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EXECUTIVE SUMMARY

This report describes the development of establishment criteria for the
standard Microwave Landing System (MLS) with approach lights. The
criteria were ewpirically derived from a benefit/cost analysis. The key
elements of the criteria are expresced as a function of (a) annual
instrument approaches (AIA's) by user category, (b) non-precision
approach minima on the candidate runway, and (c) the probability of IFR
weather at the alrport. These criteria apply only to runvays that are
being considered for a precision approach aid for the first time.

Benetits of an MLS vary widely -de~ending on the proportionate use of the
MLS runwayv, the distribution of instrument weather at the airport,
aircraft operating .-5ts, average mwber of passengers, and other
factors. The WMLS candidsie renwuys, alrer first being qualified by
regioral cffices va tt: basls .f ectablishment criteria published in
Airway FPlanaing Standard Nuxber Ope {473-1), will then be evaluated by a
benefit/cost z2nalysis at i'AA udrsdquarters. This analysis will use data
furnished by the regions w:il thelr iesponses to the annual Call for
Estimates when the Jdats arc availabie. Otherwise, national averages
developed by the Offi.e (! Avistiwa Zolicy and Pians will be used.

~

It is estimated that thrcogh 1987, the criteria will identify 218 new MLS
candidates. Through 1295 rue vumber of potential candidates is expected
to reach 2324, 1Iu additicn to thece systems, there will be approximately
768 systems in the ILS ‘wrvestocy thet will each be replaced by an MLS im
accordance with guidelines crvelcped i FAA's Microwave Landing System
Transition Plan. Tiis TLS/M.y replacenent policy together with the
application of ML3 c¢ritzriy -ontavued hercin represents 1092 (768 + 324)
or approximately 1100 sworems by 1960,
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1. 1Introduction

Good management of proposed capital investments requires analysis
and comparison of benefits and costs. FAA evaluateg itgs investments
in navigation aids, communication aids, and control towers for the
National Airspace System, by applying standard establishment and
discontinuance "criteria." FAA's criteria are summarized in an FAA
Order, 7031.2B, called "Airway Planning Standard Number One -
Terminal Air Navigation Facilities and Air Traffic Control Services"
(Reference 1). For inexpensive devices, the criteria are simple
traffic activity thresholds: an airport with 50,000 operations per
year qualifies far an ATIS (Automatic Terminal Infarmation Service),
for example. Larger facilities, such as precision landing systems,
have more complicated criteria, which require economic analysis of

benefits and costs.

This report presents the economic analysis of costs and benefits of
the Microwave Landing System (MLS) with a Medium Intensity Approach
Light System with Runway Alignment Indicator Lights (MALSR), and the
criteria for establishment and discontinuance based on this
analysis. Other reports treat economic criteria for other elements
of the National Airspace System. A more general discussion of
benefit-cost analysis may be found in “"Economic Analysis of
Investment and Regulatory Decisions - A Guide" (Reference 2).

A. Kinds of Benefits and Costs

FAA's economic criteria are based on five kinds of benefits and two
kinds of costs. Precision landing systems yield several of these:

o Safety benefits stem from the assumption that most capital
investments will reduce accidents. At airports with precision
landing systems, runway alignment and hard landing accidents are
less frequent. Historical statistics at locations with and
without precision approach capabilities may be used to calculate
differential accident rates as a function of forecast activity
at the airport. These rates are used to predict expected
accidents, fatalities, injurles and property losses.

o Alrcraft operating costs are avoided and passengers' time is
saved when flight paths are shortened. The MLS allows a shorter
approach path than either the ILS, or a non-precision approach.
Like safety, these benefits increase with activity.

o Benefits for avoided flight disruptions are realized when an

investment results in opening the airport to traffic when
weather would otherwise have clcsed it. Benefits are calculated
from the avoided cost of diverting flights to another airport.
Avoided flight disruptions are a key source of landing system
benefits.
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o Productivity benefits result when an investment reduces required
manpower. Precision landing systems, do mot, in themselves, yield
direct productivity benefits (although they may improve on the
maintainability of an older, less reliable system).

o Other benefits can be qualitatively described, but cannot be
quantified.

o Investment costs include the capital expenditure for the device, and
whatever site improvements must be made to accommodate it. Costs are
estimated for a particular site, so that airports with fewer problems
will have lower costs. 1In a discontinuance benefit cost analysis,
one-time costs of discontinuing operation are tallied.

o Operations and maintenance costs are estimated for both labor and
materials costs,

B. "Critical" Values and Operations Forecasts

Standard unit values are assigned to fatalities, injuries, and time to
provide a common basis for comparing costs and benefits. Particular
values for these as well as aircraft repair, replacement, and operating
costs, were recommended by a 1981 report (Reference 3) and are now a part
of Airway Planning Standard Number One., Critical values should be
updated annually, insuring that the criteria reflect differences in the
inflation rates of these values and costs.

Aviation activity projected in FAA's annual Terminal Area Forecasts is
used to estimate most benefits. Benefit and cost values are computed for
each of 15 future years, discounted to present value with the 107 rate
directed by the Office of Management and Budget, and summed to determine
present value of costs and benefits over an expected 15 year life. The
useful life of the investment may be longer than 15 years, but assuming a
15 year life results in a more comservative investment strategy, and
provides better protection against obsolescence due to technological or
policy changes.

C. How Criteria are Applied

The benefit/cost criteria are applied in two phases, with the first phase
being an abbreviated version of the second. The Phase I criteria are
used by the FAA regional offices to initially screen locations for budget
request submissions. Phase II is the complete benefit/cost analysis
described in this report and supported by a computer program managed by
FAA's Office of Aviation Policy and Plans.

Establishment criteria are used to evaluate investments at particular
locations prior to Facilities and Equipment (FSE) budget submissions, or
reprogrammings. Locations are counsidered "candidates" if they meet the
Phase I criteria for three consecutive annual counts., The Phase 11
benefit/cost analysis is used to evaluate candidates before they are
submitted as budget requests. Meeting the economic criteria is usually a




recessary condition foar including a site in the budget. But the number
of quelifying sites is usually larger than overall budget constraints
will allow to be implemented, s0 some sites may not be funded, even if
economically justified. The converse is also true: locations may be
excepted from meeting the economic criteria because of other factors.

For landing systems, one of these exceptions is the landing system's
potential to relocate pilot training activity from a nearby congested hub.

Installations may be discontinued if the benefits fall below annual
operation and maintenance costs, adjusted for any one-time shutdown
costs. This can happen if activity levels drop, or reanalysis of
benefits suggests that investments do not provide the same degree of
benefit as previously believed.

D. Changes from Previous Criteria

This report, and the changes to APS—~1 that will result from it,
represents a revision of FAA report ASP-75-), "Establishment Criteria for
Categ 'y I Instrument Landing Systems" (Reference 4). The change
reflects updating of critical values, and provision for utilizing Bite
specific activity forecasts.

E. Organization of This Report

Phase II benefit/cost criteria and simple Phase I criteria are presented
in Chapter II. Complete details for the cost calculations are given in
Chapter II1, and for the benefit calculations in Chapter IV. The results
of applying these criteria are presented in Chapter V. Chapter VI
discusses development of the simple Phase I criteria. The sensitivity of
the criteria results to several key assunptions and inputs is discussed
in Chapter VII. A manual method for calculating the Phase Il
benefit/cost ratio is presented in Chapter VIII. As a practical matter a
computer program will be used to calculate these ratios.




IL. Precision Landing System Criteria

The criteria developed in this docunent pertain primarily to MIS since
chere are nmo plans w budget fa new 1LS establishments. The MLS
establishment criteria apply to those runways that are new candidates for
a precision landing aid. 1.5 discontinuance criteria have been revised
to reflect more current costs and benefit values and are included in this
repor - as Appendix G.

A, nosot/Crosi Criteria (Phate IT)

The »hase .1 eviceriz sie ¢ comparison of the presernt value of the
guantitarive beneilits 7 apstall ng - precision landing aid, with the
preseni velue of ~he escal lisnrent Josts foar the aid. A useful life of
fifteen vears 1o the starmdard that i3 epplied to navigational aids. The
ratio of life cvele benefits over !ife ¢ycle costs is calculated to
determine whather an airwnt o7 suswway Jialifies as a candidate for a
precisien landing aid. Life cyuia beneflts ana ocosts are derived by
Suseximting future oosts oand Lenefits L0 the preszent at a canpound rate
(10 peroent is uned v Ot Tiredc five, aod sam@ang.  The benefit/cost
criteris are wet when ‘he coti of fore’1ns to vosts is 1.0 or greater.
If this ratio ie lacs rher .0, con-s éxces? xnefits and, technically,
the irvesiment hav £ lied the critiria tesi, However, where benefit/cost
ratios are rot significantly highe., or lower than 1.6, i.e., .Y and 1.1,
these are marginal cases, and additicnal screening involving
oconsiderations other thui ecenomics shoua'd be made. There is a
significant amount of ectimatine that ccours in costybenefit analysis
that make it difficult to always obtain results that can be viewed as
conclvaive. A srvall margin fer errver must e taken inte acoount.

1. Establishment Criteri.
are ~onducted on 2
without long e i o

oA runway «tere cieduled turbojet operations
Zustalned cazis und zre eupected to continue

- lererrorior de oa candidate for MLS. Any
other runway 21 he! sLomeL cwvreadly equioped with an operating
precision approacn gyvsion is validated as a candidate for MLS when
the life cycle benefitr of rhe system equals or exceeds the life
cycie costs.

R &% 1,00

2. Discontinvance Criteria: 2t a ruvay where scheduled turbojet
dierations ore oondvoied the LS shall not be decommissioned. All
other runweys are candidu.es for deconnisrioning of precision landing
equipment when the orerai 103 oad wmaratenance osts of providing the
service cxceed Lho bewo{ins drcived. To uake tnis determipation,
15-yrar discianted O1v ohscs (ol invesimeit costs) are compared with
borefil . sver the seve Lims per:od.

B, Srmmay oi Phaswe I Critaria

Phase i «riteria ate a o=t of yoocraiiwed criteria designed to identify
notent: 3. candidates foo mreolrien tanding system establishment and
discuntinuance. Jnrfe voose o0 benefit/oedst criteria, they are easily
applied aith available Jo o4 opd witowew! the ardt of a camputer. Under
Phase I, a ratio walen on oo- rod frr oeacs aircraft class by dividing

PRI,




tne number of instrumest approaches at the runway for that aircraft class
by the number of instriment approaches which would gualify a runway for a
precision landing system, if it had apprcaches in only that class. The
ratios for all aircraft c¢laswes are summed to obtain the Phase I Ratio
Swn, Chese oaterils wiil aptiy o those runways rot meeting the turbojet
operations ¢iiterlia,

Eastablistinent

Nxmzlly, veianuio oy candidacy reguitee & ratic sum of at least 1.0,
Candidaay s volodane: MLase ). Although the two phases may not
alWays ogroc . rep s ere published in Airway Planning Standard
4 usefu soreening tocl as well as easily
s ol actdvity Levels which qualify
gyctom esrnnzlisrment or discontinuance.

; tne rhase I1 benefit/cost

e Dateute Moy

Wt ra L, g
laca s ons LCr Tuoivi e
L6 the owWe pnsso. e o GRSY ol sl Es
ceitert@ shel o oo e

Dot NLEAT2

Under ®hase @ srives = a0 . o2, L. oo SRt for Gecommissioning of a
M Crowave Sonliic St o w0 e ienireone o approech activity falls
Selow 300 Lf e Ll oo D, o ews Boare 1 ozum of ratio values of
less than C.3C. “r: % - o iovin of o sicrowave landing system must
be Gustifled o0 4 il Sus L -TuGp, Asung witd a review and assessment
of operacionai and snuivoooc ol faciere pertirent 1o the affected
localicy o loceiit oo

To determire whoiher o A.Tii Tt e Shone Toor anrval instrument
approci (LIR) o s

1. Detorming 2he o At NUreE s ToLren oy cuthorized for the
Tave v oair. 200 wsing o oo ante e,

2. Reference <3tio 7ol (vonmal o tee pegiived o omiers of AIA'S on the
randidate sunwn o for <x Y 0 o cewmpy oy the aminimums referenced
in the precedivg =iy

3. Campute tie ombos 7~ rooorioa AW 3 0, Lne candlaate runway for each
veer cateacry @3 o)l lws:

Tt e Lo BB b b L e L ey o,

o MaYell e s s0 o o Mrs -y the percentage of airport
BICEERE wr;. a0 site specific data are
Ay iy %l 1uet o cavay - 25% to second runway.
Py bne thera oan < 4 mens purtoys a site survey of projected
)

A ARWON USads Wi DO T S s

G AL fy oo oM L seems Lontrol Ine. (SCI) model




4. Enter recorded and required AIA's for the candidate runway as
indicated below. The contributions of each category toward meeting
the criteria are summed. A runway with a total ratio of 1.0 or more
meets the AIA criteria.

User Category

. Recorded AIA's = x.xx
Air Carrier Required AIA's

Recorded AIA's = x.xx
Air Taxi Required AIA's

Recorded AIA's = x.xx
General Aviation Reguired AIA's

Recorded AIA's = x,.xx
Military Reguired AIA's

Total Ratio X . XX

Table 2-1
MLS Qualifying (Required) AIA Count for Stated Minimums

User Category 300~-3/4 400-3/4 400-1 500-1 600-1 800-1

Air Carrier

Hub 500 250 200 150 100 50
Non-Hub 900 500 400 300 200 100
Air Taxi 500 475 450 400 350 300
General Aviation 2700 2300 2000 1700 1400 900
Military 1100 1000 9C0 800 650 450
A worksheet is presented in Figure 2-1 to facilitate data requirements v

and computations for Phase I criteria application.




Pigure 2-1

worksheet for Application of MLS
Phase I Criteria

Location ___ Runway
Airport Hub (Yes/No)
IFR Minima: Non Precision MLS

Estimated IFR Use of Candidate Runway (%)
AIA's on Candidate MLS Runway. (Current Year):

IFR Runway AIA's on
AlIA's x Use Factcx (%) - Candidate Rwy

Air Carrier

Air Taxi

General Aviation
Military

Proportion of Criteria Satisfied:

Recorded Qualifying
AIA's < AIA's = Ratio

Air Carrier

Air Taxi

General Aviation
Miljtary

Total P,




I1I. MLS Costs

There are two categories of costs associated with precision approach aids
that are relevant to this analysis:

© Investment costs: the one time costs of facilities and equipment
purchase, and operational start-up.

© Annual costs: operation and maintenance costs

A. Initial Costs

1. Investment Costs

The primary investment costs of establishing a precision landing aiad
include the ground equipment, installation costs and all
non-recurring logistics costs. Standard MLS ground equi'ment
consists of:

1. azimuth antenna and electronics

2. elevation antenna and electronics

3. field monitors

4. remote maintenance monitors

5. remote ocontrol and status panels

6. distance measuring equipment

7. approach lights (Medium Intensity Approach Light System with
Runway Alignment Indicator Lights (MALSR))

Installation ocosts for ground equipment include costs for site
preparation and construction, actual equipment installation and
check~-out, and flight check and certification.

Nonrecurring logistic support costs include costs for providing the
initial spares and support equipment required to stock the pipelines
and all maintenance facilities, for introducing new coded supply
items in the user inventory, for training maintenance personnel to
work on the MIS equipment, for providing the necessary technical
manuals and other documentation, and for transporting the system to
its initial destination. Whenever a location must take action in
order to meet clear-zone requirements, the ocosts involved should be <
counted as a nonrecurring logistics cost.

2. Annual Costs

The annual costs are the recurring logistics support costs or the
costs associated with operating and maintaining the equipment over
its active life. The major contributors to recurring logistics
support costs for MLS are the costs associated with spares and on-
and off-site maintenance.




B.

Other recurring logistic suypport costs include those for operating
ri:e MLS sites and the maintenance support equipment when used,
training additional MLS maintenance personnel as a result of repair
personnel turnover, and keeping the technical documentation current
over the life of the system.

Typical MLS system costs are summarjized in Table 3~-1. Since costs
can vary samewhat from site to site, the criteria have been designed
sc that site specific values may be used for some or all of the costs
listed in Table 3-1.

TABLE 3-1

MICROWAVE LANDING SYSTEM ESTABLISHMENT COSTS
(1981 $000 Doilars)

Cost Item MLS MALSR TOTAL

Investment (000)

Acquisition $462 $ 72 $634

Installation 185 135 320

Non Recurring Logistics _82 — __ 82

$729 $297 $936

Annual O&M $ 40 $ 16 $ 56
Source: Updated Acguisitiorn Paper for MLS (December 18, 1981), APM-410

Fresent Value Costs

As stated earlier precision landing system benefits are compared with
precision landing system costs over a fifteen vear time frame, by
comparing their present values. It is reasonable to assume that
investmert costs all occur at the beginning of the time frame, so
that their present value equals actual costs. Since constant (1981)
dollars are used throughout the analysis, the annual costs will be
the same for each year in the time frame. The present value of a
stream of ccastant values is simply a cumulative discount factor
times the oonstant value. 1In this case the number for 15 years at
the ten percent discount rate {(midyerar discounting) prescribed by
the Office of Managment and BRudget is 7.976.

-




Assuming that

COSTA = Annual Costs
COSTI = Investment Costs

the present value of precision landing system costs, PVg, is given by
Ne = (7.976 x COSTA) + OOSTI

Life-Cycle costs for MLS thus became

DISCOUNTED .
CUMULATIVE 15~-YEAR
_C_Q§T 1TEM COST (000) DISCOUNT FACTOR COSTS !000!
Investment S 936 1.000 $ 936 *
Annual O&M 56 7.976 447 |
TOTAL $1383

' ! ' Ly \ ';‘""a';":[. ' »




IV. vprecision Landing System Benefits

The relevant benefits in this analysis are those benefits that are
expected to derive from having precision landing capability as opposed to
not having it. A precision larding system provides lateral, vertical,
and sometimes distance guidance infarmation (MLS) for landing to those
aircraft equipped with the necessary electronic hardware. Through its
ability to reduce mon-precision approach IFR weather minimums to
precision approach minimums of 200 feet Jdecision-height, 1/2 mile
visibility, it increases the amount of time an airport can expect to stay
open during poor weather periods and thereby increases the potential
number of aircraft that ocald and would us2 the atrport. The lateral,
vertical, and distance guidance infoumation that aircraft equipped with
the proper avion.cs izceive iwmzrovas the level of safety during landing
procedures atove the rafet; level associated wiih non-precision approach
procedures. The microwave landinc system also offers the potential for
shortening tne approach paths thzt aircraft must take when approaching
the runway. 1In addition, the ohility te handle curved approaches could
also help reduce the amount of noise ~ilutior at ecme locations. The
opportunity to realirze the sherte-el and curved approach benefits of MLS
are limited, however, by cvonsideretions such as the willingness and
ability to integrate shortered and curved approach paths into the
terminal area coitrel procedures along vith straight-in and circling
approaches, and the linited numher of sircraft that would be suitably
equipped with the nrecessary navigation carputer equipment.

The benefit categories tha. wili he used ir. developing the establishment
criteria are:

impreved afety
Reduced Flight Disituptions

I1f there is evidence to suvoest that other berefit categories may be
significant at a particular site, reqional offices may furnish additional
infamation to support 23 recommendotion to corsider additional factors in
the review procercs.,

Improved Safety wenefits

Precision landing system safety berefits ere derived in Appendix F.
These benefits are bhascd on ac:ideat statistics conpiled nver the
nine-year period from 197) ¢ 1979,

Safetv benefirs degived in Anendix F are ectimated by canparing the
incidence and resulting costs of non-preciricn apprcach accidents with
precision approach accidents. Thic js deone separately for aircraft
classes. Accident costs are reasured by the frequency and resulting
costs of fatalities, injurfies (rerinus and rinor), oand aircraft damage.
safety benefits of a precision linding s/ustem are the difference between
the expected value of novy jrezicicn and yr-ecis’on approach accipents that
would occir over the L3 vear period subiogoont to MLS implementation at a
site. In thisronner ‘ern Tit Io o0 1-t~d o the basis of the




statistical safety superiority of precision instrument approaches over
non-precision approaches. The calculations were made using standard
variable values adopted for FAA economic and policy analyses. These
variables and their 1981 values are listed in Appendix B, Pig. E~1.

A method for deriving the number of instrument approaches to be used in
estimating safety benefits involves taking actual and projected operation
counts from FAA's Terminal Area Forecasts and applying a model, which is
developed in Appendix C., The model estimates instrument approach counts
based on the total number of annual operations at a runway, weather
probabilities, the percentage of pilots eguipped to make an instrument
approach, and some assumptions about local versus itinerant operations.

The estimation of safety benefits requires:

{1) finding the number of precision instrument approaches (e.g., the
estimated number of instrument approaches, times the user class
equipage rate, times the runway utilization factor for the
runway in qQuestion),

(2) multiplying the result obtained in the previous step above by
the safety benefit unit value, and

(3) discounting by 10 per cent to derive the present value of
benefits.

The reader is reminded that this procedure is followed for each user
category and then summed to arrive at a total safety benefit for the
runway in question.

The safety benefit average or unit values (Step (2) above) by user class
are reproduced here for the convenience of the reader.

Safety Benefit of Precision Approach Capability
User Category Per Precision Approach

Air Carrier

Hub $ 54
Non-Hub 32
Air Taxi 180
General Aviation 35
*Military 132

*Estimate based on General Aviation experience. Insufficient military
data did not permit independent evaluation of military accident history.
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Reduced Flight Disruptions

Each precision instrument approach made when weather limits are between
the nonprecision approach limits and 200-1/2, represents an avoided
flight disruption which is an improvement to the case where only
non-precision landings could be made. Reduced flight disruption benefits
provided by a precision landing aid are the number of precision
instrument approaches made when weather limits are below non-precision
approach minimums by each user class, over the useful life of the aid.

Estimates of unit flignt disruption costs are developed in Appendix B.
The dollar value of reduced flight disruptions are based on:

(1) the calculated number of avoidad flight disruptions, i.e.,
additional precisicn instrument approaches made during each
year of the analysis; and

{2) <he unit value per avoided flight disruption for each user
class

The reduced flight disruption benefit includes: reduced aircraft flight
time; avoided passenger handling expeases; avoided profit loss due to
passenger cancellations ard diversions; and saved passengers' time.

The flight-disruption cost Cstimating equations of Appendix B were
developed by estimating aircruft and passenger delay times and airline
interrupted trip exp2nses tl:at are associated with various types of
flight disruptions and assigning values to these costs. Average flight
efficiency benefits were ohtained by weighuing the costs averted of each
type of disruption-—-delay, d-version, cancellation and overflight--by its

relative frequen:cy of occuarrerce.

The average wvaiue of benefits per zverted flight disruption, by user
class, are listed pelow.

Air Carrier

Hub $5,167
Non-Hub 2,370C
Air Taxi 346
General Aviation 154
Military 428

Air carrier operating ccsts by aircrafe type and the number of passengers
are variables in the averteo flight-disruption benefit estimating
equations develcped in Aprencix B. Where possible, site specific
estimates should be used for these variables, This requires specific
aircraft mix and passenger loading “ata using the methods described in
Appendix E. 1n the absence »f site gpecific estimates, averages
representative of the average passenger loadings and average aircraft
operating cost of the fleet can be used for planning purposes.
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In summary, the combined safety and reduced flight disruption benefits
are measured by calculating the total safety benefit and the total
averted flight disruption benefit and then summing them across all user
classes. Specifically, the total safety benefit of having precision -
approach capability BENEl is the sum of:

1. the benefit derived from reducing the number of fatalities (BRF)

2. the benefit derived fram reducing the number of minor injuries (BMI)
3. the benefit dervied from reducing the number of serious injuries (BSI)

4. the benefit derived from reducing the number of aircraft destroyed
(BFD)

5. the benefit derived from reducing the number of aircraft that are
substantially damaged (BRS)

The total flight disruption ar efficiency benefit is the sum of the
averted flight disruption benefits for each user class. That is,

Total efficiency benefit (BENE2) is the sum of averted flight disruption
benefits for each user class,

Total Benefit (BENET) = BENE 1 + BENE 2.

As stated earlier, a thorough derivation of the safety and efficiency
benefits are found in appendices F and B, respectiwvely.

14




V. Results and Impact of Precision Landing Aid Criteria

This chapter summarizes the impact of the MLS establishment/discontinuance
criteria in terms of the number of runways that ocould be expected to meet
the economic requirements for installatiaon, given the existing aviation
activity foarecasts, the critical values developed in appendix E, and the
other parameters used in the analysis.

Regarding the MLS program, the National Airspace System Plan states that
initial funding for the program is scheduled for FY-83. PFifteen
locations are scheduled to be coitpleted by 1985, 340 additional systems
by 1990 and 895 systems through 2000 for a total of 1250 systems.

Table 5-1 lists fa key base years the number of runways that would meet
the economic establishment criteria and identifies total initial systems
and second systems at airports.

The data in Table 5-1 represent newly established systems only. In
addition to these systems, there will be approximately 768 systems in the
ILS inventory that will each be replxced by an MLS over time.

Systems identified by the MLS establishment ciiteria, cambined with ILS
system replacements, are expected tc reach nearly 1100 (768 + 324 = 1092)
by 1995. This number does no*t include those locations that could
conceivably qualify foar three or more systems. The results are limited
to 1995 due to that being the final year in the terminal area forecasts
(TAF) .

TABLE 5-1 NUMBER OF NEW QUAL.IFYING RUNWAYS

NATURE OF YEAR (UMJLATIVE,MMnSR QUALIF1ED
ESTABLISHMENT 1981 13285 1998 1995
Initial New System 43 71 99 124
2nd New System 165 147 172 200
Total 157 21g 27 324




VI. Development of Phase I Criteria

The precision landing aid criteria, in general, establishes and defines a
relationship between the level of aircraft activity during IFR conditions
and the reduced potential for disrupted flights and landing accidents
(i.e. avoided deaths, injuries, and damaged aircraft). Benefits. of
averted flight disruption and enhanced safety have been estimated in
appendices B and F, respectively.

The number of AIA's needed in order to justify MLS life cycle costs can
be determined for each user class for each non-precision approach
minima. The breakeven activity level at each minimum and for each user
class were found by solving the following equation:
(AX + BY) (NDF) = S$1, 383,000,
where
A = safety benefit per instrument approach
X = instrument approaches
B = averted flight disruption benefit per instrument approach
Y = instrument approaches receiving averted flight disruption benefit
(equal to X multiplied by the fraction of increased runway
utilization (Table D-2)}.

NDF = net discount factor: the normal 10% discount factors adjusted
for growth in aviation activity (Table 6-2).

An illustration should help explain how the equation is applied.

EXAMPILE:

Assume that mon-hub airport XYZ has current minima of 300-3/4.

Reductions to 200~1/2 would increase the runway utilization, on average,
5.7% (See Table D-2).

Also assume that all of the instrument approaches are made by air carrier
aircraft., From Appendix F, the safety benefit per instrument approach at
non-hub airports is $32.

From Appendix B, the averted flight disruption benefit per instrument
approach at non-hub airports is $2356. The net discount factor is 9.017
(from Table 6-2)., Substituting the values in the equation gives

(32X + 2356 (.057 X ))(9.017) = §1,383,000
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Solving for X,

X = 1,383,000 = 918
1507

or approximately 900 annual instrument approaches would be required to
meet the life-cycle-costs of owning and operating an MLS at airport XYZ.

Qualifying annual instrument approaches have been found using this method
for each user class and at each level of current runway non-precision
approach minima utilization. This information is presented in Tables 6-1.

As outlined in Chapter 11, to determine whether an airport meets the
Phase I or annual instrument approach (RIA) criteria:

1. Determine the least approach minimums currently authorized for the
largest aircraft using the candidate runway.

2. Reference table 6-1 to s2lect the qualifying numbers of AIA's on the
candidate runway for each user category.

3., Compute the number of recorded AlA's on the candidate runway for each
user category as follows:

a. Determine the AIA's by an on-site survey, or.

b. Multiply the number of total AIA's by the percentage of airport
AIA's on the candidate runway. (If site specific data are
unavailable, apply 70% to first runway, 25% to second runway.
For third and subsequent runways a site survey of projected IFR
runway usage will be reguaxed), or

, Ce. Calculate AIR':s Ly using tie SCI medel developed in Appendix C.
4. Enter reccorded and required All's for the candidate runway as
: indicated below. The contributions of each category toward meeting

’ the criteria are summed. A runway with a total ratio of 1.0 or more
meets the AIA criteria.

User Category

Recorded AIA's = x.xx
! Air Carrier Rejuired AIA's

Recorded AIA's = x.xx

¢ Air Taxi Required AIA's
'J Recorded AIA's = x.xx
, General Aviation Required AIA's
74 Recorded AIA'S = x.xx
! Military Required AIA's
b
Total Ratio X o XX
17
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Table 6-1
MLS Qualifying AIA Count for Stated Minimums

User Category 300-3/4 400-3/4 400-1 500-1 600-1 800-1

Air Carrier

Huw - 500 250 200 150 100 50
Non-Hub 900 500 400 300 200 100
Air Taxi 550 500 475 400 375 300
General Aviation 2700 2300 2000 1700 1400 900
Military 1100 1000 900 800 650 450




Table 6-2
Discounted Growth Pactors*

IFR Growth Pactors

Discount 1991~-1995
Year Factor AC AT GA
1981 '0.953 1.014 1.160 1.078
1982 0.867 1.036 1.240 1.133
1983 0. 788 1.072 1.360 1.244
19684 0. 716 1.108 1.440 1.322
1985 0.651 1.129 1.600 1.422
1986 0.592 1.151 1.680 1.500
1987 0.538 1.165 1.760 1.578
1988 0.489 1.165 1.920 1.644
1989 0.445 1.180 2.000 1.689
1990 0.404 1.187 2.080 1.756
1991 0.368 1.209 2.160 1.811
1992 0.334 1.223 2.240 1.856
1993 0.304 1.240 2.330 1.921
1994 0.276 1.257 2.420 1.986
1995 0.251 1.274 2.510 2.051

7.976
*Source:

MIL

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000

Net Discount Factors

-~

_For Benefits

AC AT GA
0.966 1,105 1.027
0.898 1.075 0.982
0.845 1.072 0.980
0.793 1.031 0.947
0.735 1.042 0.926
~0.681  0.995 0.888
0.627  0.947 0.849
0.570 0.939 0.804
0.525 0.890 0.752
0.480 0.840 0.709
0.445 0.795 0.666
0.408 0.748 0.620
0.377 0.708 0.584
0.347 0.668 0.548
0.320 _0.630 _0.515
9.017 13.485 11.797

MIL

0.953
0.867
0.768
0.716

0.651

0.592

0.538
0.489
0.445
0.404
0.368
0.334
0.276
0.276

0.251
7.976

"PAA Aviation Forecasts, FY 1981-1992, "Table 16, Sept. 1980 (Years
1993-95 Growth Data Were Extrapolated Fram Prior Years Data)
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VII. Sensitivity Analysis

The criteria developed in this analysis rely significantly on key
assumptions, estimates, and forecasts, The result or impact of the
criteria (i.e., the number of expected qualifiers), is heavily influenced
by the final sets of assumptions, estimates, and forecasts that are used
in the analysis. It is important to have an idea of the extent to which
the analysis results could shift with possible future changes in
parametric values. The approach chosen for this analysis wes to vary
some of the parameter values by given percentages and observe the

resulting impact on the number of potential qualifiers. The number of
possible parameter combinations and value changes is virtually

boundless. Therefore, it was necessary to limit the extent of the test
to those combinations and changes thought to be reasonable possibilities.

The values assigned some parameters are subject to more judgment and L
uncertainty than are others. For example, the MLS equipment r_st
estimates reflect the best available knowledge of equipment ver.dors.
Actual bidding, however, may result in costs somewhat higher or lower
than the current available estimates, Similarly, the aviation activity
forecasters assume, as they should, that there will be no severe shocks
(such as work stoppage or strikes) to the NAS system. But if and when
¢ shocks occur the value of the forecasts diminishes.

$ This reasoning along with the scope of the analysis dictated the
selection of specific parameters used in the test., Table 7~1 summarizes
the results.

! It can be seen from Table 7-1 that the criteria are sensitive to
significant variations in total 15-year discounted costs. In additionm,
! if projected traffic growth disagrees significantly from what actually
takes place, the impact is expected to be significant on the number of
! potential qualifiers. When the parameters that influence the benefi<s
‘ and the 15~year discounted costs are moved in opposite directions (i¢.¢ ,
increase benefits, decrease costs; decrease benefits, increase cosi:) not
surprisingly, the impact is significant. The probability of the
parameters varying by as much as indicated in the two combinations
presented may not be very high, but it useful to see what could result
should drastic events occur. On the other hand, the criteria do not
appear to be extremely sensitive to other parameters included in this
test, such as changes in the number of occupants, and likelihood of
accident occurrence.

f 20

T s e e M "o




MBIE 7-1
Changes in Parameter Values and Results

YEAR AND IMPACT

New MIS Qualifiers 1981 1985 1990 1995
From Basic Analysis 157 218 271 324
Variable 8 Change J+' 74 Q Q Q
Traffic Growth Rate +108 173 240 297 357
-10% 136 189 235 281
15 ¥r Discounted Costs +50% 96 133 166 198
=50% 347 482 599 716
Number of Occupants +25% 164 228 283 338
=25% 141 196 243 <291
Injury/Fatality Costs +508 172 239 297 355
-50% 142 197 245 293
Damaged/Destroyed +25% 159 221 274 328
Aircraft Costs -25% 155 215 268 320
Accident Probabilities +20% 172 239 297 355
=20% 149 207 257 307
15 Yr Discounted Costs +50%
Injury/Fatality Costs ~50% 108 150 186 223
Damaged AC Costs -25%
Occupants -25%
15 ¥r Disocounted Costs -50%
Injury/Fatality Costs +50% 285 396 492 588 ;
Damaged AC Costs +25% !
Occupants +25%

1/Q = Number of new qualifiers after varying the parameter values.
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VIII. A Manual Method for Computing the Phase II Precision
Landing System Establishment Benefit/Cost Ratio

To facilitate understanding of the logic incorporated in the Phase I
screening process this chapter describes in detail a manual method for
computing the benefit/cost ratio. Included are worksheets to show how
field personnel might determine whether a runway is a candidate for MLS
installation. Figure 8-1 provides a format for applying the Phase Il
criteria test that requires very little input data from regional offices,
e.g., IFR minima, IFR use of candidate runway. Figures 8-2 through 8-10
are incorporated to illustrate and describe the step-by-step procedure
for computing Phase II benefit cost ratios. This additional information
is included for the reader who desires a more detailed understanding of
the criteria mechanics.

The example in Figure 8-1 illustrates a one year, i.e., first year,
calculation of benefits. The procedure set forth in Figure 8-1 must be
repeated for each of the fifteen years in the useful life of the
project. The values for each year must be multiplied by the appropriate
discount factor taken from figure 8-9 and then summed to obtain 1S5~-year
discounted benefits. The 15-year discounted benefits are divided by
15-year discounted costs found in Section B of Chapter III, thus giving
the B/C ratio.
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riG. 8-1

Worksheet for Application of Benefit/Cost Analysis

Location Cleveland, Ohio Runway 24R
Airport Burke Lakefront BKL Hub (Yes/No) No
IFR Minima: Nonprecision 500-1 MLS 200 1/2 ;

Increase in candidate runway use with MLS (from Table D-2) (A) 23;23
Estimated IFR use of candidate runway (B) 70%
MLS-equipped IFR aircraft (C): Air Carrier 100%
Air Taxi 100% General Aviation 98%
Military 100%

IFR augmentation factors: (A) x (B) x (C)

Air Carrier ,1575

Air Taxi 21575

General Aviation ,1544

t Military .1575

S Airport IFR AUG AVERTASLE
¥ AVERTABLE FLIGHT DISRUPTIONS: AIAS x FACTOR = FLT. DISR.
F Air Carrier 494 .1575 78
¥ ! Air Taxi 275 +1575 43
‘ General Aviation 1409 .1544 218
i3 Military 20 .1575 3
FLIGHT
COST PER AVERTARLE DISRUPTION
TOTAL FLIGHT DISRUPTION BENEFIT: DISRUPTION x FLT. DISR. = BENEFIT
{ Air Carrier $2370 78 $184860
| Air Taxi 346 43 14878
‘ General Aviation 154 218 33572

1284

Military 428 3




FIG. 8-1 (Continued)

AIA'S TO RECEIVE TOTAL AIR- TOTAL RW
SAFETY BENEFITS: PORT AIA'S x {B) (C) - AIA's
Air Carrier 494 70 1.00 346
Air Taxi 275 .70 1.00 193
General Aviation A 1409 .70 .98 967
Military 20 .70 1.00 14
TOTAL SAFETY BENEFIT TOTAL
TOTAL SAFETY BENEFITS: RW AIA'S x PER APPROACH = SAFETY BENEFIT
Air Carrier 346 $ 32 $11072
Air Taxi 193 180 34740
General Aviation 967 a5 33845
Military 14 132 1848
Total
TOTAL FLT. TOTAL SAFETY TOTAL
TOTAL BENEFITS: DIS. BENE, + BENEFI1TS = BENEFIT
Air Carrier $184860 $11072 $195932
Air Taxi 14878 34740 49618
General Aviation 33572 33845 67417
Military 1284 1848 3132
Total 1st Year Benefits $316,099
o
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DETAILED MANUAL OOMPUTATION OF PHASE II

The manual computation of the Phase II benefit-cost ratio quantifies the
expected life-cycle benefits by discounting future year benefits and
using a site-specific campound traffic growth rate. The computerized
Phase II benefit/cost screening will rely on official agency traffic
forecasts specific to the potential candidate site over fifteen years to
derive the present value of the expected life-cycle benefits.

The analysis time frame for the criteria will normally be the latest year
for which actual operation counts are available followed by 14 years of
forecasts.

The benefits portion of the analysis consists of two principal benefit
categories--safety benefits and averted flight disruption benefits. The
method for calculating each type of benefit is described separately
followed by a description of how to properly obtain the life cycle value
of the benefits and also a description of how to combine the benefits
information with the cost values to derive the benefit/cost ratio.

Enter in Column (A) of worksheet 8 the fifteen years to be covered in the
calculations and begin with Step A below.

Step A. Calculate BRF-Reference Fig. 8-2, Worksheet 1.
3 1. Enter LOCID and year.

2. In column (A) enter the historical landing accident rate per
non-precision instrument approach.

3. In column (B) enter the fraction of fatalities during nonprecision
approach accidents.

‘ 4. In column (C) enter the average number of occupants.
5. Enter the product of columns (A), (B), and (C) in Column (D). The
product is the expected number of fatalities per non-precision
! instrument approach.

' 6. In column (E) enter the historical landing accident rate per
f precision instrument approach.

7. In column (F) enter the fraction of fatalities during precision
approach accidents.

8. In column (G) enter the product of columns (E) (F) and (G). This is
the expected number of fatalities per precision instrument approach.

9. In ocolumn (H) subtract column (G) from column (D). This is the

reduction in the expected number of fatalities per instrument
i approach.
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10.

11.

12.

13.

14.

15.

Enter the expected number of precision instrument approaches in
column (I).

Enter the value of life in column (J).
Multiply columns (H), (I) and (J) and enter in column (K).
This is the benefit of reducing the number of fatalities.

Sum all of the BRF's at the bottom of the page for a total BRF
benefit for year (j).

Enter the value of BRF on Fig. 8-8.

Step B. Calculate BRMI-Ref. Fig. 8-3, Worksheet 2

1.

2.

3.

10.

11.

12.

13.

Enter LOCID and year.

In column (A) enter the historical landing accident rate per
non~precision instrument approach.

In column (B) enter the fraction of minor injuries during
non-precision approach accidents.

In column (C) enter the average number of occupants.
Enter the product of columns (A), (B), and (C) in Column (D). The
product is the expected number of minor injuries per non-precision

instrument approach.

In column (E) enter the historical accident rate per precision
instrument approach.

In column (F) enter the fraction of minor injuries during precision
approach accidents.

In column (G) enter the product of columns (E), (F) and (G). This is
the expected number of minor injuries per precision instrument
approach.

In column (H), subtract column (G) from (D). This the reduction in
the expected number of minor injuries per instrument approach.

Enter the expected number of precision instrument approaches in
column (I).

Enter the value of a minor injury in column (J).

Multiply columns (H) (I) and (J) and enter in column (K).

This is the benefit of reducing the number of minor injuries.




4.

15.

Sum all of the BRMI's at the bottom of the worksheet for a total BRMI
benefit for year (j).

Enter the value of BRMI on Fig. 8-8.

Step C. Calculate BRSI-Reference Fig. 8-4 Worksheet 3

1.

2.

3.

‘.

5.

6.

12.

13.

14.

15.

Enter LOCID and year. -

In column (A) enter the historical landing accident rate per
non-precision instrument approach.

In column (B) enter the fraction of serious injuries during
non-precision approach accidents.

In column (C) enter the average number of occupants.

Entj." the product of columns (A) (B) and (C) in column (D). The
prodict is the expected number of serious injuries per non-precision
instrument approach.

In column (E) enter the historical accident rate per precision
instrument approach.

In column (F) enter the fraction of serious injuries during precision
approach accidents.

In column (G) enter the product of columns (E), (F) and (C). This is
the expected number of serious injuries per precision instrument
approach.

In column (H), subtract column (G) from (D). This is the reduction
in the expected number of serious injuries per instrument approach.

Enter the expected number of precision instrument approaches in
column (I).

Enter the value of a serious injury in column (J).
Multiply columns (H), (I), and (J) and enter in column (K).
This is the benefit of reducing the number of serious injuries.

Sum all of the BRSI's at the bottom of the worksheet for a total BRSI
benefit for year (j).

Enter the value of BRSI on Fig. 8-8.
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Step D. Calculate BRD Reference Pig. 8-5 Worksheet ¢

1.

9.

10.

11.

12.

13.

Enter LOCID and year.

In column (A) enter the historjical landing accident rate per
non-precision instrument approach.

In column (B) enter the probability of destroying an aircraft during
non-precision instrument approach accidents.

In column (C) enter the product of columns (A) and (B). This is the
expected number of destroyed aircraft per non-precision instrument
approach.

In column (D) enter the historical landing accident rate per
precision instrument approach.

In column (E) ericer the probability of destroying an aircraft during
precision inst. ment approach accidents.

In column (F) enter the product of columns (D) and (E). This is the
expected number of destroyed aircraft per precision instrument
approach.

In oolumn (G) subtract column (F) from column (C). This is the
reduction in the expected number of destroyed aircraft per instrument
approach.

Enter the expected number of precision instrument approaches in
column (H).

Entex the cost of replacing an aircraft in column (I).

Multiply columns (G), (H) and (I) and enter in column (J). This is
the benefit of reducing the number of destroyed aircraft.

Sum all of the BRD's at the bottom of the page for a total BFD
benefit far year (j).

Enter the value of BRD on Fig. 8-8.

Step E. Calculate BRS-Reference Fig. 8-6 Worksheet 5

1.

2.

3.

Enter LOCID and year.

In column (A) enter the historical landing accident rate per
non-precision instrument approach.

In column (B) enter the probability of substantially damaging an
aircraft during non-precision instrument approach accidents.




S.

6.

7.

10.

11.

12.

13.

In column (C) enter the product of columns (A) and (B). This is the
expected number of substantially damaged aircraft per non-precision
instrument approach.

In column (D) enter the historical landing accident rate per
precision instrument approach.

In column (E) enter the probability of substantially damaging an
aircratt during precision instrument approach accidents.

In column (F) enter the product of columns (D) and (E). This is the
expected number of substantially damaged aircraft per precision
instrument approach.

In column (G) subtract column (F) from column (C). This is the
reduction in the expected number of substantially damaged aircraft
per instrument approach.

Enter the expected number of precision instrument approaches in
column (H).

Enter the cost of restoring a substantially damaged aircraft in
column (I).

Multiply columns (G), (H) and (I) and enter in column (J). This is
the benefit of reducing the number of substantially damaged aircraft.

Sum all of the BRS's at the bottom of the page for a total BRS
benefit for year (j).

Enter the value of BRS on Fig. 8-8.
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The calculation of averted flight disruption, or efficiency, benefits
involves the valuation of che time saved and expenses avoided when the
presence of a precision landing aid increases the ability of airports to
receive landing aircraft during IFR weather conditions. Monetary
benefits are credited to the additional instrument approaches, made
possible by the presence of the precision aid, that otherwise would not
have been possible.

The step by step procedures for calculating averted flight disruption
benefits for a specific site or runway are described oelow.

1. When possible determine the fleet mix that is expected to utilize the
runway in question. Otherwise, substitute the national fleet
composition that is provided by headquarters.

2. Based on the fleet mix, identify the average number of passengers by
user class. One method for deriving this value is described in the
critical values appendix. (Note: The number of passengers and
occupants are equal for the general aviation and military user
classes.

3. For each user class, using the averted flight disruption cost
equations developed in appendix B, and the appropriate number of
passengers for each user class, compute the value of an averted
flight disruption.

4. For each year (j) and each user class (i) calculate the number of
annual instrument approaches using the model and equations developed
in appendix C.

5. Calculate the additional percentage of time the airport or runway is
expected to be open due to the reduction in minima, i.e., the weather
improvement factor. Employ the methods described in appendix D.

6. Select the appropriate avionics equippage rate for each user class.
The equipment rates have been determined as follows:

Air Carrier - 100%
Air Taxi - 100
General Aviation - 98
Military - 100

7. Apply the appropriate runway utilization factor: 70% if it is the
first precision landing system at the airport, 25% if it is the
second (provided that site-specific factors are unavailable).

Mathematically, the benefits of averted flight disruptions are measured
by the following relationship:

VFD(i) x AIA (i, j) x Wx x EQR (i) x RU = BFD(i)

where
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VFD(i) = the value of an averted flight disruption for the ith
user class (i =1, 2, 3, 4, 5; 1 = air carrier hub, 2 = air

carrier non-hub, 3 = air taxi, 4 = general aviation, 5 =

military.
AIA(i, j) = annual instrument approaches for the ith user class
in the jth year.
Wy = the additional percentage of time the airport would be

open after the minima were lowered, i.e., the weather
improvement factor.
EQR(i) = the avionics equipage rate for the ith US€f class.
RU = the runway utilization factor: 70% if runway
represents the first precision landing aid at the
airport, 25% if it represents the second (when
site-specific values are not available).

the averted flight disruption benefits for the ith

BFD(i,J)
user class in the jth year.

Worksheets are provided to facilitate the manual computation of these
values as well. A copy of the worksheet and instructions for its use are
included below.

Step F. Calculate BFD-Reference Fig. 8-7, Worksheet 6
1. Enter LOCID and year.

2., In column (A) enter the value of an averted flight disruption for
each user class.

3. In column (B) enter the number of annual instrument approaches for
each user class.

4. In column (C) enter the weather improvement factor (the result of
reducing minima to 200 1/2 from existing levels).

5. In column (D) enter the avionics equipage rate for each user class.

6. In column (E) enter the runway utilization factor.

7. In oolumn (F) enter the product of columns (A), (B), (C), (D) and
(E). This is the total flight disruption benefit for a runway in the
reference year for each user class.

8. Sum all the values of column (F) and enter at the bottom of the

page. This is the total flight disruption benefit for the runway in
the reference year.




STEP G - Computation of Total Annual Benefit, Fig. 8-8, Worksheet 7.
1. Sum all of the safety benefit values to obtain Bene 1.

2. Find the total flight disruption (efficiency) benefit on worksheet 6
and enter it on worksheet 7. This is Bene 2.

3. Add Bene 1 to Bene 2 to obtain Bene T, the total benefit for the
reference year.

STEP H - Computation of Present Value of Benefits, Fig. 8-9, Worksheet 8.
1. Enter the BeneT's for each year in column (B).

2. Multiply the values by the corresponding discount factor found in
column (C) and enter the results in column (D).

3. Sum all of the discounted present value benefits of column (D) to
obtain total discounted present value benefits, BENEPV

STEP I - Computation of Present Value of Costs, and Benefit/Cost Ratio,
Fig. 8-10, worksheet 9

1. Enter the value for BENEPV found in STEP H in the blank space
provided on worksheet 9.

2. The ratio BENEPV/COSTPV gives the benefit/cost ratio.
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| FIGURE 8-7
COMPUTATION OF AVERTED FLIGHT DISRUPTION BENEFPIT ~ BFD

Worksheet 6

LOC ID () (B) (c) (D) (E) (F)
Hub (YES/NO) . (A) x (B) x (C) x (D) x (E)
3 Year VFD(1i) AIA(4i,3) Wx EQR(1i) RU = BFD(i)

Air Carrier

1 Hub $5167
] Non Hub $2370
Air Taxi $ 346
{ General Aviation $ 154
! Military $ 428
i
Total
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FIGURE 8-8
COMPUTATION OF TOTAL ANNUAL BENEFIT

WORKSHEET 7

Total Safety Benefit
Benel = BRF + BRMI + BRSI + BRD + BRS

= + + + + =

Total Efficiency Benefit
5
Bene2 = X BFD(i) =
i=1]
Total Benefit

Benel + Bene2 = + = = BENET




FIGRE 6-~9
Computation of Present Value of Benefits - BENEPV
Worksheet 8
" LOCID ___-
3
k (A) (8) © ()
? TOTAL BENEFIT DISCOUNT FACTOR PRESENT VALUE
YEAR BENET ($K) (BASED ON 108) (B) x (C)
1. 0.953
b 2. 0.867
3 3. 0.788
4. 0.716
5. 0.651
6. 0.592
7. 0.538
8. 0.489
9. 0.445 |
10. 0.404 |
1. 0.368 ,
12. 0.334 ;
13. 0.304 ‘
14. 0.276
1s. 0.251
TOTAL BENEPV =
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FIGURE 8-10
Camputation of Present Value of Costs and Benefit/Cost Ratio
Wor ksheet 9

LOCID

MLS Establishment

COSTPV = (7.976 x COSTA) + COSTI
2 COSTPV = (7.976 x 56,000) + $936,000
COSTPV = (446,656 + 936,000 = $1,382,656

COSTPV = ($1383 Thousands of Dollars)

Benefit/Cost Ratio

BENEPV/COSTPV = $ /$1383
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Appendix A Page A-1

Appendix A

Previous Precision Landing System Establishment Criteria

The Instrument Landing System (ILS) Criteria published in 1975 replaced
the old set of ILS criteria that set a requirement for minimum airport
activity levels as the justification for the installation of the ILS,
The 1975 criteria incorporated airport activity into a methodology for
computing economic benefits and ultimately benefit/cost comparison
criteria. These criteria are reproduced below.

The new MLS criteria reflect the most recent FAA approved set of critical
values. In addition, unlike in the previous criteria where the safety
benefits are measured primarily as a function of the reduction in the
incidence of accidents, the new criteria improve upon this measure by

, taking into account the differences in the severity of non-precision

i approach and precision accidents.

]

Previous ILS Establishment Criteria

l 1, Establishment

An airport where scheduled air carrier turbojet operations are
conducted on a sustained basis, or any other airport which meets the
annual instrument approach criteria in paragraph 2, is a candidate
for Category I ILS with an approach light system. (Provisions that
are not relevant to this discussion have been omitted, e.g., the
operation must be safe, runway lights are required, etc.)

2, Annuval Instrument Approach Criteria

An airport is a candidate for an initial or a multiple ILS with
approach lights when the annual instrument approaches recorded for
the runway on which the ILS is to be installed meet or exceed any
combination of the conditions shown in Table A-1.

3. Benefit/Cost Screening

ILS candidates identified by the above procedures will be screened in
FAA Headquarters using the benefit/cost technique described in this
report. FAA regional offices shall submit data required for
screening purposes with their responses to the annual Call for
Estimates., This provision does not apply to airports that qualify
for an initial ILS under the air carrier turbojet service criterion.
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TABLE A-1l
} Annual Instrument Approach Criteria

Nonprecision Approach Minimums

User on the Candidate ILS Runway
u Category - 300-3/4 400-3/4 400-1 500-1 600-1 700-1

*Air Carrier

Large Hub 300 200 150 100 75 50
f Medium Hub 400 250 200 150 100 15
i Small Hub 500 300 250 175 125 100 .
Nonhub 1,000 600 500 350 250 200
Air Taxi 750 550 475 375 300 225 .
General
Aviation 2, 500 2,000 1,800 1,500 1,200 900

NOTE: These AIA levels apply only when the ILS will give minimums of
200-1/2 or the equivalent; if lesser minimums are achievable,
consult with the Office of Aviation Policy and Plans to
determine procedures (criteria) that are applicable.

To determine whether an airport meets Annual Instrument Approach (AIA)
criteria:

O Determine the least approach minimums currently authorized for the
largest aircraft using the candidate runway, e.g., 500-1.

0 Reference the above table to select the qualifying numbers of AIA's
on the candidate runway for each user category, e.g., small hub -
175, air taxi - 375, general aviation - 1500.*

0 Compute the number of recorded AIA's on the candidate runway for each
user category as follows:

1. Determine the AIA's by an on-site survey; or -
2. Calculate the AIA's by estimating the percentage of the total
- airport AIA's that used the candidate runway. Multiply this J
percentage by the total airport AIA's to determine the recorded
AIA's,

o Enter recorded and qualifying AIA's for the candidate runway as
indicated below. The contribution of each category toward meeting
the criteria is determined by summation. A runway with a total ratio
of 1.0 or more meets the AIA criteria.

*Hub designation is determined by enplanements at candidate airports.
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User Category

Air Carrier: Recorded AIA's = XXX
Qualifying AIA's

Air Taxi: Recorded AIA's = Xo XX
’ Qualifying AIA's

General Aviation: Recorded AIA's = X XX
Qualifying AIA's

Total Ratio XXX

4. Discontinuance

a. At an airp.ort where scheduled air carrier turbojets operate the
ILS shall not be decommissioned. At an airport where air
carrier turbojet operations are discontinued and are not
forecast to be resumed, the discontinuance criteria in 4(b)

shall apply.

b. Airports having no scheduled air carrier turbojet operations are
; candidates for decommissioning of an ILS when the instrument
5. approach activity falls to two-thirds* of the qualifying level.
: The decommissioning of an ILS shall be justified by a
benefit/cost study.

3 Provisions for installing ILS at remote locations, for training, and for
< noise abatement have been retained.

' *Annual O&M costs are about two-thirds of prorated investment costs.




APPENDIX B

BENEFITS OF REDUCED FLIGHT DISRUPTION

I. INTRODUCTION

Landing aids can help reduce flight disruptions by lowering landing
minima. A landing aircraft can descend to 200 feet before attempting to
land with a precision landing system. 1In contrast, a non-precision
system typically allows descents only to 500 or 600 feet. To compute the
benefit of a landing aid, the number of flights for which the aid avoids
disruption is calculated, and multiplied by the unit cost of the
disruption. This appendix develops that cost. Costs have been developed
separately for air carrier, air taxi, general aviation, and military.
Costs for air carrier aircraft are also separated by whether the flight
is operating at a hub or nonhut airport. Benefits for reduced
disruptions are based on assumed operating scenarios that describe the
flow of events when a flight is disrupted because the destination weather
is below landing minima.

When weather conditions are so poor that the possibilities of a safe
landing are doubtful, one of four things can happen depending upon the
circumstances: (1) an aircraft can circle the airport until conditions
improve (delay); if poor conditions persist, the pilot may choose either
to (2) fly to a nearby airport where conditions are better (diversion),
or (3) in the case of a multi-legged flight, continue to the next
scheduled stop (overflight); (4) if poor weather is forecast for an
extended period, a flight may be canceled (cancellation).

Weather-caused flight disruptions-—delays, diversions, overflights, and
cancellations-—-impose economic penalties on both aircraft operators and
users. Delays and diversions increase aircraft operating costs, while

overflights and cancellations result in loss of revenue. 1In addition,

extra passenger-handling expenses result from each type of disruption.

Passengers themselves suffer inconvenience and delay.

II. AIR CARRIER FLIGHT DISRUPTIONS

A. Scenario Development

Flight disruptions of air carrier flights vary depending on the length of
the flight, and whether the destination airport is a hub. In long-haul
operations, airlines seldom cancel because the destination airport is
forecast to be closed. If on arrival the destination airport is forecast
to open within thirty minutes or so, the aircraft will hold. Otherwise,
it will divert to another airport.

Short-and medium haul flights tend to take delays on the ground at the
departure airport to conserve fuel and to ease congestion problems at
destination. This saves equipment operating costs but not crew costs nor




the cost of passenger delay time. If the below-minima weather at the
destination is forecast to persist, the flight may be canceled. If the
airport is an intermediate stop along a route, it may be overflown,
creating a diversion for passengers intending to land and a cancellation
for those expecting to board the aircraft.

Airport facilities also affect flight scenarios. Most hub airports have
precision approaches with lower landing minima, and with lower minima,
the chance that the weather will improve in the short term is greater.
Additionally, most hubs are served by larger aircraft, on the average,
than small airports, making diversion or cancellation costs relatively
high. Consequently, flights into large airports are more likely to be
delayed rather than diverted or canceled, than are flights into small
airports. Because of these differences, separate flight disruption cost
estimating equations have been developed for hub airports and for non-hub
airports,

B. Air Carriér Delays

A sample of National Airspace Command Center (NASCOM) reported delays was
examined for the six quarter period from the beginning of 1980 to mid
year 1981.1/ It included days when below minima weather caused a
significant number of delays of varying durations, as well as days where
the number of weather—caused delays were comparably smaller. Analysis
revealed that average delays are 45 minutes at hub airports (30 minutes
at non-hub airports). The 45 minutes are broken down into 15 minutes
airborne and 30 minutes ground delay, based on FAA's Central Flow Control
goal to limit airborne delay to an average of 15 minutes,

Bl. Costs Associated With Passengers: Passengers on the delayed flight
will be delayed in and with the aircraft for 45 minutes at hubs, 30 at
non~hubs. But passengers on a following flight may also be delayed
becsuse the aircraft was late arriving to pick them up. Equipment
turnaround time, however, normally includes about 15 minutes of slack
time. By foregoing scheduled slack time at intermediate stops, delayed
flights are able to make up some lost time during subsequent legs.
Nevertheless, boarding passengers would still have waited for the delayed
flight, and be delayed as much as passengers on the preceding legs, less
the time made up due to foregone slack time.

An expression for passenger delay can be derived by examining what
happens to each passenger on an aircraft while it is delayed, and to each
subsequent passenger. A sample of 624 flights from the Official Airline
Guide was analyzed to estimate that, on the average, an aircraft arriving
at a destination has one additional destination to serve. (Some
destinations are the final one for that flight, while flights to other
destinations have several additional destinations.) Given a delay on the
initial leg of L minutes, the n psssengers on that leg experience an
L-minute delay. On the remaining leg of the flight, the passengers
experience a delay of L-15 minutes, The total delay is therefore
approximately n x (2L-15). For L equals 45 minutes delay at hub
airports, the total delay is 1.25 hours x n passengers.

1/NASCOM cow, tles statistics only for flight delays exceeding
30 minutes. NASCOM data are considered appropriate for MLS analysis as
weather-caused flight disruptions are typically of this duration or longer.

B-2
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The situation is slightly different at non-hub airports, because it is
assumed that half of the passengers are through passengers, and are only
delayed once. For a thirty minute delay on the leg to the non-hub
destination, all of the passengers are delayed thirty minutes (30 x n).
The n/2 boarding passengers on the next leg get the benefit of the 15
minute foregone slack time and are delayed n/2 x 15 minutes.

But the n/2 through passengers who experienced the initial 30 minute
delay will enjoy the 15 minutes worth of slack time that is foregone,
thus, reducing their total delay to 15 minutes also. The total delay,
then is (n/2 x 30) + (n/2 x 15) + (n/2 x 15) = 15n + 7.5n + 7.5n = 30n o«
.5 hours x n passengers.

B2. Costs Proportional to Aircraft Hours:

When an aircraft is delayed on the ground at a hub airport, the carriers
incur crew costs. When it is airborne, full aircrait operating costs ae
incurred. The ground delay costs incurred by airlines are partially
offset by their ability to farego scheduled slack time. The 15 minutes
worth of slack time assumed in the passenger delay analysis is also
assumed for the aircraft ground delay, so that the thirty minute
estimated ground delay is reduced to 15 minutes. The percentage of total
aircraft variable-operating costs attributable to crew was determined
from data on pp. 55-59 in Reference B-5. Crew costs account for
approximately 26% of aircraft operating costs. Using the term AOC] for !
aircraft hourly operating cost at hub airports, the following expressions i
result:

For Airborne Delay: .25 hours x AOC) i
For Ground Delay: .25 hours x .26 x AOC) '
Total: .32 x AOCy

Similarly for non-hub airports, with the 30 minute delay apportioned into
airborne delays of 10 minutes and ground delays of 20 minutes less 15
minutes of faregone slack time, and AOC representing the operating

cost of aircraft at non-hubs:

For Airborne Delay: .17 hours x AOC2
For Ground Delay: .08 hours x .26 x AQOCo
Total: .19 x AOC;

B3. Summary Air Carrier Delay Costs:

Cambining the expressions abcve, the total cost per delayed air carrier
aircraft for a value of passengers time equal to (Vpp), is estimated to
be

at hubs: (1.25 Vpp) n + 0.32 AOCy
at non-hubs: (.5 Vpr) n + 0.19 AOCy
B-3
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C. Air Carrier Cancellations

Unless extremely poor weather is forecast to remain for several hours,
airlines do not cancel flights. But given a flight cancellation, the
airline incurs passenger handling expenses, and passengers suffer delay.
The airline also suffers lost profit, losing the revenue from the flight
while saving its operating costs.

Cl. Costs proportional to aircraft hours: There are two costs
proportional to aircraft hours of operation - the cost saved when the
airline does not have to operate the flight, and the cost incurred when
the canceled flight must be repositioned for a future flight.

Trunk airlines are more typical of those operating at hub airports, while
local service airlines are more the norm at non-hubs. The average
duration of a trunk air carrier aircrat. flight in FY 1978 was 1.25
hours, and that length was taken as the hours of operation avo.ded by a
flight canceled at a hub airport. Local service durations were assumed
for non-hubs, an average of 0.58 hours.

Aircraft sometimes must be repositioned after a cancellation. An average
of 1/2 hour extra flying time far the repositioning is assumed, and it
is estimated that 1/3 of canceled aircraft must be repositioned.

Averaged for all cancellations, this yields ten minutes extra flying time
per cancellation (1/2 hour applied to 1/3 of the cancellations).

The following expressions of cost to the air carrier from cancellations
result from the above analysis:

Hub Non-hub
Repositioning aircraft (1/6 hour) 0.167 AOCCy 0.167 AOC2
Less direct operating savings - 1.25 AOCq - 0.58 AOC»y
Total -~ 1.083 AOC; - 0.413 AOCy

These net values actually represent the operating cost savings that
result from a cancelled flight. The true profit loss would be reduced by
these amounts.

C2. Costs Associated With Passengers: There are two costs associated
with passengers, the lost revenue, which is a cost to the airline, and
the delay, which is a cost to the passenger.

The prospective passenger must decide whether to schedule another flight,
cancel his trip altogether, or seek alternate modes of transport. If the
passenger elects to wait for the next available flight, the airline, or
air carriers taken as a whole, retain the passenger's ticket revenue with
little added expense, since flights do not generally operate at

capacity. 1If the passenger does mot continue by air, the revenue is lost
to air carriers. Based on discussions with airline personnel, United
Research (B-3) developed estimates of the percentage of passengers who,
after a cancellation, ended up on another flight. The estimates ranged

.
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from 30% for short trips, to 80X on longer trips. Today's airline
personnel could not update or verify these percentages. Because the
reliability and speed of air transportation has been improved, however,
80% -- the upper end of the United Research range -—— was assumed for this
study. This is expressable as a per passenger cost to the airline of 20%
of the average revenue per passenger, expressed as .2 RPC.

It was determined through conversations with airline operations personnel
that passengers waiting for flights that are later cancelled could easily
have already spent two hours st an airport waiting for the weather to
improve, After the weather improves, passengers must wait for the next
available flight, which, according to the same sources, could easily add
three hours of delay. It is assumed, then, that on average a cancelled
flight results in a total of five hours of delay per passenger. This
delay applies to the estitsted eighty per cent of those passengers
thought to continve with their original plans to fly and also the
remaining passenger. who divert to surface transportation mcdes.

The per passenger costs are:

Extra hardling expense YeLe

Revenue Loss .2 RPC

Lost time (5 hours) 5 Vpr
Toral 5 Vpr + Vepe + .2 RPC

C3. Summary Costs ~€ Ai- farrier Cancelletions:

The following exnressions sum the costs for pessengers and aircraft
operating costs derived above

for hubs: (5 Vpr + Voyo + .2 RPCOn ~ 1.083 AOCy
for non-hubs: (3 Vpy + Vgie + .2 RPCHn - 0.413 AOCH

Cancellation of a flight reeclts, an e:xtimated one half of the time, in
a cancellation of the folioswing trip which the aircraft was scheduled to

serve. Therefore, the expressions are multiplied by 1.5.

For hubs: 1.5 {15 Vpt + VcLe + .2 RPC)n - 1.083 AOCy)
For non-hubs: 1.5 ({5 Vvpr + VeLc + .2 RPC)n - 0.413 AOC3)

D. Air Carrier Diversions

Dl. Costs proportional to aircraft hours: Arriving aircraft may divert
to another airport if below minima weather is forecast for extended
periods, Diverting aircraft is costly., Additional flying time in
holding over the original destination airport and then flying to an
alternate destination was estimated to average one hour. After the
weather improves, the aircraft usually must be ferried to another airport
before it resumes scheduied operations, for an additional estimated
half-hour. The total additional flight time per diversion is therefore
estimated at 1-1/2 hours, or 1.5 AOC;.
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D2. Costs Associated With Passengers: It is also necessary to consider
lost passenger time in assessing diversion impacts. One hour is
immediately lost because of additional flight time., To this must be
added the additional time required for the passenger to reach his desired
destination. This may take the form of air or surface transportation and
may involve providing passengers meals and overnight lodging. If the
return trip is by air, an extra hour of flight time is estimated plus two
hours of waiting for the destination airport to accept arriving

aircraft. Similar amounts of time are likely for surface

transportation. Total time lost due to a flight disruption thus adds up
to four hours per passenger., Airlines incur extra passenger-handling
expenses of food, housing, and return-trip fare. The per passenger
expense is thus:

Extra handling expense Vove
Lost time (4 hours) 4 Vpp
Total 4 VPT + vac

D3. Secondary Effects of Diversions: At non-hub airports, there is a
secondary effect, because the following trip on which the aircraft was
scheduled to depart may be canceled. From fragmentary information
obtained from airline data, it was estimated that this occurs on half of
the non-hub flights. The cancellation cost developed above in Section C
suggests that the per passenger costs in a cancellation are:

5 Vpr + Vere + -2 RPC
The direct aircraft operating cost savings from avoiding the canceled leg
are 0.58 AOC,;. Combining these terms, and multiplying by .5 to account
for the estimate that half of the flights are affected, the secondary
effect of a diversion at a non-hub airport is:

0.5 ({5 VPT + VCLC + ,2 RPC)n - 0.58 AOCz)

D4. Summary Air Carrier Diversion Costs:

Hubs: combining the terms derived above, the costs associated with the
diversion of an air carrier aircraft from a hub airport is:

(4 Vpp + Vpyc)n + 1.5 (AOCy)
At non-hubs:

{4 Vpr + Vpyc)n + 1.5 (AOC3)
+ 0.5 ((5 Vpp + Vope + .2 RPC)n - 0.58 AOC3)

or (6.5 Vpp + Vpye + 5 (Voie + .2 RPC)In + 1.21 AOC,

_“1




E. Air Carrier Overflights

Overflight costs apply at non-hub airports only. An overflight does mot
increase aircraft operating costs; in fact, when a stop is bypassed and
the aircraft proceeds directly to its next destination, total flying time
is reduced. These savings are offset in those instances when the pilot
holds for .a few minutes over his intended destination while he decides
whether he should or should not attempt a landing.

An overflight results in a diversion for passengers intending to deplane
and a cancellation for passengers intending to board the aircraft. The
airlines incur extra passenger handling expenses when stops are
overflown, just as they do with other diversicns and cancellations; and
passengers, whether enplaning or deplaning, experience delays. For these
reasons, in this study an overflight has been equated to a diversion plus
a cancellation and, except for increased aircraft operating costs, costed
accordingly.

El. Costs associated with passengers:

For diverted passengers:

Passenger handlirg expense Vpve
Lost time (4 hours) 4 Vpr
Tctal 4 Vp + Vpyc
For canceled passengers;
Passenger handling expense VeLe
Loet time (5 hours) S Vpr
Revenue Loss .2 RPC
Total 5 Vpr + Ve + .2 RPC

E2. Summary Cost of Air Carcier Overflights:

(9 VPT + Vpve + Vene + .2 RPC)n

where n is the number of passengers.

F. Relative Frequency of Flight Disruptions

In this section the relative distribution of the flight disruption
categories is derived so that the cost equations determined above for
each kind of disruption, can be weighted and combined into a single
expression.

Civil Aeronautics Board Statistics and a methodology developed by United
Research Inc. in 1962 (B-3) are used to develop frequency estimates. An
informal survey of five airlines was taken to test the current validity
of the United Research results., Appropriate changes were made.




The CAB/FAA statistics (B-2) reproduced below show that 2.58% of
certificated route air carrier departures in CY 1980 were canceled at hub
airports, 8.2% at non-hubs,

Hub Number CY 1980 Departures Scheduled Campleted*

Classification of Hubs Scheduled Number Percent
Lar ge 25 2,905,923 2,840,474 97.7
Medium 41 1,058,438 1,031,238 97.4
Small 76 608,738 588,536 96.7

Hubtotal 142 4,573,099 4,460,248 97.5%¢
Non-hub 486 606,383 557,165 91.8

*Excludes extra sections **Average percentage

United Research found that about 2/3 of air carrier cancellations, on an
annual basis, were due to weather. They also found that air carrier
diversions were about 1/6 as frequent as cancellations and that 5/6 of
these diversions were caused by weather. The airline survey supported
the United Research findings, except that the survey suggests the ratio
of diversions to cancellations is closer to 1/10 than 1/6.

= 2.5% x 2/3

= 1.7% of all flights
= 2.5 x 1/10 x 5/6
0.21% of all flights

Weather-Caused Cancellations

Weather-Caused Diversions

»

Using data contained in a recent A¥C report, "Airfield and Airspace
Capcity/Delay Policy Analysis," December 1981 - it is estimated that
about 6.6% of all air carrier departures and about 13.2% of all air
carrier arrivals were delayed 15 minutes o longer in 1980, Data
oollected by the FAA through its NASCOM program shows that of delays to
IFR aircraft of over 30 minutes for the period 1971-80, an average of 29%
were due to weather. Applying the NASCOM percentage to the APO delay
data suggests that 13% of flights x 29% due to weather = 3.8% of all
flights.

Recapitulating, for hub airports:

Large Air Carrier Airports

Weather ~Caused Normalized
Flight Disruption Percent of All Flights Distribution §
Delays 3.8 67
Cancellations 1.7 30
Diversions 0.2 3
5.7 100
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Given that in 1980, 8.2% of all air carrier flights into non-hub airports
were canceled, estimates for the percentage of weather-caused
cancellations, and diversions can be derived following the method used to
estimate these rates far hub airports.

Weather~Caused Cancellations = 8.2 x 2/3
. = 5.5% of all flights
Weather-Caused Diversions = 8.2 x 1/10 x 5/6
= 0.7% of all flights

Iinformal survey of several commuter air carriers revealed that 20-30% of
the cancellations result from overflights. Choosing 25%, and applying it
to the 5.5% cancellations, yields that overflights account for 1.4% of
all flights, with 4.1% remaining as pure cancellations. The delay
experience at non-hubs is similar to hubs.

We then have for non-~hub airports:

Non-hub Air Carrier Ajrpo ts

Weather-Caused Normalized
Flight Disruption Percent of All Flights Distribution %
Delays 3.8 38
Diversions .7 7
Cancellations 4.1 41
Overflights 1.4 14

10.0 100

G. Summary Air Carrier Flight Disruption Costs

Total estimated costs associated with weather-caused disruptions of air
carrier flights can be determined by weighting the cost of each type of
disruption by its proportional frequency of occurrence and then combining
them into one equation. For each equation, each term was multiplied by
the weight far that equation and a product obtained. Then, like
variables were summed and then grouped similar to the original equations
into a single equation which represents the average cost of air carrier
flight disruptions. (This procedure was also followed in developing cost
equations for the other user-categories). The individual equations,
their respective weights, and the resulting average equations are

summar ized below.




Hub Airports:

Disruption Cost Equation Weight
Delays (1.25 Vpp)n + 0.32 AOC; 0.67
Cancellation 1.5 ((5 Vpp + Vore + .2 RPC)n = 1.083 AOC)) 0.30
Diversions (4 Vpp + Vpyc)n + 1.5 (AOCy) 0.03

1,00

The average cost of air carrier flight disruptions at hub airports is
thus estimated to be:

(3.21 Vpp + 0.03 Vpye + 0.45 (Vorc + .2 RPC))n - 0.24 AOC)

Non-Hub Airports:

Disruption Cost Equation Weight
Delays (.5 Vppln + 0.19 AOC, 0.38
Cancellation 1.5 ((5 Vpp + Verc + .2 RPC)n - 0.413 AOC)) 0.41
Diversions (6.5 Vpp + Vpyc + .5 (Vorc + .2 RPC))n + 1.21 AOC, 0.07
Overflights (9 Vpp + Vpyc + Ve + -2 RPC)n 0.14
1.00

The average cost of air carrier flight disruptions at non~hub airports is
thus estimated to be:

(4.98 Vpp + 0.21 Vpye + 0.79 (Verc + .2 RPC))n = 0.10 AOC,

111, AIR TAXI FLIGHT DISRUPTIONS

Little data exist on the behavior of air taxi aircraft operators when
faced with weather~-caused flight disruptions. Air taxis were assumed to
operate in much the same manner as the certificated route air carriers at
non-hub airports, and the equations developed are similar. But because
the aircraft are smaller and carry fewer passengers, different values are
developed in section VII of this appendix for parameters in the equations.

A. Air Taxi Delay

Al. Costs proportional to aircraft hours: Air taxi delay were assumed
the same as the non-hudb air carriers (30 minutes total, 10 airborne, 20
ground but no 15 minutes of foregone slack time), but the percentage of
operating costs represented by crew, as taken from reference B-5, was 39%
for air taxis. Aircraft operating costs for weather delayed air taxi
aircraft would then be:

B-10
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For airborne delay: 0.17 hours x AOC3
For ground delay : 0.33 hours x 0.39 x AOC;3
Total delay : 0.30 AOCj3

where AOC3 represents air taxi variable operating costs per airborne
hour .

A2. Costs Associated With Passengers: Passenger delays were assumed
identical to those for air carriers at non-hub airports (0.5 hours per
passenger).

A3. Summary Air Taxi Delay Costs: The total cost per delayed air taxi
aircraft is estimated to be:

{0.5 Vpq)n + 0.30 AOC3

where Vpp is the hourly value of passengers time and n is the number of
passengers.

B. Air Taxi Cancellations, Diversions, and Overflights

Costs for air taxi cancellations, diversions, and overflights were
estimated to be the same as air carriers at non-hubs, except for the
adjustments noted below. All values for lost passenger time are taken as
half that for air carrier, because as a rule, the number of passengers is
smaller, the air taxi organization is smaller, and final decisions for
how to handle diverted or canceled passengers will be made more quickly.
Returning a passenger to his original destination is also less time
consuming, since the stage lengths are shorter. For cancellations,
another difference is the percentage of revenue recovery used in the
flight cancellation scenario. United Research estimated 70% of air taxi
passengers cancel their trips or use other means of travel when a flight
is canceled. Finally, air taxis were presumed not to reimburse
passengers for expenses when a flight was canceled due to poor weather
conditions. For cancellations,

1.5 ((2.5 Vpr + .7 RPTIn - 0.413 AOC3)
where RPT is the air taxi average revenue per passenger,
for diversions,

(3.0 Vpp + Vpyr)n + .5(.7 RPT))n + 1.21 AQC3

where Vpyr is the air taxi passenger handling expense for diverted passengers

for overflights,

(4.5 Vpr + VDVT + .7 RPT)n
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C. Air Taxi Summary

Air taxi flight disruption ocosts and the relative importance of each are
summarized as follows:

Disruption Cost Equation Weight
Delays (.5 Vpr)n + 0.30 AOC3 0.38
Cancellation 1.5 ((2.5 Vpp + .7 RPT)n - 0.413 AOC3) 0.41
Diversions (3 Vpp + Vpyr)n + .5 (.7 RPT) + 1.21 AOCj3 0.07
Overflights (4.5 Vpp + Vpyr + .7 RPT)n %;%%

The average cost of an air taxi flight disruption becomes:
(2.57 Vpp + 0.21 Vpyr + 0.79 (.7 RPT))n - 0.06 ACC3

IV. GENERAL AVIATION FLIGHT DISRUPTIONS

Most flight disruption impacts due to weather in general aviation is felt
by business travelers flying in relatively large aircraft equipped for
IFR operations. The pattern of flight disruptions experienced in general
aviation probably is similar to that estimated for the air taxis, except
that there are few secondary effects of flight disruptions in general
aviation. The impact of flight disruptions on passengers is less because
the aircraft they are traveling in is available for use as soon as the
weather clears. Because of the greater number of airports that they can
operate into, diversion times are less. Some interrupted trip expenses
will be incurred for meals and overnight accaommodations in some cases.

Additional flying operating costs (AOC4), and interrupted trip expenses
for canceled (Vcrg) and diverted (Vpyg) passengers represent the

major cost impacts resulting from £light disruption to general aviation
aircraft. There are few secondary effects of general aviation flight
disruptions, and no distinction has been made between general aviation
flight disruptions at hub and non-hub airports.

A. General Aviation Delay Costs

General aviation delay costs were assumed equal to air taxi delay costs.
Cost proportional to aircraft hours is 0.30 AOC4, and the passenger
delay is .5 Vpp, for a total of:

(0.5 Vpq) n + 0.30 AOC4

B-12
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B. General Aviation Cancellation Costs

When a general aviation aircraft is forced to cancel a flight due to poor
weather no additional flying time, lost revenue, or passenger handling
expense is involved. What remains from the air taxi equation is merely
2. 5VPTn'

z
i

C. General Aviation Diversion Costs

The cost of a general aviation diversion is again similar to air taxi,
but without the secondary effects. The equation is therefore:

—

(2.0 Vpp + Vpyg)n + 1.5 AOCy

D. General Aviation Summary Costs

General aviation flight disruption costs were weighted similar to air
carriers at non-hub airports and air taxis, except that because
overflights are not presumed to occur, the percentage for overflights has
been added to cancellations. The summaries are therefore:

Disruption Cost Bquation Weight
Delay {0.5 Vpr)n + 0.30 AOCC4 0.38
Cancellation 2.5 Vpr n 0.55
Diversion (2.0 Vpp + Vpyg)n + 1.5 AOC4 0.07

1.00

The average cost of weather-caused general aviation disruption is
(1.71 Vpp + 0.07 Vpygln + 0.22 AOC4

V. MILITARY FLIGHT DISRUPTIONS

Military aircraft landing at civil airports fly non-commercially in a
way that is very similar to general aviation. Losses or costs suffered
would be in the foam of passenger's lost time, and additional aircraft
operating expense. For this analysis, the scenarios and equations for
military aircraft were assumed identical to general aviation, except that
the parameter values for aircraft operating expense developed in section
VII of this appendix are higher. The summary equation is thus:

(1.71 Vpp + 0.07 Vpym)n + 0.22 AOCs

B-13
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VI. SUMMARY OF EQUATIONS

The following equations are reproduced from elsewhere in the text:

Air Carrier-
Hubs: (3.21 Vpp + 0.03 Vpyc + 0.45 (Voo + .2 RPC))n - 0.24 AOCy

Non-hubs: (4.98 Vpp + 0.21 Vpyc + 0.79 (Ve + .2 RPC))n - 0.10 AOC,
Air Taxi: (2.57 Vpp + 0.21 Vpyp + 0.79 (.7 RPT))n - 0.06 AOC,
General Aviation: (1.71 Vpp + 0.07 Vpyg)n + 0.22 AOCy

Military: (1.71 Vpp + 0.07 Vpym)n + 0.22 AOCg

VII. Value of Variables

Weather caused flight disruption costs have been estimated in general
terms in this appendix. This is to allow for the number of passengers
and fleet mix that would apply to the various user categories to vary.
That is, over time the generalized form of these equations would permit
easy entry of new values for the variables as the values change and are
updated.

Specific costs can be estimated by substituting the appropriate value in
place of the symbols and then deriving the solution. The following
values, taken from the sources as shown, were current and expressed in
1981 dollars at this writing:

Vpr = hourly value of passengers time, $19.00 (Reference B-5)

n = number of deplaning passengers, for air carriers at hub
airports, 61.4, at non-hub airports, 16.1 (Source,
reference B-2); for air taxi, 5.1; for general aviation,
3.2; for military, 5.6. (Source, reference B-10)

AOC, = aircraft variable operating costs per airborne hour at hub
airports, $1764

AOC, = aircraft variable operating costs per airborne hour at
non-hub airports, $1644

AOC4 = air taxi variable operating cost per airborne hour, $239
AQOC,4 = general aviation variable operating cost per airborne hour,
$154
AOCsg = military variable operating cost per airborne hour, $1025
B-14
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Vpve

VpvT

VovG

VpvM

air carrier passenger handling expense for canceled
passengers, $43; includes overnight lodging (Source,
reference B-11)

ailr carrier passenger handling expense for diverted
passengers, $63; includes overnight lodging, meals, and
transportation to original destination ($20) (Source,
reference B-11 and conversations with four airlines)

air taxi passenger handling expense for diverted
passengers, $53; includes $43 for overnight lodging, $10
for transportation to original destination. (Source, same
as above)

general aviation passenger handling expense for diverted
passengers, $53; includes $43 for overnight lodging, $10
for transportation to original destination. (Source, same
as above)

military passenger handling expense for diverted
passengers, $53 (same as general aviation)

air carrier average revenue per passenger, $98; domestic
trip lengths average about 750 miles, and the cost per
passenger mile for tickets is 13 cents. (Source, FAA
APO-110)

air taxi average revenue per passenger, $19; domestic trip

lengths average about 110 miles, and the cost per passenger
mile for tickets is 17.5 cents. (Source, FAA APO-110)

VIII. VALUES OF DISRUPTIONS

Applying the values in section VII, to the equations in Section VI,
yields the following disruption costs:

Air Carrier Hub: $5167
Air Carrier Non-hub $2370
Air Taxi $346
General Aviation $154
Military $428
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_APPENDIX C

ESTIMATION OF ANNUAL INSTRUMENT APPROACHES

ANY
1. Introduction v

This appendix describes how instrument approach counts can be estimated
from counts of total operations. The method is useful in the absence of
counts, or to evaluate suspected counts. It is based on the number of
operations, weather probabilities, the percentage of pilots equipped to make
an instrument approach, and same assumptions akout local versus itinerant
operations. The method was developed by Systems Control, Inc. (SCI) and
reported in Preliminary Analysis of the Correlation Between Annual I
Instrument Approaches, Operations and Weather, (Federal Aviation
Administration, Report No. DOT-FA-78WA-4175, December 1980)

(Reference C-1)., A more complete discussion than is possible in this
appendix may be found in that report. ¢

Iy

2. The model.

The models are conceptually simple. The number of arrivals in all kinds
of weather is apportioned according to the percentage of instrument and
visual weather. Then, because there is more flight activity in good
weather, the result is adjusted downward by a constant whose value depends
on the class of operation - air carrier, air taxi, or general aviation.

SCI obtained instrument approach counts and total operations counts at
several locations where good statistics were available. They used that data
in a regression model to find an estimate for the fraction of each class.
The resulting equations are, for air carrier, air taxi, and general
aviation, respectiwvely,

instrument approaches =

air carrier operations x .IFR x .87
2

air taxi operations x (PIFR-PC) x (1-Rat) x .93
2

GA itinerant operations x (PIFR-PC) x (.8 - .5Rga)
2

where,

PIFR = probability of weather with either ceiling less than 1500 feet
or visibility less than 3 miles




PC = probability of weather below IFR minima, for the existing
instrument approach which has the lowest minima. Minima are
selected from the approach charts using approach category B
for air taxi, and category A for general aviation.

Rat = ratio of air taxi operations to total operations.

Rga = ratio of general aviation itinerant operations to total
operations.

Each of the above equations contains an operations count, which is the
independent variable from which the instrument approach count is derived.
Since operations are the sum of takeoffs and landings, the operations counts
are in every case divided by two. In the general aviation category, SCI
obtained better results from their equation if local operations were
excluded. (Local operations are aircraft operating in the local traffic
pattern, or those known to be departing for or arriving from, flight in
local practice areas located within a 20 mile radius of the airport. Local
operations include simulated instrument approaches or low passes at the
airport.)

There is a term in each of the equations which adjusts for the site-
specific percentage of time that weather is less than visual minima. The
fam of the equation is different among the activity classes, and was
selected to best fit the observed data.

The final term adjusts for errors in the too-simple assumption that the
proportion of total approaches which are instrument, is the same as the
propor tion of total time when there is instrument weather. The assumption
would be true if all aircraft, airmen, and airports were suitably equipped
far instrument landings, and if pilots were never dissuaded by bad weather.
In fact, not all pilots, planes, and airports can handle instrument weather,
and flights on more casual missions are likely to stay on the ground in bad
weather.

The general aviation and air taxi equations contain an additional
refinement. SCI noted that GA airports with substantial air carrier
activity tended to have a greater proportion of GA and air taxi flyers
unaffected by bad weather. 1In other words, a GA pilot whose destination is
a major air carrier airport will be more likely to make an instrument
approach, than to cancel his flight and stay hame.

The precise form of each of the above equations was arrived at through

regression analysis: the form which produced the best predictor of the
results was selected.

3. Obtaining weather percentages.

The equation depends directly on the percentage of time the weather is
less than particular approach minima. These percentages may be obtained as




shown in Appendix D, which presents data for Muskegon, Michigan, as an
example. Ceiling and visibility condition (2) represents the percentage .-
time the ceiling is less than 1500 feet and/or the visibility is less than
miles, the number which is required for PIFR. For Muskegon, that number
(for all times) is 16.7% (0.167).

The numbe. far PC is the percentage of time the weather is below mini-.
for the IFR approach which has the lowest minima. For Muskegoi, the 2
October 1981 edition of U. S. Instrument Approach Procedurcs (Reference C-::
shows that the lowest minima are for an ILS approach to runway 32. The
minima are listed by category determined by approach specd, and are
identical for categories A and B, at 300-3/4. Appendix D cev:lops as 2.15
the percentage of time the weather is less than 300-3/4, which is the valuc
for PC.

When a particular site is not reported in reference 7. values from a
nearby airport may be used, or values for nearby aiports 7., ne averaged.

4. How the model is applie.t

To use the model, apply the equations shown. The .- . :r _ »perations
counts are available from the FAA terminal area forecas .+ lowest IFR :
minima for the airport can be obtained from Y. S. Inst- .. - “roroach

Procedures (Reference C-2).

Muskegon airport provides an example. Figure ~~1, : . .. 28 from the
1980 terminal area forecast shows total operations coun: © .- 7% for air
carrier, air taxi, and itinerant GA as 7000, 1000, and 2i-.00.".
respectively. Total operations were 97,000, From the ....i; ¢ in section 3,
weather is less than 1500/3 for .167 of the time. The .- .i. . GA itinerai:
operations to total operations (Rga) is 38/97, and of o', t:~i to total
operations (Rat) is 1/97. PC is .0215. The instrument =z, .:..:h counts,
determined from the formulas for air carrier, air taxi, & . - thus 508, €.

and 1670, respectively.

Figure C-1 :
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Reference for Appendix C

Preliminary Analysis of the Correlation Between Annual Instrument

Approaches, Operations and Weather, (Federal Aviation
Adninistration, Report No., DOT-FA-78WA-4175, December 1980).

U.S. Instrument Approach Procedures, October 1981.
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APPENDIX D
USING WEATHER DATA TO EVALUATE BENEFIT OF REDUCED MINIMA

l. Introduction

This appendix describes a method for determining the percentage of
increased activity which result from lowered landing minima, such as
those made possible by an electronic landing aid. The assumption behind
the method is that when landing minima are lower — that is, when
aircraft can complete landings in poorer weather than before -~ the
airport will be open a greater percentage of the time.

A simple example will best express the assumption. It is first
assumed that an airport experiences weather during which instrument
approaches are necessary thirty days per year; further, that on ten of
those days, the weather is below instrument minima. The instrument
approaches which thus have been made at the airport are made on 20 days
out of the year. If the landing minima are lowered so that on two more
of the 30 days, the weather are above the new landing minima, the airport
is then open to instrument approaches 22 days out of the year, or 10%
more than it had been. If 1000 aircraft had made instrument approaches
on the 20 days under the old minima, the key assumption is that 10% more
aircraft, or 1100, could now land if the minima were lowered.

This appendix tells how to determine the relevant percentage, both on
a national average basis, and for a specific site.

2. Sources of Data

Summaries of weather records have been made for the FAA by the
National Climatic Center at Asheville, North Carolina. Each of the
summaries states what percentage of the time the weather at a specific
site will be less than certain cambinations of ceiling and visibility.
There are three such publications which may be consulted:

1. A 1964 report (reference D-1) shows, for 32 North American airports,
percentages of time the weather is less than ceilings of 100, 200,
300, 400, 500, 600, 800, 1000, 1500, 2000, 3000, and visibilities of
1/16, 1/8, 1/4, 1/2, 3/4, 1, 1-1/2, and 3 miles. The publication is
very detailed by breakdowns of ceiling and visibility, but reports on
only 32 airports.

2. A total of 271 airports are included in the percentages of hourly
weather observations falling within six ceiling-visibility categories
(reference D-2). Those categories are (showing ceiling~ visibility):
greater than 1500-3, less than 1500-3, less than 1500-3 but greater
or equal to 400-1, less than 400-1 but greater or equal to 200-1/2,
less than 200~1/2, but greater or equal to 100-1/4, and less than
100-1/4. Compared to the first source, there is thus less detail on
specific ceilings and visibilities, but more sites.




3. A total of 283 airports are reported on in 19 volumes (reference
D-3). The volumes use the same six categories as reference D-2, but
report by wind direction as well.

i 3. Increased Aircraft Activity Resulting from Lowered Minima

Any of the publications may be used, as appropriate. If the specific
airport is not listed in any of the publications, a nearby airport, an
average of nearby airports, or a national average may be used.

v — =
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Computation of the number of sdditional instrument approaches made
possible by the landing aid involves the following three steps: First,
the percentage of time the airport is not VFR but open under current
1 minima must be determined. Then, the additional percentage of time the
1 airport would be open with the proposed improvement is determined.

Finally, the ratio of the two percentages, gives the percentage of
additional instrument approaches which could be completed with the
§ proposed improvement. Figure D-1 shows the listing from reference D-2
3 for Muskegon, Michigan.

¥ T

STATIONN14840 MUSKECON, MICHIGAN PERIOD OF RECDRD o:.llét:;;g.
MOUR  ND.DF CETLING-VISIRILITY CATEGORIES (X} SYSTEM ENHANCEMENT FACTORS (X)

GROUP (¢] } (1) (2} 3) (4) 5) (61 VOR CAT! - CAY2 MiNe

f

{
JAN ALL 440 63.7  36.3  29.8 3.9 1.1 1.5 [ 82.2 10.6 3.1 4.1
FER " 880% 73,5 26.5 22.6 2.5 0.7 0.7 | 85.3 9.4 2.7 2.6
MAR . T64460 T} 21.9 17.6 2.8 0.7 0.8 | B0.4 12.9 3.1 b 7Y
APR bl Y200 85,2 14,8 12.4 1.4 0.4 0.6 | B4.2 9.5 2.5 3.8
MAY bl T44D 91,3 8.7 6.3 1.3 0.4 0.7 | 72.3 14.8 4.8 8.2
JUN - 7200 93.8 6.2 447 0.7 0.3 0:¢ | 76.5 11.9 8.6 [ T%
JUL - T640 93,6 6.0 5.2 0.7 0.1 0.5 § 19.4 11.2 2.2 Ted
AUG - 7439 91.5 8.3 [ ¥y 1.0 Do 0.5 1| 7T8.2 11.6 4.9 8.7
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ANN 07-13 25578 80.6
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164-21 29229 #06.3 1
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Step 1

To determine the percentage of time the airport is below VFR but open
under current minima, find the minima for the instrument approach which
yields the lowest minima for the largest aircraft type utilizing the
candidate airport. For the purposes of example, assume that these minima
were 400-1. From Figure D-1, the time the weather is less than 400-1 is
the sums of columns (4), (5), and (6), or 3.2% (0.032).

Ceiling and visibility condition (2) represents the percentage of
time the weather is ceiling less than 1500 feet and/or visibility less
than 3 miles, the minima which are used in deciding whether to count an
instrument approach for the pilot who flies the procedure. For Muskegon,
that number (for all times) is 16.7% (0.167).

The difference between these two numbers, 0.135, is the result of
step one, the percentage of time the airport is not VFR but open under
current minima.

Step 2

If an improvement were to be made which lowered the minima to
200-1/2, the airport would be open an additional percentage of time.
Ceiling and visibility condition (4) is the peircentage of time between
400~1 and 200-1/2, which for Muskegon is 1.8% (0.018).

Step 3

The ratio of the result of steps 1 and 2 is 0.018/0.135, or 0.133.
This is the proportion of current instrument approaches which could
additionally be completed with the improvement. If 1000 approaches were
campleted previously, 133 more would be expected.

4. Interpolating for Values Outside Those in the References

Reference D-1 containg detailed data for 32 airports, and the detail
is sufficient to obtain any necessary lowered minima percentages
directly. But the 32 airports are major ones, and there are hundreds of
others which may be considered foar improvements but are shown only in
references D-2 or D~3. For those, the detail in reference D-1 may be
used to interpolate among the values in the other publications. Table
D-1 is averages of percentages of weather conditions at the 32 airports.




Table D-1

Vigibility (miles)

Ceiling i

(feet)  1/16 1/8 1/4 1/2 3/4 1 1-1/2 3 !
100 .0.34 0.43 0.65 0.99 1.43 1.95 3.10 7.09
200 0.71 0.76 0.89 1.12 1.52 2.02 .14 7.10
300 1.21 1.24 1.34 1.48 i.79 2.22 3.26 7.13
400 1.89 1.92 2.00 2.13 2.37 2.72 3.63 7.29
500 2.67 2.69 2,77 2.88 3.09 3.39 4.20 7.61
600 3.46 3.49 3.56 3.67 3.84 4.10 4.82 7.99
800 5.26 5.29 5.36 5.46 5.60 5.81 6.40 9.15
1,000 7.04 7.07 7.14 7.24 7.36 7.54 8.05 10.48
1,500 10.63 10.66 10.73 10.82 10.92 11.06 11.47 13.50

2,000 13.33 13.35 13.42 13.51 13.60 13.74 14.09 15.92
3,000 17.90 17.93 18.00 18.08 18.18 18.29 18.60 20,22

A National Average Percent of Weather Observations with ceilings or
visibilites less than selected values. Example: 1.79% of the time,
the ceiling is less than 300 feet, or the visibility is less than 3/4
mile (or both).

As an example of the kind of interpolation which is possible, assume
that the weather minima for which a percentage is required is 300-3/4.
The interpolation ratio is thus,

{local & far 300-3/4 - 200-1/2) « (ntl & 300-3/4 - ntl & 200-1/2)
(local § between 400-1 & 200-1/2) (ntl 8% for 400-1 - ntl & for 200-1/2)

At Muskegon,

{local & for 300-3/4 - 200-1/2) = 0.67
1.8 1.60

The number in the parentheses is obtained by calculating,
1.8 x 0.67

1.60

or 0.75%, which is the additional percentage of time the airport would be

open after an improvement which lowered the minima from 300-3/4 to
200-1/2.

To determine the percentage of time the airport is below VFR but open
for minima of 300-3/4, the percentage determined above (time between
300-3/4 and 200-1/2), is added to the sum of columns (5) and (6) (time
less than 200-1/2), or 0.75 + 0.6 + 0.8 = 2,158, which is the time
weather is lees than 300-3/4. This number is then subtracted from column
(2) to yield 16.7 - 2.15 = 14.55, which is then the percentage of time
the airport is below VFR but open for minima of 300-3/4.




Table D-2 gives the average increases in airport utilization associated
with reductions from specified nonprecision approach minima to MLS minima
(200-1). For example, if an MLS permitted a reduction in minima of from
400-1 to 200-1/2, an average 14.8 percent increase in runway utilization
would be expected.

TBLE D-2
Average Increases in Airport Utilization Associated With
Reductions in Approach Minima from Specified Values
to MIS Minima (200 feet and/or 1/2 mile)

Visibility (Miles)

Ceiling (Feet) 1/2 3/4 1 1-1/2 3
2 ) 2 3 S

200 0 3.3 7.8 19.5 93.4

300 3.0 5.7 9.8 20.9 94.3

400 8.9 11.2 14.8 25.4 99.4

500 16.6 18.9 22.5 3.1 110.2

600 25.9 28.2 31.7 42.6 124.7

800 54.0 56.7 61.0 74.4 184.6

1,000 97.8 lo2.0 107.7 127.2 309.9
1,500 361.9 379.8 407.4 509.9 -

5. Runway Utilization

The utilization of an airport runway is important for computing the
benefits of a runway specific landing minima improvement. If, for
example, the improvement is placed on a runway which is usable only half
of the time because of crosswinds or tailwinds, the number of aircraft
approaching in instrument conditions which can avoid flight disruptions
by using that runway is fewer.

Some airports have traffic counts available by runway, but almost
always the counts are accumulated over all weather conditions. WwWhat is
really of interest is the proportion of time the runway could be used
when the weather conditions are within range of the landing minima
afforded by the improvement. For example, an instrument landing system
is most useful when the weather is less than non-precision approach
minima, or at relatively low ceilings and/or visibilities. The strongest
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winds do not occur with the lowest ceilings, so that the likelihood that
the MLS approach cannot be used because of cross or tail winds is
relatively small.

Reference D-3 reports ranges of ceiling and visibility by wind
direction and speed, so that an approximation of runway usability can be
derived on a site specific basis. Figures D~2 and D-3 are taken from the
reference for Muskegon, MI. Suppose, that an improvement is planned for
runway 32. Assume that all flights could use runway 32 when the wind is
between 0-3 knots. That occurs 10.28 of the time. Then, assume that
flights arriving with windspeeds of 4-12 knots could use runway 32 when
wind directions were within 90 degrees of the runway, that is, NE through
SW via NW. That occurs 22.5% of the time. Then, assume that flights
arriving with higher windspeeds could use runway 32 when the wind was
within 45 degrees of the runway, that is, N through W. That occurs 14.5%
of the time. The total utilization for runway 32 during the day is
therefore 47.2%. A similar procedure for the night chart yields a value
of 50.9%, for a day and night average of 49.1%.

Canputations in the paragraph above, assumed that no other runway
achieves the minima afforded by the proposed improvement. If the
improvement would reduce minima for a second runway to a level. already
available with another runway, the percentage of utilization is
correspondingly less. If, in the example above, an improvement of this
kind were planned for runway 32 with equivalent minima already available
on runway 14, runway 14 could be used for all wind directions when wind
speeds were 3 knots or less, and for directions of NE and SW when winds
were 4-12 MPH. The day utilization is therefore 47.2 less 10.2 less 1.8
less 4.1, or , or 31.1%

Although values for specific airports may be determined in this way,
an estimate of a national average of utilization for the first and second
instrumented runways is useful in a national screening criteria. To
approximate this value, a sample of 21 airports was drawn from reference
D~-3. Computations identical to those in the above paragraphs were
carried out, and percentages of utilization of 70% and 25% were
determined, Utilization percentages for installation on more than two
runways of devices achieving identical minima were not determined for use
in the screening criteria. Three systems -- for precision landings, for
example, are almost never installed for purposes of lowered minima and
airport utilization, but instead, for reasons of traffic flow, such as on
a parallel runway. Benefit of enhanced traffic flow is outside the scope
of this analysis.
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Appendix E

Critical Values

The Federal Aviation Administration (FAA) uses certain economic values in
the evaluation of investment and regulatory programs. These values,
commonly referred to as “critical values,”™ provide the bases upon which
the effectiveness of the aviation system may be denominated and assessed
in monetary terms. The critical values used in this report include the
value of time of air travelers, the value of a statistical life, unit
costs of statistical aviation injuries, unit replacement and restoration
costs of damaged aircraft and aircraft variable operating costs. These
values are summarized in Figure E-~l. A complete discussion of why these
values are used in FAA's economic analyses is given in Reference E-ll.

Other figures included with precision landing system critical values are
average numbers of occupants and passengers per aircraft. Occupant
figures, used to calculate safety benefits, include crew; passenger
figures, used to calculate averted flight disruption benefits, exclude
crew for air carriers and air taxis since the value of the crew's time is
included in the variable operating costs as salary and wages.

Reference E~6 reports replacement/restoration costs and variable
operating costs for nine categories of air carrier aircraft, including
average values for the entire air carrier fleet. Ideally, if the
regional offices can furnish fleet information, the need to use any
estimates based on national or any other averages can be eliminated or at
least reduced. Without site specific data, however, values based on the
average experience must be substituted and used to estimate the critical
values. National fleet information was used to develop the critical
values in Tables E-2 and E-3. It is recommended that these values be

used if site-specific data are unavailable.

T e e e
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Table BE-1

Distribution of Air Carrier Aircraft Used in
Development of Critical Values

. Percent *

Air Carrier Type Departures Distribution
Turbofan, 4-engine, Wide Body 40757 .0080
Turbojet, 4-engine 534 .0001
Turbofan, 4-engine, Regular Body 203660 .0399
Turbofan, 3-engine, Wide Body 255339 .0500
Turbofan, 3-engine, Regular Body 1953905 .3833
Turbofan, 2-engine, Wide Body 18967 .0037
Turbofan, 2-engine, Regular Body 1842097 .3613
Tur boprop 614784 .1206
Piston 168039 .0330
Total 5098082 1.000

bd Total does not exactly add to 1.000 due to independent rounding.

Source: Airport Activity Statistics of certificated Route Air
Carriers
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Table E-4

Calculation of Number of Passengers

In Air Carriers

At Hub Airports:

i Total No. Passengers Enplanements = 272,737,327 = 61.4
) Completed Departures 4460248 passengers

At Non-Hub Airports:

Total No. Passengers Enplanements = 8,639,252 = 16.1
Completed Departures 536607 passengers

Source: Airport Activity Statistics of Certificated Route Air
Carriers. December 1980.

E-6




Table E~5

Calculation of Number of Occupants in Air Carriers (Hub Airports)

() {B) (C)
Distribution Number of

Air Carrier Type By Type Occupants v4 (Ad) x (B)
Turbofan, 4 Eng., W.B. .0080 251.7 2.01
Turbojet, 4 Eng. .0001 100.3 .01
Turbofan, 4 Eng., R.B. .0399 107.7 4.30
Turbofan, 3 Eng., W.B. .0500 169.5 8.49
Turbofan, 3 Eng., R.B .3833 84.4 32,35
Turbofan, 2 Eng., W.B. .0037 148.3 .55
Turbofan, 2 Eng., R.B. .3613 66.6 24.06
Tur boprop .1206 26.5 3.20
Piston .0300 4.2 .14
75.11 2/
Occupants

Weighted Average

1/ Reference E-8

2/ Rounded to nearest hundredth

Derivation of Number of Occupants In Air Carriers

{Non-Hub Airports)

Average number of occupants is estimated based on the proportional
relationship of passengers on air carrier aircraft at non-hub and hub
airports taken from Table E-4.

16.1 = ,2622, 75.11 x .2622 = 19.69
61.4

Average number of occupants in air carriers at non-hub airports is
estimated to be:

19.69 Occupants
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Table E-6

Calculation of Air Taxi Replacement/Restoration Costs

(A)

Distribution Replacement

Aircraft Type 1/ Coat 2/ (A) x (B)

Jet 0.0604 1,478,000 $ 89,271

Tur boprop 0.1883 632,000 119,006

Multi-Bngine Piston 0.5767 116,000 66,897

Single-Engine Piston 0.1690 35,000 5,915

Rotorcraft 0.0055 130,000 715
$281,804

(B) (C)

Replacement Cost

Average Restoration Cost = 1/3 x average replacement cost

= 1/3 x $281,800

= $93,900

1/References E-3, E-4

2/Reference E-1

' 4"‘.7&@_@%




838090 bBuyjeaadg
ITqRII®A 00°6€Z8

*abed BUTMOTTOZ UO S930UM004

019z 03 98010 LKi19a huabﬁuoﬂ Uils

10 €ZT°6€Z$

¥6" S§500° LETLT 89°TL 62" 8Y ov° 1S

- - yL°98 LE"ZE L9°82 oL°sZ
£ES°V $€00° T6°0€EET 18°192 70°Z9L 60°LOt
1€°09 0LS0" 10° 8501 16°802 TY°Z¥S  60°LOE
) A/ Z€00° 06°5¥8 L9°1€2 €9°9Z¢ 09° (8T
8°vL 168T° 1S° %OV 6£°66 TS LIT  09°¢81
01°S8 L9LS® 9G°LyT 1L°2S S¥°2S oy-zv
9, °01 889T° SL°€9 6§2°21 08°SZ oL°SZ
10°0 z000* 9€° b5 z0°8 ¥9°02 oL°s2s
@ x {@ adX], Ag Te30L *ujUIeH T9nd M31)

uoYINqIII8IA
() (a) () (a) (¥)

/T ¥Xel JTV 3o 380D buyieiado 3TqerIea

L-3 dTqelL

*6ay pa3ybrom

/0T 2urqang Lavjoy

/6 Uo3IsTd L1wnoy,

® 000°0Z
a/6h° - Bug-uras

/T 000°0Z%
d/0L -Bug-uiag

/9 “sal 00s‘ZIE
coqany °buz-uiag

/S *8ql 00S°Z1Y
‘oqmy °bug-ualL

/vy "84T 00s‘Z1>
Uo3sTd ‘bug-uyal

/T *V
uo3istd *budg atburs

/Z €-1
wo3std -bug atburs




N

Footnotes to Table E-7

All values are from reference E-1, and have been converted to 1981 dollars
using the methodology described on pages 67-69.

For fuel and oil: Ratio of 1981 to 1978 mean 80/87 aviation gas costs per
gallon ($1.85/$.89) was applied to base year values. Source:

Reference E-7. For crew and maintenance: Ratio of 1981 to 1978 BLS
indices of adjusted hourly earnings where 1977 = 100. 137.5/108.4 was
applied to base year values.

For fuel and oil: Ratio of 1981 to 1978 mean 80/87 aviation gas costs per
gallon ($1.85/$.89) was applied to base year values. Source:

Reference E-7. For crew and maintenance: Ratio of 1981 to 1978 BIS
indices of adjusted hourly earnings where 1977 = 100. 137.5/108.4 was
applied to base year values.

For fuel and oil: Ratio of 1981 to 1978 mean 100/130 aviation gas costs
per gallon ($1.90/$.91) was applied to base year values. Source:
Reference E-7. For crew and maintenance: For fuel and oil: Ratio of 1981
to 1978 mean 80/87 aviation gas costs per gallon ($1.85/$.89) was applied
to base year values. Source: Reference E~7. For crew and maintenance:
Ratio of 1981 to 1978 BLS indices of adjusted hourly earnings where 1977 =
100. 137.5/108.4 was applied to base year values.

For fuel and oil: Ratio of 1981 to 1978 mean jet type A fuel costs per
gallon ($1.70/$.79). Source: Reference E-7. For crew and maintenance:
For fuel and oil: Ratio of 1981 to 1978 mean 80/87 aviation gas costs per
gallon ($1.85/$.89) was applied to base year values. Source:

Reference E-7. For crew and maintenance: Ratio of 1981 to 1978 BLS
indices of adjusted hourly earnings where 1977 = 100. 137.5/108.4 was
applied to base year values.

For fuel and oil: Ratio of 1981 to 1978 mean jet type A fuel costs per
gallon ($1.70/$.79). Source: Reference E-7. For crew and maintenance:
For fuel and oil: Ratio of 1981 to 1978 mean 80/87 aviation gas costs per
gallon ($1.85/$.89) was applied to base year values. Source:

Reference E-7. For crew and maintenance: Ratio of 1981 to 1978 BLS
indices of adjusted hourly earnings where 1977 = 100. 137.5/108.4 was
applied to base year values.

Por fuel and oil: Ratio of 1981 to 1978 mean job type A fuel costs per
gallon ($1.70/$.79). 8Source: Reference E-7. For crew and maintenance :
For fuel and o0il: Ratio of 1981 to 1978 mean 80/87 aviation gas costs per
gallon ($1.85/$.89) was applied to base year values. Source:

Reference E-7. For crew and maintenance: Ratio of 1981 to 1978 BLS
indices of adjusted hourly earnings where 1977 = 100. 137.5/108.4 was
applied to base year values.

E-10
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Footnotes to Table E-7 (Continued)

8/ For fuel and oil: Ratio of 1981 to 1978 mean jet type A fuel costs per
gallon ($1.70/8.79). Source: Reference E-7. For crew and maintenance:
Por fuel and oil: Ratio of 1981 to 1978 mean 80/87 aviation gas costs per

gallon ($1.85/$.89) was applied to base year values. Source:
Reference E-7. For crew and maintenance: Ratio of 1981 to 1978 BLS
indices of adjusted hourly earnings where 1977 = 100. 137.5/108.4 was

applied to base year values,
9/ Same as footnote 5 above.

10/ Same as footnote 5 above.

E-11
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3 Table E-9

Calculation of General Aviation Replacement/Restoration Costs

(A) (B) )

Distribution

Replacement

Aircraft Type By Type 1/ Cost 2/ A) x (B
Jet .0834 1,812,000 $151,121
Tur boprop .1057 708,000 74,836
Multi-Engine Piston .3112 116,000 36,099
Single-Engine Piston .4988 31,000 15,463
Rotorcraft .0008 84,000 67

5 $277,586
; Replacement Cost

Average Restoration Cost = 1/3 x average replacement cost
= 1/3 x $277,600

= $92,500 |

1/ References E-3, E-4.

2/ Reference E-1
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Footnotes to Table E-10

All values are from reference E-1, and have been converted to 1981 dollars
using the methodology described on pages 67-69.

For fiel and oil: Ratio of 1981 to 1978 mean 80/87 aviation gas costs per
gallon ($1.85/$.89) was applied to base year values. Source

Reference E-7. For crew and maintenance: Ratio of 1981 to 1978 BLS
indices of adjusted hourly earnings where 1977 = 100-137.5/108.4 was
applied to base year values.

For fuel and oil: Ratio of 1981 to 1978 mean 80/87 aviation gas costs per
gallon ($1.85/$.89) was applied to base year values. Source

Reference E-7. For crew and maintenance: Ratio of 1981 to 1978 BLS
indices of adjusted hourly earnings where 1977 = 100-137.5/108.4 was
applied to base ycar values.

For fuel and oil: Ratio of 1981 to 1978 mean 100/130 aviation gas costs
per gallon ($1.90/$.91) w<as applied to base year values. Source

Reference E-7. For crew and maintenance: For fuel and oil: Ratio of 1981
to 1978 mean 80/87 aviation gas costs per gallon ($1.85/$.89) was applied
to base year values. Source Reference E-7. For crew and maintenance:
Ratio of 1981 to 1978 BLS indices of adjusted hourly earnings where 1977 =
100-137.5/108.4 was applied to base year values.

For fuel and oil: Ratio of 1981 to 1978 mean jet type A fuel costs per
gallon ($1.70/$8.79). Source Reference E-7. For crew and maintenance: For
fuel and oil: Ratio of 1981 to 1978 mean 80/87 aviation gas costs per
gallon ($1.85/$.89) was applied to base year values. Source

Reference E-~7. For crew and maintenance: Ratio of 1981 to 1978 BLS
indices of adjusted hourly earnings where 1977 = 100-137.5/108.4 was
applied to base year values.

For fuel and oil: Ratio of 1981 to 1978 mean jet type A fuel costs per
gallon ($1.70/$.79). Source Reference E-7. For crew and maintenance: For
fuel and oil: Ratio of 1981 to 1978 mean 80/87 aviation gas costs per
gallon ($1.85/$.89) was applied to base year values. Source

Reference E-7. For crew and maintenance: Ratio of 1981 to 1978 BLS
indices of adjusted hourly earnings where 1977 = 100-137.5/108.4 was
applied to base year values.

For fuel and oil: Ratio of 1981 to 1978 mean job type A fuel costs per
gallon ($1.70/$.79). Source Reference E-7. For crew and maintenance:
For fuel and oil: Ratio of 1981 to 1978 mean 80/87 aviation gas costs per
gallon ($1.85/$.89) was applied to base year values. Scurce

Reference E-7. For crew and maintenance: Ratio of 1981 to 1978 BLS
indices of adjusted hourly earnings where 1977 = 100-137.5/108.4 was
applied to base year values.
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Footnotes to Table E-10 (Continued)
8/ Same as footnote 5 above.
9/ Same ;s footnote 5 abbve.
10/ Same as footnote 5 above.

1l/ Same as footnote 5 above.
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Calculating Numbers of Occupants and Passengers for
Other Aircraft Classes

The calculation of the average number of occupants for itinerant general
aviation and military are shown in Tables B-1ll and E-14, respectively. Since
no crew salaries or wages are included in the variable operating costs for
these aircraft, the number of passengers used in calculating the averted
flight disruption benefits is equal to the number of occupants. The
calculations for general aviation aircraft involved an additional step.
Before proceeding with the usual weighted average computation it was first
necessary to identify the portion of an aircraft's total flying hours that
were itinerant and which were local. Local flying time is not relevant to
this analysis. Since pilots flying locally (within 20 miles of departure
airport) can elect not to fly at all if weather is too poor thereby limiting
their need to use a precision landing aid.




Table E-1l

Calculation of Average Number of Occupants for General Aviation

(A)

Distribution

Aircraft Type By Type 1
Jet .0834
Tur boprop .1057
Multi-Engine Piston 3112
Single-Engine Piston .4988
Rotorcraft .0008

1/ Derived using information from

2/ Reference E-8

(B)
Number of

Occupants 2/

references E-3, E-4

E-18

()

x (B
. 3419
.5919
1.1203
1.0974
.0019

3.2
Occupants/Passengers




Yable E-12

i Calculation of Military Aircraft Replacement/Restoration Costs

(A) (B) (C)
Distribution Replacement

Aircraft Type By Type Cost 1/ (A) x (B)

] . Jet .7586 2,440,000 1,850,984

' Tur boprop 1631 3,784,000 620,359

i Piston .0781 121,000 9,450

~ Rotorcraft .0018 466,000 839
3

$2,471,632

Replacement Cost

Average Restoration Cost = 1/3 x average replacement cost

= 1/3 x $2,472,000

= $823,000

1/ Reference E-l




Table E~13

Variable Operating Costs of Military Aircraft 1/

() (B) ©) (D)

Fuel/ Mainte- Relative

Fixed wing 0il nance Total Impor tance (C) x (D)
Multi-Eng. W/F 2/ $2006.00 362.00 2368.00 .0933 220.93
Twin-Eng. T/F 3/ 1149.00 185.00 1334.00 .4757 567.88
Single~Eng. W/F &/ 738.00 145.00  883.00 .1896 167.42
Tur boprop 5/ 217.00 155.00  372.00 .1613 60.04
Piston &/ 52.00 58.00  110.00 .0781 8.59
Rotary Wing 1/ 57.00  72.00  119.00 .0018 .21
Weighted Avg. $1025.07 *

or $1025
Variable Operating Costs

All values are from reference E~l, and have been converted to 1981 dollars
using the methodology described on pages 67~69.

AN

For Fuel and oil: Ratio of 1981 to 1978 mean jet type A fuel costs per
gallon ($1.70/$.79) was applied to base year values. Source

Reference BE-7. For maintenance ratio of 1981 to 1978 BLS indices of
adjusted hourly earnings where 1977 = 100-137.5/1084 - was applied to base
year values.

N

3/ For Fuel and oil: Ratio of 1981 to 1978 mean jet type A fuel costs per
gallon ($1.70/$.79) was applied to base year values. Source
Reference E-7. For maintenance ratio of 1981 to 1978 BLS indices of
adjusted hourly earnings where 1977 = 100-137.5/1084 - was applied to base
year values.

. IR S N
[ -
-

Same as footnote 2.

N

Same as footnote 2.

Q

Por fuel and oil: Ratio of 1981 to 1978 mean 100/130 aviation gas costs
per gallon ($1.90/%.91) was applied to base year values. Source Reference
B-7. PFor maintenance: For Fuel and oil: Ratio of 1981 to 1978 mean jet
type A fuel costs per gallon ($1.70/$.79) was applied to base year

values. Source Reference E-7. For maintenance ratio of 1981 to 1978 BLS
indices of adjusted hourly earnings where 1977 = 100-137.5/1084 - was
applied to base year values.

R

1/ Same as footnote 2.




Table E-14

Calculation of Average Number of Occupants for Military Aviation

et L0 4 o

Aircraft Type

Jet
Turboprop
Piston
Rotorcraft

1/ Reference E-8

(A)

Distribution

By Type

.7586
.1613
.0781
.0018

(B)
Number of

Occupants 1/

6.0
5.0
3.0
2.0

E-21

(c)
(A) x (B)

4.5516
.8065
<2343
.0036

5.6
Occupants/Passengers
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APPENDIX P

SAFETY BENEFITS

National Transportation Safety Board (NTSB) computer records of all civil
aviation accidents for the period January 1971 through December 1979 form
the basis uypon which the benefits of preventable landing accidents were
developed. To select accidents relevant to the analysis, all landing
accidents in 1979 were printed out. 1In some cases, the handwritten
accident files from which the camputer data were coded were examined.
After coding patterns and limitations were examined, the selection
criteria were refined. Accidents were collected in two categories, those
which occured during or immediately after a non-precision approach, and
for a precision approach. The following selection logic was used:

o aircraft "incidents"” were deleted, and aircraft "accidents" retained;

o accidents where the phase of flight was other than "landing" were
deleted. Within the landing phase, only "final approach from final
fix - IFR," "level off/touchdown," "rollout,” and "missed approach -
IFR" were selected;

o accidents which were farced landings were deleted, unless the forced
landing code was "precautionary landing on airport;"

o accidents were not selected unless the weather was coded as "IFR" or
"below minimums;"

o if the "type of instrument approach" was coded as a precision
approach -- straight in ILS, MILS or PAR,--the accident was counted as
a precision approach accident;

o if the "type of instrument approach®" was coded as a non-precision
approach -- a circling precision approach, or an ADF, VOR, VOR/DME,
o localizer — the accident was counted as a non-precision approach
accident;

0 1if the type of IFR approach was not coded, but the type flight plan
was IFR, then the approach was counted as a non-precision approach

accident;

This examination made it possible to identify the number of landing
accidents that occurred, and the associated fatalities, injuries (serious
and minor), and degree of aircraft damage (substantial damage or
destroyed). The cost of an accident was evaluated based on the number of
deaths, injuries, and extent of aircraft damage.

FAA statistics (Reference F-4) on the number of instrument approaches
made during the same period were examined for each airport to derive an
estimate of the number of precision versus nonprecision approaches that




s

constituted the total. The assumptions were: (1) if the airport had no
ILS's, then all instrument approaches reported for that airport were
nonprecision; (2) if one ILS was present, seventy percent of the
instrument approaches were flown as precision approaches; (3) if two or
more IIS's were present, ninety percent of the instrument approaches were
precision approaches; (4) the avionics equippage rates were 100 percent
for air carrier, air taxi, and military, and 98 percent for General
Aviation Aircraft. The 98% equippage rate is based on (Reference F-5)
data, which showed that of aircraft reporting IFR hours flown, 98% had
glide slope equipment on board. .

Using the infoarmation obtained from the NTSB file and the FAA statistics
on instrument approaches, it was possible to develop a landing accident

history (Table F-1, on page F-6).

Safety benefits of precision landing aids are estimated by comparing the
incidence and resulting costs of non-precision approach accidents with
the same for precision approach accidents to estimate a differential cost
per approach. This differential is then multiplied by the number of
annual precision instrument approaches to complete the safety benefit for
a given year. This is done for all aircraft classes. As with averted
flight disruption benefits, safety benefits must be computed using
current and forecast instrument approach activity for each year over a
15 year time stream. Accident costs are measured by the frequency and
resulting costs of fatalities, injuries (serious and minor) and aircraft
damage. The total safety benefit to an airport obtained by having
precision approach capability is estimated by the following
relationships. A brief summary explaining their meaning immediately
follows the list of notational definitions.

(1) Reduced fatality benefit:

I (Rnp X FFpp X Occ) = (RpXFFpXOcc) X PIA x CF = BRF
AC, AT,
GA, MIL

(2) Reduced minor injuries:

I (Rnp x FMIpp x Ow)-(Rp x FMIp x Oce) x PIA x CMI = BRMI
AC, AT,
GA, MIL

(3) Reduced serious injuries:

I (Rnp x PSInp X Occ)-(Rp X PSIp X Occ) x PIA x CSI = BRSI
AC, AT,
GA, MIL

(4) Reduced destroyed aircraft benefit:

X (Rpp X DRpp)=(Rp X DRp) x PIA x CRPL = BRD
AC, AT, p p p P
GA, MIL
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{5) Reduced damaged aircraft:

X
AC, AT,
GA, MIL

Total Safety Benefit = (1) + (2) + (3) + (4) + (5)

where:

FMInp
FMIp
FSIpp
FSIp

DRpp

DRp

SRnp

SRp

(Rnp X snnp)-(np X SRp) x PIA x CREST = BRS

= accident rate for non-precision approaches

= accident rate for precision approaches

fraction of occupants expected to be killed in an accident
during a non-precision approach

fraction of occupants expected to be killed in an accident
during a precision approach

fraction of occupants expected to suffer minor injuries in
an accident during non-precision approach

fraction of occupants expected to suffer minor injuries in
an accident during a precision approach

fraction of occupants expected to suffer serious injuries
in an accident during a non-precision approach

fraction of occupants expected to suffer serious injuries
in an accident during a precision approach

percentage of the number of aircraft involved in
non-precision approach accidents that are expected to be
destroyed

percentage of the number of aircraft involved in precision
approach accidents that are expected to be destroyed

percentage of the number of aircraft involved in
non-precision approach accidents that are expected to be
substantially damaged

percentage of the number of aircraft involved in precision
approach accidents that are expected to be substantially
damaged.

average number of occupants in all aircraft of an aircraft
class

precision instrument approaches (PIA = IA x Avionics
equippage rate x 8§ of runway utilization)




CF = cost of a fatality in 1981 dollars

cM1 = cost of a minor injury in 1981 dollars

CS1 = cost of a serious injury in 1981 dollars

CRPL = °  aircraft replacement costs (weighted average based on

aircraft mix at specific site

CREST = aircraft restoration costs (weighted average based on
aircraft mix at specific site

BRF = benefit of reducing the number of expected fatalities

BRMI = benefit of reducing the number of expected minor injuries

BRSI = benefit of reducing the number of expected serious injuries

BRD = benefit from reducing the number of destroyed aircraft

BRS = benefit from reducing the number of substantially damaged
aircraft

A literal translation of each equation is in order. For each user class
(i.e., air carrier, general aviation, air taxi, military):

Bjuation (1) says that the frequency of non-precision approach
weather-related landing accidents (Rpp), times the expected number
of fatalities per accident (FFpp x OCC), minus the frequency of
precision approach weather-related landing accidents (Rp) times the
expected number of fatalities per accident (FFp x OCC) ig the
reduction in the expected number of accident-related fatalities that
results by having precision approach capability. This amount is then
multiplied by the number of precision instrument approaches (PIA)
that would be possible on the specific runway, and by the monetary
value of life or fatality cost (CF). The result is an estimate of
the benefit of reducing the number of weather-related landing
accident fatalities at a runway when a precison approach aid is
installed (BRF).

Equations (2) and (3) translate exactly as equation (1) except that
in equation (2), "minor injuries” and the appropriate terms should be
substituted in place of "fatalities” and the fatality terms, and in
equation (3) "serious injuries”™ and the appropriate terms should be
substituted in place of "fatalities™ and the fatality terms.

Equation (4) says that the frequency of non-precision approach
weather-related landing accidents (Rpp) times the probability that
the aircraft is destroyed (DR,,p) minus the frequency of precision
approach weather-related landing accidents (Rp) times the

probability that the aircraft is destroyed (DRp) is the reduction

in the expected number of destroyed aircraft that results by having
precision approach capability. This amount is then multiplied by the
number of precision instrument approaches (PIA) that would be
possible on the specific runway, and by the average cost of replacing




%
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the aircraft (CRPL = f (aircraft mix at airport in question)). The
result is an estimate of the benefit of reducing the expected number
of destroyed aircraft suffered during weather-related landing
accidents by installing a precision approach aid (BRD).

Equation (5) translates exactly as equation (4) except that in
equation (5) "substantially damaged" and the appropriate terms should
be substituted for "destroyed" and the related terms.

The total safety benefit of having precision-approach capability, then,
is the sum of:

(1) the benefit derived from reducing the number of fatalities (BRF)

(2) the benefit derived from reducing the number of minor injuries
(BMI)

(3) the benefit derived from reducing the number of serious injuries
(BSI)

(4) the benefit derived from reducing the number of aircraft
destroyed (BRD)

(5) the benefit derived from reducing the number of aircraft that
are substantially damaged (BRS)

This sum is found for all user classes and combined for a grand total
safety benefit,

Realizing that regional offices will not always be able to provide site
specific information regarding aircraft mix, average number of occupants,
etc., estimates of safety benefits based on national averages have been
derived and are presented in this report to be used when site specific
data are not available. The following table summarizes the safety
benefit estimates per precision instrument approach for each user class.

Safety Benefit of Precision Approach Capability
User Category Per Precision Approach

Air Carrier

Hub $ 54
Non Hub 32
Air Taxi 180
General Aviation 35
*Military 132

*Estimate based on General Aviation Experience. Insufficient military
data do not permit independent evaluation of military accident history.

F-5




. . . . . . . 86¥‘62¥ K13 ITIH

oyt €01 99 09 t444 9L £ve 299292 UOTIRTAY TvIaUBD

18 8z (43 8z 9L ove 69 88T/€ELY ¥xelL IV

€T S S9 16 10T evoT 81 00¥’69T°T Idrarey ITY °

UOTSTO931d UON m.

» . . . » . ] 08L°TL9 +KIRIFTIN

£E 6L 114 13 L61 (413 444 855‘s8Z‘y UoTIRIAY TeI2UdD

11 91 8 L 114 1S L 6SE‘6LZ'T Xer 1yv

01 6 08 09 ove 856 61 8¥E'6ET’Y J913IRD ITVY
abeureq paAo I3 seTaIntulx sataniuy S913 200 sjuap gayoro UoTsIdaId

qng ’ -saq IOUTK * 138 -1103043 -100Vy -1ddy

(8) (L) (9) (s) (v) () (z) (r)

6L6T-TL6T AYOLSIH LNAQIDOV ONIGNVT T-4 FTEVL




oy, -

sInTea TTI® ‘sayovoidde jo 1aqunu 3yl 3JO UOTId30Xd aYy3l YITM

-30uaTIadxy UOTIRTAY TRISUSD Y3 UC pIseq PaIRWTIS? UINQ sawvy XIeIfrIw 303

T9LS° 6ETY° $880° ¥080° 9L6Z° S°T6
T9LS° (%4 M S880° v080° 9L62° s°Z6
1473 8s0¥° VEET" L91T1* L91¢° 8°s¥1
[44 4% 8LLT" £290° zL80° 8960° £°sT
(z -8 (z - L) psdoxy (€ -9 I/R (¢ - 9) (€ - ¥) PPTITYY (1 -2
psbeweq 33€I0ITVY -89Q 313JVIDITY s3uednoog *fur -ass sjuednoog Aoloav 8930y JUSPTOOY
3o uoy3laodoig 30 uoyrjiodorg 3o uoriowvig sauednoop Jo uotjoeig

Jo uorjoeid

9v62° ps0L” 8L2T° 8¥9t1”° L6SS* 1°92
9v6zT" ySoL” 8LZ1° 8h9T" L6SG" 1°92
YLOY® 9265 ° 69ST1" ELET® [44:1% 1°12
€925° LeLy® S£80° 9290° 69SE" 1°€
(z - 8) (z - L) peAo]y (€ -9) I/H (€ -9) (e -v) PoTTTX -2
pobeureq 33Je10ITY -S8Q 3IJLIDITY sjuednooQ *fur -1ag sjuednoog (¢-0T) sa3eY Juspidoy
3o uoyjiodoiag 3o uor3rodoad jo uot3oeig s3uednooo Jo uotr3joeig

3o uotjoelg

(panuy3u0D) 1-3 ATANL

*39WI07 STQVSN UT FTGRTIVAR JOU SBA UOTIRWIOJUI IUSPTOOV KIVITTTMs

o KINIITIN
VOTIRTAY TRISWSD
xRl ITV

1911190 1TV

UoIsSTO91d UON

sLAITeITTIN
UuoTIRTAY TRI9WRD
xel ITv¥

13tiied 1yy

Wistoeid




P-4

F-5

Bibliography

Annual Review of Aircraft Accident Data, Civil Aviation, National

Transpor tation Safety Board, various annual editions.

Establishment Criteria for Category I ILS, FAA-ASP-75-1,
December 1975

NTSB Data File, 1971-1979, summary extract prepared by APO-100.

Terminal Area Forecasts, Fiscal Years 1976-1981, Extract Prepared
by APO-~100.

General Aviation Activity and Avionics Survey, 1979, extract
prepared by APO-100.

el




Y

= —_ . e — il e e

APPENDIX G

ILS DECOMMISSIONING CRITERIA

The decision to decommission an ILS depends in part on whether turbojet
operations are conducted on the runway and, if not, whether the benefits
derived from its continued operation exceed the resulting operations and
maintenance costs. That is, in the absence of turbojet operations,
annual instrument approach (AIA) criteria will apply.

DEVELOPMENT OF DISCONTINUANCE CRITERIA

Annual O8M and fifteen year discounted O&M costs are summarized for an
ILS system in Figure G-l.

Figure G-1

ILS Annual and 15 Yr. Discounted O8M Costs
(1981 Dollars)

us MALSR TOTAL
$57 $16 $73
Cumulative Discounted
Annual O&M Discount Factor 15 Yr. Costs (000)
$73 7.976 $582

The number of AIA's needed in order to cover the O&M costs can be
determined by user class for several levels of non-precision approach
minima following a methodology similar to that used in the development of
the Phase I criteria for MLS establishment (Chapter VI). The same
equation is used (i.e., (AX + BY)(NDF) = ,..) except that the ILS O&M
costs replace the MLS life cycle costs, giving (AX + BY)(NDF) = $582,000.

The minimum number of annual instrument approaches that would justify
continued operation of ILS equipment have been found using this method
for each user class for specific non-precision approach minima., This
information is presented in Table G-1.

Table G~1

ILS Discontinuance Minimum AIA Count For Stated
Non-Precision Approach Minima

User Category 300 3/4 400 3/4  400-1 500-1 600-1
Air Carrier
Hub 200 100 80 50 40
Non Hub 400 200 170 120 85
Air Taxi 225 200 190 170 150
General Aviation 1100 950 850 700 600
Military 500 400 375 325 275

800-1

20
40

110

400
200




To determine whether a runway is a candidate for IIS discontinuance:

1. Determine the least non-precision approach minima currently
authorized for the largest aircraft using the runway in question.

2. Reference table G-1 to select the required minimum number of AIA's on
the candidate runway for each user category.

3. BEstimate the number of recorded AIA's on the candidate runway for
each user category.

4. Enter recorded and required AIA's for the candidate runway as
indicated below. The contributions of each category toward meeting
the criteria are summed. A runway with a total ratio below 1.0 is a

candidate for discontinuance.

User Category

Air Carrier Recorded AIA's = x.xx
Required AIA's

Air Taxi Recorded AIA's = XXX
Required AIA's

General Aviation Reomrded AIA'sS = x.xx
Required AIA's

Military Recorded AIA's = X.xx
Required AIA's

Total Ratio X.XX

S. The decommissioning of an ILS will be justified by a benefit/cost
assessment as well as by a review of operational and envirommental
factors pertinent to the affected locality or localities.
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