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PREFACE

This report was prepared by the Transportation Systems Center
at the request of the Office of the Secretary, Office of the
Assistant Secretary for Systems Development and Technology, in
partial fulfillment of PPA 05404 - Advanced Air Traffic Management
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1. SUMMARY

In 1971 the Department of Transportation initiated a multi-
year planning study to define advanced air traffic control system
concepts that could best meet the needs of the aviation community
in the 1990's. In order to do technical and economic analyses
during this study, an estimate of the future demand for air trans-
portation was required. This report summarizes the aviation
forecasts, and their derivation, used to estimate the 1995 air
traffic environment which, in turn, was used in system concept
design and research and development planning activities. The
demand estimates, or forecasts of air transportation growth, in
this study include:

Public demand for commercial air transportation
Airfleet size and characteristics

Peak traffic loading on the ATC system

Numbers of airports and hubs

Capacities of future busy airports

The air traffic projections presented here are based on trends
forecast by the FAA or found in historical data. Some trends in-
volve such socioeconomic factors as population growth, consumer
spending habits, and the gross national product (GNP).(l)* Validity
of the forecasted demand is highly dependent on the continuing
validity of these trends. While it is too early to assess the long
term aviation impact of the Nation's energy balances, it is ap-
parent that changing patterns of fuel availability and consumption
will have an impact on aviation traffic levels in the decades
ahead. However, this report assumes that an adequate supply of
aviation fuel will continue to be available at reasonable prices.
Noise or emission control standards may also affect demand fore-
casts. Lacking definitive information, as in the fuel question,
no impact on these forecasts has been determined.

*References are given in Appendix B




The public demand for commercial air transportation is pro-
jected on the basis of two related quantities: revenue passenger
miles (RPM) and revenue passenger enplanements (RPE). The former
is the number of miles per year flown by airline passengers; the
latter is the number of paying passengers, annually, who embark on
commercial flights. The forecasts for domestic and international
flights, shown in Figure 1-1, are made periodically by the FAA,
which considers such parameters as the GNP, revenue yield per
passenger mile, aircraft and seat availability, fare and route
structures, passenger trip lengths, and a number of socioeconomic
factors, such as income levels and population distribution.*(z)
Between 1972 and 1995 the number of revenue passenger miles and
revenue passenger enplanements are expected to increase by factors
of about eight and six, respectively. These increases impact on
future ATC system concepts in terms of the number and type of
aircraft which must be put into operation to meet this demand in an
adequate fashion, as well as the number of operations (or aircraft
usage) required to service this demand.

The size of the air carrier fleet necessary to meet the
forecast RPE's and RPM's can be estimated. The full impact of the
demand upon the air traffic management system, however, is only
realized when the forecasts for general aviation and military
aircraft are included in the analysis. These are considered below.

The FAA ten year forecast of air carrier aircraft is based on
the number of each type of aircraft in inventory or on order, data
on how the carriers propose to meet their demand requirements, and
operating and performance data for each type of aircraft.(z) This
Study extended the FAA air carrier forecasts to 1995 by considering
the rate of air carrier fleet growth, the trend to an all-jet fleet,
and the revenue passenger miles and revenue passenger enplanements
that the air carrier fleet will have to accommodate. The air taxi*#

segment of the fleet was assumed to be integrated with the air

*International flights in this forecast include those made by
U.S. certificated air carriers which originate or terminate
within the United States.

**Air Taxi aircraft are those used by the holder of an Air Taxi
Operating Certificate. They are generally short or ultra-short
haul aircraft designed for operation from short runways.
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carrier fleet sometime between 1984 and 1995. It is assumed part
of the general aviation fleet prior to 1984. The 1995 estimated
air carrier operations (takeoffs and landings) were based on
estimates of average aircraft utilization and trip length figures
and on trends determined from Civil Aeronautics Board data.(3)
These results are presented in Table 1-1.

The general aviation fleet size estimate was based on its
historically high correlation with the GNP, whose forecast annual
growth rate is 3.8 percent from 1984 to 1995, and 4.3 percent from
1973 to 1984.(1) Extending from the 1972 fleet size of 131,000
aircraft, 217,000 aircraft are projected by the FAA for 1984,
and 335,000 are projected by this Study for 1995. The forecast
number of operations for general aviation aircraft was based on
trends in annual utilization, average flight duration, and the
distribution of flight time between itinerant and local use. Table
1-1 shows the growth in general aviation operations from 1972 (90
million) to 1995 (253 million).

The military fleet and its activity within CONUS are expected
to remain nearly constant over the next two decades.(4) These

estimates are also shown in Table 1-1.

The peak instantaneous airborne count (PIAC), for 1995
represents a demand measure crucial to the design of future air
traffic management systems. This count represents the number of
aircraft that are expected to be airborne over CONUS during the
busiest instant of time in any particular year. Consequently this
number represents the predicted maximum loading on the system and
is representative of the actual number of aircraft the system must
be capable of handling at any one time. Peak instantaneous airborne
count, (PIAC), estimates for 1995 were made for both terminal and
en route airspace considering the major air route structure and
expected number of flights on each route, fleet size and charac-
teristics, revenue passenger miles and revenue passenger enplane-
ments, the type of flight (VFR, IFR, itinerant, and local), and
various terminal area and airport characteristics.(6’7) The PIAC
projections for 1972, 1984 and 1995 are given in Table 1-1. A

1-4
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verifiable rule of thumb, based on study data presented in Section 6,
for estimating the overall PIAC is to take 10 percent of the total
aircraft fleet; of this overall PIAC, approximately 60 percent re-

presents the count in terminal airspace.

This Study also forecast the number of hubs and airports in
1995. A hub encompasses the airports and terminal and transition
airspace associated with a metropolitian area. The number of hubs
was forecast based on an analysis of present hubs including their
share of the revenue passenger enplanements and their ability to
handle the future demand. Table 1-2 presents the hub classifica-
tion criteria, the number of hubs in 1972, and those forecast for
1984 and 1995. The number of airports was projected to 1995 in
accordance with the activity level classification scheme defined
by the National Aviation System Policy Report.(7’8) Table 1-3 shows
the classification scheme and the number of airports for 1972, 1984
and 1995.

These forecasts are based on the present and forecast num-
ber of yearly operations expected for each airport without consid-
eration of any growth limitation factors, as well as on the growth
trend in the number of airports, (National Airport System (NAS),
non-NAS, and other). There is a trend, evident in Table 1-3 and
due to increased numbers of operations and enplanements, towards
increasing numbers of primary and high density airports.

The impact of future aviation demand on the air traffic
management system has been estimated based on a study of 29 of the
busiest hub airports for 1995, (9,13) These hub airports in 1971
accounted for 67, 15, and 13 percent of the nation's terminal
area delays incurred by air carrier, general aviation, and
military users, respectively. The maximum number of 1995 busy
hour operations (takeoffs and landings) handled by each airport,
i.e., their saturation capacities, was estimated, assuming
modest changes in the present runway configurations, approach

1-6
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control delivery precision, and flight control safety rules, to
alleviate congestion problems. The changes included construction
of high speed turnoffs, improved taxiways, and both dual-lane and
parallel runways. They also included equipment for improving
accuracy of threshold delivery times, and for resolving the wake
turbulence problem, thereby allowing reduction in the longitudinal
spacing between landing aircraft. It has been estimated that
these changes can increase individual airport capacity in excess
of 165 percent compared to those of the present system.(4) The
saturation capacities, derived for the 29 airports based on these
assumptions, were compared to the demand estimates for 1995.(10’11’13)
The results showed that 12 of the 29 airports will experience busy
hour demand* exceeding the projected busy hour saturation capacity
even with the above assumed system and airport improvements.

Table 1-4 presents the comparison for all 29 airports.

In summary, this Study has forecast a growth in the
demand for air transportation between 1972 and 1995, that will
result in the following:

° An eight-fold increase in the number of revenue pas-
senger miles

° A doubling of the air carrier fleet

° A 250 percent increase in the size of the general
aviation fleet.

° A tripling of the number of general aviation operations

° An increase in the number of IFR operations by a factor
of 13

° A 50 percent increase in the number of civil airports

° A 250 percent increase in the number of aircraft air-
borne at the peak instant of time (about a third of
these will be IFR in 1995)

*The number of aircraft expected to request permission to takeoff
or land during the busiest hour of operation at each airport.

1-9




TABLE 1-4 1995 DEMAND AND CAPACITY AT THE 29 BUSIEST AIRPORTS
Busy Hour Capacity Busy Hour Demand
Airport (Operations Per Hour) |(Operations Per Hour)
*Atlanta 182 272
*Baltimore 90 112
*Boston 90 166
*Chicago-0'Hare 185 273
*Chicago-Midway 82 84
Cleveland 157 90
Dallas 255 210
Denver 178 143
Detroit 189 108
Honolulu 162 142
Houston 158 102
Kansas City 126 86
Las Vegas 142 112
Los Angeles 255 214
Miami 255 168
Mineapolis 158 95
*Newark 153 155
New Orleans 152 91
New York-J.F. Kennedy 184 178
*New York-LaGuardia 90 159
Oakland 175 142
*Philadelphia 155§ 170
*Pittsburgh 146 146
St. Louis 156 141
*San Diego 63 112
*San Francisco 156 202
Seattle 156 103
Washington-Dulles 183 85
*Washington-National 90 131

*Airports at which demand is expected to exceed capacity.

Source:

References 9 to 13.




2. INTRODUCTION

In 1968, air traffic was in a crisis, evident by the failure
of airport and air traffic control system capacity to keep pace with
the operational needs of aviation. The crisis made improvements
to the system imperative since the phenomenal growth rate of the
aviation industry during the 1960's was expected to continue, at
least for several decades. The Department of Transportation's Air
Traffic Control Advisory Committee explored solutions to the capa-
city problems, and this resulted in the present efforts to upgrade
the Third Generation ATC System for the 1980's and to define a
Fourth Generation Air Traffic Management System concept for appli-
cation in the 1990'5.(4) Air traffic forecasts to determine the
size, activity, and distribution of the future domestic aviation fleet
were part of the studies carried out in connection with the work of
the Air Traffic Control Advisory Committee, the Federal Aviation
Administration in its definition studies of the Upgraded Third Gen-
eration ATC System, and the Department of Transportation in its con-
cept definition study for an air traffic management system for the
1990's. This report documents the work done in connection with the
latter study and consequently contains aviation forecasts for 1995,

This demand estimate study was made during late-1972 and 1973,
and is based on FAA ten year projections of various air traffic de-
mand parameters. The 1995 forecasts in this report include the
fleet size and composition, the activity of the air carrier, gen-
eralaviation, and military segments of the aviation community,
projections of the number of hubs and airports, and the distribu-
tion of the estimated instantaneous airborne count. The assump -
tions and methodology used in deriving each parameter are also pre-
sented.

Forecasting activity of any kind twenty years in the future
is an uncertain art. Future aviation activity, in particular, will
be greatly influenced by factors such as:



1) general level of economic activity
2) the growth of population

3) the availability and cost of fuel
4) the growth in disposable income

5) the availability and characteristic of future competing
intercity modes of transportation

6) the regulatory actions of the Civil Aeronautics Board

7) the reallocation of aviation system user taxes and fees

8) the cost of meeting future avionics equipment requirements
9) the importance of aircraft in the future defense structure

Even if reasonable assumptions about the above events were
postulated as the basis for forecasting, the forecaster is still
faced with deriving from historical data the quantitative relation-
ships which approximate the cause and effect relationships between
the activity levels of the many constituents of aviation and each
of the events assumed in the forecasting scenario. Although such
historical data can probably be found for military and commercial
aviation, similar information for the various components of general

aviation is generally lacking.

The forecasts required as part of the AATMS study are intended
to provide a range of reasonable 1995 activity levels for comparing
the cost and performance characteristics of the future air traffic
management system concept alternatives. As a result, precise fore-
casting of the expected level of activity is not as important as
providing reasonable bounds.

In view of the above considerations, it was decided to base
the 1995 activity forecast on the existing 1984 forecasts available
from the FAA(Z) with extrapolation to 1995 based on judgement ap-

plied to trend data found in other sources. The use of more powerful

econometric techniques as a basis of such forecasts was considered
inappropriate from the standpoint of their intended use, the time
and resource priorities of the study and the lack of some critical

data elements on which to base these techniques. The results of

2-2



the AATMS studies will provide important clues concerning the cri-
tical elements in the activity forecast which have the greatest in-
fluence on R§D decisions and which, therefore should receive the
greatest emphasis in the next cycle of improvement of these fore-
casts.

The remainder of this report describes how the various activity
forecasts were derived.






3. AIR CARRIER DEMAND

3.1 REVENUE PASSENGER MILES AND ENPLANEMENTS

Two measures of air carrier demand are the number of revenue
passenger miles (RPM) and revenue passenger enplanements (RPE).
The former is the number of miles flown by commercial airline pas-
sengers; the latter is the number of paying passengers, annually,
who embark on commercial flights. These measures are generally
computed for domestic flights and then factored to additionally
provide the United States international RPM's and RPE's.* The
FAA's Aviation Forecast Division has been forecasting these param-
eters ahead 10 to 12 years.(z) The forecast in this study uses
the present FAA forecast and methodology to project the number of
RPM's and RPE's for 1995.

The present FAA forecast of total U.S. domestic revenue pas-
senger miles was derived based on a methodology which relates to-
tal passenger revenue, gross national product, (GNP), and the over-

all yield per passenger mile.(z)

This methodology, which was adopt-
ed after extensive review of methodologies used throughout the air
transportation industry, is similar in many respects to those used
by some of the major airlines. A long term annual average GNP
growth rate, in constant 1958 dollars, is used. This rate was
decided upon after a review of various GNP forecasts made by non-
government organizations such as banks, insurance companies and
economic research firms, and also after discussions with certain

economists within the Federal Government.

The FAA methodology also requires a separate forecast of pas-
senger mile revenue yields. To obtain this forecast a detailed
examination was made by the FAA of the history of the domestic fare

* International flights in this forecast include those made by U.S.
certificated air carriers and which originate or terminate with-
in the United States.



structure considering such influences as the shift in demand from
first class to coach services, the changes in aircraft cost and per-
formance characteristics over time, and the profit position of the
carriers. Since there is no known equation which will forecast the
passenger-mile yield and account specifically for the influences that
significant factors have on the yield, this yield forecast had to
rely heavily on judgement. The yields adopted considered projected
future fleet composition, its characteristics and its changes with
time. The present cost and profit position of the carriers was also
considered, as well as the projected future carrier investment re-

quirements.

The number of passenger enplanements was developed in the FAA
methodology by dividing the forecast passenger miles by the pro-
jected average passenger trip length. The latter was based on a
review and extension of past trends.

The forecast of U.S. international revenue passenger miles was
made after the forecast of U.S. domestic traffic and is related to
it. There has been a very close relationship between the domestic
and international passenger revenue amounts received by the U.S.
domestic carriers. The forecast assumes this relationship will
continue. Passenger miles were determined by dividing the revenue
by a forecast of passenger mile yield. The number of passengers en-
planed was derived by dividing the total estimated number of passen-
ger miles by an estimated average passenger trip length. As with
the domestic trip length, the latter was estimated based on a review
and extension of the past trend.

Annual growth rates in domestic RPM and RPE are forecast by
the FAA to average 11 percent and 9 percent respectively from 1972
to 1984, reaching 378 billion RPM's and 461 billion RPE's at the
end of that period. The assumptions underlying these growth rates
are derived in large part from a report of the Aviation Advisory

1)

Commission and are as follows:



The GNP annual growth rate will be 4.3 percent for the
forecast period (1972-1984).

Domestic revenue per passenger mile will increase at the

rate of 2 percent per year.

Domestic fares will increase at a rate of 1 percent per

year.

The portion of GNP spent on transportation will increase
from 0.7 percent in 1972 to 1.1 percent in 1984.

Domestic passenger trip length will increase from 683
miles in 1972 to 820 miles in 1984.

This Study used a recent long term forecast as the basis for

extending

these projections to 1995.(4) This forecast projected

the annual rate of growth in the number of RPM's and RPE's from

1984 through 1995, as 7.5 percent for a nominal level of demand,

and 6.5 and 9.0 percent for low and high levels of demand, res-

pectively,

At these rates, domestic RPM's will increase from 378

billion in 1984 to approximately 850 billion in 1995 for the nomi-

nal growth level, 750 billion for the low, and one trillion for the

high. The methodology employed in the long term forecast is based

on a number of socioeconomic assumptions, the more important being:

a.

b.

Population growth will be 1 percent per year.

Population over 18 years of age will grow at twice the
rate as that under 18.

Annual individual income will be exceeding $25,000 for
approximately 25 percent of the population in the year 2000.

Passenger cost of air travel will decrease at the rate of
1 percent per year

Passenger trip length will increase at the rate of approx-
imately 1 percent per year.

Average number of seats per aircraft will increase at the

rate 5 percent per year.

Annual rate of growth of the GNP is expected to be 3.8
percent per year, with low and high estimates of 2.9 and
4.8 percent respectively.
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The RPM's and RPE's reported in 1972, their FAA forecast for
1984, and this projection for 1995 are presented in Table 3-1. The
ratio between the totals in each year and the domestic RPM's or
RPE's changes slightly over the time period covered in the forecast
because of data incorporated in the FAA forecasting technique which
projects an increasing percentage of international RPM's and RPE's.
The trend shows the domestic RPM's becoming a lesser percentage
of the total RPM, decreasing from 78 percent in 1972 to 73 percent
in 1995. A commensurate decrease is evident for the ratio of domes-
tic RPE's to total RPE's.

3.2 AIR CARRIER FLEET SIZE AND COMPOSITION

Another measure of air carrier demand is the projected compo-
sition and size of the commercial aircraft fleet. The forecasts
made in this study for 1995 are based on the 1972-1984 forecasts
(2)

made by the FAA's Aviation Forecast Division.

The FAA forecast of the U.S. air carrier fleet is a summary
of individual forecasts prepared by the FAA for each air carrier.
The base for the forecast is the number of aircraft, by type, each
carrier has on hand and on order. The order data is compiled from
public announcements and is time-phased by month and year of deliv-
ery. A carrier-by-carrier review is made by the FAA of the entire
fleet and additional aircraft are assigned to certain carriers if
their future fleets, as tallied, are deemed inadequate to handle
projected RPM and RPE growth, provide for retirement of some air-
craft types, and maintain a competitive position with other airlines.
The individual carrier fleets, by aircraft types, are projected
beyond the years for which aircraft order information is available,

based on historic trends.

After the fleet size and type estimates are prepared, the
FAA estimates the total number of available seat-miles of the
fleet to determine its consistency with the forecast of the revenue
passenger-miles. A separate productivity determination is made for
each type of aircraft, by carrier group, based on average annual
utilization, speed, and number of passenger seats. The FAA
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TABLE 3-1 REVENUE PASSENGER MILES AND ENPLANEMENTS

FORECAST: 1972-1995

1995 1995 1995
Year 1972 1984 Low Nominall High
Fleet Size (Air Carriers) 2,630 |3,600 |5,000 |7,000 9,500
Revenue Passenger Miles
Total (Billions) 144.2 1500.5 (1030 1165 1370
Domestic (Billions) 112.3 [378.0 750 850 1000
Domestic (Percent of Total) 78. 75.5 73. 73. 73,
Revenue Passenger Enplanements
Total (Billions) 189.2 |524.0 980 1105 1280
Domestic (Billions) 164.5 |461.0 850 950 1100
Domestic (Percent of Total) 90. 88. 86. 86. 86.

Source: References 1, 2, 7, and 14,

e
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procedure provides estimates, for each year, of total hours and
aircraft miles flown and of total available seat miles. The seat-
mile estimates are compared to the passenger-mile estimates pre-
viously prepared, and tested for reasonableness on the basis of
appropriate load factors. If the correlation is not reasonable, the
fleet size and composition estimates are adjusted. On the basis

of this procedure, the air carrier fleet is forecast by the FAA to
total 3600 aircraft by 1984, indicating an annual growth rate of
approximately 3 percent for the 12 years after 1972.

This Study estimated the 1995 air carrier fleet size and its
composition based on the FAA methodology which also reflected the
anticipated annual growth of the fleet, the trend to wide-body jets.
The estimates were also based on the following assumptions:

a. The fleet will maintain an annual nominal growth rate of
approximately 3 percent between 1972 and 1995.

b. The fleet will be comprised of only jet aircraft in 1995,
and a one-for-one replacement of jet for prop or piston
aircraft will take place to effect this transition.

c. The four basic air transportation markets will continue

to be:
Long Haul 1500 nmi and over
Medium Haul 700 - 1500 nmi
Short Haul 200 - 700 nmi

Ultra-Short Haul 0 - 200 nmi

d. The air carrier fleet will include air taxi aircraft
(ultra-short haul) in 1995.

e. The air taxi fleet (approximately 900 aircraft in 1972)
will nominally maintain an annual growth rate of 3 per-
cent between 1972 and 1995, meeting a 15 percent per
year growth in air taxi enplanements by using larger

(3)

capacity aircraft.
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Thus, the 1995 air carrier fleet is expected to number 7,000
aircraft; 5,000 long/medium/short haul types and 2,000 ultra-short
haul aircraft. Low and high 1995 fleet size estimates of 5,000 and
9,500 respectively, were derived in this Study by assuming variances
of approximately 1-1/2 percent on either side of the 1972 nominal
growth rate of 3 percent.

The reported size and composition of the 1972 air carrier
fleet, the FAA projection of that fleet in 1984, and this Study's
estimates (low, nominal, and high) of the 1995 fleet are given in
Table 3-2. Included in the Table are both air carrier and air
taxi estimates, as well as the seating capacity for each of the
aircraft in the four market categories. The anticipated market
growth, or demand, for air carrier services is satisfied by increas-
ed aircraft sizes (seating capacities) and only a modest growth in
the number of aircraft.

3.3 AIR CARRIER ANNUAL OPERATIONS

A traffic activity parameter of particular interest in analyz-
ing future airport and air traffic control systems is the number of
operations that each segment of the flying community performs. An
operation is considered to be a takeoff or a landing. 1In the case

of commercial aviation or air carriers nearly all of their operations

are conducted at airports with FAA air traffic control towers under
an IFR flight plan and ATC clearance. Air carrier operations are
also primarily itinerant in nature (local flights are defined in
Section 4). The FAA Aviation Forecast Division has forecast air
carrier operations through the year 1984, and this forecast forms
the basis for the 1995 projections made by this study.(z) The

FAA forecast was obtained by doubling the number of projected annual
departures. The number of departures was determined by dividing,
for each aircraft type in the air carrier fleet, the estimated total
miles flown by the average nonstop flight distance or stage length.
The number of miles flown is based on the average annual usage of
each aircraft type (the number of hours each aircraft is in service)

and the average speed between destination and departure points.

e ——
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These parameters are based on past trends, which are modified by
the FAA to reflect expected changes in the future use of particu-
lar aircraft types. This methodology was used in this report to
forecast the 1995 annual operations for the total air carrier fleet
including both U.S. domestic air carriers and U.S. air carriers

on international flights to or from domestic airports. The results
are presented in Table 3-3,

The estimates for the number of aircraft in Table 3-3 are
taken, for the appropriate year, from Table 3-2. The annual usage
(average annual flight hours per aircraft) was taken from FAA
forecast data (see Appendix A). The product of these two figures,
number of aircraft and annual usage, gives the annual fleet fly-
ing hours. Utilization figures for 1995 long/medium/short haul
aircraft were determined from FAA data by assuming a constant growth
in utilization from year to year (about 0.5 percent per year). The
utilization figure for each year for ultra-short haul aircraft (air
taxi) was determined to be 1800 hours per aircraft per year based
on data from the Civil Aeronautics Board for present air taxi opera-
tions.(s) This figure was kept constant over this forecast period
since the available trend data indicated little historical change.
The average flight duration in hours for 1972 and 1984 long/medium/
short haul carriers was determined from FAA forecast data for those
years (averaged across all aircraft types) for average passenger
lengths and speed. These figures were exponentially extrapolated
to 1995 in order to determine the average flight duration for that
year (this extrapolation was based on the apparent exponential
growth in the FAA 1972-1984 forecast data). The average flight
duration for air taxi aircraft was determined, based on Civil Aero-
nautics Board data, to be about two-thirds of an hour (average

stage length of 100 nautical miles at an average speed of 150 knots).

The average duration for each fleet type was divided into the
number of flying hours to determine the number of flights (or de-
partures), and this in turn was doubled to obtain the number of
operations. Each flight was assumed to make one takeoff and one
landing operation. Low and high operations counts for 1995 reflect
only differences in the fleet size, and not differences in other
parameters used in the derivation.

3-9
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To determine the consistency of the above forecast, the
number of available seat miles was compared with the forecast num-
ber of RPM's, and the load factor was computed. These calculations
were made for 1972, 1984, and 1995, and only air carrier long/
medium/short haul figures were considered. The average aircraft
speed and average number of seats per aircraft for 1972 and 1984
came from FAA forecast data (see Appendix A). An exponential extra-
polation of the trend determined from 1972 to 1984 FAA forecast
data. The load factors were determined by dividing the RPM by the
number of available seat miles. The details falling out of this
procedure are given in Table 3-4. The trend to larger load factors
is noteworthy, and consistent with FAA expectations.
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4, GENERAL AVIATION

4.1 FLEET SIZE AND COMPOSITION

The forecast of General Aviation (GA) fleet size presented in
this report is based on the relationship between fleet size and
the rate of growth of the U.S. gross national product (GNP).(14)
If the historically recorded growth rate of 3.5 percent for the
GNP in the 1950-1970 period is used as the GA fleet growth rate
between 1968 and 1972, the fleet size determined is 131,149 air-
craft, a figure nearly identical to that reported by the FAA for
1972. Furthermore, if the forecast 4.3 percent GNP annual growth
rate for the 1972-1984 period is used as the growth rate for the
GA fleet during that period, a GA fleet of 217,000 aircraft is
estimated.

In extending the fleet size forecast beyond 1984 to 1995,
the forecast (nominal) GNP growth rate of 3.8 percent was used,
resulting in a fleet size projection of 335,000 aircraft. This
analysis did not use the low (2.9 percent) or the high (4.8 per-
cent) GNP growth rate forecasts to project 1995 GA fleet size
limits because the spread was inconsequential. It was felt wise,
however, to set some significant spread, even if arbitrary, to
reflect a more stringent requirement into later ATC design con-
siderations. Therefore, an arbitrary but considered annual growth
rate of 1-1/2 percent was assumed, producing, for 1995, a low GA
fleet size estimate of 250,000 aircraft. This was doubled to
obtain the high GA fleet size estimate of 500,000 aircraft.

The general aviation fleet composition data reported by the
FAA for 1972, and forecast for 1984, were used as a basis for
projecting the composition of the 1995 fleet shown in Table 4-1.
Single-engine piston aircraft are expected to continue to comprise
the largest share of the fleet in 1995, although their relative
importance continued to decline in a linear fashion (based on FAA
1972-1984 projections)--83 percent of the fleet in 1972, 79 per-
cent in 1984, and 75 percent in 1995. The largest growth within
the GA fleet will continue to be demonstrated by turbine-powered

4-1
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aircraft which increase by a factor of eight from 1972 to 1995,
although in 1995 they will represent only six percent of the total
GA fleet.

4.2 GENERAL AVIATION OPERATIONS

The number, type, and location of operations expected to be
performed by general aviation are of special interest in consider-
ing requirements for future airports and for the ATC system itself,
since it is this segment of the aviation community that is expected
to undergo the most significant growth. Based on several different,
but consistent methodologies the FAA's Aviation Forecast Division

projects the following items for general aviation activity through
2)
1984.(

a. Active aircraft by type of aircraft by year
b. Active aircraft by FAA region
c. Estimated hours flown by type of aircraft

d. Itinerant aircraft operations at airports with FAA
traffic control service

e. Local aircraft operations at airports with FAA traffic
control service

f. Instrument operations at airports with FAA traffic con-
trol service

Employing these FAA projections similar projections have
been made for 1995. Another recent study has made forecasts to
1995 of these parameters, producing similar results.(7)

General aviation is defined as all civil flying not classi-
fied as air carrier. Consequently it contains many different user
categories as well as many different types of aircraft. In this
Study, general aviation was segmented into aircraft types according
to the classifications presented in Section 4.1 and, subsequently,
the numbers of both itinerant and local flights were determined.

An aircraft operation is defined as a takeoff or landing. A local

operation is one performed by an aircraft that operates in the




traffic pattern of, or within sight of an airport; operates at an

airport to depart to or arrive from a local flight practice area;

or executes simulated instrument approaches or low passes at that

airport.

All general aircraft arrivals and departures other than

local operations, as defined, are classified as itinerant.

Forecasts of the total number of operations at all domestic

airports have been made based on the following assumptions.

a.

Average annual utilization for each aircraft type (with
the exception of the "Other'" category which includes
rotorcraft, gliders, balloons, etc.), based on historical
trends, changes linearly from 1972 to 1995, as shown in
Table 4-2. (1%

Average flight duration by aircraft type changes little
from 1972 to 1995 as projected by the Air Traffic Control
Advisory Committee and shown in Table 4-3.(4)

There are two operations per itinerant flight and six

operations per local flight.(4’14)

The itinerant portion of total flying hours by aircraft
type will be 80 percent for single engine piston aircraft,
90 percent for multi-engine piston aircraft, 95 percent
for turbine aircraft, and 55 percent for '"Other" cate-
gory aircraft, based on an extrapolation of data from

the Report of the Aviation Advisory Committee.(4) These
figures reflect a shift towards more itinerant aircraft
usage.

To calculate the total number of operations generated by the
general aviation fleet, the total number of flying hours is derived

for each aircraft type by multiplying the fleet size for each air-
craft type (Table 4-1) by its projected utilization (Table 4-2).
This figure, the total number of flying hours, is separated into
itinerant and local hours based on the above tabulated assumptions.
The numbers of itinerant and local flights are obtained from this

data based on the projected flight duration by each aircraft type

(Table 4-3). Using the numbers of operations per itinerant and per
local flight mentioned in the assumptions, the total number of
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TABLE 4-2

ATIRCRAFT TYPE BY YEAR

AVERAGE ANNUAL UTILIZATION BY GENERAL AVIATION

Year Average Annual Utilization (Hours/Aircraft)
Piston Aircraft Turbine Other
Single Engine Multi-Engine
1972% 180 275 600 275
1984% 190 255 560 250
1995 200 235 520 315

*Computed from FAA figures on fleet size and flying hours. [2]

TABLE 4-3

AVIATION AIRCRAFT IN 1995

AVERAGE FLIGHT DURATION ESTIMATES FOR GENERAL

Aircraft Type

Itinerant Flight
Duration (Hours)*

Local Flight
Duration (Hours)*

Piston
Single-Engine
Multi-Engine

Turbine

Other (Ballons, Helicopters)

*These estimates also apply to 1972 and 1984 with the exception
of "Other" (helicopter, balloon, etc.) local flights which are

0.8 instead of (0.3 hours.




operations is generated. The high and low operations forecast
estimates are obtained by using the high and low fleet size fore-
casts of Table 4-1. Tables 4-4 to 4-8 contain the data used in
making the forecasts for 1972, 1984, and 1995. For 1972 and 1984,
however, itinerant flying represents only 70 percent of the total
flight hours for single-engine piston aircraft. This reflects the
expectation that increased power, speed, and range of future single-
engine piston aircraft will promote itinerant usage. These fore-
casts apply to the general aviation fleet at all domestic airports
and therefore differ significantly from FAA forecasts which only
project the operations at airports with FAA control towers.

Another recent forecast of general aviation operations pre-
sented estimates that in 1995 about 89 percent of all operations
would take place at the busiest 1200 airports; about 55 percent of
these would be local operations and 45 percent itinerant, and the
projected 1995 FAA controlled airports would have about 80 percent
of the total general aviation operations.(7) While differing in
some minor aspects, the results of this forecast were nearly iden-
tical with the AATMS Demand Study results.

The FAA also forecasts the number of instrument operations per-
formed by general aviation aircraft at FAA control towers, and the
number of IFR aircraft handled by Air Route Traffic Control Centers,
assuming the continuation of present terminal procedures.*(ls’lé)

The forecast number of IFR aircraft handled by Air Route Traffic
Control Centers (ARTCC) includes some of the instrument operations
performed by general aviation aircraft at FAA control towers and
consists of twice the number of IFR departures (for each departure
there is an assumed landing) plus the number of "over-flights"

for which the ARTCC is responsible. An over-flight is one that
originates and terminates outside the region for which the ARTCC

is responsible. The number of IFR activities is always expected to
be larger than the number of operations at FAA control towers since
many general aviation flights originate and terminate at uncontrolled

*An arrival or departure on an IFR flight plan or provision of IFR separation
service to other aircraft by that facility.
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airfields. The 1972 to 1984 FAA forecasts of these parameters
for general aviation are presented in Table 4-9 and in this Study
these have been exponentially extended to 1995 based on the ex-

ponential trend shown in the FAA forecast data. The significant
increase in general aviation IFR activity is seen as due to increas-

ed automation of the control system, new procedures, new definitions
of what an IFR operation means, and a lowering of the positive

control airspace floor to 14,500 feet.
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5, MILITARY AVIATION

The United States Department of Defense currently operates
about 10 times more aircraft than the civil air carriers, an amount
equivalent to about one-fifth of the general aviation fleet.(l7)

IFR departures of these aircraft from domestic civil airports having
FAA control towers approximate nearly one-half those of air carriers.
Recent forecasts of military activity reflect a continuing down-
trend, begun in 1969, and the probable reduction in active, regular
force aircraft, or else assume a nearly constant, no growth, situa-
tion during the next 25 years.(4) Present forecasts have been
hampered by a scarcity of information on military fleet size, and

its overall activities. Most of the present forecasts are based

on the no-growth model due to this lack of information.

5.1 MILITARY FLEET SIZE AND COMPOSITION

The performance of military aircraft has changed appreciably
in two directions during the past decade.(l7) One trend is toward
higher performance (speed, climb rates, etc.), larger size, and
greater weight (requiring longer runways). The second is more or
less opposite, in the direction of special mission aircraft, as
exemplified by those associated with the Southeast Asia operations.
Older, more conventional, aircraft tend to remain in service between
these two extremes so that the spread of military aircraft perform-
ance has increased substantially, a trend that is likely to continue.
Included in the performance spread is the increasing use of vertical
takeoff or landing aircraft, i.e., helicopters. The long range pro-
jection of unique trends in military type aircraft is beyond the
scope of this analysis. Nevertheless, the need to consider and
provide for coordinated control and air traffic management services
for military aircraft operations in the domestic airspace is re-
cognized.

Most present estimates of military fleet size, including those
of the FAA, assume that there are 20,000 aircraft in CONUS.(2’4’14)
One-half of these are purported to be fixed-wing jet and piston
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powered aircraft, and the remainder are special purpose aircraft,
such as helicopters. This study assumes that this fleet population
and distribution will continue until 1995. It is of interest that
another recent study on Air Force aircraft operations and air
traffic control did, however, estimate that the present inventory
of military aircraft within CONUS was about 28,000 aircraft.(17)
This divergence from the earlier referenced 20,000 aircraft esti-
mate illustrates the questionable validity of information on the
subject. The same study did forecast, based on the downward trend
begun in 1969, that by 1980 the (nominal) military fleet size would
be 20,000 aircraft and that the fleet would stabilize at this size
until at least 1995. Allowing for uncertainties in their 1995 fore-
cast, high and low fleet size estimates of 25,000 and 15,000 air-
craft, respectively, were made, and these were used in this AATMS
Demand Study.

5.2 MILITARY AVIATION ACTIVITY

The forecast of military aviation activity presented in this
report is based on estimates in the Report of the Air Traffic Con-
trol Advisory Committee (ATCAC); high and low activity estimates
for 1995 were based on data from a Rand Corporation Study on In-
fluences and Implications of Changing Air Traffic Control on World-

(4,17) Table 5-1 summarizes the derived data

wide USAF Operations.
based on these reports. The 1968, 1980, and nominal 1995 estimates
were taken from the ATCAC Report. Based on the data presented
therein, the average flight duration and average operations per
flight, for itinerant and local flights, were derived. The fore-
casts for 1972 and 1984 were based on interpolations of the ATCAC
source data. The high and low activity estimates for 1995 were
based on ATCAC utilization numbers with due consideration for the
fleet size uncertainties given in the Rand report. The results
show that in 1995, about 40 million operations may be expected, due

to military aircraft, at all bases, both civil and military.

In 1969, the Rand Study on USAF aircraft operations reports
that the CONUS military contingent performed 1.6 million itinerant
operations at airports with FAA control towers, and 1.8 million

5-2



‘LT PUB { S9DUSIS8J3Y :92IN0G

DVOLV Wwolj e3ep 18410 - ApniS J4VSN PUBY WOIF 9ZTS 399Td yyy
®1ep S661 PUB 086T DVILV WOIF PaleTodiaiul 4
B1EP 0861 PUB 8967 DVILY Woiy pajerodisiuy

T°6 1°6 1°6 0°6 6°8 9°8 S$°8 Ted07]
0°¢ 0°¢ 0°2 0°¢ 0°2 0°¢ 0°2 JUBISUTI]
34y8114 194 suorlexadg
(s3y8t1d/°s1y Butdry)
ST S'T S 1 ST S'T ST ST Ted01
02 0°2 0°2 0°2 0z 02 0°¢ juerautrl]
(sanoy) uotzeang 3YyS11d - Say
¢°0S v oy £°0¢ §°9¢ S've g eg L°2¢ Te3ol
L9 v LS T°8¢ g e 0°T¢ 2°6¢ 7°82 Ted01
9°'¢ 0°¢ 77 Z°¢ S'¢ 'y Sy JUBISUTIT
(SUOTTIITIW) suorjeaadg Tenuuy
6°9 9°¢g A | 2] Z2°S 7S §°S Teljol
T°S 'y I°¢ L°g §°¢ Ve ¢'¢ Tes07
8°1 ST T°1 LT LT 02 7' jueasurly
(SUOTTTITW) SIYSTT4 Tenuuy
€11 0°6 8°9 8°8 9°8 1°6 7°6 12310
L L 1°9 9y 9°9 Z°S 0°s 6V Ted07]
9°¢ 6°2 72 z°¢ AR % Sy JuUeIS8Ud] |
(SUOTTITTIW) sanold Sutdlg Tenuuy
0SY 0S¥ 0S?d oy (1197 SSY 0LY (sinoy) uoT3eZITTI( TEBNUUY ‘JAy
000°s2 000°0¢ 000°ST 000°0¢2 000°02 00002 000°02 9ZTS 319914
(exx) (ovoLy) (exs) (%) (OvolLY) (%) (Ovo1v) juswaTg AITATIOY
3sg YSTH TBUTWON *31sg Mo 7861 0861 ZL6T 8961
S66T S66T S66T1
221IN0g PUB IB3X 3SBIDI04

SYVIA @dLOFTdS ¥0d SISVIHY0d ALIAILOV NOILVIAV AYVIITIW

T-5 T4Vl

5-3



local operations at those same airports. About 4.8 million itiner-
ant IFR operations were made by military aircraft (departures,
arrivals, and ARTCC handles), and about 1.6 million IFR military
departures were made through FAA facilities. The Rand report points
out that these activity numbers will tend to remain constant through
1995 due to the countering trends of decreasing fleet sizes, fewer
military bases, and an increased use of IFR services due to auto-
mated procedures and the lowering of the positive control air-

space floor to 14,500 feet. The Rand study points out that, by
1995, uncertainties in their estimates of these numbers (i.e, no
change from present estimates) will be as great as their present
fleet size estimates.
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6. INSTANTANEOUS AIRBORME COUNTS

One measure of air traffic activity or demand is the peak
instantaneous airborne count, (PIAC); the number of aircraft ex-
pected to be airborne at the busiest instant of time during the
vear. This measure of activity is based on the fleet size and
national activity forecasts for each category of airspace user as
discussed in the preceding sections. Accordingly, it does not
account for any deficiencies in the future ATC System to handle the
forecast traffic. This activity measure is described as "uncon-
strained," since it does not make allowances for variations in the
capacity of individual system elements. The PIAC represents the
maximum load the air traffic control system must handle, and is
generally expressed in terms of the number of aircraft and their
distribution (geographic, altitude, user/class, flight type, etc.).
The PIAC is an important parameter for use in ATC system and sub-
system design since it influences the size of the control work
force, the size and extent of ATC automation, and the number and
location of enroute control centers, towers, and airports. In

addition, it determines requirements for such factors as the accura-
cies, data rates, and channel loading of surveillance, navigation
and communication sensors. The relationship between safety and
capacity, and the PIAC may also be investigated, resulting, for
instance, in assessments of airport saturation and traffic delays.
The following parts of this section describe the models and tech-
niques for estimating the instantaneous airborne counts for the en
route and terminal regions within CONUS.

6.1 EN ROUTE ACTIVITY

The peak instantaneous airborne count for 1995 over CONUS
has been estimated in terms of flight type (VFR, IFR), geographic
distribution of air traffic, altitude distribution, user class (air
carrier, general aviation, military), and aircraft type. The de-
termination of the PIAC for the en route airspace is based on the
sequential application of two models of air traffic activity. The
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first is an IFR en route demand model created in 1970 by R. Dixon
Speas Associates.(ls) It estimates the traffic count along each
of 905 city-pair routes. This data was used to determine the peak
instantaneous airborne count in a procedure devised by North

(6)

American Rockwell, Autonetics Division. These procedures are

discussed below.

City-Pair IFR Traffic Demand Model(lg)

In order to estimate air traffic activity for 1995 in con-
nection with the Civil Aviation Research and Development (CARD)
Policy Study, R. Dixon Speas Associates developed a model that
determined the density of air carrier, general aviation and mili-
tary air traffic on the busiest routes between major cities.(ls’ 19,20)
This study was based on forecast IFR en route activity which
estimated three-times as many air carrier operations in 1995 as in
1969, the base year for this study, and six-times as many general
aviation operations. Critical city-pairs were identified by an
analysis of the Official Airline Guide.(21) Origin and destina-
tion pairs for non-stop flights were selected if at least five
daily flights were exchanged over that route. This information,
coupled with a projection of the percentage of IFR departures re-
presented by each user class at the busy hour was used to derive

the busy hour activity on each of the city-pair routes.

Based on the anticipated growth in the number of air carrier,
general aviation, and military operations, the diurnal distribution
of IFR departures for each user category was determined. This in-
formation is presented in Figure 6-1. The busy hour is about 1800
hours, and the relative percentages of IFR traffic departures are
air carrier - 40 percent, general aviation - 52 percent, and mili-
tary - 8 percent. The analysis of the Official Airline Guide de-
termined that there were 905 city-pair routes that exchanged five
or more daily air carrier flights between 389 cities.(lg) In
making the 1995 activity projections, it was assumed that the
same relative percentage of flights on each route would be main-
tained.
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The number of air carrier IFR flights during the busy hour
on these routes was estimated by multiplying the number of daily
weekday flights, determined from the Airline Guide, by three (to
account for the anticipated increase in the number of IFR departures),
and by one-tenth (to account for the busy hour activity relative
to the average daily activity). More elaborate steps were requir-
ed to estimate the IFR general aviation load on these routes. The
city-pair distance was determined and the average flight distance
capabilities of general aviation aircraft were considered (based
on data such as hours flown, number of operations, and speeds),
to obtain average trip lengths for each type of aircraft. The
results determined that the average trip lengths for three major
categories of general aviation aircraft were:

Single-Engine Reciprocal 100 Miles
Multi-Engine Reciprocal 200 Miles
Turbo-Jet 400 Miles

Distance correction factors generated from these average trip lengths
were used to modify estimates of the number and type of general
aviation aircraft along each city-pair route as a function of route
length. The number of general aviation aircraft along each route

was estimated from the busy hour ratio of air carrier and general
aviation departures (52/40) onto a route, as shown in Figure 6-1,

and this distance or trip length correction factor.

Once the total number of general aviation aircraft along a
particular route at the busy hour had been estimated, the distri-
bution of the aircraft according to aircraft type and altitude was
made. In the R. Dixon Speas Study this was performed guided by the
fact that historically the ratio of single-engine to multi-engine
aircraft IFR departures has been 1 to 1.9, and that the ratio of
multi-engine to turbo-jet aircraft IFR departures has been 1.9 to
1.2. Since the total of all aircraft is known, the aircraft dis-
tribution could be derived. The altitude assignments were broadly
based on aircraft type and flight characteristics.
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(6)

En Route Instantaneous Airborne Count Model

For the Advanced Air Traffic Management System Study the
R. Dixon Speas Aviation Activity Model was updated to reflect re-
cent forecast changes, and used to generate more detailed analyses
of the total (both VFR and IFR) busy hour demand on the same city-
pair routes. This revision was done by Autonetics Division of
Rockwell International.(6) They updated the Speas data, distri-
buted the flights according to altitude, determined the number of
flights by aircraft type, altitude, and route distance, and then
estimated the number of aircraft in one-degree longitude and lati-
tude squares or blocks over the contiguous United States. FAA alti-
tude distribution data, Figure 6-2, was used in this part of their
procedure to assign flight altitudes uniformly as a function of
aircraft type.(zz) The expected number of flights along each route
during the busy hour was thus obtained. It was assumed in both
studies that the total en route itinerant traffic was represented
by the traffic on the 905 city-pair routes considered in this analy-
sis. The 1995 busy hour aircraft counts for the twenty busiest
city-pair routes is shown in Table 6-1.

The geographic distribution of the en route traffic was de-
termined using a one-degree square longitude and latitude grid over
the contiguous United States and determining the traffic within each
square or block of that grid. (Other distributions of traffic have
been made in other studies.(5’6’7’18’20)) The traffic counts above
were assumed to be uniformly distributed over each city-pair route.
It was also assumed that there was sufficient airspace capacity to
handle the resulting traffic load between any pair of cities. Each
route was investigated to see which blocks on the geographic grid
that route penetrated, and what proportion of the route length lay
within each of those blocks. The traffic was apportioned to each
block on the basis of the number of aircraft on the route and the
proportion of the route that lay within each block. The total
national en route instantaneous airborne count of 15,500 aircraft
is the sum of the number of aircraft in each grid block.

e
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TABLE 6-1

1995 BUSY HOUR AIRCRAFT COUNTS FOR
TWENTY BUSIEST CITY-PAIR ROUTES

City-Pair Air Carrier General Aviation Military Total
Los Angeles/San Francisco 99 219 11 329
Boston/New York 64 251 7 322
New York/Washington 74 213 8 295
Los Angeles/San Diego 48 208 5 261
Los Angeles/Las Vegas 39 147 4 190
Portland/Seattle 34 138 4 176
Chicago/Detroit 35 132 4 171
Philadelphia/Washington 32 136 3 171
Miami/Tampa 26 100 3 129
Miami/Orlando 25 96 3 124
New York/Philadelphia 20 86 2 108
Chicago/Minneapolis 28 85 3 106
Dallas/Houston 22 79 2 103
Phoenix/Tuscon 19 82 2 103
Chicago/St. Louis 22 76 2 100
Chicago/Milwaukee 18 78 2 98
New York/Pittsburgh 23 71 2 96
Miami/Nassau 18 69 2 89
San Francisco/Sacramento 16 69 2 87
Atlanta/Birmingham 16 67 2 85

Source: Reference 5.
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It was estimated that at the busiest instant of time in
1995 there would be 3,880 air carrier aircraft airborne together
with 11,000 general aviation and 560 military aircraft. About
30 percent of the general aviation and military aircraft are ex-
pected to be IFR.
of aircraft over CONUS as determined by the above procedure.

Figure 6-3 shows the geographic distribution
The
above methodology was also applied for the high and low estimates
of fleet activity, and the results of these analyses, and the one
above, are given in Table 6-2.

TABLE 6-2 EN ROUTE INSTANTANEOUS AIRBORNE COUNT FOR
1995 BY USER CLASS AND ESTIMATE
User Category Demand Level and Estimate
Low Nominal High
Fleet PIAC Fleet PIAC Fleet PIAC
Air Carrier 5,000 2,800 7,000 3,900 9,500 5,350
General Aviation|250,000 8,200 | 335,000 | 11,000 |500,000 | 16,450
Military 15,000 400 20,000 550 25,000 700
Totals 270,000 {11,400 | 362,000 | 15,450 |534,500 | 22,500
Source: Reference 7.
6.2 TERMINAL ACTIVITY

The terminal area instantaneous airborne count and its geo-

graphical distribution used in the AATMS Study is based on recent
studies by the Mitre Corporation.(7) This measure of future air-
craft activity within the United States is based on present FAA
forecasts of terminal area activity in 1984 for the busiest 1200
airports, and on the conversion of the anticipated number of annual
operations at each of these airports into busy hour operations, and
subsequently into an instantaneous airborne count which may be dis-

tributed geographically.(7)
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Figure 6-4 illustrates the methodology used in determining
the terminal area instantaneous airborne count and its geographic
distribution. The FAA forecasts for the top 1200 airports were
extended from 1984 to 1995. 1Included in this extension of the FAA
forecast was a breakdown of the operations into air carrier and
general aviation enplanements, and air carrier, general aviation,
and military operations, both itinerant and local. Based on the
airport projections, projections of hub activity were made. The
hub and airport operations data was then converted to busy hour
operations at each airport, and then to the instantaneous air-
borne count associated with each hub or terminal. The geographic
distribution of this count was determined based on hub size and
location, and on airport location.

Airport Activity Forecasts

The FAA recently projected certain key measures of aviation
activity for 1200 selected airports meeting at least one of the

following criteria.
Has an existing control tower
Is a candidate for a control tower
Has 50 or more based aircraft
Receives certificated route air carrier service
Has 20,000 or more general aviation itinerant operations

The data reported for these 'busiest'" airports includes the number
of enplaned passengers for air carrier and air taxi flights; the
number of air carrier, total itinerant, total, and instrument opera-
tions; and the number of instrument approaches. The forecast is
extended trend data that takes into account near-term plans at these
airports for new equipment and facilities. The 1984 operations fig-
ures for these 1200 airports were extended to 1995 based on the pro-
jected national demand, and the assumption that each airport would
maintain its present proportional share of national operations be-
tween 1984 and 1995. Specifically, the 1995 projections were based
on the following equation:(
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Figure 6-4

FORECAST ACTIVITY AT
TOP 1200 AIRPORTS IN

1995

FORECAST ACTIVITY AT
LARGE, MEDIUM, AND
SMALL HUBS IN 1995
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|
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|

DISTRIBUTE TERMINAL
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AIRBORNE COUNT
GEOGRAPHICALLY
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Dnationalclggs)

D, (1995) = D, (1984) (T987)

national

where, for air carrier or general aviation operations,

Dy

(1995) is the forecast demand parameter at airport '"a"
in 1995,

Da (1984) is the forecast demand parameter at airport '"a"

Dnational (1984)

in 1984,

is the forecast national demand for the
parameter of interest in 1984.

These growth estimates ignore variations in individual air-

port growth. The forecasts produced by this technique are accord-

ingly called "unconstrained'" demand estimates. 1In developing the

1995 forecasts for the 1200 airports the following assumptions

were also made:

1.

The total itinerant traffic at the 1200 airports is
assumed to include all itinerant activity for 1972, 1984,
and 1995.

All general aviation itinerant activity is concentrated
at the top 1200 airports.

Total GA itinerant activity at FAA-serviced towers, re-

lative to that at the top 1200 airports, increases from

66 to 81 percent from 1972 to 1984. Thus, as the number
of controlled airports increases from 350 to 550 to 800

(towers and remote controlled airports) in 1972 to 1984

to 1995, the fraction of total GA itinerant activity at

FAA-serviced airports increases to 95 percent of that at
the top 1200 airports.

GA itinerant and local traffic activity at airports with
FAA control towers (or remote controlled airports) has

been and will continue to be 55 and 45 percent, respective-

ly, of the total activity at these airports.
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From these assumptions and the information derived in Section 4.2

of this report, the 1995 activity for general aviation at the 800

controlled airports and 1200 top airports was derived as follows:

1.

In 1995, there will be about 120 million GA itinerant
operations (From Section 4.2), and by the second assump-
tion above, all this activity will be at the 1200 top
airports.

The total GA local activity at all airports will be the
difference between the number of itinerant operations and
the total number of operations (253 million in 1995 from
Section 4.2), or 133 million operations.

GA itinerant operations at airports with FAA control
towers will be 95 percent of the total itinerant opera-
tions, or 115 million.

By the fourth assumption, 55 percent of the total GA
traffic at FAA-serviced airports will be itinerant; thus
a total of 210 million operations (115 million divided
by .55) will take place at these airports.

The local activity at airports with FAA control towers
will be 45 percent of the total GA activity or 95 million
operations (.45 times 210 million).

Local operations at airports without FAA control towers
will amount to 38 million operations, (133 less 95 mil-
lion) or an average of six daily operations at each of
these airports.

Military operations are assumed to remain unchanged from the

present.

Figure 6-5 shows the data derived by the above technique

for the 36 airports with the largest projected number of annual
operations. The 133 primary airports are expected, in 1995, to

account for 94 percent of the air carrier activity (operations) and

37 percent of the total itinerant traffic.

(7)
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The National Airport System Plan has established a classifi-
cation scheme for airports according to the number of air carrier
enplanements, an estimated general aviation enplanement factor, and
the number of annual operations recorded.(g) Table 6-3 shows the
classification criteria, the number of airports in 1972 and those
projected for 1984 and 1995. The projected distribution of air-
ports shifts appreciably upward as the operations at all airports
increase. The estimated number of feeder and independent airports
is somewhat arbitrary since reliable data on these facilities is
unavailable.

Hub Activity Forecasts

Certain metropolitan areas within the United States are de-
signated airport hub areas based on the number of enplanements and
operations at all airports within the area. The geographic area
associated with a hub varies with the boundaries associated with
the urban area, and thus the number of airports included varies
from hub to hub. Table 6-4 shows the hub classification criteria
currently used by the FAA, the number of high, medium, and low den-
sity hubs in 1972, and the number projected for 1984 and 1995(8)
The 1995 projections of hub air traffic activity have been adjusted
to include some airports outside present hub boundaries, but near a
metropolitan area and most likely associated with the 1995 hub.

The individual hub activity projections were obtained by adding the
activity estimates for each hub airport, based on the preceding
Airport Activity Forecasts. Table 6-5 lists the high and medium
density hubs for 1995 and their associated activity parameters.
These figures are integrally connected with the derivation of the
terminal area instantaneous airborne count.

Instantaneous Airborne Count for Terminal Areas in 1995

The determination of the terminal area instantaneous air-
borne count depends on the estimation of the busy hour operations
at the airports and hubs considered in this Study. The FAA has
determined that two factors may be used to relate annual operations
to busy hour operations.(zs) The busy hour air carrier operations
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are obtained by multiplying the annual air carrier operations by
.07/300. This factor recognizes that minimum air carrier activity
occurs on weekends, and that air carrier activity is especially
concentrated during about 14 hours of the day. A similar factor

for general aviation is .1/270. This recognizes that much general
aviation activity occurs on weekends, and that this activity has its
diurnal peak during a 10 hour midday period. These figures have
been verified through an analysis of annual operations and busy

hour operations for 1971.(23)

Since non-hub airports account for
only five percent of the air carrier activities, the second factor
has been used at these airports since peaking effects there are
minimal.(7)

Busy hour operations were converted into an instantaneous air-
borne count by a factor, determined to be about 4, based on each
aircraft spending an average of 30 minutes within a terminal area
(between the edge of a hub and the destination or origin airport),

and also on the fact that for each takeoff there is also a 1anding.(7)
The factors converting annual operations to busy hour operations,

and busy hour operations to terminal area instantaneous airborne

count have been applied to the hubs and to the airports in this

Study and the results summed to arrive at the nominal demand level
terminal area instantaneous airborne count of 21,550. Table 6-6

shows the detailed breakdown of the count for the large hubs.

Table 6-7 shows the terminal area peak instantaneous air-
borne for the low, nominal, and high demand levels. The estimates
of this parameter were only determined at the nominal demand level.
The low and high estimates in the Table were obtained by scaling
based on the size of each segment of the aviation fleet.

The concluding step in analyzing the terminal area instan-
taneous count was the determination of the geographic distribution
of this activity. The contiguous United States was divided into a
grid of one-degree square longitude and latitude blocks in order to
provide a basis (identical to that used in the en route analysis)
for distributing the terminal traffic. The airport and hub traffic
was assigned to this grid as a function of the type of airport or
hub.
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TABLE 6-7 TERMINAL AREA PEAK INSTANTANEOUS AIRBORNE
COUNTS FOR 1995

User Category Demand Level
Low Nominal High
Fleet PIAC Fleet PIAC Fleet PIAC
Air Carrier 5,000 1,000 7,000 1,450 9,500 1,900
General Aviation|250,000 (14,800 |335,000 (19,800 {500,000 [29,500
Military 15,000 200 20,000 300 25,000 400
Totals 270,000 | 16,000 362,000 | 21,550 |534,500 |31,800

a. Hubs were assigned a radius depending on their size and
character. Large hubs had a radius of about 50 miles.
Medium and small hubs had radii of 35 and 20 miles,
respectively. These assignments recognize the radius of
activity associated with each hub.

b. The instantaneous airborne count determined for each hub
is distributed uniformly over the hub area, and the pro-
portion of that area within each one-degree square block
was used to allocate the hub traffic to each block.

c. Non-hub airports with more than 150,000 operations annual-
ly were assumed to have their associated instantaneous
airborne counts concentrated at their geographic locations,
and hence within a particular one-degree square block.

d. All other airports were assumed to have their total traf-
fic spread uniformly throughout their associated FAA
region.

Figure 6-6 shows the geographic distribution of the total ter-
minal area instantaneous airborne count of 21,550 aircraft. Com-
bined with Figure 6-3 the total aircraft (both en route and terminal)
within any block may be determined.
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6.3 CONUS ACTIVITY

The national peak instantaneous airborne count estimated on
the basis of nominal 1995 demand projections may be obtained by
adding the corresponding parameters from the en route and terminal
studies. The techniques used under both procedures gave estimates
of the number of VFR and IFR aircraft by user class, and these are
indicated in Table 6-8. A further category of users has been in-
cluded in the Table to further segregate general aviation VFR users
into those in mixed airspace under separation assurance techniques such
as the intermittent positive control (IPC) concept, and those out-
side that airspace. IPC is a separation assurance concept expected
to materially aid in reducing midair collisions or conflicts.(4)

In the IPC concept, properly equipped aircraft are given ground-
based computer-derived instructions (based on ground system know-
ledge of aircraft position through surveillance) to avoid flight
hazards arising from other aircraft, weather, airspace boundary
conditions, and surface obstacles. The number of aircraft estimated
to require this type of service is a function of altitude and
proximity to major terminal or hub areas. (Mixed airspace is a
block of airspace in which both IFR and VFR flights take place,

and in 1995 may include the airspace between 6000 feet and the

floor of positive control airspace, or up to about 14,5000 feet.)

Considering CONUS peak instantaneous activity for 1995, the
Mitre Corporation estimated that IPC service would be required by
75 percent of en route itinerant and terminal local traffic and 85

(7,24)  The remainder of

percent of terminal area itinerant traffic.
the VFR general aviation fleet would be in mixed airspace. In
further assessing the distribution of traffic, all air carrier and
military traffic was assumed to be IFR itinerant and 30 percent of
the general aviation itinerant flights was assumed to be IFR.

Table 6-8 contains this summary.

A less precise procedure to estimate the instantaneous air-
borne count may also be used as a check on the above procedures.
In applying this technique, the Study first estimated the average in-
stantaneous airborne count by the following steps:
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a. Assume the average flying day for the air carrier fleet
to be 16 hours, and for the general aviation and military
fleet 8 hours.

b. Divide the annual flying hours for each fleet type by
365 to obtain the average fleet flying hours per day.

c. Divide the average fleet flying hours per day by the
operating hours per day of that fleet type to obtain the
average number of fleet flying hours per hour.

d. Divide the fleet flying hours per hour by the average
flight duration of that fleet type to obtain the average
number of instantaneous airborne aircraft.

Table 6-9 contains this derivation. The result is an average
1995 instantaneous airborne count of 33,640 aircraft. An estimate
of the peak instantaneous airborne count was made from this average
estimate by using the peaking factors found in the Air Traffic Con-
trol Advisory Committee report.(4) These factors considered that
the traffic peaked above its average level as follows: air carrier
20 percent; general aviation itinerant - 10 percent; general avia-
tion - 30 percent; military itinerant - 30 percent; and military
local - 40 percent. A peak instantaneous airborne count, for 1995,
of 42,100 aircraft was produced by applying these factors to the
count derivation of this section. This peak instantaneous airborne
count is 13 percent higher than that estimated by the more rigorous
techniques described earlier. The total national peak instantaneous
airborne count is about 10 percent of the fleet size, and of this
amount, nearly 60 percent is expected to be in the terminal areas.
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7. CONSTRAINED AIRPORT ANALYSIS

The preceding analyses of air traffic activity and fleet size
have been made on the basis of '"unconstrained" projections of traf-
fic growth. Each activity parameter was projected to 1995, using
1972 FAA projections of activity in 1984, without considering
whether or not the future air traffic control or airport systems
could handle this demand. A recent study, done by the Mitre Cor-
poration and described here, assessed the ability of 29 of the busiest
high density primary airports to handle the forecast 1995 demand,
and determined that thirteen of these airports would be unable to
do so; that is they would be saturated.(lo) Airport saturation
occurs when the unconstrained projection of the number of operations
during the busy hour (busy hour demand) exceeds the number of busy
hour operations the airport can handle under IFR conditions (busy
hour capacity).

The constrained airport analysis was based on the uncon-
strained airport projections described in Section 6.2. This infor-
mation provided estimates on the number of busy hour operations each
major airport might expect to handle if its present growth pattern
were to continue into 1995. A separate estimate was made of the
maximum IFR capacity of each of 29 top airports in 1995, and
by comparing the two results each airport was classified as saturat-
ed (demand exceeds capacity) or unsaturated (capacity exceeds de-
mand) .

The busy hour capacity of each of the 29 airports was deter-
mined using a mathematical model that considered the major param-
eters relating to airport capacity.(lo) A mix of aircraft was as-
sumed at each airport for 1995, after assessing the trend to wide
body jets and more sophisticated general aviation aircraft. The
mix of landing aircraft was assumed to be different for long and
short runways. Some airport improvements were assumed implemented
prior to 1995, namely special runways for short-haul traffic, as
well as new cross and parallel runways where existing real estate



permits. A highly automated control concept was assumed, charact-
erized by accurate metering and spacing, and four dimensional area
navigation. A microwave landing system was also assumed. Two con-
trol schemes were considered, both taking the wake vortex problem
into account. In the first scheme present spacing criteria would
continue (two to five mile spacing between aircraft depending on
aircraft type, size, and weight). In the second scheme, a consist-
ent two mile spacing between aircraft was assumed, permissible be-
cause of changes in improved aircraft aerodynamics or wake turbul-
ence ground warning systems. Independent IFR operations on paral-
lel runways were assumed.

The results are summarized in Table 7-1. With the best of
the future improvements indicated above at each of the twenty nine
airports, twelve would still be saturated in 1995. If a solution
to the wake turbulence problem does not materialize by 1995, two
to five mile interaircraft spacing will continue, and eighteen of
the top twenty nine airports are expected to be saturated. Tech-
niques for relieving saturation at these airports include expanding
the airports so that new runways and facilities may be construct-
ed, shifting the demand for primary airport operations to other
nearby airports, restricting the busy hour usage of the airport by
techniques such as a reservation system, or spreading the total
traffic load at an airport throughout the day to avoid usage peaks.



TABLE 7-1 1995 DEMAND AND CAPACITY AT 29 OF THE BUSIEST AIRPORTS
Busy Hour Capacity Busy Hour Demand
Airport (Operations Per Hour)| (Operations Per Hour)
*Atlanta 182 272
*Baltimore 90 112
*Boston 90 166
*Chicago-0'Hare 185 273
*Chicago-Midway 82 84
Cleveland 157 90
Dallas 255 210
Denver 178 143
Detroit 189 108
Honolulu 162 142
Houston 158 102
Kansas City 126 96
Las Vegas 142 112
Los Angeles 255 214
Miami 255 168
Mineapolis 158 95
*Newark 153 155
New Orleans 152 91
*New York-J.F. Kennedy 184 178
*New York-LaGuardia 90 159
Oakland 175 142
*Philadelphia 155 170
*Pittsburgh 146 146
St. Louis 156 141
*San Diego 63 112
*San Francisco 156 202
Seattle 156 103
Washington-Dulles 183 85
*Washington-National 90 131

*Airports at which demand is expected to exceed capacity.

Source:

References 9 to 13.







APPENDIX A

AVIATION FORECAST DATA: 1972-1984

The following pages represent computer generated forecast
data made and used by the FAA Office of Aviation Economics in
preparing their ten year forecasts.
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