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EXECUTIVE SUMMARY

This report describes an investigation of the probable effect

of selected TCA implementation upon general aviation operations. The

results are obtained f rom an analysis of historical time series data

as well as current traffic survey data. The specific findings were:

1. The establishment of a TCA (either Group I or Groun II) does

not appear to dramatically affect the total number of airport

operations attributable to general aviation aircraft.

• 2. The presence of a TCA at a large hub airoort is accomr anied

by a marked shift in the type of general aviation aircraft

using the primary TCA airport. This shift is towards the

more sophisticated 3 more expensive , primarily business

oriented aircraft.

3. Overflight and secendary operations are not obviously

affected by the presence or absence of a TCA.

IL The profile of general aviation overflight and secondary

operations shows no correlation with the presence or type

of TCA.

These objective findings when expressed mathematically in conjunction

with existing FAA forecasts constitute a model which can be aoplied

to existing traffic statistics to predict the impact uoon general

aviation of establishing new TCA’s.

The model is applied to 25 large hub areas and numerical results

are obtained.

In addition , the generalized expansion of existinp TCA’s was
I
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analyzed with the following findings.

1.. Expanding a TCA either upward or horizontally would

have little effect on general aviation if reasonable

VFR alternatives are retained.

2. Expanding a TCA down to the ground so as to include

additional terminal area airports could produce

contradic tory results , the net effe ct of which woul d

be of doubtful benefit to the national air transportation

system . 
a
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I. INTRODUCTION

A. Backgroun d

This report presents the results of a study conducted by General

Aviation Operations Research, Inc., for the Federal Aviation Adminis-

tration. The work reported on was conducted under the terms of

Purchase Order W1—76—0278—l during the period August through November

1975. The particular tasks to be accomplished are quoted as follows:

“a. Examine the impact on general aviation of selected TCA

implementation, differentiating between Type I and Type II TCA ’s.

b. Develop a methodology for predicting impact on general aviation

activity of new TCA’s, or, in cases where Terminal Control

Areas are already established, exoanded TCA’s.

c. Apply the methodology to all large hubs and forecast changes

in general aviation activity attributable to new or expanded

TCA’s.”

B. Terminal Control Areas

Terminal Control Areas (TCA’s) are an air traffic management device

developed and implemented during the current decade. The f i rs t  (Atlanta ,

Georgia) was established in June of 1970 and has been followed success—

ively by 20 additional TCA ’s. A TCA can be defined as a prescribed

volume of airspace centered on a primary airport(s) serving a metro—

po].itan area and contained within the airspace delegated to an approach

control facility for IFR control. Within a TCA, specified aircraft

avionics equipment requirements must be met by aircraft des1rin~ to

use the airspace. In addition , certain pilot qualif’ications,nrocedures,

and fl ight restrictions are imposed uoon the user of a ‘I’CA. These

requirements are Intended to facilitate the safe, orderly flow of

4!
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I

traffi c within the TCA. Tab le 1 summarizes the requirements for

each class of TCA now In use.
I

TABLE 1

TE RMINAL CONTROL AREA (TC A) REQUIREMENTS

_________  
GROUP I GROUP II

‘IL.OT Private Pilot ’s license No special requirements

or better for takeoff or

landing at airports within

___________ 
the_ TCA. 

_____________________________

QU IPMENT Adequate conununicat ions Adequate c ommun icat ions

frequencies to communicate frequencies to communicate

with controlling agencies, with controlling agencies.

Thansponder with ~IO96 Transponder with ~lO96

codes plus altitude codes for operations to

reporting capability , and from airports within

VOR/TACAN receiver the TCA. VOR/TACAN

appropriate to ground receiver aporopriate to

___________ 
facilities , ground facilities.

~PERAT ING Two—way radio contact with Two—way radio contact with

UJLES ATC Facility and clearance ATC faci l i ty  and clearance

required for all fixed—wing required for all fixed—

aircraft. Large turbine wing aircraft. Large

powe red aircraft  must operate turbine powered aircraft

above floor of TCA. must operate above floor

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
of TCA .

• .
~~~ 2.

—



Five years of experience with the TCA concept indicates t hat

TCA ’s are an efrective way of providing safe separation among

aircraft in terminal areas. As the ATC system moves forward toward

the 1980’s one alternative way of dealing with expected traffic

increases is to create additional TCA’s and/or expand existing ‘rCA’s.

TCA restrictions and operating rules apparently pose no particular

problems for the air transport industry, however, some general

aviation groups have consistently opposed the TCA concept on the

grounds that TCA ’s tended to deny the use of certain airports to

general aviation users. Accordingly, the Secretary of Transoortation

has tasked the FAA’S Office of Aviation Policy to provide an evalu-

ation of the impact on general aviation of an increase in size or

number of Terminal Control Areas.

C. General Effects

General Aviation , unlike other major categories of aviation

(eg., military, air carrier, etc.), is not homogeneous. In fact ,

the general aviation category spans all aviation activities except

for a few experimental military operations. As a result It would

be almost impossible to discuss the effect of TCA’s upon general

aviation as a single entity. The usual way of’ classifying the

general aviation community is by flight purpose, such as business,

commercial, instructional, personal and other.. It see~is clear that

the expected effects of TCA’s would be somewhat different among the

various classes of general aviation users. Ir~ other words, some

users such as professionally flown corporate aircraft would probably

not be affected by the TCA environment inasmuch as their ooeratlng

3.
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procedures are generally similar to those of’ air carriers. On the

other hand, instructional flying would be very much affected inas-

much as student pilots are prohibited from t aking ofT and landing

at certain TCA airports. Subjective analysis of’ each of’ the other

classes of users suggests that TCA requirements would affect each

of them differently.

An examination of Table 1 shows that three major effects

might be expected. First, certain classes of general aviation use rs
(eg., student pilots) are excluded from the use of’ certain airports.

Second , since IFR procedures are essentially followed within the

positive control environment of a TCA , arrivals and departures are

more time consuming than are 1/FR operations. Third , many general

aviation aircraft are not fitted with the avionics equipments

required for TCA operations; thus, they must buy and maintain these

additional Items if they wish to use TCA airspace. It seems likely

that the ultimate consequences of’ these effects are economic, how—

ever, an analysis of’ the economic impact of TCA’s on general aviation

is well beyond the scope of this study. The intermediate and more

readily observable consequences should be operational in nature

and are, therefore, the focal point of’ the study .

D. Study Goals

The obvious way to analyze the effect of TCA’s on the numbers

and kinds of general aviation users Is to compare air traffic before

and after the TCA. Historical data was available and used to support

such an analysis of t rends In the number of operations. However, In

the case of user profiles we could not follow the obvious anoroach

because user profile records are not accumulated and kent.

A -
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Consequently, an alternative approach was required for the analysis

of changes in user profile.

The method of analysis selected consists of comparing the

general aviation user population profiles at airports with ‘rCA’s

- 
to airports without TCA’s on the assumption that the latter type

is typical of the before ‘rCA condition and the former is tyolcal

of’ the after TCA condition at various stages of’ maturity. The

differences (if any) are used to test our hypotheses about the effects

of TCA’s on general aviation traffic. Briefly the hypotheses to be

tested were that:

1. ‘rCA’s would create an environment which would discourage

certain segments of general. aviation from use thereof.

This result would manifest Itself by a change In user

profile from the typical general aviation mix at a non—

‘rCA airport to one that favored business and executive

aircraft.

2. Because of the change In populat ion mix and the greater

amount of time required to effect IFR procedures some

reduction In primary airport operations would be expected.

3. Because of the need to buy and maintain additional avionics

equipments it was expected that secondary and overflight

operations would also show similar changes In user profile

.
1
: and operations.

The overall study requirements can,theret’pre, be exoressed In

terms of the followinp specific objectives or goals:

1
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1. EstablIsh tne general aviation user profile for airports

wi th Group I TCA ’ s , airports with Group II TCA ’s, and

airports without TCA ’s.

2. Develop a time series comparison of’ general aviation

primary airoort operations for the three diffe rent types

of TCA airports.

3. Develop user profiles and time series comnarisons of

secondary and overflight operations in terminal area

airspace for each of the three types.

14~ Integrate results obtained from the first three goals

and develop a model which can be used to describe and

predict the effects of’ expansion at existing TCA sites

or extension of TCA’s to other large hubs.

5. Apply the model at selected large hub airports.

• E. Study Approach

The report document s In detail the specifi c steps taken and

results obtained in pursuit of the foregoing goals. These basic

operative steps are briefly described in the following paragraphs.

In order to establish the general aviation user profile for

each of the airport s it was first necessary to conduct an on—site

survey thereof. At each airport an observer was stationed in the

tower cab for a 2~1 hour period to observe and ‘ record general aviation

activity . TRACON’s were also visited at airports with TCA ’s to

gather additional general aviation activity data. Details of the

survey effort  are presented in Appendix A.

6.
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Historical data on general aviation operations for time series

analysis was extracted from a series of’ documents published by the

FAA . Data was compiled for the five—year period 1970 through 1974.
-• 

Details of’ this step are presented in Appendix C.

The data collected was then aggregated and displayed in c~raph—

ical form for analysis. Analysis consisted principally of compar-

isons between appropriate graphs to infer the effects of the TCA ’s.

These effects were used to test our hypotheses about the probable

effect of TCA ’s. Those hypotheses, accepted, modified, or rejected

as appropriate constituted tLle study findings.

The study findings were suitably combined to form a model which

can be applied against currently available operations statistics to

forecast the effects on general aviation activity of’ establishIr~g

new ‘rCA ’s.

Finally, the model was demonstrated and applied to 25 large

hub airports in order to develop specific forecasts of general

aviation activity at those airports in the event that Grout, I TCA ’s

are established there. Results of the exercise are Included In

the report.
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II ANALYSIS

A. Primary Use Categories

The first part of our basic hypothesis contained the premise

that ‘rCA procedures would affect different general aviation user

classes in different ways. Moreover , It was postulated that the

different effects would be reflected by different user populations

at the different category airports. The following discussion expands

those ideas and shows how our sta rvey of aircraft types can be equated

to aircraft use categories.

The most recent issue of Census of’ U.S. Civil Aircraft,

Calendar Year 1973 in Table 20 thereof shows 8 user categories for

general aviation aircraft which are listed below:

Executive Transportation

Business Transportation

Personal

Aerial Application

Instructional

Industrial Special

Rental

Other

By definition, executive transportation means aircraft that are

professionally flown. Such aircraft are usually operated in an IFR

mode, are well equipped , and probably unaffected by TCA requirements.

Aircraft used In business transportation are tyi ically owner

flown or at least piloted by someone who has nrimary duties other

_ _  - ::: T~~~~~~~~~~~~~~ T .: ~1 T TJ~~I T T 1
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than piloting the aircraft . Alrcrart in this category are usually

well equipped and may be regularly flown under Instrument flight

rules, TCA requirements probably impose a modest restraint on this

type of flying.

Aircraft primarily used for personal flying are a mixed bag

4 ranging from single place, no radio antiques to superbly equloned

multi—engine turbo jets. However, it is our judgment that aircraft

not used primarily ror business would , on the average , not be

particularly well equipped. Often their owners would not be IFR

qualified either , thus the effect of ‘rCA requirements Is orobably

substantial on this group .

Aircra ft used for aerial application would not In general be

equipped to operate in ‘rCA areas .

Instructional aircrart are also a diverse group ranging from

2 seat primary trainers to completely IFR equipped mu lti—engine

airline type aircraft . The maj ority of-Instructional aircraft

would , however , be two seaters of the Cessna 150 or Cherokee 140

variety. These small aircraft are most commonly used for primary

flight training and inasmuch as student pilots are prohibited from

landing and taking off from certain TCA airport s it is likely that

TCA requirements have a severe effect on this category of operations.

Industrial Special aircraft would not generally be operated in

a ‘rCA environment.

Rental aircraft are usually single engine aircraft flown for

9.
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business or personal use . As a group they are orobably well enough

equipped for TCA operations . Pilots who rent aircra ft , however ,

would often be Infrequent flyers, consequently the more comolex

operat ional environment of the TCA probab ly tends to discourage

this group of pilots from using the ‘rCA airspace.

Table 2 , following, is an abridged and summarized version of’
I,

a table prepared by Aviation Data Services , Inc. — which shows the

distribution of each aircraft type ’s flying hours across the various

user classes.

An examination of Table 2 in light of’ our foregoing remarks

about probable TCA impact shows that the user categories to the

right of’ the Business/Executive use column are the most apt to he

affected by the presence of a ‘rCA. Since most of the single—engine

(3 seats or less) aircraft are in the right hand columns it follows

that these aircraft will be operated less frequently at TCA primary

airports than at non—TCA airports. Single—engine aircraft with more

than three seats are also , by the same reasoning, apt to be f’ourid

less frequently at TCA primary airports than at non—TCA airports.

In this case, however, the numbers of Table 2 suggest that the effect

will be less pronounced than in the case of’ single—engined aircraft

with 3 seats or less. Multi—engine (piston powered) aircraft are ,

according to Tab le 2 , used mostly for business/executive travel

purposes and multi—engine (turbine powered) are used almost exclusively

— Table 5 from General Aviation Cost Impact Study, by Battelle—

~ 

Columbus , 505 King Avenue , Columbus , Ohio ; June , 1973.
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for that purpose . Consequently , one would not expect to see much

diversion of multi—engined aircraft as a result of TCA iri,~ler~entatjo~~

The foregoing discussion Is intended to support the notion that

one can equate expected changes in the general aviation user ponu—

latlon with changes in the general aviation aircraft ponulation around

a TCA primary airport. In summary , multi—engine turbine powered air—

craft  operations will be unaffected and may be expected to grow at

rates prevailing had there been no TCA. Multi—engined piston powered

aircraft used in general aviation operations would be slightly reduced
- 

- 
owing to some of’ their number being used for personal transportation.

General aviation single engine aircraft with more than 3 seat s would

be operated much less frequently In a TCA environment that would

otherwise be the case , and single engine aircraft with 3 seat s cr less

employed in general aviation operations could be expected to almost

disappear in a ‘rCA environment.

With the changes forecast in the preceding paragraph it is

easy to see that a substantial shift in aircraft mix among the four

types (single engine, 3 seats or less; single engine , more than 3

seats; multi—engine, piston; and multi—engine , turbine ) could be

expected with the introduction of a TCA at an airport. In particular,

the general aviat ion aircraft profile at a non—TCA airport would be

expected to have more single engine than multi—engine onerations.

At a TCA airport , however , one might . well see more multi—engine -

~~~~~~~~~ 

- than single engine operations. It has been necessary to express the

hypothesis about general aviation user classes in terms of aircraft

categories because the survey data described in Appendix A was for

c: 
J 
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aircraft categories rather than fU.ght ouroose. The next section

sho;.is how the empirical data of Appendix A supoorts the translated

hypothesis about the effect of a TCA on various user classes.

B. Data Disolay by Airport and TCA Ty ne

-•1 The aircraft activity survey data described In Appendix A is

sho~rn (aggregated into ~I categories) by airport in Table 3 and by

type of TCA in Table ‘4.

;4

TABLE 3

GEN ERAL AVIATION ARRIVAL COUN T SUMMARY (BY AIR~ DRT)

• SINGLE ENGINE MULTI ENGINE
1 — 3 fore Than Piston Turbine Total

Airport 
- 

Place 3 Place 
— 

EngInes Engines 5~anrnle Ooerations

San Diego 18 67 35 1]. 131
(Percent) (13.7) (51.2) (26.7) (8.4) (100)

Phoenix 
• 

121 206 92 25 11 11 4
(Percent ) (27.3) (46 .1

~) (20.7) (5.6) (100)

Las Vegas 76 251 85 24 11 1156
( Percen t )  ‘ (16.8) (55.0) (18.6) (9.6) (100)

Seattle 5 113 19 4 71
(Percent) (7.0) (60.6) (26.8) (5.6) (100)

San Francisco - 5 44 • 116 30 125
(Percent) (4.0) (35.2) (36.8) (24.0) (100)

Los Angeles 4 17 2~ 57 107• (Percent) (3.7) (15.9) (27.1) (~3.3) (100)
! 1 ’  _____I___ _ _ _  - _ _  _ _  _ _ _ _ _ _
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TABLE 14

GENEPAL AVIATION ARRIVAL COUNT SUMMARY (BY TCA TYPE)

SINGLE ErI~ INE MULTI — EN GIN E
1 — 3 ~ore Than Piston Turbine Total

Airport Place 3 Place — 
Engines Engines Samp~le Operations

No TCA 139 273 127 36 575
(Percent) (211.2) (47.5) (22.1) (6.2) (100)

Group II TCA 81 2911 1011 148 527
(Percent) (15.4) (55.8) 

- 
( 19 .7)  (9. 1) ( 100)

Group I TCA 9 61 75 87 232
(Percent) (3.9) (26.3) (32.3) (37.5) (100)

These combined traffic statistics for non—TCA , Grouo II TCA and
t 0/

Group I TCA airports are shown graphically in Figure l. An examin—

ation of Figure 1 shows a rather clear distinction between the three

categories of airports. To be sure, the differences between non—TCA

airports and airports with Group II TCA’s are not as pronounced as
the differences between Group II and Group I TCA airports; nonetheless ,
a pattern is clearly evident; that is, there is a marked shift in

aircraft mix from non—TCA to Group II TCA to Group I TCA airports.

4 ,  There is also something else at work , however , which was not antici—f pated in the basic hypothesis and which must now be included. That

is the element of time in the process of change. Upon rerlection,

it seems unlikely that the change in aircraft activity profile would

occur instantly with the establishment of a TCA. Indeed it seems

much more likely that the process would be gradual. Some possible

reasons for this are given in the fol1owin~ para~raoh.
4/• — In both Oroup I and Grouo II airoort categorIes the t~-zo airnortsof the sample are sI~nificant1y dlffereit from one another.

124.
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FIGURE 1
GENERA L AVIATION ARRIVALS

(DISTRIBUTION BY AIRCRAFT CATEGORY)
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Flight training operations are the backbone of many fixed base

operations. With the establishment of a TCA (either Grouo I or

Group II) flight training operations will be r2duced if not eliminated

(eg., primary flight training at Group I airports). In time, the

reduced flight training activity will cause a reduction in the number

arid variety of fixed base operators serving the general aviation

users of the airport . Those operators w~o remain will be forced to

shift their emphasis towards li-ne service with an obvious preference

for multi—engine aircraft (both piston and turbine powered). This,

of course, tends to reduce the number of based aircraft as well as

make the operations less attractive to the single engine itinerant.

The situation is probably progressive and might ultimately lead to

all turbine powered operations. (For example, at some point the

cost of providing two type s of fuel might not be worth the e f fo r t

for aviation gasoline sales.) There are , of course, many possible

variations involving shared use of’ facilit ies for air taxi operations,

major aircraft maintenance activities, airline pilot training, etc.

However , in general it does seem likely that once the process of

general aviation atrophy begins at a primary airport it would be

progressive in nature.

In order to Investigate the possible presence of’ a time factor ,

Figure 2 was prepared to show the percentage of each type user as

a function of’ time since the TCA was established. The data points

for each airport in our sample are shown along with the curves fitted
*1

to those points by the method of least—squares.

I,
— Detall~ of’ this calculation are given in Append ix B 
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FIGURE 2
GENERAL AVIATION ARRIVAL OPERATIONS

VERSUS
MONTHS SINCE TCA ESTABLISHED
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Although the curves are based on a small number of data p oints

tney do appear to meet subject ive criteria of s igni ficance.  ~urth er

development both in terms or expanded sample size and tine -iorizcn

would of course be desirable. Obviously the straight line relat l-n—

ship between time and percentage of each user is suspect as we go

beyond 48 months in time . Although it is possible that certain
classes of user may eventually disappear at TCA air~orts it seems

likely that the process will be more gradual than indicated by

FIgure 2. Nonethe less , a mode l based on these results should orove

to be both valid and usefu l for projecting the impact of TCA estab—
lishment at large hub airports where :ione presently exist .

C. Analysis of Overflight Dat a

An analysis of the survey overflight data contained in Apoendix

A was also conducted. The data (aggregated into 24 categories) is
shown first by airport in Table 5 and then by TCA type in Table 6.

TABLE 5

GENERAL AVIATION OVERFLIGHT COUN T SUMMAR Y (BY AIRPORT )

SINGLE ENGINE MULTI—ENG INE
— 3 More Thai Piston Thrbine Total

Airport Place 3 Place ~ngines Efigines Samnle Oberatt ons

San Diego 1~4 34 4 0 52
(Percent ) (26.9 )  (65. 4) ( 7.7 )  (0)  ( 100)

PhoenIx 7 14 19 1 24 1
(Percent) (17.1) ( 3 24 .2) ~ ( 24 6 .3 )  (2 .4 )  ( 100)

Las Vegas 5 14 11 2 25
(Pe rcent )  (20 .0 )  (56. 0) (16. 1) ( 8 .0)  (100)

Seattle 97 362 80 53 592
(Percent) (16.4) (61.2) (13.5) (8.9) (100)

San Francisco 78 272 139 24 3 532
~(Percent ) (111.7) (51.1) (26.1) (8.1) (100)

I -

Los Angeles 614 $ 2324 120 33 ~I51
(Percent) (l1i.2)~ (51.9) 

j
(26 . 6) (7.3) (100)



TABLE 6

GENERAL AVIATION OVERFLIGHT COUNT SUM!~ARY (BY TCA TYPE)

SINGLE ENGINE MULTI-ENGINE
1 — 3 More Thañ Piston Turbine Total

- - 
-: Airport Place 3 Place — 

Engines 
- 

Engines Samnle Or)er~ tj ons

No TCA 21 148 23 1 93
(P ercent ) (22 .6 )  (51.6) (24 . 7 )  (1.1) (100)

Group II TCA 102 376 - 814 55 617
(Percent) (16.5) (60.9) (13.7) (8.9) (100 )

Group I TCA 142 506 259 76 983
(Percent) (14.4 ) (51.5) (26.4) (7 .7 )  (100 )

.- --

- - The se overflight statistics are shown graphically in FIgure 3

for each airport and TCA type. An examination of’ Fi gure 3 indicates
no systematic change (In the mix of aircraft) that. could be attributed

to TCA types. There are differences in mix between airport s but the y

can be explained by ta~tors other than TCA presence or absence.

For example , Ph oenix Sky Harbor seems to be substantially different

from other airports in the sample. However, as discussed In

Appendix A the small sample of overflight operations at Sky Harbor

was dominated by the ILS practice low approaches of a multi-engine

airline pilot trainer. If those overflight operations were deleted

then Sky Harbor ’s overflight mix would look much like that at

Lindberg, Las Vegas or Seattle—Tacoma.

The re lative number of multi—engine piston powered aircraft

overflig~its at Los Angeles and San Francisco (both Grou p I TCA ’s)

is somewhat greater than at the other four airports, however , a

presumtlon that this Is caused by the TCA is not supported by a

similar trend at the Group II airports.

19.
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• FIGURE 3
GENERAL AVIATION OVERFLIGHTS
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FIGURE 4
GENERAL AVIATION OVERFLIGHT AND SECONDARY OPERATIONS

VERSUS
MONTHS SINC E TCA ESTABLISHED
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Figure 14 is an examination of the data for a possible relation ..

ship between the percentage of each type of general aviation over-

flight as a function of tlre since the TCA was established. Unlike

Figure 2 for airport operat ions the data and curves of Figure 4

suggest that the mix of general aviation aircraft overflights is

Invarient with the passage ot time.

Thus, the analysis of overflight data fails to support our
hypothesis that the profile of general aviation overflights would

follow a pattern similar to primary airport operations in a TCA.

Consequently, the overflight portion of’ the mode l will  be based on

a presumption of no change in overflight mix as a result of estab—

lishing a TCA.

22. 
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D. Time Serie s Analysis of Airport and Overflight Ooerattor~

Although the fore going results are worthwhile, they say little

about the trend in- total numbers of general aviation operations at

TCA locations. Therefore, the purpose of this portion of the study

was to test our hypothesis about the impact of TCA ’s on the n umber

of general aviation operations. The procedure used consisted at

a comparison of the five year trend in general aviation operations

at each of the sample airports to the five year trend for all US.

airports with FAA towers. The basic data and details of this corn—

parative analysis are presented in Appendix C; however, the

conclusions are presented and discussed below.

First, the introduction of TCA’s around large hub airports has

not affected the number of general aviation primary airport operations

in any obvious way. These primary airport operations appear to have

followed approximately the same year—to—year trend at TCA airports

as at non—TCA airports with FAA towers. Second, the introduction of

a TCA does have a marked effect on the total number of instrument
I,

operatlons associated with the primary airport. In each case a

sharp upward shift in the number of instrument operations was observed

coincident with the establishment or the TCA. That sudden increase,

howeve r , can be explained by the tact that primary Instrument

operations increase to approximately equal airport operations because

TCA operations are counted as IPR flights. With the exception of’

the jump at TCA start—up, the aggregate level of instrument operations

at TCA airports seems to follow the national trend both before and

— Includes primary, secondary and overflight operations. 
V

23.
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after the TCA ii established . In terms of the study objectives

this leads to the circumstantial conclusion that secondary and over-

flight operations are not significantly affected by the oresence or
I,

[ absence of a TCA.

III. MODEL DEVELOPMENT

The end purpose of the foregoing analysts is to be able to
develop a model (or methodology) with which to predict future events,
in particular, the effect upon general aviation operations of add—

ittonal TCA’s at large hubs. We have thus tar developed the follow—

ing facts: -

1. The number of general aviation operations at the nrirnary TCA
airport is essentially unaffected by the presence of the TCA.

2. The profile of general aviation airnort ooerations is orogress—

ively changed by the presence of a TCA in a manner that

1;: relates to how long the PCA has been in effect.

3. The number of report ed general aviation over—flights and
- 

-
V
. 

I,

secondary operations is unaffected by establishment of the TCA.

4. The profile of general aviation over—flight and secondary
— 

- operat ions is also unaffected by the presence or absence

otaTCA.

5. As an ancillary result it has been demonstrated that the number

of primary instrument operations at the hub airport of a TCA

ç does (as expected) increase sharply with the establishment of
the ‘rCA.V 

- - I,
A five year trend analysis of just overflight and secondary oPerations
could not be accomplished for reasons given ~n Apoendix C.L •5/ -— Unreported traffic in and around air carrier atroort s has , at t imes ,

— been cited as a potential safety problem. However, there is no data,
either historical oz~ current, to be comoared or analyzed with respect- to such activity. In our opinion , unreported traffic is minimal around
large hubs ; consequently, that lack of data ehould not adversely

V 

- affect this finding. 
-
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We now proceed to use those facts to develop the desired model.

Referring to Figure 2 and the discussion attendent thereto we can

estimate the general aviation user profile for an airport at various

points in time between 9 and 48 months after  establish~nent of a ‘rCA.

Table 7 following Is a tabular presentation from the estimating

relationships developed in Appendix B.

1’ TABLE 7
(Percent of Total Operations)

MONTH S SINCE TCA ESTABLISHED (t)
CATEGORY(i) 12 24 36 ‘Hi

Single EngIne (3 seats or less) 114.67 9.9 14 5.2]. . 118

Single Engine (more than 3 seats) 118.18 140.147 32.75 25.04

Multi—Engine (Piston powered) 214.93 27.16 29.140 31.63

Multi—Engine (Turbine powered) 12.22 22.143 32.64 142.85 V

Since the number of general aviation airport ooerations follows

V 
national trends after establishment of a TCA it follows that we can

project the number and profile of’ general aviation operations simply

by applying the national growt h factor and the percentages of Table 7

at each point in time out to 48 months. The n ode], is:

pait (PA) wt (Xjt) -

where pait a Primary airport general aviation operations in

category i at t ime t.

PA = Total primary airport general aviation operations when

the ‘rCA is established.

25.
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Predicted average growth rate of general aviation

airport operations at all airports with FAA towers.

V a Percentage of category i at time t (from table 7).

Overflight and secondary operations are predicted by the

relationship :

OSt — (OS0) (yt )

where OS
~ 

- Overflight and secondary operations t months after

the TCA is established .

os0 Overflight and secondary operations when the ‘rCA is

established.

- 

- 

It - Predicted average growth rate of general aviation

instrument operations at all airports with FAA towers.

And finally the percentage increase in primary airport instru-

ment operations is given by: - 

-

PA—PI
• 

- Zp~j  — P1 x 100%

where — The percentage increase in primary airnort instru-

ment operations when the TCA is established.

PA • Total primary airport general aviation operations when

the TCA Is established.

P1 — Primary instrument operations when the ‘rCA is

established. 
-

The model Inputs for PA, P1 and OS0 are available in FAA air

activity reports. Values for Xjt have been developed In this study

and are tabulated in Table 7. Values for wt and Yt were calculated

from data contained In Tables 11 and ill of the FAA publication

2
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“Aviation Forecasts Fiscal Years 1975—1986” of September 19714.

These computed values are shown in Table 8 which follows.

TAB LE 8
.4 1

V GENERAL AVIATION ACTIVITY GROWTH RATES
( Predicted Average Per FAA Tower)

wt
FISCAL YEAR 

_ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

V

. 197 4 1.0000 1.0000

1975 1.0007 1.0731

1976 1.0659 1. 1400

1977 1.1012 1.1858

1978 
- 

1.13911 1.143140

1979 1.1782 1.6863

1980 1.2060 1.8287

IV. APPLICATION

A. Additional ‘rCA ’s

The model developed in the preceding chapter can now be used to

forecast changes in general aviation activity attributable to new TCA’s

at large hubs. Certain assumptions are also necessary———flrst, all

existing Group II TCA ’s will be upgraded to Group I TCA’s; second,

Group I ‘rCA ’s will be e~tab1ished at large hubs that do not currently

have ‘rCA’s; and, third, these upgrade and establishing actions will

take place at the end of fiscal year 1976. The level of operations,

both airport and Instrument (primary, secondary and ove rs), at the

start of the ‘rCA are an extrapolation of calendar year 19714 actuals.

The results are shown in Tables 9 and 10 followIng.

- 
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-: Thus far the analysis has been concerned with the study of

historical event s for the purpose of predicting the impact of

future events of ‘similar kind. It is also necessary to consider

the consequences of expanding existing TCA’s———an event for which

there is no historical precedent.
*1There are three principal ways in which a TCA might be enlarged.

It could grow upward (as Is being done at At lanta) ;  it could be

expanded horizontally without enclosing any additional airports (it

might , however , overlie additional airports) ; or , it could grow

• downward to enclose additional airport s now underlying the TCA.

The Impact of these alternatives will be considered In order ,

starting first with TCA expansion In an upward direction. This study

found no significant change s occuring In the number of overflights

or the user profile of’ overflights as a result of TCA Implementation .

Consequently, If similar TCA regulatory provisions were maintained,

the addition of TCA airspace vertically would have little or no

effect on general aviation actlvity .

The obvious combinations are,, also possible but will not be
discussed herein.

“IRegulatory provisions In mind allow VPR aircraft to cross the
area. This can be accomplished with a VPR tunnel (such as at Los
Angeles) or some VFR airspace between the top of the TCA and the
bottom of the overlying positive control airspace. Other ways of
providing for VFR t ra f f ic  are no doubt also availab le . On the othe r
hand if no provision is made for VFR t ra f f ic one can only speculate

;
; ab out the results. A large percentage of hj gher altitude general

aviation users are no doubt already equipoed for TCA operation ,
-
~~~ - and should not be significantly affected. Some general aviation

operat ors would probab ly circumnavigate the TCA area , divert or
discontinue operations. Others would perhaps violate the TCA air—
space, and others would no doubt upgrade to an IFR operation.
There fore , the net effect of an extension upward of TCA contro l
with no provision for’ general aviation VFR traffic Is unknown .

37.
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The second alternative for expansion would have the TCA grow

horizontally, possibly overlying additional aIrports. Based on our

time series analysis of general aviation activity in the TCA environ-

ment , the following impact might be anticipated . First, orimary

airport overflights and arrivals would probably be unaffected. The

level of secondary operations would increase It additional airports

underlying the TCA were instrument airports (such as ~lashIngton

Dulles). On the other hand, if the underlying airports were VFR

only and VFR access were maintained then secondary operations should
‘ not be affected. In either event , the activity level of general

aviation operations would probably not be significantly reduced following

horizontal expansion of the TCA.

Finally , If the TCA were to be lowered to include additional
- - — airports In the primary zone the analysis of’ likely effects is more

a,
complex. First of all, some general aviation users would be dlst,laced.

Our study suggests that such displaced users would be rather quickly

replaced by a different class of general aviation user. However, in

the case of these secondary airports such replacement might not occur

for two reasons. First, the primary airport would, In general, still

L be available to the business/corporate user and, second, some of

these secondary airports mlght not be adequate landing sites for the

heavier more sophisticated general aviation aIrcraft. Therefore,

some reduction in total (VFR and IFR ) terminal area activity levels

Is likely. While the magnitude of this reduction is a function -,f
- 

- several speculative variables it can be estimated (for planning

~~ 
L#~~~j .5 conclusion Is also consistent with an earlier study for the
PAA(eg., see General Aviation Cost Imoact Studi, Vol.11, DOT, FAA
June 1973, P • 6 ~~~
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purposes) that surface TCA’s would reduce the level of’ general

aviation activity In the terminal areas of the 25 largest hubs by
— a,

• less than 10 percent . Other effects can also be anticioated.
First, there should be a significant Jump in instrument arrivals/

departure s at these new TCA airports since all general aviation

users remaining there at would have to operate under Instrument

Flight Rules. Second, there should be a progressive shift in the

kind of user toward s corporate and business aircraft It facilities

are adequate. Moreove r, If these new TCA airDorts are convenient

for business/corporate travelers and if local airport authorities

take steps to make these reliever airports attractive to prosnective

FBO ’s it seems most likely that considerabl, business/corporate

traffic could be diverted from existing primary airports In the TCA.

One final implicat ion of this third alternative should be

discussed. If surface TCA’s displaced less than 10 percent of’ all

general aviation traffic in the large hub terminal areas, then,

under the same set of assumptions, approxImately 25 percent of’ the

large hub general aviation users would elect to purchase the required

suit of avionics equipment and continue operations.

a,
— This estimate assumes that 60 percent of all general aviation

users are not equipped for TCA operat ions; that TCA avionics
requirements increase annualized fixed user costs by 10 nercent ;
and , finally the 1973 Battelle elasticities of demand. See
Appendix D for detailed analysis of this estimate.

a.,
See Appendix D.
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I - Once equipped, many of these operators migh t choose to re locate to
1/

the or linary large hub airports. Any significant increase in the

leve l of general aviat ion tra ff ic at some major comrie rclal airport s
a.!

would have a detremental e f fec t  on airoort delays. Surface TCA ’ s,

in other words , might reduce the overall level of general aviation

traffic in the terminal area (due to the demise of VPR t r a f f i c )  but

at a cost of increased delays to air carriers and other general

av iatic’n users at the larger commercial airports. Thus , marg inal

system costs of the surface TCA alternative might exceed the benefits

provided.

In summary , three alternatIves for expanded TCA implementation

have been reviewed . These were:

C]) Expanding the TCA upward.

(2 ) TCA horizontal expansion .

(3) ExpandIng the TCA to the surface , enclosing additional

airports.

a,
— Al] things equal , general aviat ion users will choose airn ort s

for base operat ions on the basis of facilities and services
offered. Frequently, the overall level of general aviation
services at primary air carrier airport s are suoerior to those
at reliever airports. Consequen tly , in the absence of counter
action by local authorities , the possibility of’ sI~n 1ficant

4 general aviation diversions to primary airDorts, under the
conditions described , cannot be discounted.

It has been observed that aIrport delay is an exponential
phenomenon . That is , for an airport ope rating at capacity

- I conditions, an increase in aircraft  tra f f ic  will cause more
- -

- than a proportional increase in delay. See FAA Report ~o.t RD—67—70, Alternative Approaches for Reducing Delays in
Terminal Areas.
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Overall , the analysts has shown that TCA expansion via the first

two alternatives could be expected to produce only modest effects

if appropriate VFR alternatives are retained. The third altern ative

would reduce general aviation traffic in the terminal area by less

than 10 percent . However, this alternative may be counter—productive

from the system point of view In that it may precipitate addit ional

costs (airport delays) to achieve desired benefits (reduced airspace

congestion ) in terminal areas. Consequent ly, we conc lude that

expansion of existing TCA’s would be of doubtfu l benefit to the air

transportation system.
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V. SUMMARY AND CONCT~USIONS

- 

The study was undertaken In order to accoriplish the following

tasks :

a. Examine the impact on general aviation of selected TCA

Implementation, differentiating between Type I and

Type IX TCA’s.

b. Develop a methodology for predicting the impact on general

aviation activity of new TCA ’ s, or , In cases where Terminal

- 
- Control Areas are already established, expanded TCA’s.

c. Apply the methodology to all large hubs and forecast

- 

- change s in general aviation activity attributable to new

or expande d TCA ’s.

- —~~ The analysis produced the following objective findings in

response to the first task:

1. The establishment of a TCA (either Group I or Group II)

does not appear to dramatically affect the total number of
- -
. airport operations attributable to general aviation airc raft .

2. The presence of -a TCA at a large hub airport is accompanied

by a marked shift In the type of general aviation aircraft

using the primary TCA airport. This shift Is towards the

more sophisticated , more expensive, primarily business

orientated aircraft.

3. Overflight and secondary operations are not obviously

affected by the presence or absence of a TCA.

14• The profile of general aviation overflight and secondary

operations shows no corre lation with the presence or tyoe

of TCA. 
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It appears that the rise in business/coroorate aircraft activity -

has been sufficient to offset the diversion from TCA nrlmary airoort s

of instructional and personal use aircraft . Since the growth rates in

business/corporate aircraft activit y necessary to achieve that offset

at TCA airports are well in excess of the bus iness/corporate aircraft —

population growt h rates , It follows that TCA’s must at tract aircraft
I,

of that type . The fact that the additional traffic just balances the

diversion of traffic probably reflects the availability of airport
a., —

service facilities at these TCA airports.

In retrospect , the finding that reported overflight and second-

ary operations are not affected by the presence or absence of a TCA is

not surprising because, to date , the TCA environment did not really

constrain those operations. So long as VFR approaches are available

for the secondary airport s there would be no obvious reason for a mass

shift to IPR for secondary operations. Overflight operations can also

be conducted either IFR or VFR at the users option; thus , there would
- sai l

be no compelling reason to switch to IFR for these operations eitherr

It should be noted that aircraft of this type tend to be compatible
with air carrier aircraft , thus , are easier to work Into the flow
of traffic at these TCA airp orts. This may tend to reduce con-
gestion and improve safety even though the number of operations

• was not affected . -
It,We believe that actions taken by local airport authorities which

increase or decrease the amount of ground services for general
aviation have affected the level of general aviation operations

-
~~~~ more than have TCA’s. 

-

Even though TCA procedures for VFR overflights (usually ove r the
top ) and VPR secondary airport operations ~re perhaps inconven ient ,

I. they are still evident ly pre ferab le to IFR procedure s for many
operators. -

.- -—  
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- The data and analyses which supp ort the findings have been

developed from study of a system that has certain basic characteristics. -

In particu lar, the size and location of TCA ’s has been such that reason—

able alternatives were available to those who were unable or unwilling

to operate in the TCA environment . - Also the number of TCA’s has been

quite small in relation to the total number of airports available to

general aviation. As long as these conditions continue , the model —

presented (which is a logical extension of the objective findings to

non—TCA airports) should rem ain valid . The model so developed and

applied to 26 large hub areas constitutes satisfaction of the second

and third tasks with respect to the estatlishment of new TCA’s.

With respect to expanding existing TCA’s, we find that :

1. Expandin g a TCA either upward or horizontally would —

have little effect on general aviat ion it reasonable

VFR alternatives are retained.

2. Expanding a TCA down to the ground so as to include

addit ional terminal area airports could produce contra—

dictory results, the net effect of which would be of’

doubt ful benefit to the national air transportation

system .

Since these results were of necessity developed principally by sub— *

jective analysis, additional explanation is necessary.

It is our opinion that TCA ’s should serve two basic ourooses.

I k~ They should reduce the overall number of reported operations In the

I ~‘ terminal and airport areas and they should separate IF~ and known VFR

I ~ ~ traffic so that a more compatible mix of operations is obtained.

~~~ During this study we have , however ,

___ •
~~~ __ 

_____________________________
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• noted two counter trends. First , the TCA environmen t seems to attract

certain kinds of general aviation traffic and second there is some up—

- ‘ . grading of’ VFR to IFR by other general aviation operat ors———an upgrad-

ing that probably reflects the operators perception of the relative

inconvenience associated with following more complicated VFR procedures 
-

versus following TCA IFR procedures. The net effect seems to be that ,

to date , VPR terminal area activity may have been reduced somewhat ,

- but , at the price of increased IFR activity. Since this pattern has

evolved in a system that provides alternatives for ‘IPR t ra f f Ic  around ,

over and under the TCA ’s, we believe that regulat ory actions (such as

expanding the TCA down to ground level around additional airoorts)

which eliminate VFR alternatives may induce additional uograding from

VFR to IFR operations and add substantially to the ATC system work— -

- load——— this at a t ime when the system is alre ady showing signs of

strain due to existing traffic loads.

These last two findings and associated comments complete the

second and third tasks and thereby conclude the study.

V1
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APP END IX A

SURVEY _DATA

A. Procedure

In addition to reviewing oublished data It was necessary to

conduct on— site surveys at TCA and non— TCA airoort s in order to

acquire activity statistics by aircraft category.~ / The data

H obtained through surveys in the control tower cabs was stratified

as it was recorded. The six categories recorded ~-iere single engine

(3 seats or less) ; single engine (more than 3 seats) ; multi—engine

(piston powered); multi—engine (turbo—prop); r~iulti—engIne (turb o—

1’ jet); and helicopter. In addition to the real time survey data a

24 hour data sample was taken from the IPR data strips~ ’/ main-

tained by the TRACON at each TCA location. This information aug—

mented the real—t ime tower counts and provided data on secondary

and overflight operation.

~~/ The Air Traffic Activity statistics do not subdivide the general
— aviation category by flight purpose and the “Census of U.S.

Civil Aircraft” statistics do not show activity statistics by
airport or terminal areas. Consequently , it was decided to
conduct an on—site survey of a sample of TCA and non—TCA air—
ports in order to acquire the necessary data.

“/ TRACOFI personnel prepare an IPR strip for each TCA operation
(arrivals and departures, both primary and secondary as well
as overflights). These strips are retained for 15 days and
constitute a complete record of known activity In the TCA air-
space. Consequently, 2~i hour samples were reviewed and data
as to aircraft make and model was extracted and recorded just
as was done visually from the tower. The IFR strths also
identify the operation as primary , secondary or o-ierflight .

A— i . - -~ 
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• According to the “FAA Air Traffic Activity ” report for

calendar year 1974, (the most recent available) general aviation

aircraf t operat ions at airports with FAA ooerated control towers

in the Western and Northwestern regions accounted for 28.7~ of

the Lbited States total of such operations . There are two flrouo

I TCA’s ( Los Angeles and San Francisco) and two Grouo II TCA’s

(Seattle and Las Vegas) In the Western and Northwestern regions.

Those four airport s along with two non—TCA airports (Phoenix and

San Diego) were selected for the traffi c profile survey. It was

assumed that these airport s would provide a typical pro file of

-
~~~ general aviation activity.

• There are , however , some data anomalies and inconsistencies

to be noted. At a non—TCA airport such as San Diego’s Lindberg

Field the airport control tower has cognizance and control of all

of the traffic in the airport control zone including overf1i~hts.

At the TCA airports and Phoenix Sky Harbor , however, all overflights

• 

- except low approaches were worked by approach control rather than

the to~~r. Very few overflight operations were recorded by the

tower observer at the TCA airports. Phoenix Sky Harbor showed a

number of overflights (low aporoaches) owing to the use of Litch—

field Park (a few miles we st of Phoenix) for airline pilot train-

ing. The data for Phoenix overflights is thus somewhat heavy on

multi—engine piston powered aircraft. At the four TCA airport s

the problem was solved as noted earl ier by going into the TRACON

IFR strips and identifying overflight and satellite operations.

This procedure produced good sized samples to work with for each

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
T ~~~~

-
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of tne TCA airports. Such an approach is not nractical for non—

TCA airnorts Inasmuch as radar service is not r”ovided on a lO!)~
basis for all aircra ft  using the aporoach control airsoace as It

is in a TCA. The result is that the overf l ipht  data collected

for Phoenix Sky Harbor and San Diego Lindberg Fields Is only a

subset of what would have been collected if those airports were

surrounded by TCA ’s. It is our judgment that neither of those

non—TC A samples is a representative subset ; however , the data Is

processed for the sake of comp leteness.

-
~~~ Helicopter operations , other than air carrier, were infrequent

and in most cases difficult  to spot. It seems that helicopters ,

because of their unique flight characteristics, can be handled

rather perfunctorily ——— almost like ground vehicles moving about
on the airport. There would be an occasional heliconter overflight

in some part of the airport control zone which was accorded aircraft—

like treatment; but , for the most part, helicooter onerations were

most conspicuous by their apparent absence. At any rate , the

amount of general aviation helicopter information collected was so

small as to be useless for our purposes.

B. Survey Data Summary

The data collected for 1334 arrival operations and 1693 over—

flight/secondary operations is shown In Tables A— i through A—4 which

follow.

A-3.
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TABLE A—i

ThAFFIC ACTIVITY COUNT SUMMARV (A ~RIVAL.S)
- 

(Tower Observations) !!

SIUGLE ENGINE MULTI—EN~ INE 
_ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _

More
1 — 3 Than Piston Turbo Turbo Total

Airport & Date Place 3 Place 
— 

Englnes Proo Jet Tower 
—

9/10/75
Phoenix 121 20 6 92 9 16 444

~/l1/75
Las Vegas 33 1111 40 17 9 213

9/15/75
Seattle—Tacoma 0 7 9 16

-
‘ 9/17/75

San Francisco 0 26 29 4 13 72.
• 9/19/75

Los Angeles 2 11 11 9 16 119

9/8/75
San Diego 11 19 12 0 2 37

9/23/75
San Diego ~/ 14 48 23 6 3 911

Only arrivals were counted . On the average, arrivals equal

departures. Total airport operations reoorted by FAA towers

usually consist of arrivals plus departures plus overflights

actually controlled by the tower.

Two tower samples were taken at Lindberg Field because of’

unusually bad weather during the first 24 hour period.

- -  
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TABLE A—2

TRAFFIC ACTIVITY COU IT SU~~1ARY ( ARRI VALS )

(TRACON Observations)~”

SINGLE ENG INE MULTI—E N GI~JE 
_ _ _ _ _ _ _ _

T4ore _ _ _ _ _ _ _ _ _ _ _ _ _

1 — 3 Than ‘iston Tu rbo Turbo Total
Airoort & Date Place 3 Plact. ~n~ ines Pron Jet TRA CO~T
9/2/75

- - 
Las Vegas 113 137 115 3 15 2143

9/15/75 b/Seattle—Tacoma — 2 12 5 11 23

9/10/75 b/• Seattle—Tacoma — 3 214 5 32

— 9/11/75
San Francisco 5 18 17 6 7 53
9/12/75
Los Angeles 2 6 18 16 16 58

a_/ The dat a from the TRACON tiles for the fou r TCA airport s tended to
validate and re—enforce our sampling procedure for tower observations.
As noted earlier the IFR strips are coded to indicate primary operations
(arrivals and departures at the primary airport) as well as overflight
and satellite operations. Therefore, at each TCA oriinary airoort
arrival data for one or more additional 211 hour aeriods was recorded.
This dat a, with one exception (Seattle—Tacoma ) was very similar to that
recorded by the tower observers for a 214 hour period. Thus, in
addition to expanding the dat a base for TCA primary alr,orts the TRACON
data also sup~ orted the presumtion that the samples we re typical.

~1eather condit ions at Seattle—Ta coma Airoort were unusually bad,-3ven
for the Northwest , on the day of the tower observation. Two TRJ’~ ON
samples were recorded which show some difference from the tower sar2ole .

A-5 
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TABLE A—3

J TRAFFIC ACTIVITY COUNT SUMMARY (OVERFLIGHTS)

( TO’~1ER OBSERVATIONS)a_’

SINGLE ENGINE MULTI—ENG INE 
_ _ _ _ _ _

- More _ _ _ _ _ _ _ _ _ _ _ _ _

1 — 3 Than Piston Tu rbo Turbo Total
Airport & Date Place 3 Place 

— 
Engines Pron Jet _Tower

9/S/75 -

San Diego 0 11 3 0 0 114

9/23/75
San Diego 111 23 1 0 0 38

9/10/75
Phoenix 7 114 19 0 1 ‘41

- ‘ 9/11/75
Las Vegas 3 9 0 0 1 13

TABLE A—4

TRAFFIC ACTIVITY COUNT SUMMAR Y ( OVERFLIGHTS)

(TRACON Observations)~/

SINGL& ENGINE MULTI—ENGINE 
_ _ _ _ _ _

- 
- More 

______________

1 — 3. Than Piston Turbo Tu rb o Tot al
Airport & Date Place 3 Place 

— 
Engines Prop Jet 

- 
TRACON

9/2/75 -

Las Vegas 2 5 ‘4 0 1 12

9/10/75 -

Seattle—Tacoma 77 232 142 11 19 381

9/15/75 -

Seattle—Tacoma 20 130 38 13 10 211

9/11/75
San Francisco 78 272 139 29 1’4 532

9/12/75
Los Angeles 64 23l1 120 27 6 1151

In retrospect the TRACON IFR strips would scorn to offer the most
economical and complete source of Information for TCA airports .
For non— TCA airport s towe r Counts provIde the best source of
in format ion .

A—6
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APPE N DIX B

REGRESSIO N ANALYSIS

A. Arrivals

The arrival data collected during the survey — described in

Appendix A , when aggregated and plotted by TCA t~.oe , showed as much

profile variation within each TCA type as between TCA tynes. After
1!the data was normalized and displayed as a function of how long

each TCA had been in effect it appeared that a relationship existed

between the percentage of arrival operations in a given aircraft

category and the number of months since the TCA was established .
Accordingly, a simple least squares regression .ias performed on the

normalized arrival data in order to fit a linear curve to the data;
- -

- 
a curve which could then be used as a me an s of calculating the

expected number in eacn category of aircraft at dtscre~e points in

time after a TCA is established. The data used in the regression Is

shown in table B— i.
TABLE B— i

PERCENTAGE OP ARRIVALS BY A IRCRA~~ CATEGORY

SINGLE ENG tHE MULTI—ENGINE _________________
More (s- )1 — 3 Than Piston Turbine Month~~ Since

Airoort Pl ace 3 Place 
- 

En ’thes En~ tnes TCA Established
San Diego 13.7 51.2 26 .7 ~. I 0 (N r  TCA)

Phoeni x 27.3 ~6. 14 20. 7 5.6 0 (No TCA)

Las Vegas 16.3 55.0 18.6 9.6 9
Seattle 7.0 60.6 26.~3 5.6 21

San Francisco 13.0 35.2 36.R 214 .0 33

~~ 

Los Ange les 3.7 15.9 
- 

27.1 53.3 138
0/
— Toe number of aircraft onerations in each cater~ory was exoressedas a percentage of’ the total operations at each airport.

B—i
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The resultant equations are as follows:

Percent Single Engine Aircrart (3 seits or iess)= 19.39 — .3911 (t )

Percent Single Engine Aircraft (more than 3 seats) = 55.9 — . 6 43 ( t )

Percent Muiti—En’ine Aircraft (piston oowered ) = 22 .7 + .l3~ ( t )

Percent Mu lt I—En c ’~ine aircraft (turbine powe red)= 2 + .85i(t~

A Statistically, the linear form Is not a oarticularly good fit,

however , the small sample size makes the value of’ investigating more

complex models question able . Even though the fit Is not especially

good it does capture the major trends , Ic ., the replacement of’ the

smal l single engine aircraft by the larger multi— engin e typ e.

B. Overflight and Secondary Operat ions

The overflight and secondary operations data was then given the

same t reatment as the arrival data. In this case, however the results

do not provide a convincing pattern of change with time . The data

used in this regression is shown in Table B—2.

TABLE B—2

PERCENTAGE OF OVERFLIGHTS BY AIRCRAFT CATEGORY

SINGLE ENGINE MULTI—E NG INE 
________________

More 
~t)1 — 3 Than Piston Turbine Months Since

Airport Place 3 Place — 
Enc~ines En~ines TCA Established

San Diego 26.9 65. 11 7.7 0. 0 0 (No TCA )

-~~~~~ Phoenix 17.1 311.2 146.3 2. 14 0 (No TCA)

Las Vegas 20.0  56.0 16.0 8.0 9

Seattle 16.4 61.2 13.5 8.9 21

~~ San Francisco 111.7 51.1 26.1 8.1 33

Los Angeles 114.2 51.9 26.6 7 , 3  118

r

.4 -

13—2
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The equations result inc~ from this regression are as follo~is:

Percent Single En~ine Aircraft (3 seats or less) — 21.51 — .17~3 ( t )

Percent Single En~ Ine Aircra ft (more than 3 seats) — 52.8 + .02 7(t )

Percen t Nu1tI~Ene~ine Aircraft (oiston no’-,ererl) = 22.2 + .925 (t)

• Percent Multi—Engine Aircraft (turbine powered) 3.117 + .126(t )

Although the linear models do show some change due to the t ime

factor it is not considered significant for reasons which follow.

It was noted in Appendix A that the data samples for the non—TCA

airports were not comparable in size to the samples taken at the
0/TCA airports. It was further argued that the samples obtained at

both non — TCA airports were probably not representative. By normal-

izing the data to percentage s before performing the regression ; we

have given equal weight to all airports regardless of the number of

observations obtained there at. Consequently , we have tenmere d

- ~~ - the regression results by visual ins~ection of the last 1; lines of

Tab le B—2 . Those entries suggest no rational nattern of’ change with

time; hence , the conclusion that the profile of overflight activity

is probably invariant with t ime .

~~ An avera~e of’ 46 observat ions ner non—TCA airnort as onnose I
to 1100 per TCA airport .

I

13—3
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APPENDIX C

TIME SERIES DATA ANALYSIS

A. Historical Data Sources
~ I

Three publications consti tuted the source of’ historical
0/

genera l aviation operational data. These included :
1. Aviation Forecasts, Fiscal Years 1975— 1986

2. Census of U.S. Civil Aircraft

3. FAA Air Traffic Activity— -

In addition , the following FAA data sources were examined :

1. MilItary Air Traffic Forecasts

2. Terminal Area Forecasts

3. AviatIon Statistics Handbook

11. IFR Aircraft Handled at ARTC Centers

1/
In general these data files provide a sat is factory source for our
purpose . It should be noted , however , that prior to 1972 aIr taxi
operations were included with general aviation it inerant onerations.
Also , there is some t ime lag in the preDaration and distribution

F or the report s, hence no dat a for calendar year 1975 is yet
availab le. Because of the fact that air taxi ooeratioris were not
always shown separately , it is necessary to show our time series
comparison of airport operations as the aggregate of’ general
aviation plus air tax i rather than as general aviation alone .
Likewise for instrument operations , the time serie s comparisons
are for the aggregate quantity of’ general aviation plus air taxi.

•0/
— Data In this series Is derived from owner supplied answers to the

annual Aircraft Registration Eligibility, Identificat ion, and
Activity Report. The current reporting sys:e-n has only been in
effect since 1970; hence, earlier data is not directly comparable.

eel These statistics (for both airport and instrument operations) are
compiled and published each six months as FAA Air Traffic Activity
statistics. These publications are the source of data for the
time series comparison s developed In this Appendix .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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However, these four publications did not appear to contain any
-

~~ additional data which would be relevent to the study ; consequently,

were not used.
LI

B. Data for Airport Operations
*0/

Table C—l below presents the data used as the baseline trend

for general aviation operations at all FAA towered airports.

TABLE C— i

GENERAL AVIATION AIRPORT OPERATIONS

(All FAA Towered Airports)

____________________________ 1970 — 1971 1972 1973 1974
a/

Total General Aviation 141384006 1101100593 38171922 11l3~30142 43123407
b/

Total Air TaxI 2042068 2227 9 145 2582218
- - - C,

Number FAA Towers 331 343 3148 362 3911

Average General Aviation 125027 117786 109639 1111262 109450

Average Air Taxi 5868 61514 65511

The sum of local plus itinerant operations by calendar year.

By calendar year. Prior to 1972 air taxI onerations were
counted as general aviation .

I , C, -
— By fiscal year.

— Because the first TCA was established in 1973 and because the
current reporting basis for the Census of U.S. Civil Aircraft was
established in 1970 it was decided to limit tne study data base to
the 1970 through 19714 time period.
Extracted f rom Table 4, FAA Air Tra f f i c  Activity reports , ca1~ndar
years 1970 through 19711.

C—2
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Table C—2 shows similar data for each airport In the study sample.

) TABLE C—2

GENERAL AVIATIO N AIRPOR T OPERATIO N S

(By Tower)

______________________________ 1970 197 1 1972 1973 19714

Los Angeles -

General Aviation 119941 111832 56055 58096 56 1167
b/

Air Taxi 50284 50787 57711

San Francisco
a!

General Aviation 714121 74496 1195514 42234 112271
b/

Air TaxI 12371 11714 18100

• Seattle—Tacom a

General Aviation 115095 39089 23660 21376 21492

Air Taxi 17028 19368 31654

Las Vegas
- a/

General Aviation 119336 100579 94101 115851 1520414
b/

Air Taxi 41435 2714 9 16741

San Diego -

a/
General Aviation 125713 115914 105908 102082 104144 9

b/
Air Taxi 6837 7292 8829

Phoenix Sky Harbor
a!

General AviatIon 258193 265810 274156 259136 312632
b/ -

Air Taxi 66 1411 7742 9010

a!
— The sum of local plus itinerant operations by calendar year . -

b/
By calendar year. Prior to 1972 air taxi  oDerations were
counted as genera l aviation.

C-3
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C. Analysis of Airport Operations

The method of ana lys is consists of’ a comparison o” the trend In

operations at eac h of the sample airport s to the baseline trend which

Is the average for all FAA towered airports. Figures C—i through C—13,

following , facilitate that comparison.

Figu re c—i shows the base line trend for all FAA towered airports.
Data for that figure was taken from FAA activity reports for calendar

years 1970 through 1974 and normalized to a per towe r basis. This - -

normalization was considered necessary in view of the increase in - -

0/
number of FAA towers over that time span. Figure C—i suggests that

the sum of general aviation plus air taxi operations at towered air—

ports has been relatively constant over the five year period.

Figures C—2 through C—4 show the equivalent trends for each of

the airports under discussion. An analysis of’ those figures follows

below. -

At group I airports (Figure C—2) the trend lines do not exactly

match the baseline trend shown in Figure C—i but if the increased air -

taxi activity (above the national average) at the (~roup I airoorts

is factored out the results become quite similar. Certainly there is

no sharp change in the number of operations at each airport coincident

with the establishment of’ the TCA. The mos t that could be said is

that a small drop in operations occured followed by a recovery to a

level that is consistent with the national trend .

LISee Tab le C— i

-
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FIGURE C-i

TOTAL GENERAL AVIATION AIR PORT OPERATIONS
(PER TOWER AVERAGE)
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At Group II airports the trends appear to be somewhat different

for calendar year 19714. In both cases (Figure C—3 ) there is a rather

sharp increase in operations which appears to represent a significant

departure from the nat ional average . At Seattle—Tac oma , howe ver ,

the Increase can b~ attributed to increased air taxi activity;

there fore , it is concluded that the introduction of’ the TCA dirt not

cause any significant change in the level of’ general aviation operations.

At Las Vegas the Increase is mostly in general aviation , however , the

data for Las Vegas may be inconclusive inasmuch as the TCA ~ias not

established until late 19714.

At the non—TCA airports (Figure C— 14) the results are again mixed.

The year—to— ye ar trend at San Diego ’s Lindber .g Field almost exact ly

parallels the national trend; however, Pnoenix Sky Harbor is n ticeab ly

different trom that baseline trend. Even so there is nothing ~n the

data for those two airports to identify them as non— TCA airports.

Overall the conclusion must be that the introduction of TCA ’s

around large hub airports has not affected the nurther of’ general

aviation airport operations in any obvious way. General aviation

airport operations appear to have followed annroxlmately the same

year—to—year trend at TCA airports as at rion—TCA airoorts (with FAA

towers).
‘1

C
D. Data for Overflight and Secondary OneratIon~

LI
.

Table C—3 fol1owinc~ contains the data used as the baseline

trend for general av iation in strument  operat ions at all FAA towered
airports. Although the quantities of’ interest are overflights and

~~ Ex tracte d from Table 9,FAA Air Traffic Activity rerc rts, calen dar
years 1970 through 1974.
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secondary operat ions It was not possible to obtain consistent f’ive
year data at that leve l of detail. Prior to 1972 , overflIghts were

included witn primary instrument opera tions and air taxi f l ights

were counted as general aviation operations. In order to get a five

year comparison it was, therefore, necessary to work at the next

higher level of aggregation , Ic., total instrument ot erations.

TABLE C—3

GENERAL AVIATION INSTRUMENT OPERATIONS

(All FAA Towered Airports)

___________________________ 1970 1971 1972 1973 l97~l
a/ -

Total General Avia tion 14297776 51714088 5986107 86211596 9928979
b/

Total Air Taxi — 986687 1289311 1674261

Number FAA Towers — 331 3113 348 362 3914

Average General Aviation 12984 15085 17201 ~3825 25201

Average Air Taxi 2835 3562 11250

The sum of primary plus secondary operations for’ calendar
years 1970 and 1971. The sum of’ overflights, primary and
secondary operations for calendar years 1972, 1973 and 19711.

C
b/
— By calendar year as above except that prior to 1972 aIr taxi

ooerations were inc luded In the general aviation category.
C

C,
— By fiscal year.
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-~ Table C—4 shows similar data for each individual alr’oort In

-~~ the study sa.itple .

TABLE C— il

GENERAL AVIATION INSTRUMENT CPERATIONS 
-

(By Tower)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

1970 1 1971 1972- 1973 l97’I

- 
- Los An~ele s a/

-~~ General Av iation 82051 99128 113597 125875 128011
b/

-: Air Taxi 51896 52 14 116 607 148

San Francisco 
-

a! -

General Aviation 17372 - 20065 121469 1422314 115560
bI

Air Taxi 3367 117111 18100

Seattle—Tacoma
a! -

- -
- General Aviation • 40834 ‘421430 141895 76767 9737 4

b/
- Air Taxi - 111119 19225 37815

C .  Las Vegas
• a!

General Aviation 8776 9672 10969 1116814 33689
b/

Air Taxi - 569 946 14500

San Diego
a/ -

General Aviation 19363 ‘ 21962 19972 25904 280119
b/ ‘

Air Taxi 
- 

2502 3355 115116

Phoeni x Sky Harbor 
- 

- I

a! -

Gener al Aviation 15368 - 18026 196149 2~ 14QO 17321
t b,’
~

‘- ; - Air Taxi 4 927 182 251

a!
The sum of primary plus secondary operations for calendar years

- 1970 and 1971. The sum of overflights , ~rimary an-i secondaryoperations for calendar years 1972 ,1973 , and 19714 .
- ,

- — By calendar year as above except that prior to 1972 air taxi
operations were included in the general aviation category.
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- FIGURE C5
- TOTAL GENERAL AVIAT ION INSTRUMENT OPERATIONS
-
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E. Analysis at’ Secondary and Overflight Qp-~rations

- 
As noted earlier it is not poSsible to do an “app1es—to—a~rnIes”

comparison of’ overflight and secondary o~er:.tIons excent at an

aggregate leve l———a level tha t also includes instrument o~erations to
and from the primary airport. Thus, in order to analyze overt 1ii~ht

and secondary operations we have resorted to a comparison of total

instrument operations at our sample airports. Pic~ures C—5 through C—B

there fore show a total consisting of overflights, primary operations

and secondary operations for both the general aviation and air taxi

categories. For the years 1972, 1973 and 1974 air taxi operations

are also shown separately (even though included in the totals) so

that the changes therein can be identified.

- Figure C-.5 (which represents the trends in instrument operations

at all airports with FAA towers) indicates a definite growth pattern

in all categories of instrument operations on a ~er tower basis.

This trend Is the baseline for the comparative analyses which follow.

Figure C—6 which presents data for the two non—TCA airports shows

some variance between the two and must be explained. San Diego

(Llndberg Field) shows good agreement with the baseline trend as

would be expected. The trend for Phoenix Sky Harbor also shows

steady growth for the years 1970 through 1973, however, the dat a for

1974 is apparently incomplete. 
- 

The numbers shown are those extracted

from the air activity report for calendar year 19714 and are presented

for the sake of completeness; but, checks with the Phoenix tower

failed to validate the numbers. The complete data format could not
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be duplicated from records still available ~t ~hoentx so no alter—

nat ive 1974 data Is shown for that airoort . Nonet heless, the steady -

r growth in instrument operations prior to 1974 SupoOrt s a conclusion

L that Instrument operations at Phoenix fol1o~z the national trends.

Data for Group II airports (Figure C—i ) shows a marked departure

from the regular growth rate of the base line trend line. In

particular, Seattle—Tacoma shows a more or less typical growth pattern

for 1970 through 1972 wIth rather sharp increases in 1973 and 1974.

These increases coincide with the establishment or a TRSA 1-1 September

1972 and the TCA in January 1974. Las Vegas shows the typical

pattern for 1970 through 1973 with a sharp increase in 1974. The

Las Vegas TCA was established at the end of November 19714 and at first

look the 1974 increase seems excessive for Just one month of TCA

operation. Additional Investigation showed, however, that the count

of primary instrument operations for 1975 is currently running some

10 to 12 times that which existed prior to December 19714. Consequently,

we conclude that the sharp Increase in operations at Las Vegas Is in

fact due to the establishment of the TCA. -

At the Group I airports (Figure C—8) the departures from

p baseline trend are quite marked and also coincident with the introduct—

ion of TCA’s at those airports———ie., September 1971 for Los Angeles

and December 1972 for San Francisco. Prior :o the introduction of

TCA’s the Instrument traffic growth at these airports seems to have

followed the baseline trend. (The low readi g for 1972 at San

i
_ a Francisco does not fit that pattern, nor was an exolanation sought

C—i? 
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therefor.) After the TCA, the growth n instrument operations again

follows the baseline trends.

P. Comparison or Time SerIes Analyses

When the results of the preceeding sections are considered

together some useful conclusions can be obtained. A comparison of

Figures C—l and C—5 shows that during a five year period of essent-

ially level general aviation/air taxi airport operations a growth

of over 100 percent In instrument operations occured at FAA towered

airports. Although the creation of a TCA does not ao~ear to affect

the number of airport operations it does have an irnoact on instrument

operations———ie., primary instrument operations increase to approx-

imately equal airport operations because TCA operations are counted

as IFR flights. This causes an abrupt upward shift in the number of

Instrument operations at the time a TCA is establlshed———the magnitude

of that shift being related to the ratio of VFR to IFR operations

prior to the TCA. (eg., at Las Vegas where most operations were VFR

prior to the TCA , the increase in instrument operations was by a

factor of 10 or more. At Seattle , on the ot. er hand , a high percent-

age of operations prior to the TCA were IFR, thus, the increase at

TCA establishment was a-rather modest 40%.) - ‘ -

In general, our analyses show that at the a~gregate level

instrument operations at TCA airports seem to follow the national

trend both before and after the TCA is established (with the exceotion

of the j ump at TCA start —up ) .  Although data at the detail l~ ve1

(secondary, primary, overflight) is inadequate to support a conclusive 
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analysis thereof, it appears that prior to, or in the absence of a

TCA, growth Is spread between all three cate~orie s of operations.

At TCA ~tart—up there is a Jump in primary operations which seems to

accoun t ror the J ump in total instrument operations. After the TCA

is established primary operations follow th~ pattern of airport

operations, therefore, secondary and ove~tlight operations must

approximate the national trend for all instrument operat ions.

In terms of our study objective s this leads us to the

circumstantial conclusion that secondary and overflight operat ions

are not much affected by the p resence or absence of a TCA.

4 •
I

- 
C—l9

- -
- - 

- - - 
~~~~~~~~~—~~~ -- - -  - --— —-

~~~
-- --

~~~ ——

________  
- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ . ~~~~~~~~~ 



-
~~~~~~~~~~~

-
~--- --,—

~~ 

- APPENDIX D

DIVERS ION CALCULATIONS

The purpose of this section is to quantify the likely reduction

in general aviation activity at the 25 largest air carrier airports

if existing TCA’ s were expanded downward to enclose additional air—

ports now underlying the TCA. The reduction in activity is comouted -

by multiplying the assumed increase in fixed annualized Investments

attributable to TCA Implementation by the weighted average on ce

elasticity of demand for user groups most likely imoacted by the

additional costs of TCA operation. This provided the percentage

reduction in general aviation activity expected at the primary large

hub airports. Conservative estimates have been used throughout;

therefore , the impact on general aviation activity is likely to be

overstated rather than understated. -

General aviation user categories most likely affected by the

increased costs of TCA operation include:

Personal
Instructional

- 
Aerial Applicat ion
Industrial

The above user categories accounted for 514 percent of all general
Vi 1/

aviation hours flown in 1971 — (this distribution Is assumed to

remain constant).

ç The following categories were assumed tc be unaffected by TCA

requirements:

~~ Business
Executive
Air Taxi

1/
General Aviation Cost Irmac t Study, Battelle , DOT, ~AA, June , 1973,
Vol . I, page 12.
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It was ~resumed that the majority of users in these categories were

already equipped for TCA operation and would not suffer additional

cost Impacts.

The weighted ave rage price elasticity of demand for the cost

impacted user groups was computed as shown below :

% Total
Hours Weighted
Flown Fixed—

Fixed—Cost 2/ By User Cost
User Category Elasticity — Category Elasticity

Personal 3.578 .52 1.88

Instructional 0.47~ .32 .16

Aerial Application 2.277 
- - 

- 
- 

- 
- 

.09 .21

Industrial 0.852 .06 .05

Price Elasticity weighted over the 14 grouos 230

The following additional assumptions were also central to this

analysis:

1. Percent of general aviat ion users not equipped for

- - TCA operation 60%

2. Percent increase in annualized investment

attributable to TCA requirements 10%
a

2/
— Op clt , page 25.
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- : Price elasticity may be considered in the following relation-

ship , where the~~~ notation is used to indicate change:

-; Elasticity — % ~~ Activity1 
~~~ 

Cost

Given the elasticity , % ~~cost , and the % of the total oooulation

affected, the change in activity can be determined as follows:

~~ Activity — (ElasticIty)(%~~~Cost)(% Population Impacted)

That is:

% ~ Activity (2.3) (.10) (.60 x .514) 7%

That is, surface TCA’s would reduce the level of general aviation

activity in the terminal areas of the 25 largest hubs by less than
-‘ 10%, Faced with the requirement to equip their aircraft for TCA

operations, however, most owners will elect to buy the necessary

equipment and continue flying. In fact, under the same set of

assumptions used in the analysis above , almost 25% of all genera l
• 

- aviation users operat ing in the large hub terminal areas would ourchase

the required suit of avionics equipment and continue operations. The

calculations leading to this conclusion are shown below:

1. Assumptions:

— 60% of the personal, instructional, aerial application,
‘I and industrial users do not have TCA equipment.

— Essentially all of the business, executive, and air taxi

users are equipped for TCA operation .- 
-

— Large hub general aviation user group distributions conform

with those presented in the Battelle General Aviation

Impact Report (Vol. I, page 12).
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1

— Additional TCA equipment would increase annualized

investment in the aircraft by an average of 10%.

.

2. The weighted average price elasticity for TCA impacted

groups is 2.3. - 
-

3. TCA impacted groups account for 15.3/28.6 or 544 % of the

general aviation activity within the terminal area.

14. The percent of general aviation users electing to
1purchase additional equipment is:

i
i (.60) (.54) C 1— (.10 ) (2 . 3)  ] — 25% 
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