
described in readily accessible reference works.

In the sequence of models, the generation and distribution stages are followed by
commodity modal choice. The most successful modal choice model should be a cost
minimization approach that includes freight rates, damage costs, security, travel times,
inventory and warehousing costs, commodity deterioration, and en route handling costs.

In summary, the determination of air freight models of all types is complicated by
a number of factors:

1. The majority of air freight moves in the bellies of wide-bodied aircraft. The
availability of spare belly space at a particular airport is likely to have a very
important effect on freight rates—a basic factor affecting the generation of air
cargo.
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2. At a number of airports, freight originating in the market area of one airport is
often trucked by road to another airport, where it is uplifted. The decision to
use long road sectors is determined by factors such as frequency of air service
and available cargo rates at the point of uplift. These trucks are even assigned
“flight numbers” when they move cargo from terminals at certain airports to the
freight terminals at larger airports and international hubs (e.g., Chicago O’Hare,
London Heathrow and Frankfurt).

3. Freight throughput at an airport may be artificially high with respect to origi-
nating or destined freight if the airline chooses to use the airport as a hub. In
this case, large volumes of transfer freight will move either across the apron or
through the terminal.

2.10 GENERAL AVIATION FORECASTS

A considerable amount of subjective judgment goes into making general aviation fore-
casts, which rely heavily on national trends and forecasts and, to the extent such are
available, local historical records. Three basic types of forecast are normally made: (1)
number of based aircraft and registered pilots, (2) number of aircraft operations, and
(3) passenger forecasts.

The forecast of based aircraft and registered pilots calls for an inventory of presently
based aircraft, registered pilots, historical growth trends, and, in the United States,
employment of FAA National Forecast Growth Ratios for General Aviation Based
Aircraft (given for various areas of the United States). As with passenger traffic, the
FAA publishes its own forecasts of general aviation activity nationally, at hubs, and at
individual airports.

Another approach is to use the step-down ratio method, applying these ratios to
national aggregate forecasts using historic market shares.

The FAA forecasts the total general aviation fleet with the following models:

Afir =SP+ S/ = X + A — Tp - (2.30)

where

f = total active fleet
Afi+1 = estimate of change in the active fleet between time ¢ and time ¢ + 1
S8 = sales of business aircraft
S? = sales of personal aircraft
X = attrition
A = inactive-to-active status
I = active-to-inactive status

and e
1
Stilzfl< PH_ > Tl W[+1>"' (2.31)
t+1
AP,
SEH =r (—H_l, T4 1, Yr+1>"' (2.32)
P
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where

AP = aircraft price index

= implicit GNP deflator

= rate of interest

= income

= measure of business activity

g*ﬁ\'ﬁ

The number of aircraft operations (local and itinerant) can be forecast from actual
counts of present activities or, in the United States, from FAA surveys (Towered Air-
ports) and by obtaining a relationship between the number of operations per based
aircraft. If local data are not available, the following FAA data could be used:

Annual operations per based aircraft

Type Typical low Median Typical high
Local operations 170 375 690
Itinerant operations (nontower airport) 125 210 450
Itinerant operations (tower airport) 225 425 745

Passenger forecasts are made by multiplying the average number of passengers per
plane by half the total number of general aviation itinerant operations.

A brief treatment of modeling general aviation activity is contained in Manual on
Air Traffic Forecasting (3). More detailed analysis of case studies is found in the TRB
literature (e.g., 4, 6).

The FAA conducted analysis to estimate aircraft operations at small non-towered
GA airports in the United States (44). It is typically difficult to estimate traffic at small
non-towered airports that serve only GA traffic. The FAA Office of Aviation Policy and
Plans, initiated development of an estimating model for GA operations at small airports
based on the relationship between demographic characteristics of the area surrounding
the airport, some airport measures such as based aircraft, and the GA aviation activity
at the airport. This project was to identify common characteristics among a group
of towered GA airports and then use these characteristics to build models of airport
activity at non-towered, less monitored GA airports.

While this model is not designed as a forecast model per se, but combined with
forecasts of the independent variables for the airport and its region it could provide an
estimate of GA activity forecasts. The model is based on the assumption that aircraft
activity at GA airports is related to demographic characteristics of the airport region
along with certain operational characteristics of the airport. The region’s demographic
features are relatively easy to itemize and data are more readily available. The data set
used to estimate the model contains 127 small towered GA airports, for which accurate
tower counts exist, and 105 non-towered GA airports for which activity estimates
have been made by state aviation authorities using various methods of sampling and
extrapolation to a full year of data. For these airports data items used were developed
from U.S. Census Bureau data and other databases.
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The estimating equation, based on data from the 232 small towered and non-
towered GA airports is:

GAOPS = —571 +355BA — 0.46 BA2 — 40,510 %in100mi + 3,795 VITFSnum

+ 0.001 Pop100 — 8,587 WACAORAK + 24,102 + 13,674 TOWDUM
(2.33)

where

BA : Based aircraft
BA? : Square of BA
%in100mi : Airport’s percentage of BA within 100 mi
VITFSnum : Number of Part 141-certificated flight schools at airport
Pop100 : Population within 100 mi of airport
WACAORAK : Airports in California, Oregon, Washington, and Alaska
Pop25/100 : Ratio of population within 25 mi to population within 100 mi
TOWDUM : Tower at airport

The model statistical parametric results in terms of t-value are (45): Constant (—0.25);
BA (8.41); BA2 (—3.83); %in 100mi (—2.79); VITFSnum (1.87); Popl00 (3.48);
WACAORAK (—3.61); Pop25/100; (2.67) and TOWDUM (6.44). The R? value of
the model is (0.743).

The model was then assessed against actual filing data for 2,789 GA airports in
the United States. This GA airport activity estimating model provided valuable new
information to state or regional planning organizations with an interest in GA, and
could provide a direct connection between the level of activity data at a small GA
airport and the demographic features of the airport’s environs.

2.11 ROUTE CHOICE MODELS

Another important subject of demand modeling is predicting airline traffic through exist-
ing hubs or even potential hubs. The very large, relative volumes of transit and transfer
traffic cannot be predicted satisfactorily using the techniques previously described in
this chapter. The trips are generated externally to the hub and are not dependent on
the socioeconomic characteristics of the area or region in which the hub is situated.
Instead, the hub attracts traffic which is related to the level of air service provided by
the hubbing facility. Variables which have been used to describe this service level are:

o Frequency of departures
e Connection time at the hub
e Capacity of route in terms of available seats
o Average journey time through the hub
The models which have been calibrated to describe and to forecast route choice are

extensive and are of complex mathematical formulation. A model calibrated in the
United Kingdom on British CAA data was of the form (46)

pla,r) = p(r/a), p(a) (2.34)
exp [V (a,1r)]

o O (2.35)

p(r/a) =
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exp[8* R (a)]

Y. exp[§RPR(a*)]
a*EA

pla) = (2.36)

where

A = set of departure airports

p(a,r) = probability of a passenger using a route r served by a departure airport a
p(r/a) = conditional probability of choosing a route served from a

p(a) = marginal probability of a
q>R

expected maximum utility (EMU) or inclusive value from a set of routes R

R = set of routes available from each airport

8% = inclusive value (or EMU) coefficient, which measures the correlation

among the random terms due to route-type similarities at a departure
airport, a
V = utility function of form
= B (access time) + B, (weekly flight frequency on a route)
+ B3 (average connection time at hub airport)
+ B4 (weekly available aircraft seats on a route)
+ Bs (average journey time)
+ B¢ (route specific constant)
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3.1 RELATIONSHIPS BETWEEN AIRCRAFT AND AIRPORTS

74

In a conventional air transport system, aircraft and airports are dependent on each other
in providing a service for the passenger. In the past, the system evolved largely with
separate planning of the airport, route structuring, and aircraft technology. Advances in
technology, the major factor in the growth of the mode, have been quickly utilized by
the airlines in expanding their route structures and improving their efficiency in terms
of real cost per seat kilometer supplied. Those responsible for the provision of airports
have sought to plan, design, and construct the facilities necessary to ensure that they
were not left behind in full participation in this high-growth industry.

Advances in engine and airframe technology have allowed significant reduction in
the real cost of air travel and at the same time have led to improvements in system
performance. These improvements in speed, range, ticket price, comfort, and reliability
have been responsible for the high growth rates. Historically, the operating costs of the
aircraft have constituted 85% of the operating costs of the entire air transport system;
the airports have contributed 10%, and the remaining 5% has been spent on navigation
charges and overheads of governmental control. This has resulted in a natural tendency
for the airports to accommodate any changes in aircraft design and performance that
could maintain the trend to lower aircraft direct operating cost (DOC). The result is
illustrated in Figure 3.1, which shows how the runway lengths of major international
airports would have had to change to conform to the requirements of the expected
operational fleet. Up until the early 1960s, runway lengths were continually increasing.
With the widespread introduction of turbofan aircraft and the gradual retirement of
pure jet equipment, runway length requirements first stabilized and subsequently grad-
ually decreased. The widely adopted policy of permitting aircraft DOC to dominate the
design of the air transport system was reversed in the late 1960s because of a number of
factors. Environmental considerations, focused, in the first place, on the neighborhood
of the airport, caused compromises between, on the one hand, the design of aircraft and,
on the other, the scale and location of the airport. In the 1990s much speculation took
place about the design of future aircraft carrying 800—1000 passengers, but in 2009,
the Airbus 380 with a maximum certified capacity of 853 passengers was introduced
into service. There had been considerable resistance from airport operators to the intro-
duction of aircraft with double-decked access or greatly increased wingspans. Rising

*Originally authored by Robert.E.Caves, the chapter in this edition has been updated by Michael Makariou.
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land values and construction costs increased the airport contribution to the total system
capital costs, which was already considerably greater than its contribution to operat-
ing costs. The increasing cost and scarcity of capital added importance to the correct
definition of the role of the airport to the total system. Additionally, there developed
a tendency to bring into the air route system more and more airports with relatively
low frequency operation and relatively short stage lengths. The low utilization of such
facilities implies a greater contribution of the airports to the total system cost and made
it unreasonable for aircraft designers to call for continued increases of runway length.

Short-range aircraft need less runway than the long-range type, since there is a
smaller fuel requirement. In addition, advances in the technology of producing high lift
for takeoff and landing allow a further reduction in the runway requirement without
too much penalty in DOC. Therefore, the pressures from the airport to reduce runway
length requirements can be met by both the aircraft manufacturer and the operator.
New runways are often shorter, where the main market is for short-range operations.

At the same time, the growth in runway length for long-range operations has
leveled off as new demands for increased range no longer appear® and because the
operating costs for this type of flight are acceptably low. This peaking of runway
length requirement is depicted in Figure 3.1.

Runway length is only one of the many areas in which the requirements of aircraft
cost, performance, or design affect airport layout. Other important areas are the number
and orientation of required runways, the structural and geometric design of pavements,
including taxiways, exits, and aprons, and the location and configuration of cargo and
passenger terminals. All contribute to or control airport layout and capacity require-
ments. These aspects, together with aspects of noise control, are discussed in this and
subsequent chapters.

3.2 THE INFLUENCE OF AIRCRAFT DESIGN

ON RUNWAY LENGTH

All commercial aircraft design has its roots in the development of propulsion systems
and the application of aerodynamic theory. In parallel with advances in type and effi-
ciency of aircraft power plants (Figure 3.2) have come increases in absolute power.
Aerodynamic advances have been made allowing the full use of propulsive improve-
ments. In particular, speed capability has increased (Figure 3.3). After the introduction
of the supersonic Concorde into commercial service in 1976, it became clear that
supersonic flight was not commercially viable. This meant that the development of air
transport aircraft for the period 1970-2010 was concentrated on top cruising speeds
within the range of 0.9-0.85 Mach. The combination of improvements in speed and
absolute size has resulted in the upward trend in seat mile per hour productivity within
the envelope shown in Figure 3.4. Combined with improvements in engine fuel effi-
ciency and other economies of scale, these factors have generated a significant long-term
reduction in real costs per passenger kilometer and tonne kilometer.

In the days of the DC-3, a wing design that gave economical cruising flight also
allowed a reasonably short field length, because the aircraft could sustain flight at quite
a low speed.

*Between short- and long-haul designs, the proportion of empty to maximum weight varies from 63 to 49%,
while the proportion of fuel to maximum weight varies from 20 to 42%, though some of this difference is
due to the smaller size of the shorter range aircraft.
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Figure 3.2 Trends in ratios of takeoff thrust to bare engine weight.

For level flight,
lift (= weight) o p VzSCL 3.1

where

p = air density

V = forward speed of the aircraft
S = area of the wing

Cp = coefficient of lift (nondimensional); approximately proportional to the angle of
attack of the wing

or
d vic
— X
S P L

where

W = Aircraft weight
W/S = wing loading

Thus, at a given value of Cp, higher speeds allow a smaller wing, and hence lower
weight and drag. Unfortunately, high-speed wings tend to have a lower maximum value
of Cr (at which the wing stalls and loses lift abruptly), so the ratio of cruise speed
to stall speed is naturally lower, and this leads to much higher takeoff and approach
speeds. Even if it were possible to have infinitely long runways, high approach speeds
would be unacceptable because of problems associated with landing gear design, pilot
judgment, airspace requirements, and air traffic control. Hence, high-lift devices are
employed to reduce the stalling speed by increasing the effective wing area and by
increasing the maximum value of Cy.
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A measure of the scale of penalty involved in compromises between aircraft design
and runway length provision can be gained from the estimate that a twin turbofan
aircraft designed for a 1000-nautical-mi (1850-km) range operating from a 6000-ft
(1830-m) runway is penalized by approximately 23%, compared with an aircraft of
similar specification designed to unlimited field length.* The penalty arises from a
combination of increased wing area, the high-lift devices, extra thrust for takeoff, and
extra fuel. The high-lift devices have more influence on the landing field length, and
the extra thrust is of more value on takeoff. The increase in wing area provides a
lower minimum flying speed, regardless of the amount of flap or slat being used, thus
reducing both the takeoff and landing field length requirements. The takeoff usually
leads to the greater field requirement, except with aircraft designed exclusively for short
stage lengths; in the latter case, the maximum landing weight is usually very similar
to the maximum takeoff weight.

Figures 3.5 and 3.6 illustrate the tendencies for aircraft designed to different field
lengths to use different power-to-weight ratios and wing loadings. From the range of
types of powerplant and categories of operation selected, it can be seen that propeller-
driven aircraft achieve adequate field performance without increased thrust-to-weight
ratio because of their use of relatively low wing loadings and the high static efficiency
of their low disc loading.” Similarly, the helicopter achieves vertical takeoff with the
same installed power as a light conventional aircraft of the same weight. On the other
hand, pure jet aircraft require much higher installed thrust if their takeoff field length
is to be reduced substantially, with commensurate reductions in wing loading, or more
powerful flaps if the landing field length is to be similarly reduced.
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Figure 3.5 Effect of power-to-weight ratio on field length.

*In this case, “productivity” is defined as scat miles per hour per pound all-up-weight (AUW).
"Disc loading is the thrust developed by a fan per unit frontal swept area. Static efficiency is inversely
proportional to disc loading.
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Figure 3.6 Effect of wing loading on field length.

Requirements of Current Aircraft Types

In the previous discussion, we have attempted to indicate the interactions that take place
in aircraft design between the field length and other factors. There are fundamentally
three different types of interaction. With long-range aircraft, a long takeoff is dictated
by the large fuel requirements. Medium- and short-range aircraft for trunk and local
airline operation have to compromise their cruise performance with the need to use a
large number of medium-length fields. Aircraft for feeder and general aviation roles
normally operate over short ranges where cruise speed is not essential; thus, a low
wing loading is permissible, and they can operate with short field lengths without a
significant design penalty.

Tables 3.1a, b, and c present the characteristics of a wide range of present-day
aircraft. The variation in Federal Air Regulation (FAR) Landing and Takeoff Distances
illustrates the preceding discussion. It is important to realize that the speeds, field
lengths, weights, and maximum stage lengths given are all for quite specific conditions
of operation, which are held constant over the range of aircraft types for ease of
comparison. Cases of variation from these specific conditions having an important
effect on the field length requirements are discussed in detail below.

Field Length Regulations—Air Transport Aircraft

The field lengths listed in Table 3.1 are determined not only on the basis of the aircraft’s
design capability but also by the safety regulations made by the responsible bodies in the
individual member countries of the ICAO. In the United States, the regulating authority
is the FAA. The ICAO issues worldwide advisories that are similar in philosophy
and content to the FAA regulations. Field length requirements for a given class of
aircraft are based on the performance of several critical and rigidly specified operations.
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