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USER TAXES AND ALLOCATIONS OF UNITED :'
STATES AIRPORT AND AIRWAY SYSTEM COSTS

By Paul F. Diencmann* attd Armando M. Lago'_

Tile Unhed States government supports a wlst network ofalr traffic control and
safety for aviation users throughout tile country and across the Pacific and North
Atlantle Oceans. This Airport and Airway System is operated not only through the _:
Federal Aviation Admlnlstration_ but also through a number of other federal
agencies.

In the late 1960s the rapid growth in air traffic was straining tile capachy of the
Airport *qndAinvay System and eadslng serious delays and airspace congestion. To _'
help to remedy thls_ the U.S. Congress passed the Ah-port and Airway Devclopm,:nt

• and Revenue Act of 19701, authorising a long.range programme for expanding ;tad
improving the nation's airports alid airways. Tile Act directed the U.S. Department
of Transportation (DOT) to undertake a cost allocation study whh the followhlg
objectives:

1, To determine the costs of the federal Airport and Ah'ways System.
2. To determine how these costs should he allocated among the various users,

i.e,, air currier, general aviation, and milltal T aviation.
3. To recommend equitable ways for reeoverlng these costs.

In the fall of 1970 DOT ]auncbed the cost allocation study, which was undertaken
by"DOT personnel and supported by contract research persomlel, i

This paper2, based partly on work can'ied out by the authors lbr the Department
of Transportation, summarises the results ofthls inquiry and describes the separable
costs/remainlng benefits method for allocating costs to ,air carrier, general aviation, , :
and. military usersJ Tile paper also provides a direct comparison of tim ;llloeated
costs and user revenues from existing airport and airway charges. Large shortfalls
in tax recovery are revealed_ particularly in tlm general aviation sector_ and the
need for changes in the tax strueiure becomes apparent fi'om the study results.

THE U,S. AIR.PORT AND AIRWAY SYSTEM

Many federal programmes were examined as part of the cost allocation study. This
paper focuses on five key programmes: those of the Federal Aviation Administration

• *Directorof WeaponS_t©nuCostAnat_isj Of/iceof the Secretaryof Del'ense,Wa_hlngton,D,C
tAdJtmet Auoclatc Profes_or_The CatholicUniversityof America•
IFor a descriptionof thislegislation,_eeJeremyJ. Warlord[7l,
2The authorsthalth Dr. David Nlssenand Dr, EdgarRattison,seniorecononthL_of R_ourec

Management Corporation_for their commentsand suggcstlon:.
sThe mtud_,resultswerepublishedby the U,S.DepartmentofTrnnsportation[n [9]and in eighteen

Cost AllocationStody WorkingPapers.
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(FAA), tile DOT-Offlce of tile Secretary teST), Department of Defence (DAD),
Department of State (DOS), and the National Aeronautics and Space Administration
(NASA).4

In sen,ices provkled and in annual expenditures, tile FAA is by far the dominant
component of the Airport and Airway System| it is the core of'the federal aviation
system. Tile Office of the Secretary of DOT supports research programnms relating
to long-range needs for air traffic control in the U.S,: thcse programmes are financed
b_'the Airport and Airway System trust fimd and were included in die cost allocation
study. NASA also funds research programmcs to improve the uhlmatc efficiency,
safety and convenience of all' travel in the national Airport and Airway System.
The study covered only those programmes whlcil dh,ectly increase the safety and
efficiency of FAA filet]ides: all other NASA R & D programmes were exchlded.

Tile Department of Defense o'.l,lls and operates an extensive s:,,stem of air bases
and air traffic control Mast of these arc used solely by miliatry aviation and were not
included in the cost allocation study. But there arc a number of DaD fimifitles which
provide air traffic control services for civil aviation, and these were included.

The last programme included in the study was payments to dm International
Civil Aviation Organisation by the Department of State for joint financing of
to-route communications and meteorological and .alr traffic control services hi the
North Atlantic.

Components of the system
For purposes of analysing the Airport and Air-,wy System costs and making alloca-
tions to the air carrier, general aviation, and military users_ five fimedcmal categories
were defined:

1. ,,lirports--indudlng facilities and equipment not directly related to aircraft
control_ c.g.j landj runways_ t_txiways_and aprons, Since airports are not
generally operated by the federal government, federal participation is
limited to grants for airport development and construction.

2. Terminal Control--fimifitles and equipment needed to assist and control
aircraft terminal operations during takeoffs and landings,

3. En Route Contral--lnelading air traffic control to Instrument Flight Rule
(IFR.) users and navigation asslstanee to all categories of aircraft after
takeoffoperations are completed and prior to hmding.

4. FlightSerdces--awidevarietyofservlcesforbodtVisualFlightRule(VFR.)
and IFR. users, including filing flight plans, weather information, flight
advice, and rescue operations.

5, Support--all FAA facifities_ equipment and programmes that arc not
directly part of the air traffic control mission, bat essential to its continued
operation and further development,

Each of these functional categories was in turn broken down into smaller com-
ponents called "system elements". For example, the fimctional category for FAJ, t

4"l'he_e fiveprogrammeswereincludedin the ]nvt_tigat/ono1"alternativecostallocationmethods,
In the finalcostallocationanalDls,the DOD and NASAprogrammeswereexcludedand costsfor
the.National Oceanic and AtmosphericAdministradonAviation WeatherServiceswere added.
The o_,erallresultswerenotnignifleaml_,differentfromthosereportedin thh paper,
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terminal colltrol was composed of 64 elements, including air traffic control towers, ;!
terminal control radars, communications equipment, instrument landing systems,
etc. After this detailed breakdown of system elements, they were eomblned as
needed into meanlngfnl groupings for a.alyslng and allocating system costs,

THE COST BASE

q'he annual costs of the Airport and Ainvay System comprise the "cost base" to be
allocated to aviation users. The cost base was designed to cover an extended perlnd :;
(1966 to 1975), to smootl|e out any erratic fluctuations in annual funding expendi- iJ
tures and to avoid atypical costs that can arise in any one year. The specific ten-year
period was selected In acldeve a hahutce between historical costs (1966 to 197_)
,and projected costs, including hwestment in new eqolpment (1973 to 1975), All
costs were projected in constant 1971 dollars,

Cont categories
In preparing the cost base esthnates, the costs lhr all functional categories and system
elements were grouped into four cost categories, as follows:

I. Research and Depdopment (R & 1)) Costs--ineludlng all expenditures needed
to bring a new concept or system element to a point where prototype
equipment or pilot fileility is operating or can be tested in the Airport and
Ain_,ay System inventory.

2, Facilities and Equipment (F & E) Costs--the one-time capital expenditures
reqnlred for the procurement and installation of new faeilltles and all new
equipment, F & F, costs include all land costs, engineering, site preparation
and construction, construction Inalerlal_ eleetronle eqnipment, hlst,qllatlon
;rod freight.

3. Relocation andAfodific,ation (R & M) Costs--annual investmehts to renovate
and relocate elements of the system, Ahhough most budgets included these
costs as part of the F & E appropriation, R & M costs were treated as a
separate cost category, in this study.

4. Operations and .Tt_alntcnance(0 & M) Co_ts--annual e.ypeilses needed to
operate and maintain items ill the system, Operations costs hlclude all
personnel (e,g., controllers) wile operate lhe equipment and perform tile

primary function of air traffic control. Maintenance costs include all
maintenance personnel, stoe'ks and stores, and overhead costs needed to
/loop tixe inventory of facilities anti equipment in satisf_.etory ' operating
ennditlon,

Treatment of' capital coats
In preparing tlxe cost base for the Airport and Airway Systcm, capital investment
costs were treated as a series of annual charges (i,e., amortised costs) over a specified
period of time. The copital costs incurred during the base period (1966 to 1975)
were amortised over the eeonomie llfe of the new facilities and equipment; thus these
costs were extended into future years in which users would actually derive benefits
from the investment. Similarly, the remaini'ng values o£ thcilhles and equipment
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procured before the start of tile base period were amortised over tile 1966 to 1975
base period and added to tile costs of current investment. In tlds way, users iil the
1966 to 1975 base period _u'e charged for prior investments.

The concept ofrcmalning value of prlor-year capital btves_ments is related to the
economic theory undcrlylng capital investments. Assuming 0mr tim net capltul
stock at n given thne is a eomposltc of investments made ovcr many years minus
dleir deprceiated values, charges 6)r tile capital services consumed (luring a given
year shouldinclude charges for the invcstmcms of the previous years as well as the
current year. The appropriate charge is the value of the depreciation plus the
equiwdent risk opportunity loss after conskleration of the increased costs which
wnttld have been incurred if the investments bad been dclayed. Thus, it is proper
to apply proportions of remaining vabte, depreciation and interest charges (as
proxies for opportunhy costs) to previous investments in calculatlag tile stream of
base period costs.

System element cost approach
Budget rqmrts were a primary source o feast data for much of the Airport and Airway
System cost base. These data were particularly uscful for the research and develop-
ment programmes and support activities, wbcre costs arc not directly rehued 1oair
Iramc operations. Similarly, FAA budget appropriations for grants-hl-akl for
ahqaorts were used directly in tile cost base for the abbott category.

FIowevcr, Ibr the direct ah' trallic comrol activities--lcrndnal control, en route
control, flight scarlets, and system support--budgct data werc not awdlable at tile
level ofdetall necessary for making meaninglhl cost allocations. For these activities
the cost base was estimated from unit cost data for F & E, O & M, and 1t. & M costs
far all system elements which could be defined in terms ofoperational invcntorlcs._
F & E unit costs wcrc used to pricc out equipment procured, according to a pre-
scribed time-phased programme for new attthorlscd inventory. Total O & M costs
were estimated for each system clement by multiplying the inventory ofopcratiolml
Ihcilhles by its unit costs. Similarly, total R & M costs each year werc computed by
multiplying unit g & M cost ['aetm's and the operational inventory to glvc estimates
ofthe average amount spent cach year to upgrade and modernise each system element.

Summary of cost bane reeults
Table 1 summarises the Airport and Airway System cost base used for allocatiiig
costs, described in the following sections of this paper. The capital costs were amor-
tised at a I0 per cent discount rate.6 The cost base includes the amortised costs of all
capital items_ including the rcmalnlng wdue (in 1965) oflnvestments made in years

sTh=unit costestimatesare describedin detail in the nuthorn'workinDOT AulatfanCostAllocation
StudyW#rg_ngPaper.No.2 [tO],

6The l0 per centdiscountrate is describedaaanestimateof the averagerateof return onprivate
inv_tm_nb beforetaxes and after inllatlon, '.rile l0 percent lqgttrc was calculated by takingthe
averageannual rate of returnon productive or non-financlaleaphal in the U.S. during the post.
WorldWar If perlodjup to 1[Igc.This average rate turnedout to be12per eenhantiwas readjusted
to 10percentby subtractingthe post-warinflation,
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1950 to 1965. Tile cos spresen ed m I abIe 1 summarise the cost base for each agenc)
programme by cost category wltbbt tile five major functional categories. A more :
detailed presentation of the cast base is given in the DOT cost allocation study

, working papers Ill]. :

COST ALI.OCATION METHODS

The design of user tax systems lbr die Airport and Airways System requh'cs ])revinus ;:
allocation of the costs of the joint use raeilitics to the main joint user classes: oh'
carriers, general aviation and military. Allocation of the joint costs entails problems
of cost base valuation, as explained in earlier sections, as well as tlm design of specific
cost allocation rules, wldcb are described, here.

The cost allocation study considered several cost allocation mediods, such ;is
(1) units of use (allocating the costs of individual subsystem_ proportionally to unlts : !
of use weighted by tim manning requirements entailed by each unit of use), (.'2)
btnefits (alloeatlng tile total joint costs of the System in proportion to benefits),
(3) long-runmarginalcosts (allocating tile joint costs of each subsystem in proportion , ,
to the long-run marginal costs imposed by each user), (4) long-am incrementalcosts .'
(a variation orthe marginal costs, in wldeh tim intercepts of the cost functions are
distributed proportionately to units of use), (5) costs of separatefacilities and _rstelns
(allocating the total Systcm co_ts in proportion to the costs of separate systems for : :
each of the users), and (6) separablecosts/retnainbtgbenefls (a co_t allocation technique i_
commonly used in Water l[esources Prqicct analysis and analysed by hath O, Eck-
stein [9] and the Water Resources Green Book ([8"1,pp. 53-a6). This article con- ?
eentrates on the separable costs/remainlng benefits method3

Separable costs/Remaining benefits allocation method
Tim separable costs/remaining benefits methodology (described in detail in [14],

•p, 7-1) distinguishes the following concepts, which are incorporated into the specific "
alloeatlon rules:

1. Separable costs: tlmse costs that would be avoided if tile user class did not
exist, These costs are estimated through stntistleal co_t regressions fi'om
which the avoidable costs due to each user are calculated.

9_, User benefits: reductions to users in the co_ts of congestion and delays,
cancellations and diversions; costs saved from reductions in aceklents; as
well a s increases in consumer surpluses, all brougltt about by Ab:port and
Ainvay System improvements, These benefit eategories are similar to those
developed several years earlier by Gary Fromm [3], [4], anti the reader is
referred there for more elaboration nn these categories.

S. Casts of separatesystems and facilities: costs associated wbb a hypothetical
independent system designed solely to meet tbe needs or a specific user class.

4., ffuslifiable costr: these represent the lower of two values--user benefits and
the costs of separate systems, Inherent in this concept is the efficiency rule,

_Thmc interested in reviewingin more detail tile resultsor the othercost allocation methods
inv_tigated nhould refer to th_ autlmrs work In DOT AviationCostAIIocatlmlStudyWorkingPaper
.,V0.10 [14]
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whlcb rcqulres that benefits from the joint use oF the Airport and Airway
System exceed the costs of separate systems, since otherwise there would be
no rationale for thejoint ttsc faclfitles.

5. Remaining benefits:the residual for each user after its separable (or avoidable)
costs are subtracted from the justifiable costs.

These cost and benefit concepts are then used hi the following specific alloeatlon rules :
]. Allocate the separable costs directly to each user class rcspmLsible for them.
2. Allocate tile remablder of the Airport and Airway System costs (after tile

allocation of the separable costs) in proportion tn tile remaining benefits.
Before we immerse ourselves in tile quantifieatlon of these concepts and allocation

rules_some assessment of the method is in order. Essentially, separable costs/renmin-
ing benefits allocates tile joint costs in accordance wlth e0st savings that accrue from
thejaiat use of faeillfies (the alternative would be complete separation of users). The
more expensive a separate system would be for a user, the larger the portion ofjoblt
costs which will be assigned to him. If the benefits fi'ont join t use are smaller than the
costs of a separate system, tl_e user is not penalised by the system inelBelency, mid
bencfits are then used to d[stribute the joint costs. Titus, if the benefits arc so low
tlmt they barely exceed the separable costs, the. method will not allocate mr,re costs
to tfils user, and the user's benefit/cost ratlos_ even based on allocated costs, will be
favour_ble. In judging this allocation method we must consider both efficiency hi
output and elt]eienc¥ in investment decisions. The consideration ofjustlfiable costs_
by focusing on tile benefits fiomjohlt use and the costs ofsepal'ate systems, ldgldigbts
considerations of emcleney in investment decisTnns. Also, the cools of providing for
separate systems for each user nmy be added and compared whh the total Airport
and Airway System costs to examine tile logic behlnd thejolnt use Systent deslgn.

Output decisions o11tile Airport and Airway System concern tile user's response to
the prices whldl result from Ihe cost allocation. By allocating to each user class its
separable (or avoldable) costs, the separable costs/remalning benefits method eusurcs
that at least the users cover the b_cremental costs of providing the sen,lces--a rule
whicll is said to be violated in the pricing ofraih'oad services in the United States _5].
Focusing on srparable (or avoidable) costs also aids in decisions regarding expansion
of tile system to accommodate other users with different equiinncnt configurations
and system requirements. Since the Airport and Airway System shows declining
Iollg-rUlL average costs in several lmportallt sel-clces, suclt as en rolllgcontrol a]ld

radar terminal approaclt control [14., chapter 4], the federal government decision
to press for full cost recovery has tended to minimise any disruptions in omput
deelslons from the applleation of separable costs/remaining benefits.

The costs allocated according to separable costs/remalning benefits are usually
greater than the marginal costs. In some eases the benefits are used as justifiable
costs, and thus the allocation approximates Baumol-Bradford [1] pricing. Deviations
from marginal cost pricing according to "willingness to pay" are indeed reflected
in benefit concepts incorporating consumer surplus eonslderatlons. When justiflble
costs arc defined in terms of separate systems and faeilifiesj deviations from Baumof
Bradford emeient pricing will indeed occur_ altbougb, amEeksteiri [2] argues, these
distortions are small when contrasted with current pricing practices in United
States transport.
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ALLOCATION OF COSTS BY
SEPARABLE COSTS/REMAINING BENEFITS

Earlier sections have dcscribed the methodology and theoretical underpinnings o fthe
srparablc costs/remaining benefits medmd. This section dcscribes how the cost
alkmadon is carried out.

Estimation of separable costs
The separab]e coats are those so ;ntimate]y associated with tile needs ;rod operadon
of art aviation user class that tile costs would disappear if the user class did not exist.
Tile separable costs bmludt: hodl dlrecdy assignable costs and avoidable costs, The
directly assignable costs include tile costs of non-joint facilities, such as the airport
and terminal systems control costs of smaller general av;atlon airports (i,e. all
airports offier than Trunk and Local air carrier airports). The odmr directly assign-
able costs are Department ofState en route control costs, which include some North
Atlantic facilities maintained to service intermnional air carr;ers.

The avoidable costs comprise those wldch would be avoided in joint use facilities
if the user were not tilt:re, If the Airport and Airway System costs can be represented
by linear cast functions of the activities of each user class, then tile avoidable costs
of each user class are calculated by muhiplylng each user class activity level by its
linear regression coefficient. A difficulty encountered in estimating cost functions
ibr the Airport and Airway System was tile lack of east data by subsystem type.
Hmvcver, uging the unit cost factors by equipment type referred to earlier, we were
able to develop costs for 252 incllvldual trunk and local airports, 26 al rattlecontrol
centres and 80 flight services stations. After costing each of these facilities in constant
1971 dollars, the restdtlng cost dependent variables were estimated as a funetlon
of the activity variables in tile manner shown hi Table 2. These cquatlmls were then
used to compute the 1971 avoidable costs which appear in Table .'LNo enroutecontrol
centres _F & E, IL & IV£,and maintenance costs have been allocated to general avia-
tlon_ which apl)enrs with a negative, albeit insignificant, regression coefficient in
Equation 7 in Table 9.

Entlmatioa of separate costn
Two main approaches were used to estimate the costs of separate facilities and systems
for the three main classes of users, Statistical cost functions based on regression
analysis were used extensively to estimate all separate systems costs_ except for
general aviatlon en route control systemsj which relied on an engineering approach.
Tbe engineering approach to gencral aviation en route control is necessary because
an entirely different system from tile current one would have evolved ifonly general
aviatioa needs had been considered in tile system design.

Tbe statlstieal east li.|nction analysis was shnilar to the one conducted for the
investigation of avoidable costs. Essentially l 1 different regression functions were
estimated for each eategoryofair carrier airports (u'unk and local) and generalavlation
airports (larger-than-general and utility) for a total of 44 terminals and ah'port
cost functinns, The 11 east regressions estimated for each airport type included (1)
land costs of airport systems, (2) paving costs of airport systems, (3) total 1"& E
terminal control costs, (4) total O & M tcrndnal control costs, (5) basic operatinns

8
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TAI_L_;2

JirlJort and Airway System Cost Functions--1971

1971 dollars)

RegressionAnalysisCo,dents of theIndependentVarlablesa

Flight _raltes Air ._tiles
Controlled E_atuation

Activity Intercept Air General Flight byEnRoute Statistlcsb
Equation Leveft or Car_er Aviation Milismy Airtrafl Pilot Plar_ Centre_

2go. De._ndtnt Variables Used Constant Activity Attivity Activity Contsets Brieft Pilled (in Logt) R2 Rz

I hftpor_paving coils Aircraft 5,09(i.641.fig 51.98 11.11 lift.65 0,114 0.45
at trunks and 10colairporls operations (9.11) 03.92) (2.77) (5.18) _.

7,

2 Airport land cv_ at Aircraft 2,061,072.08 27.72 4.64 36.71 O.5fl 0.21
Irunh and Iocnl aftportn operations (4.10) (g.27) (1.29) (2.471

.4

3 Termin_,lcontrolF & E ©o_ls Aircraft 913,057.77 15.56 1.56 14.97 0.86 0.62
at tr.mk and local airports operations (7.97) (20.37) (I .90) (4.15)

•I-. Termlnal control opcratlons Aircraft 125,I01,0_ 4.25 0.9.*, 2.72 0.87 0.71
r_sUat trunk and loom operations (4.83) (24.47) (5.04) (3.53)
alrl_rts

5 Terminal control mainten- Aircraft 75_475.41 2.55 0,33 1,_6 0,7il 0,Sfl
ante cos_ at trunkand operatlons (3.57) (1_,70) (2.26) (2.75)
localairportl



tq

6 Termiri_lcontroIR& M Aircraft 2_,519.86 0,57 0@6 0,51 0.82 0,61
costaat trunkand loca] operations (0.45) (]9,90) (1.90) (,l.03)

airport1

7 £, rout#controlcentre: Mfllio_ o£ --0'80 0._3 -0.1_ 0'21 0,49 0'76 0'72 P
F & E cost_in Io@) aircraft (--0.59) (2.3S) (--].22) (_J,27) (3,53) _.

handled

(in Io_)

8 _ tome control centr_ Mil][ons 3.21 0.62 0.15 0,2,} 0,94 0,93
opc,_tlora co_ts (in lo&'l) el'aircraft (21 '57) (5._0) (2,28) (2'83)

: handled

(in Jo_)

9 E, tou_ control centr_ Milliom ] .SG 0.48 -0.0¥ 0.31 0.66 0.60 ._
maintei_aaee tetra (in loS_) ofalrcraft (5.41) (2.02) (-0.22) (2'92)

handled _'
(In 10_)

4r_

10 Flight Jetvicet mtatiom "gypper 1.71 1.51 1.12 0.06 0.67
O &"Mc_ ll/gb_ (5,04) (4'82)([.91) =

servlcea _"

• a Flsures[n pat'eiltheat=denotethet.valuesof the re=poorly#regre-",sloncoeffldel_ts.All the variable=_,reexpressed_nactualvalues,exceptfor the
m, rout#control cost and ah'craft handled variabl_, which are cxprc._cd in miffions and appear in the con filnctions in natural log Forms. The =
air mil_ variable of0n route control centres 10exprc_ed in actual terr_ and ib natural log is u_ed in the _, rord_centre] co_tequation.

b/_z denot_ the multiple correlation coefficient ltround the meart_Rdjusted I'ofdegrce.Jof _recdom. '['lie data b._seinclude| 252trugk _.nd inca] _*
airporM, 19 #n routmcontrol centres, and 00 flight service_ _tations.

¢ General aviation wa_itSstlmcd_lotto contribute to the co,_tso£tbe_e Airporl and Ainvays SystemJ. _'_



Avoidable Costs for Air Carrier, General Aviation and Mililat '
#t _7oit_t-Use Facilities--1971 "_

(millions of 1971 dollars)

TotalAvoidableCasts AnnualhedAt_idablaCosts"

Functio.alGatego_ attd Ragtessiot_ Air General Air Guutal
SystemElement Costs Number Carder Aviation Alilitar/ Carder Aviation Itilitarv

4irport Systems(TR-p LO)b
Pavln8 c_is I 533.7 28fio 3511.0 .54.11 29..5 2,_.3
Land costs 2 2/l,l,11 119,8 102.11 211,5 12,3 ]0,2

Total F & E I, 2 818.3 ,106.7 340.0 83.1 ,t1.11 3,b5
FAA TelTnlnalCotJtra[(TR ÷ LO) o

Total F & E 3 159,l{ ,10.3 39.1 21,7 5.11 11.3 ._
Total O & M 4, 3 119'9 32,11 12.2 fi9,9 32,11 12'2 r,
Total R & M fi 5,11 [ ..5 1,4 .5,0 ] .5 1,4- c:,'a

FAA En Route Control
Total F & _ 7 3711.5 0.0 190.9 31 '2 0.0 21,0
Total O &/el 8, 9 1.1B,3 .,.9..5 fi7.3 148.3 °9.5 67.3
Total R & Mc a 11-1 0.O .5.7 _1.4 11.0 5.7 o

FAA Fli&MSteele#
Total 0 & M I11 2.11 34.11 4,3 2.tl 3,t.8 .1-,3

O

e,
Total Avoidable Cmtsd -- -- -- 371'2 H3.7 131.7

aAirlmr t paving and hind costs were amortised over ,t0 years, terminal control F & E costs were amortised over a I,l-year llfe, and tn routecentres'

costs were amortised over a 23-year life. Discount rat_ of 111per cent annually were used in the amortisatlon. ¢Jb (TR+LO_ denotes faci[ities at trunk and local airports,
¢ Computed as 3 percent of F & E cost,

t "" d Note totals e:ccludeFAA costsand other _,
$llppor t a_[ellCy costs,
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(including tile tower costs mainly), (8) instruments O & M costs, (9) radar approach
control F & E costs, (I0) radar approach control O & M costs, and (11) total R & M
ternfinnl control costs. Tile dis_tggregatlon of terminal costs into basic operations,
instruments, and racial"approach costs follows the attempt to disaggregate costs into
categories w]dch explain the variation of costs among tErminal fimilitles as a function
of activity levels.

Aircraft operation levels affect mostly tile cost of basic operations, while instru-
ments operations affect the instrument costs of terminal control systems_ and radar
approacbes determine the radar approach costs of termlnml Paefltles. The operations
costs basically include the ;tit"tralfie control tower and its associated subsystems. Tile
insn'ument costs include the instrument landblg system and its associated subsystems;
the radar approach control costs covet' the terminal radar control, the airport
surveillance radar, and its kindred systems, Because of the bnposslbillty of repro-
duclng all this work in thls paper, the reader is referred to our analysis in Working
Paper No. I0 for more informatlon,_ The en route control and fight services cost
fimctlons are tile same as shown in Table 2,

Air carr&rseparatesysltlns
The air carriers' separate SystEmswere estimated fi'oin the stafisdeal cost regressions

for each subsystem component at each trunk and local airport, Air carrier laadlngs
at general aviation airports were assumed to be shifted to tile larger air earrler
airports. Tile en route costs were estimated for all the en route facilities (except the
separate TACAN sites wldch serve primarily military users), using tile cost regressions
Equations 7 and 8 fi'om Tahle 2. Furtbermm'e, the en route g & D programme
assigned to air carriers under separate systems was dlmbdshed through the elimina-
tion of the R & D programme for en route centre atttomation, wldcb was assumed
not to be needed any more because of tbe reduced air traffic handled by centres.
Both tbe 30 flight selwicesstations (out of the 393 stations) and. the eight international
flight service stations, wldeh account for over 80 pet" cent of the use of ah' carrier
flight servicES, were included in the design of this separate air carrier system, All the
DO D joint use facilities involving towers, terminal and surveillance radars, were
assumed to be needed by the carriers,

Milita_ separatesystems
Tile costs of separate systems for the military were estlnmted by assuming that all

military' operations would be served by tile rtmway and terminal control systems
at local airports. Therefore, all tile military operations at trunk, local, and other
airports were cOstEd by the cost l'mmtlons for local airport configurations, All the
flight services requirements of military uses were assumed to be provided by die 50
stations and eight international stations which provide tile bulk of them; titus it was
assumed tha t there was 0o military need for the other fllght service stations in the cur-
rent FAA inventory. All the DODjoint use was assumed to be needed by tim military,
Military en routesystem costs included the costs at 27 en routecentres (including those
in Guam and tim Canal Zone), wbkh were calculated fi.om the Equations in Table 2.

ISee [14] Tabl_ ,I-2 and Table_ 5-11 to fi-16, for an examination of these results,

12
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Generalavlatlonsqmrate O,stetns
Obviously, a separate airport and airway system for general aviation would bare

no need of tile 10,000-foot runways and other systems specifications available at
trunk and local airports, For puq_oses ofestimatiug the separate ;drport and terminal
control cosls of general aviation t_sers, it was assnnled that the _l_l'vJcc reqlt[rements

of current general aviation landings at trunk aml local alq)orts would be met by
general aviation airports at dm some sites, while all other general aviation oh'port
users eontlnucd to enjoy their present airport and termlnal configurations. Also
included in this separate system were all the flight service stations.

Separate en route systems for general aviation would entail a design completely
different from the current system: The basic elements and features of the proposed
enroutecontrol system include the tbllowing ground fileilltle.s: (1) about 2,500 "basic"
VOR stations sited on a grid plan suitable for general aviation airway fixing and ' ;
terminal approaches, (2) expanded inventory of 75-MHZ vertical markers in
relation to the increased VOR sites, (3) VHF ground communlcation_, mostly along ,

t the lille of facilltics already developed_ anti (4) ainvay traffic control centres, !

Perhaps there would be some 500 of these, designed along tile line_ nf expanded i
flight service stations.

Table 4 summarises the costs of the proposed general aviation en routesyslcln, ']'hc: ',

TAIILI e.'t

En route Control Costs.for SeparateGeneral ..Iviatloa,S)_leln--1971
(197I dollars)

Unlt Casts(thotaands} Total Cost (thoutandJ)
Postulated

Systenl Elements Im_enloO, _ _ E O & AI R & AI F Cff]': O & 3I R & M

Airwqv Control Centret
New 189 500 `100 10 9t,500 75,600 1,830
F.xparJded FSS IV 3It 100 ,v fiOa 2a 31,I00 24,fl[10 622

Communications
RTRs 60a `10'0 8.0 0'8 2,400 430 `1fl
RCOs 15a 158'0 14,0 3'2 2,370 2[0 48

LRCOs 29'1= I I '7 I "3 0'2 3,'140 382 5!)
Waolgation Aids

"B_slc" VOR 2,500 100 10.0 2.0 250.000 25,000 5,000
Vertical Market 150 12 2"3 0'2 1,000 945 30

Total En Route Control -- -- 385,610 126,807 7,697

a Incrc_c to current FSS syacem,

erhe engineering underpinning o/" die system costed here w;Ls developed by George H. Lhchford,
and appears in Aviatim= Cod A/Iocatlon Study Workblg _#_r .No, 0 [12]. The reader is referred th©re for a
review not on] y of Li¢ch£ord'a workj but also o["the more fling ten _vi_tion studi_ which during the
period 1946-1971 have deP.h with l.ucs rt.iated In the design of a separate genera/aviation en railer
and terminal control syne/n.

13
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centre costs were based on an expanded flight service station fiteility cost with an
average of 20 full-thee persons to handle tile alr traffic control and fiigbt advisory

services. Tiffs is an increase of about six full-time operations ]_ersonnc} over tile
existing FSS filclIhy. The inventory ofcommunlcations facilities (I_.TRs, RCOs, and
LR.COs) was estbnated to increase ill proportion to tile number of centres being
added (i.e., 311 to 500). The costs for these Lmilhles were based on 1971 costs I'nr
FSS communication systems.

Total costs of separate @'stems

The summary of total costs el'separate ]hcllitles ;rod systems calculated by the
procedures presented above appears ill Table 5. Tim costs of the subsystems (basic
operations, instruments and radar approach control costs) are combined into ;i
single total-cost estimate for each user by converting the F & E costs into equivalent
annual costs and spreading these costs over theb" economic life. Tile average econ-

omic llfe values for each functional category are described in "Cable 5. A ]0 per cent
discount rate is used dwoughout tile analysis; tlds is consistent witlx other parts of
the allocation study. These separate systems costs, wblch amount to $2,24.5.1 mgiion

ill 1971, are more than S0 per cent above the anmmllsedjoint use costs of $1,4.78.8

million during tbe same period; this provides evidence of'tim cost savings fi'om die
joint use design.

Estim_ttion ofjustifiable costs and rentalnlng benefits
ffustijqable costs i

In the development ofjustifiable costs, tile costs ofseparate systems are comparecl
with tile level of benefits, and the smaller of the two wdues is defined as justlfiable
costs. Estimates by Jack Faucett A-ssociates and tim authors [13] of benefits of tile
.airport and Ainvay System distinguished two types of benefits from the System:
(I) incremental benefits, defined as improvements ill safety and reductions in !
accidents, congcstion, delays, cancellations and diversions, brought about by Airport

and Airway System cxpendhures since 1960, and (2) consumer sut'phls benefits (or

value of service benefits) brought about by these expenditures; tile latter, in tile i
absence of knowledge on demand elastlchles of the user classes_ were assumed to be
proportional to total aviation expenditures incurred by the users, Both estbnates

showed larger benefits than tile costs ofseparate systems, i
Taking air carriers as an example, the incremental benefits of tile carriers as

shown in Table 6 were already greater than their separate costs by 1973; thls suggests i
that if the value of service estimates were incorporated into the analysis the total
benefits would outweigh their separate costs. For general aviation, too, the incre-

mental benefits will be hlgher than separate costs by 1974.. Since the incremental
benefits exceed tile cost of separate systems, we conclude that total benefits would
far outweigh these costs, Thus, justifiable costs may be defined as the costs of tile
separate systems,

Remaining benefits
Tile estimate o1"remnlning benefits Ibr each system category is tile difference between

justifiable costs (i,e,, sellarate systems costs) and tile avoidable cost for each catego_,

14
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TAIILE5

Separate Syaem Costs for Air Carrier, General Aviation and
hfilitary Users--I971

(millions of 1971 dollars)

dnnuallzed Cool
Cost

_un¢lionalCategory Category Air Geneva/
Canler Aviation Milita O,

Airports Syste#u---operadon_ at trunk and IocM a_rportsa l" & E 453,5 129.5 142.3
Airport Syatnw-_pcratlons at larger than general and
utilityalrports_ F& E 0,0 54,0 fi.0

Fdd TerminalControl at trunk and local alrports_ F & E 60.5 21,1 25,5
R & _'l 13,6 3,g 3.6
O & M 1,13.I 5l "l 36.1

FAA Terndnal Control--operadons at larger-than.general
and utiliw airports b P & E O.g 3.7 0,0

It & M 0,0 1,2 0,0
O & i_,I 0,O 18.2 0.0

FAd Eta l_.out_ Controla F & E I21,3 54,3 94'fi
R & bd 2G.3 7.7 19'8
0 & _I 208,4 128.9 133'4

FzlA Flight Sis'ice# F & E 3'7 27'6 5.0 :_
R & M 1.0 7.2 1.0 J

O & B,I 7,0 1O,l.0 12,6
DOD Tumh*al Control# P & E 7.5 0.0 0.0 _

R & lk'l I,fi 0.0 2'1 _

O & M .17.7 0.0 ,t0.2
DOD F,n l_;outcContrMa F & E 0,7 0.4 0'7 _:

I).&M 0'1 O.I O.l
O & M 0.4 0.3 0.'1

DOS En Route CoMrol b 0 & M I ,ll O.O 0.0

Total Separate System Costs I.090.1 610.9 5.q6.1

# All F & E cosis amortised at I0 per cent cilscotmt rate. Aiq_ort F & F, costs inchtde i)nvhlg lind
land costs amortised over a .10-yearlife. FAA and DOD terminal control F & F,co._tsamortised over
u 14-year llfe. FAA and DOD tn routecontrol F & E costs amortised over a IS.year llfe. and 01ght
service systems F & E cost_ amortised over a 25-year llfe.

b Annualised costs for these directly a.ssJgnahlc facilities areestimated using cost hasv figures for
year 197I. Airport F & E costs for general nvlat[on larger-than-general anti utility airports are _ti-
mated at two timc_ cost baue fi0ures, assnmlng 50 per cent federal government Ihndlng as part or
Grants.!n.Ald.to.Airpor t_.

of users. _oth sets of values have been computed. Table 7 presents the resuhs by
functional category and system element costs. For each calculation, costs have been
converted to an annual basis. Tile costs for separate systems are taken directly from
Table 51 tbe avoidable costs are from Table 3. T e d .ecdy assignab e costs, which

are added to the avoidable costs to compute tbc separable costs, are the DOS en route
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• iq^m_6

Comparison of Separate Systems Costs and Incremental Belledq/s

(millions of 1971 dollars)

1071

Separate Svaem lnerenuntal BentdTts_
UJer Cost

(an atulual basil) 1073 197¢

A_r carrier I _090.1 1,200.0 1,1100.0

General aviation fil0.O 500,0 6110.0

a From llvlatlan East dl/ocatlon Stut!r , If'orhitJg Paler _,_#. 0 [13], Table I,

TAIILI¢ 7

Synopsis of Remahdng Benefit Camputatlons for eJir Carriers, General

Aviation, attd Military Users---Separate Systems Cost Less Separable Cost--

for SeMted Cost Categarks--1971

(millions of 1971 dollars)

Value of l'ropa_tlonal
Rcmalning 1]e:teflts Remalnblg 11cneflts

Sdected Funalanal Category and Air General ACr G_neral
S2stan El¢lnent Costs Categ#rlts Cardtr ..Ivlatlnn AIilita_ Cardtr 3vlatian Miilta O,

Airlmm ( TR + LO)
1. F & 1'_ 370.`1 07"9 107.1] 0.65`1 0,155 0.191

F3A Ttrminal Cotlt_ol ( TR -_LO)

2. F & £ 31].0 15,6 20.2 0,520 0,209 0.271 i
3. R & M 7.ll 2,1 2.2 0.0,15 0.17.1 0.101
.L O & M 7_,2 11]-6 23.0 0.632 0,161 0.207

3. Total 110.0 $6.3 46.3 0.592 0.170 0.229

field En Route Control
6. F & E fO.I 54._1 73,0 0.413 0,2,19 0.330
7. I_. & M 17'9 7,7 14"1 0.'131 0,19._ 0.355

0. O & M 00,1 97.4 60.1 0,269 0,430 0.296 i

9. Total 160'1 159,4 153.0 0.3'19 0.331 0,320

Flight Savlcr _stetns
10. O & M 't'2 69.2 0'3 0.052 0.0,17 0,101 i

I I. FAA Cost Totals 662,5 352.8 316'2 0.498 0.203 0.237

12. DOD Terminnl Control Systems 56.0 0,0 110,1 O,dfl6 0.0110 0.014
13, DOD En tToute Control Systerrts 1,2 0,0 I '2 0,375 0,230 0,075
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controland tbcFAA airportand tcrmlnalcontrolcostsatlarger-than-generaland :
ntility airports, which appear in Yable .5.

The proportional values ofremaining benefits are derived from tile dollar estimates . ._
and are also sbmvn in Table 7, cxcludlng the DOD costs. These values arc the basis _i
for the remaining benefits portion ofthe cost allocation of I.'AA costs. , :

J,

ALLOCATION OF COST BASE ;'!

Costs in the Airport and Ahnvay System cost base arc apportioned to air carrier, : r

genci'al aviation, and military nscrs according to the following rules: -.

FunctionalCategory AllocationRule
AirlJortSystem ' <
Trunkand localcosts Separablecosts/rcmainlngbenefits
All other airports Directly assignable to general aviation '

t Airport R & D Proportional to total remaining benefits of ; '
airports (Table 7, llne I)

IPAA Tertninal Control
Trunk and local (F & E,

_. R & M_ O & M) Separable costs/rcmabdng benefits ;'!
All other airports (F & E, ,.

': R & M, O & M) Directly assignable to general aviation • '
Terminal R. & D costs Proportional to total remaining benefits of

terminal cnntrol (Table 7, line 5)
FA.'I En E.oute Control

Centres(F & E, R & M,
O & M) Sepal'able costs/remaining, benefits .'
Navalds (F & E, R. & M,
O & M) Equally asSlgliCdto all users : ;
En rotiteR. & D Proportional to total remaining benefits oF : :

eu route control (Tablc 7, llne 9)
Flight ServiceSystem

F & E) P,. & M, 1_.& D Proportional to O & M cost allocation
O & M Scparablc costs/remainblg bcnefits

FAA Sn,O_ortCosts
Support to terminal Proportional to total remaining benefits of" . .

terminal control (Table 7, llne 5)
Support to en route Proportional to total remaining benefits of" '

en route control (Table 7, line 9)
Strlctlysupport Proportional to total remaining benefits

(Table 7, llnc I1)
DOD tertninalcontrol costs Proportional to total rcmalnlng bellcfits of

DOD tcrmimds (Table 7,line 18)
DOD ca route controlcosts Proportional to total rcmalnlng benefits of

_OD fn routfsystem (Table 71 line 13)
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N.'ISA termhtal R & D costs Proportional to total remaining benefits of
FAA terminal eontroI (Table 7, llne 5)

NASA en route R & D costs Proportional to total remabdog benefits nf
FAA en routecontrol (Table 7, line 9)

OSTterminal R & D costs Pl'oportlonal to total rema_niag benefits _1'
1,'AA terminal control C.rable 7, lisle 5)

O,_Ten route R & D costs Proportional to tomi remablblg benefits or
FAA eft route control (Table 7, llne 9)

DOS en route casts Dh'ectlyasslgnabletolntermldonal;llrearrlers

Where the alloeath_n involves separable costs/remaining benefits, the calculations
are made as follows:

I. Allocate separable costs directly to users,

2, Clmnpute remaining system costs.
3. Allocate remainder in proportion to remalmi_g benefits.

I Tables 8 through 10 exhibit tile total allocations to the three user groups (air
carrier, general *tvlatlon, and military) for all fimetJonal category/system elemerlt
costs of the Airport and Airway System cost base. The allocations follow the pro-
cedures outlined above,

Development of a cost structure for user tax analysis
The compar]stJa orcost aflocatlon with user tax analysis req.uh'es that costs and user
taxes be contrastcd with a common reference or _malysis structure.

: An analysis [15] of the stnlcture oruser taxes, which isdlsetused next, reveals that
these taxes are incurred by the users as the result of:

I, Operations involving arrlwds and departures fi'om terminal facilities,
2, Hours and distances offlight through the ¢nrouteportion orthe Airport and

Airway System,
3. Owning oh'craft subjected to registration taxes; that is, a charge not related

to their use of the system.
The user taxes p;dd as the result of arrlwds and departures include the per-

passenger internatlonal tax, ,and the taxes on tyres .and tubes, The user taxes paid
as tim result of flying through the en route system inehlde n large j)roportlon or the
fuel tax, the fieket taw and the waybill tax, l'l e correspondence orthe costs ofthe
major Airport and Ainvay System functions to tile user tax analysis structure is
obvious. The costs or the Airport and Airway System directly related to arrivals and
departures include:

Landlngs-OrientedCosts
FAil.alrport cosls
FAA terminal control costs
FAA flight servicescosts assoclzted with p_lot briers and flight plans filed
FAA support costs to termflml control systems
OST terminal control R & D costs
DOD terminal control costs
NASA terminal control R & D costs

Ill
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TABLE 8

Separable CostsIRemaining l_enefits Allocation
Air Carrier Cost

(millions of 1971 dollars)

Year

7"ot,,t ;i
1966 1967 1969 1971 1973 1975

2

l._ndiug-Oti#,tgdCom 269.4 279.5 322.9 3G7.5 .bl�.fi 565.3 3,766.5
FAA Airports

Trunk and Ioeal airports 34.1 36.2 46.2 57.3 62.3 I17.7 635.6
All other airports 0.0 0.0 6.0 0.0 O.0 O.O O.0
R & D 1,6 2'0 2.0 2'2 2'8 3.6 2.L4

FAA Termlnal Control
Truuk and local F & E 22.2 23.3 20.0 33.3 39.6 46.8 332-t
Trunk and local O & M 77.9 88.0 117.7 129.5 152.5 lfl3..l I_279.2
Trunk and local R & M 6.6 8.6 9.3 9.0 104 12.1 98.&
All other airporls F & E 0.0 O.0 0.O 0.0 O.O O.0 O.0
All other airpor_ O & M 0.0 0.O O.0 0.0 0.O 0.O O.0
All other airpom R & M 0.O O.0 O.O O.O O.O O,0 0.0
R&D 11.3 12"1 14.1 16.2 20-t 274t ITH

FAA fl/ghl services 3.4 3.9 4.6 S.l 5.7 6.I .t9.2
FAA support 74.2 76.6 7.b3 65.2 1OS*I 13541 9[2.2
DOD lcrmlnal control 25.9 26.6 26.3 26.8 26.9 26.9 265.5
NASA terminal R & D O.O 0.0 O.O 1.2 2.2 3.3 I 1.6
OST terminal R & D 0.0 0' 1 0.2 0.6 1.2 1.7 6.6

DiJtante.OrlentedCost$ 135-!. 205.3 246.9 281.3 307.0 321'3 2.663"6
FAA E, Toulecontrol

Ccntrn F & E and R & M .lO.6 't2.3 .17.6 66.4 76.0 32"l 606.3
CentrcO & M 68.9 100.8 140.3 144.6 152.6 160.7 1_3fl3.9 ,,
NAVAID F & E, O & M, and R & M 10.7 10.6 [0.6 ll.4 11.7 12"t ll3.O
R & D I 1.7 12.5 14.1 17.8 22.6 26.4 179.2 _.

FAA flight scrvlce_ Jystcms 3.3 3.7 3.5 3.4 3,6 3..I 35.2
FAA support costs 23.1 20.2 26.7 3l .7 33.4 28.8 260.4 :
DOD t_JToutscontrol 5'0 5,0 .1'2 3.8 3,fl 3.6 "tl'2

NASA ¢, mut¢ R & D 0.O O.O O.O 0.0 0.3 0.6 1.4 j
OST ¢n_outag & D O.0 0.0 O.l 0.4 0.7 I .O 3.9
DOScntoutacosts 1.6 2.2 1.6 1.8 2,1 2.1 19.O ,

JCoaus¢.OfientedCost*
FAA str[ctlysupport 26.0 48.8 48.0 46.7 73.9 87-2 595.1

To_'_l. 504.6 533.6 619'8 695.5 flSO.5 973,8 7,045.2
t

PV.I¢C_NT^OKOl'Gtt_Nn TOT^f. 47'2 47'1 47'2 47,0 '16,6 't7,3 47'l ' '
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'l'Ant.E 9

SeparableCosts/Remalnlng BenefitsAllocation
General ,4viatlonCost

(millions of 1971 dollars)

l'tnr

Total

19fi6 1967 1909 1971 1973 1975

Landing-OrlentcdCods 161.0 101.6 219.3 240.5 332.3 900.0 2_500.9
FAA Airports

Trunk alld local airports 17.1 13.1 22.6 29.0 .}1.2 49.6 904.9
All other airport_ 17.9 20.1 24.1 27.0 33.1 53.1 303.2
R & D 0.4 0.5 0.3 0.5 0.7 0.9 5.6

FAA Terminal Control
Trunk and local F & E 5.7 6,2 0.4 19.2 12,0 15.6 101.4
Trunk and local O & M 34.0 37.4 45.0 48.0 53.3 61.7 475.7
Trunk and local R & M 2.3 2.3 2.4 2.5 2.6 3.2 25.9

All other airpor t_ F & E 2.4 2.9 3.3 3.7 4.0 4.3 35.9
All other airports O & M 6.9 9.4 14.7 10.2 22.5 29.3 176.0
All other airports R & M 0.7 0.0 I .O 1.2 1.2 1.4 10.9
R & D 3'4 3.7 4.3 4.9 6.2 0.4 51.8

FAA flight aervlccs 47.9 56.0 69.9 74.9 63.0 99.5 729.9
FAA_upport 22.4 23.2 22.5 25.8 31.6 41.1 275.9
DOD terminal control 0.0 0.0 9.0 9.0 0.0 0.0 0.0
NASA terminal R & D 0.0 0.0 0.0 9.4 0.7 1.0 3.0
OST lerminal R & D 0.0 9.0 9.1 9.2 0.4 0'5 2.9

Di_tance.OdttttedCo$1$ 122.5 126.0 141.3 160.3 103.3 199.2 1,376.0
FAA tn route control

Centre F & E and R & M 5.1 5.9 8.9 19.8 25.4 28.9 164.7
Centre 0 & M 19.7 21,6 27,9 28'0 30,3 49.7 312.4
NAVAID F & E, O & M, and R & M 10.7 10.6 10.8 11.4 11.7 12.4 119.9
R & D II.I 11"9 13"4 10'9 21.'1 25.0 170.9

FAA flight =ervlee_ 90.7 53.6 92.1 50.4 53.0 59.9 517.8

FAA lupport 21,9 19.1 25.3 30,1 31,6 27.0 265.8
DOD en route control 3.3 3,9 2.0 2.5 2.5 2,5 27,2
NASA tn routeR & D O.O O.O 0.0 9.0 0.9 0.5 1.3
OSTenrouteR&D O.0 0.0 9.1 0.4 0.7 1.0 3.8
DOS en route co_ts O.O 0.9 0.0 0.O 9.0 0.0 0.0

)¢'onust.Orlented Costs

F,_. atricfly support 26.6 26.0 25.5 24.0 39.9 46.4 310.5

"ror_.t. 3II.0 333.5 385.9 431.5 525.1 695.4 4,393.4

Plmca:.N'r^o_ or GlaND To'r^L 29'0 29'4 29'0 29.2 29.6 29.4 23'3
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TADLI_ 10

Separalde C, sls/Retnalning Beu_.fils :lllocalion
Military Cost

(millions af 1971 dollars)

2"car

Total

1/166 19fi7 1969 1/171 1973 1/17/1

LaMing.OrbnltdCoJIJ 103./1 111"7 129.3 147,3 1/1/1,/1 221'4 1_510,1
FAA Airport_

Trunk and local airports 1.t,2 1/1,9 I/1.U 24.0 34.2 44.fi 257.11
All other airports 5.5 0./1 /1.0 /1./1 /1./1 0.0 0.0
R & D 0./1 0.5 0.6 /1./1 fl./1 I.I 7./1

FAA Termitlal Co, trol
Tn,ak and local F & E 5.5 6.1 /1.1 11.3 14'7 15.4 112.9
Trunk and local O & M 14.fl 15.1 27.9 31.7 39.3 49.4 ._12.0
Trunk and local R & bI 2.2 /1.2 2..r 2.4 2.3 3,2 2/1.4

All other airports F & _ 0.0 /1.0 0.3 /1.0 ft.0 /1,0 0,fl! All other airports O & b.( /1.0 O.0 0.3 5.3 O.0 0.5 0.O

All other alrports R & hi 0.0 0.9 0.3 /1.5 5./1 0.0 0.0K & 13 4.4 .1.5 5.5 6.3 7.3 I/1.8 50./1
FAA flight servlces 5.0 5.fl 01.4 9./1 10.2 10.9 /17.4
FAA support 20,7 2/1.7 201,7 33.3 40,7 /12.5 353,fl
DOD terminal coatrol 27,4- 27,5 27./1 21].3 2/1,5 /13,5 2/10./1
NASA terminal R & D 0.0 0.0 0.3 0.3 0.9 1.2 4.5 :
O/IT terminal R & D fl./1 /1.0 01.1 /1.2 0.5 0.7 2.5

J

Dhtante.Oti¢tlt#dCoJts 127.4 131.4- 15/1,7 1/12.1 2013,7 217.:, 1,735.6
FAA cn poutscontrol

Centre F & E arid It & M 2/1,/1 /101,9 34.2 49.5 57.3 /12.2 .Hfl.O i
Centre O & M 4-}./1 .1/1.,t 013.7 65,/1 72.3 80.9 6.t4./1 _:
NAVAID F & E, O & M, and R & hi 1/1.7 101.6 I/1./1 Il-t 11.7 12.4 113.0
R & D 10.7 11.5 12.9 15.3 20.7 24.2 J64.2

FAA/1i/1ht services 6.1 6.5 6.3 5.1 6.4 5.I 62.5
FAA support 21"2 10.5 24'5 29.1 30.6 25'4 257.1
DOD *n r_ut¢control 3 .O 5 ,fl 4,2 3./1 3./1 3.1] 41.2
NASA en rout#It. & D /1./1 01.0 /1./1 /1.0 0.3 /1.5 1.3
OST in routeR & D 5,0 0,fl /1'1 /1.3 0.6 /1./1 9.5 i
D001 on route CO,_L_ /1'0 fl.5 5.0 0./1 0.S /1.9 fl,O

d_'onuJ¢*OritntsdCoJts
FAA S0ctly Support 23,8 23.2 22.fl 22,2 3/1.2 ,ti.5 2/13.0

To_'^h 254,7 269,3 30/1,fl 351,6 4101,4 .1/10,2 3,523.7

Peltc_tcr^o_ ov GItANO"ror^L 23'0 23'5 23.5 2341 23,5 23'3 23'/1
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The Airport and Airway System costs incurred as the result of ]lours or miles
flown in the system have been grouped into the following category: i

Distance-OrientedCosts
FAA en routecontrol centres and Nawdds

FAA flight service costs associated with aircraft contacts i
FAA support costs to ell routecentres and Nava]ds
OST en route control R. & D costs
DOD en roulecontrol costs
NASA en route control R & D costs
DOS en routecosts

Finally, those strictly FAA support costs which cannot be identified as directly
supporting either terminal control or en route control systems comprise the last
category, labelled "nonuse-orlented". These costs are largely independent o fuse and
include items such as Eight standards, medical programmes, and FAA aircraft.

The correspondence of the cost analysis and user tax payments structures was
designed specifically to contrast not only the absolute amounts of costs and user tax
payments by user groups, but also the structure of these payments. The fleet that
most user taxes are in the dlstance-oriented category accounts for a distance- (or
en route.) oriented user tax system, which finances an Airport and Airway System
whose costs are mahdy landing-orlented. The costs reported in this fitshlon appear
in Tables 8 to 10.

REVENUE-COST COMPARISONS BY USER GLASS

The Airport and Airway Revenue Act of I97010 specified a system o[" user taxes
comprising (1) an 8 per cent domestic air passenger ticket tax, (2) a $3.00 per person
international air passenger enplanement tax, (3) a 5 per cent domestic oh' cargo
waybill taxi (4) a 7¢ per gallon fuel tax on general aviation users, (5) an aircraft
reglstration and weight tax of 825 per aircraft plus 2¢ per pound for non-turblne
powered aircraft and 3.5¢ per pound for turblne-powered craft, and (6) an aircraft
tyre and tube sales tax of 5¢per pound of tube weight.

The airport and airway user taxes have been classified its landings-oriented,
dlstance-oriented, and non-use-oriented, following the same elassifieatlon of costs.
Taxes on tyres and tubes and hlternatlonal passenger enplanement taxes are essenti-
ally Jandlngs-orlented taxes, since they are independent of the use ofen routecontrol
systems. The general aviation fuel tax is essenthdly an en route or dlstance-orlented
user tax, since only 10per cent of the fuel consumption of general aviation aircraft is
consumed in takeoffs and landings. Passenger ticket taxes are also essentially distance-
(or en route-) oriented taxes, since the terminal charge of the CAB ticket formulas
accounts for roughly 95 per cent of the value of the passenger ticket. The reason for
the classification of user tax systems into landings and dlstance-orlented systems is
that, as will be shown later, the Airport and Airway System consists of a landings-
oriented system financed mainly through en route or dlstance-oriented user taxes.

To specify the proportion of landings and distance (en route) charges implicit in

IoSectiorls404I, 4071,40111,'t261,5271,and4491.
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TAIILI_ I9
ProjectedAllocationsof Uxer Tax .LiabilitiesAmong Sub-Sb,stemFadlities of the Airport and Airway Syytem =

Reflecting ServicesObtainedin Eath Phase

(in millions of 1971 dollars)"
1971 1972 1975 1974 1975

_.[at?.* lJislaqce*landing. _'on_t. Di_laqg¢-landing.._eenP_S.Dhtang¢o ]_l_diugoAeonm¢-D_ztanc¢• landing- ./_onp_c.Dielance* l._d_n t. ._o_t_e*
T_oc of U_cr 7"as¢ Orlgn_ed Orisnttd OrieattdOrisnled Oriented OtlmttdOriented Odcnted OrienfedOdenttd Oriented OrienlcdOrietaed Oriented Otirell_l

Air Carrlcrl
Domestic l)amsenger

Ticket Taz 9_2.96 120.06 414.25 191.25 493.0fl 140.72 513.97 164.42 0711.21 103.19
lnterrmllonnl Enpl_,ne-

i . . me_t Tax 911.40 "Ill0 45.90 01 .O0 5[i.70
, :' Registration Fee and

Wct_ht T_ H*O0 I],90 J2.]0 12.90 19.00

.... i WJyb[ll Tax: l"rcIgbt
, _d ._prcss 29.15 9.7.t 94.1.5 10,22 27.20 11.70 50.97 13.92 3.|.45 15.10

'r /I Tyrc_ and T_bcs T_xb 1.09 1.70 1.75 [ .85 1,95
i

• . : .[ T_r^L A_ttPU_Ra,E,_ 409.91 170.60 11.00 430.40 10.t.60 11.60 490.20 206.07 19'10 949.54 230.50 12.90 615.66 257.00 IS.00
t"
0

11 aCncr_tA,.,l,_on_ i

Commuter Waybill Tax 0.40 0.20 0.40 9.24 0.53 0.27 0.07 0'99 0.79 f)..tl
'" l Wholc_ale and Itctall

Aviation F_cl 'Fax 41.05 4.25 45.90 4.50 40.67 4.79 47.39 .I.91 50.20 5.20 ._
Registration Fee _nd 0

We_ht Tax 9.50 7,'10 7.80 0,20 8.90

Tyres and Tubes Taxb 1.60 1.70 1.75 1.93 1.95
Coln_luter P_eIIge[ O

Ticbct Tax 2.61i 3.42 9.07 3.92 9.5(] 4.54 4'05 0.22 4.70 9.OO
'For^=,GUNel_LAvl_,'no_ .t4,13 9.47 9.30 46.05 10.99 7.,10 49.7fi [I.99 7,f10 b2.14 12.3I 9.20 fib._fl 19.bfi 8.90 I_

'l"or^_,Az_t C_nlCnl/,N_Gee_ett_LAv_^TIOn 4.t9.94 Ifl0.07 90.90 485.83 19.1.96 Ifl.00 5.tO.04 217.40 19.90 fiOl.68 242.fl0 21.10 6011.95 270.06 22.70

a Pto,[ections ham 1972 to 1975. c
b D{vldcd equally between General Av_atJoll and Air Carrlen,
,Vo_.,:rlb], p,02,
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TAnLn 11

Charaaedsatlon erA#port and Ainva.y User Tax Systems

S)'stenlOrientationI_tlmates

Landings. Distance. A'on.Uae-
Oriented Gdented Oriented

l]serTox *_yslettt$ Percentage Pemntage Percentage

T_i_ of Vstr _sx
Air Carrier

Domicile Passenger'r}ckct 'fax 24.00 75.94 --
|ntcrnadonal Enplanement Tax 100,00 Deemed

Negligible
]).ca{arras{onFee and We{ght 'fax -- -- 100.0
")¥ayb{llrl'a_,for Freight and Express 33.4 60,6 --
"fyrt_ aud Tubes Tax 100.0 -- --

General A_dation
Wholesale and Retail Aviation FILCl

Tax 9,39 90,61 --
}).cg[stradon Fee anti Weight Tax -- -- 100.0
"Fyresanti Tubes Tax 100.0 _ --
t*t{rTaxi t',_senger Ticket 'lMg 5fi.00 43,91 --

Sourte: [10], p. 00,

the a{q)ort and alr_,ay rises' tax system, rcgrcssiotis were rtnl o[" (|) air passenger
lares ;tad (0) air tax{ commuter ['ares as a function of'distances between Ihe city pah's,
Tim intercepts or constant terms of tile regressions denote the landlngs-orlentcd
c]largcs {mplieit in both air carrier and air taxi far'ON, l_valuated at the average

distances flown by ;tit' carriers and air taxis, the terminal charges relz)rescnted by the
intercepts became 2,1.and 55 per cent of the air carrier and air taxi passenger Eu'es
charged,ll Air fi.eight rates pet' hundr_:dwelght were also estimated as a fimctlon of

intercity mileage for north-south and east-west shlpments, lz With the exception of
westbound shipnlents, tile intercept of the air fi'eight rates regressions was 10 per cent
of the ntres for mean distances flown, and this fimtor was used to impute 90 pet' cent

of waybill freight tax receipts to dlstance-or[entcd taxes, Identical procedures were
used for estimating general aviation fuel consumption as a fimetlon of miles
flown [I5], and as a result 10 per cent or fitel emtsumptlon was imputed as tile
landings-oriented portion of this tax. Tim structure ofalqJort and airway user taxes

appears in Table 11j exhibiting the apportionment of user taxes into tile landings-,

distance-, and non-use-oriented components,
r, • •User tax liabilities for the period 1971-1975, gtven m ]'able I2, show the ah'

carriers contributing as much as 90 per cent of the airport and airway user tox
revenues in fiscal yenr 1971. Front Table 12 we note that, until fiscal year 1971,

ltFo r a review of dm work oFDr. Edgar Battison on these regre'._}nnstnee [15], pp, 50-54.
Jel'he air freight rates regressiml_were. taken from [0], p. Ifi,

24



C,

i
_al;uary 1976 .#OURNAh OF '['aANSpORT ECONOMtC$ AND POLICY i':

(39per cel'_t of the all" carrier taxes were distance-related and 29 per cent ofthelr user
taxes were landlngs-oriented; these figures contrast whh proportions of 52.8 and
40.5 pet' cent respectively lbr tim air carriers' landings- and dlstance-oriented costs.

£hus a" carrier d'sta co- (or en route-) oriented charges are financing laltdlngs- ,
oriented (terminal) costs. The salne is true of general aviation user tax revenues,
70 pet' cent of which are dlstancc-orlcntcd, though distance-oriented costs arc less 'j
than 38 per cent of general aviation costs, A summary of the structure of casts ;rod

user tax revenues for 1971 appears in Table 13. ii
Finally) 1971 comparisons of costs and tax revenues by user class are summarised :,

in Table 13. In 1971, tile air carriers were basically paying 84.5 per cent nF tlmir ,_

allocated costs, even though there WIts ilia itnbalilnce in tile structure oJ'landblgs and t!

distance components of user taxes and. costs. Ill the general aviation class, tlsgr taxes '.
were covering only 14.5 per cent of theh' allocated costs, a deficit aecompallled by ;t ._
substantial imbalance in the relative proportion of hutdlngs to dlstance-oriented user ::
charges. In view of this large general aviation deficlh tile Department of Transporta- .'
tlon has recommended to Congress [9] that charges on general aviation be gradually _"
incrcased_ so that eventually the general aviation costs and user tax revellucs WOtlld _

• Im balanced, i:

Alteanaative user charges and prices i _t

1;seed w'th tilts imbalance in the s ructure of he airport ald airway use1 tax sys era, _,
namely, that an en route.oriented tax system (dominated by the passenger ticket mx
and the general aviation Fuel t_tx} is financing a system whose costs accrue mainly

in terminal contrnl, a drastic change in tile stnmture of tile tax system is in order.

T^0La 13

Sub.System Allocations of User Tax Liabilities and Costs as Percentages
of Total Liabilities and Costs in 1971

Proportiomof Costs and User Taxes
Total

Landings. l)istane_. _'on. Use. Onilliolu_f
Oriented Oriented Oriented 1971 t/altars)

1o /o
Tax Liabilities

Air carrier_ 29,0 69,1 1"9 587.41
General aviation 15.0 70.2 14.9 62.90
Combined users 27.7 I]9,2 3. l 600.3 I

Costs
Air carriers 52.83 '10,45 G,72 699'5
General aviation 57.11 _7.14 5,74 431.6
Combined users 54-10 39.111 6.34 1,127,1

Sonrcl: Tables I1 and 12.
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USER TAXES AND U.S. AIR SYB_FF,M COSTS Paul F. Diencmann and Armando M. I,ago

Landing fees (with congcstlon surcharges depending on local airport conditions)
appear appropriate lbr financing the terminal eonB'ol costs, ahhough flight plaa fees
may also bc used to finance the terminal control systems, l".nroute cm|trol charges--
similar to Euroeontrol--appear appropriate to finance the en route control systems,
although gasoline taxes may also be used in view of their ease in administration.
Final decisions on these user tax systems await continuing studies on these subjects;
but the serious distortions in the structure and the level of the current airport and
airway user tax system should spur immediate action m reshape the system.
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