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ry entity, whether public or private, is confronted with the economic problent
It wiahee to accomplish iore objectives than Its resources will permit. This
problem requires that two fundamental economic questions be answered: (1) what
objectives should be pursued, and (2) how should these objectives be accomplished.
tn general, the answer to the first question Is that an objectivo should be
undertaken only when the value to be derived from undertaking It equals or ezceeds
what must be foregone to achieve It-its cost. The general amemer to the second
question is that each objective undertaken should be accomplished for the least
amount of resources possible--or for the lowest cost.

-Economic analysis provides a systematic approach to anwering the economic
questions. This Rendbook presents methodology for applying economic analysis
to problems comonly encountered by the Federal Aviation Administration.
Techniques are developed for measuring such benefits s Improwed safety, delay
reductions, cost savings as well as others. Cost estimation methodology is also
preseted.
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cHAPTER I

1. PUrpose Of E.conmic Analysis

Two major ]Federal Aviation Administration (FAA) programs ares (1) provision

of air traffic navigation and control services to the flying public, and

(2) establishment and enforcement of regulations to ensure safe and

efficient operation of the nationial aviation system (WAS). Progrems under

the first category Involve the construction, maintenance, and operation of

the NMS. These programs require the FAA to make major decisions regarding

the allocation of public and private resources. Such decisions Involve

system acquisitions to provide new services, extend already provided

services to new locations, and improve Internal operating efficiency.

Efficiently making these decisions Is a major task of FMA managmnt.

Programs under the "econd category enoompass the aking and enforcement of

rules, regulations, and minimum standards pertaining to the manufacture,

operation, and maintenance of civil aircraft. These activities Include the

certification of now aircraft, oversight of the existing fleet regarding

maintenance and operating problems, and certification of pilots, mechanics,

and others with respect to proficiency and medical fitness. PAWy of these

regulatory activities Impose substantial costs In tint they mandate the

allocation of privetes resources to specific sess. Efficient regulations

require tint these costs he carefully weighed against the benefits they are

expected to achieve.



The problem of resource allocation confronts both agency managers and

regulators. The purpose of economic analysis Is to provide such

docisiomsakers with a systematic approach to sakIng resource allocation

decisions leading to the undertaking of appropriate objectives tn a least

cost manner. Such analysis is specifically mandated with respect to both

Investments and regulatory actions by Executive Orders, Offtice of

Managmnt and Budget Circular#, DOT Orders, and FAA Orders. (See

Appendix A for an annotated list of relevant documents.) This handbook

provides a guide to this process.

11. The Economic Questions

Every entity Is confronted with the economic problem: It wishe* to

accomplish more objectives than Its resources will permit. Economics,

narrowly defined, to the study and analysis of how entities may maximize

the attamment of their objectives subject to the limited resources

available to be utilized In pursuing these objectives. This Involves the

simultaneous answering of two fundamental questions:

1) Which objectives should he pursued?

2) Now should these objectives be accomplished?

In general, the answer to the first question is that an objective should he

madertahem only win the value to be derived from achieving it equals or

exceeds whet must be foregone to achieve It-its cost. The general ansuer
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to the second question Is that each objective undertaken should be

accomplished for the lest mount of resources possible-or for the lowest

coet. This will assure that the greatest ember of objectives can he

achieved for the available resources.

Is the privae sector, econsmic analysis can help provide answers to -these

questios. Market research can nake decisiomIke awae of what goods az4

services consamers wish predode Operations research and cost accouting

mnethods can help assure that production is achieved at the lowest cost

possible. Market forces will also oid decisiosakers In anewering the"e

questions before goods and services are produced. By producing only those

goods sod services ubich cossmers are expected to b"y, the question of

what to produce Is answered. In' the quest to expand sales end Increase

profits, the lowest cost setbods of produaction will be sought out. Market

forces will also cos to bear after production has occurred. Those who

answered the ecosomic questions correctly will be roerded. The s h

answered them Irnrrectly will be penelimed. And these who answered thu.

incorrectly and wbo centimse to answer te. Incorrectly will be driven out

of bhasess. Thus, In the privete sector correct answers to the economic

questions will sore 1,

Ms~7F. or", seasoe that the private sector siarkets are
approxinately competitive and that exterslities-iapats on parties
other than buoers or seller- re not a significant eosderatom.
Where the actual situation doss mot appmialate empetIt ion and/or
externalities exitq the correct soneor to the economic questions will
not secssatily sour.
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In the public sector, the situation is sewhat different. Few

governmentally produced goods and services are sold In the marketplace. Of

those that are sold,* the price Is often arbitrary and does not reflect the

cost of providing the good or service. Accordingly, in the absence of

market forces, there Is no assurance that prodiection is carried out at the

lowest cost possible. As a result of the lack of market direction In

asering the economic questions, these answers can he provided only by

economic analysis. Such analysis will Indicate what goods are worth

producing and hew they can he produced as cheaply as possible.

A second difference between the private and public sector Is that consumers

of privately produced goods and services usually pay for then themselves,

whereas come umsre of publicly produced goods and services usually do not.

This factor does not affect the need to answer the econmic questions

correctly. Regardless of Who pays for a good or service, it should be

producead only where the value placed upon It by its consumers equals or

exeeds the cost of producing It. * Were value exceeds production cost, the

earegate value of all production will Increase because more value will be

generated by the good or service to be produced then must be given up to

produce It. Iuch cases will have the characteristic that conmaese of the

good or service which we paid f or by aemson else would be able, If

required, to reimburse completely those who paid for It and still be better

ef then befere. Simlarly, who receives a governmentally produced good or

service and whe pays for it dons not change the requirment that production

be acomplisesd at the lowest possible cost. The more ef ficiently Inputs

ane transformed into outputs* the more outputs that can be produceod.

1-4



Ill. bandbook Ornsation

The reminder of this handbook coautso six chapters and three

appendices. An oerviU of comemic analysis and the procedures required

to evaluate investments and regulations is contained in Chapter 2.

Chpters 3 and 4 provide the coeceptual ftmework for measuring and

valulng benefits and costs. They also present practical guidance for

estimatlng benefits and costs in situations which are typical of FA

investments and regulations. Nulti-perlod economic decision criteria are

developed in Chapter S. Topics included are why discounting must be used

to compare benefits or costs occurring in different future time periods,

how to use diecounting, and bow to make decisions between alternatlves

which extend over a nmber of time periods. Chapter 6 deals with

sensitivity analysis. It presents techniques to aid deciioumakers in

salecting between alterNatives under conditions of risk and uncertainty.

Techniques for measuring price level changes for specific goods or

services as wel as for the general price level are contained in

Chapter 7. This chapter also sets out the appropriate treatment for

inflation in benfit-cost analyses.

Appendix A contains a lstlng, accompanied by a brief explanation, of the

ftecutive Orders, Office of Nanement and budget Circulars, DOT Orders,

and FA Orders which document the requirment for cosmic analysis.

Appenix 3 briefly sanmrises ekommic Valms for 9veluation of Fedetral

Aviation Aministration Investment and tea-latory Proareme. It contains

1-5
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estimates for critical values-such as the value of a statistical life,

the value of passenrer time, and the operating cost of various

aixeraft--wich are required for econoeic analysis. 7inally6 Apend1z C

contains tables of factors useful In making the present valuo

calculatione detailed In Chapter 5.

I

I
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CHAPTER 2

ECONOMIC ANALYSIS-AN OVERVIEW

1. General Types of Economic Analysis

The term economic analysis is a broad one. It encompasses a spectrum of

topics Including economy-wide analysis, regional studies. market structure

Investigations, and analysis of specific decisions. It is this last topic,

as applied to FAA investment and regulatory decisions. that is the topic of

this handbook. Such applications usually concern the addition or

subtraction of a particular investment or regulation to the existing system

or body of regulatlons--denoted as marginal or Incremental analysis. For

the most part, the methodology outlined is also applicable to the

evaluation of a system in total or a body of regulations.

Economic analysis of Investment and regulatory decisions seeks to provide

answers to two economic questions: (1) Is a particular objective worth

achieving, and (2) which of several alternative methods of achieving an

objective is ''st? Two general procedures are employed to answer the

questions. The first, cost effectiveness analysis, assumes that the first

economic question has been answered in the affirmative and concentrates on

providing an answer to the second question of which alternative is best.

The second, benefit-cost analysis, seeks to answer both questions. While

benefit-cost analysis is more complete than coat-effectiveness analysis,

studies are often limited to the latter because of an inability to measure

benefits in dollars.

2-1
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A. Cost-Effectiveness Analysis

There are two types of cost-effectiveness analysis: (1) least cost

studies, and (2) constant cost studies. Least cost studies are appropriate

where the level of effort is undetermined and relatively unconstrained but

the level of output/benefits is fixed. The procedure concentrates on

identifying the least expensive way of producing a given amount of a

certain output. The analysis typically begins with a statement of a

required objective. Alternative methods of achieving the requirements are

then defined. Costs are estimated for each alternative and the least cost

alternative identified.

Least cost studies are frequently undertaken when the decision has already

been made to produce a given amount of the output in question. Examples of

such situations are when a requirement for the output is established by

administrative or legislative direction, when the output is required to

support another program which is required, or when deciding whether or not

to replace existing equipment with new, cheaper-to-operate equipment which

produces the same output. In all such situations, the analysis is confined

to answering the question of how to produce.

Constant-cost studies are appropriate in situations where the level of

output/benefits is undefined but the budget/resources available are fixed.

The purpose of the analysis is to identify the outputs of each of a number

of equal cost options and then decide which of the alternatives is best

2-2



for producing the determined level of outputs/benefits. Such a situation

typically arises where an agency Is allocated a given amount of funds and

directed to pursue a particular objective. The analysis permits the agency

to determine how. to produce the maximum amount of desired output/benefits

with the given funds.

Analyses of this type require that outputs be measured in some way. If

only one output is Involved, the measurement can be in any convenient

albeit arbitrary unit. If more than one output io Involved, a unit of

measurement applicable to all units is required. If no such unit can be

found, the study must of necessity be confined to a description of the

outputs of the various alternatives. Judgments as to the relative

importance of each separate output are then left to the policymsktr.

B. Benefit-Cost Analysis

Benefit-cost analysis seeks to determine whether or not a certain output

shall be produced and, If so, hot. best to produce it. It thus goes beyond

the limited objective of cost-effectiveness analysis of determining how.

best to produce. Benefit-cost analysis calls for the exaination of all

costs related to the production and consumption of an output, whether the

costs are borne by the producer, the consumer, or a third party.

Similarly, the method requires an examination of all benefits resulting

from the production end consumption of the output. regardless of who

realizes the benefits. Because the ultimate objective of benefit-cost
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analysis is the comparison of benefits and costs, they both must be

evaluated In the same unit of measurement. It is rare that anything other

than dollars proves to be satisfactory.

The benefit-cost procedure requires that alternative methods of producing

the output be Identified. The benefits of each alternative are then valued

i dillars and compared to their expected costs. That alternative for

which benefits exceed costs by the greatest amount is identified as the

project alternative to be undertaken. The action is worth taking because

benefits exceed costs. It is best because benefits exceed costs by the

greatest mount. Unfortunately, such studies often break down in the

identification and valuation of benefits. Governmentally produced outputs

are usualay sot sold under market conditions making it difficult to

determine their value to consumers and the benefits they may provide to the

rest of society.

11. Rconomic Analysis Process

The ecomic analysis process consists of eight stepst

1. Define the Objective
2. Specify Asumptions
3. Identify Alternatives
4. Istimate Benefits and Costs
I. Describe Intangibles
6. Compare leef its and Costs and Bank Alternatives
I. Perform Sensitivity Analysis
8. Make RIecomeadat ions

2'4
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The analytical considerations involved in each of these steps ere described

as feolles.

STEP I - DEFINE TuE OIJECTIVE

This apparently obvious step is critical to a useful analysis. The analyst

cannot proceed until the exact objectives of the project or regulation

under consideration are precisely stated. Moreover, any project or

regulation actually undertaken without a clear understanding of the desired

outcome is likely to be inefficient and, perhaps, unnecessary. The

objective should be stated in tes of desired outputs of the project or

regulation. It is a comon falling to describe an action in terms of the

inputs required to accomplish it. For example, the objective of providing

airspace surveillance should be stated In terms the expected improvement in

benefits-inhaced safety, increased system capacity, reduced costs, better

weather detection, etc.--rather than am a need to procure a new radar

system.

In sme situations the objective will be specified by external authority.

For example, either the executive or legislature my mandate that a

particular objective be pursued. The analyst's role is such a case is

limited to formlating a succinct statement of the mandated objective and

clarifying ambigutieo that my be present In it.

2-
2-5 .
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At times, several projects or regulations may be combined for

administrative purposes. For analytical purposes, they should be separated

and independently evaluated to the extent that their objectives are

functionally separate. Functionally separate objectives are those which

are independent of each other and do not depend upon comon Investments or

regulations. For example, regulations pertaining to design requirements of

different types of aircraft should be considered separately. But

regulations concerning flight time and duty time restrictions should be

considered together because one interacts with the other. As to comon

Investments, the separate objectives of safety and delay reduction should

be considered together when they arise from a common investment such as an

ILS and separately when they arise from separate investments such as a VASI

(safety oriented) and hXAV (delay reduction oriented).

STEP 2 - SPECIFY ASSUIIFTIOUS

Analysis of projects and regulations which will have most of their impact

in future years involves a substantial amount of uncertainty. In order to

proceed, assumptions must frequently be made. These should be clearly

identified and the estimate upon which they are based--Judgment,

econometric forecast, etc.-clearly elaborated. Assumption specification

often cannot be done exhaustively as a second step. Frequently, some

assumptions cannot be specified at the beginning of a project. Others must

be cheanged as the project proceeds and more information is obtained or

information Saps appear that can be filled only by assumption.

2-6



STEP 3 - IDENTIFY ALTERNATIVES

This is one of the most difficult yet important parts of a benefit-cost

analysis. It involves the identification of all reasonable mays to achieve

the desired objectives. This step is critical because only those

alternatives that are identified will be evaluated. Any alternatives that

exist but are not identified not only will not be evaluated, but,

critically, will not be selected as the most efficient method to achieve

the objective. This Is critical because, if a sufficiently low cost

alternative Is not identified, the analysis that follows may determine that

the objective is not worth undertaking since its costs exceed its benefits.

This step should not be interpreted to require that every conceivable

alternative way of doing something needs to be included in the analysis.

Many technically possible alternatives may he ruled out from the beginning

as inferior to others which are being considered. This my occur in

several situations. First, it may be well known that a particular approach

is more costly than others, at least for the scale of activity under

consideration. Second, it must be recognised that most investments or

regulations build upon existing ones. Because new investments or

regulations mst mob with existing ones, many potential alternatives which

do not mesh can be ruled out. Note that this exclusion criterion is not

applicable when considering the adoption of a new system or a functionally

separate sat of regulations or a replacement for existing ones. Finally,

other cases ay arise Mwre it can be determined that one or more

2-7
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alternatives are inferior to the others before a formal analysis is

undertaken. The analyst is cautioned that such determinations should be

wul founded and supportable. Moreover, while such exclusions will save

analytical resources, care mast be taken that viable alternatives-perhaps

the best one--are not excluded at this point. In particular, the analyst

must not exlude alternatives merely because P oredisposition exists in

favor of others arising out of causes such as past practice or external

constraints such as budget or personnel ceilings.

Successful alternative identification requires extensive knowledge of the

production process or processes which can be utilised to achieve the

objective. Such information is often highly technical and not confined to

any single area of expertise. As a result, it is often necessary to enlist

the aid of one or more technical experts at this stage of the analysis.

STEP 4 - ESTIMATE BENEFITS AND COSTS

This step requires that the value in dollars of all quantifiable benefits

and costs be estimated. With respect to benefits, it is first necessary to

determine the goods and services which the project or regulation can be

expected to yield. Then, the value of these goods and services must be

determined. For costs, the physical resources which the project or

regulation will consume must be determined and their costs estimated.

Guidelines for formulating benefit estimates are presented in Chapter 3.

Procedures for cost estimation are contained in Chapter 4.

2-8



STEP 5 DESCRIBE INTANGIBLES

A natural follow-on to quantification of benefits and costs is the

identification and description of intangibles-those things which cannot be

evaluated In dollar terms. Intangible considerations should be listed and

described for the decisiomnaker. If possible, a range in which a dollar

value could be reasonably expected to fall should be reported. Intangibles

should not be neglected; it is very likely that they will be extremely

important to the outcome of the analysis.

STEP 6 - COMPARE BENEFITS AND COSTS AND RANK ALTERATIVES

It is this step that provides answers to the economic questions of what

objectives to pursue and how most efficiently to obtain them. It

establishes whether or not benefits exceed costs for any or all of the

alternatives, thus indicating whether or not the objective should be

undertaken. In addition, by providing a ranking of the alternatives it

identifies which is the most efficient in achieving the objective.

Criteria for asking this comparison are enumerated in Chapter S.

STEP 7 - PERFORM SENSITIVITY ANALYSIS

Because uncertainties are always present in the benefit and cost estimates

used in the comparison of alternatives of 8TrP 6, a complete picture of the

situation can be presented only if key assumptions are allowed to very.

When this is done, it is possible to examine how the ranking of the

2-9

I



alternatives under consideration holds up to a change In a relevant

assumption and under vhat conditions the project Is or is not worth doing.

Nethodology for conducting senaitivity analysis to presented in Chapter 6.

In addition to helping deal with uncertainty, sensitivity analysis also

provides feedback within the economic analysis process. At this stage of

the analysis, it Is often necessary to change key assuptions, formulate

additional alternatives, and/or revise methodology. The analysis is then

repeated under these new conditions. Thus, the economic analysis process

becomes an Iterative one.

STEP 8 - MAKE RECONNENDATIONS

The final outcome of the economic analysis process Is a recommendation

concerning the proposed objective. Under a benefit-cost analysis there are

two parts to this recomendation: should the activity be undertaken, and

if so, which alternative should be selected to achieve it. For a

cost-effectiveness analysis, oqe of two answers Is provided: which

alternative should be selected to achieve the objective or on what

activities should the available resources (e.g., budget) be expended so as

to best achieve the stated objectives. Note that this stop goes beyond

STEP 6 in that it incorporates not only a comparison of alternatives but

also information gained by the sensitivity analysis and the Iterative

process. The entire economic analysis process Is mamarsed in Figure 2-1.
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Figure 2-1
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C•APT, 3

UUUIT ESTIMATION

I. General

Benefits are the outputs of goods or services that are produced by the

operations and regulations of a governent agency. Most frequently they

are provided to the public but may on occasion be furnished to other

governmental agencies. When valued in dollars, benefits are analogous to

private sector revenues. However, unlike the private sector vhere

products are sold and their value established in the market place, most

governmental outputs are provided free or at arbitrary prices. As a

consequence of these factors, measurement of benefits can be a formidable

task.

A related outcome of government operations or regulations are cost

savings. Strictly speaking, they are not benefits because they do not

represent products or services delivered to the consumer. Rather, they

are reductions in the cost of delivering other products or services.

Nonetheless, they should be treated as benefits because they represent

value to the goverment and/or private parties vhich arises as the result

of undertaking a project or regulation and incurring its life cycle

cost.

3-1



The benefit estimation procedure Is a three step process. The first step

is to identify what effects vill occur and who vil be affected as a

consequence of undertaking an activity. This can be difficult in itself

if the proposed activity Is large and/or complex. The second step is to

measure these effects in physical units. Finally, the physical units

must be valued in dollars. Suggested procedures for accomplishing these

tasks are detailed in Section III. A theoretical basis for valuation is

considered in Section i.

11. Benefit Valuation

A. A Concept of Value

Before beginning a discussion of how to value specific benefits, it is

important to know what is meant by value and how it can be measured. In

this disc..sion a principal distinction lies between the value of a

product to consumers and the amount of money they must spend to acquire

the product. Money is a generalized commodity which can be transformed

into other specific commodities through exchange. When a consumer

voluntarily exchanges money for a specific commodity, the consumer

indicates that the value placed on the specific commodity equals or

exceeds the value placed on what that amount of money could buy in its

next most valued use. If it did not, the consumer would not voluntarily

make such an exchange. The amount of money expended on a commodity is a

minimum measure of the value of a commodity to a consumer. The total
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value of a commodity is measured by the maximum mount of money a

consumer would be willing to give up and still be willing to voluntarily

engage in the exchange. The concept of value measurement may be

clarified with reference to the economist's concept of the demand curve.

Figure 3-1 presents a typical demaud curve for a particular commodity.

The curve indicates the quantity of the coinodity that consumers as a

whole will purchase at any particular price. It slopes downward to the

right because consumers can be expected to purchase larger quantities at

lower prices than at higher ones. A useful property of the demand curve

is that it traces out the prices which consumers are just willing to pay

for an additional unit of a commodity for all different quantities

actually purchased. This price represents the marginal value placed by

consumers on an additional unit of the comdity. In Figure 3-1, the

demand curve shows that consumers can be expected to buy quantity Q1 at

price PI" To induce consumere to increase purchases by one unit to

Q2. price must fall to P2" Thus, the maximum price that will be paid

for one more unit, provided that Q units are currently being

purchased, is P2" Or in other words, P2 Is the marginal valuation

which consumers place on this unit of the commodity. To determine the

marginal value of each successive unit, it is necessary to repeat the

process. The total value to the consumers of a mober of units Is

obtained by sumingl the marginal valuations. In Figure 3-1, the sum of

the marginal valuations of units Q3 is represented by the area

"1AS 3 . This area represents the maximum amount consumers would be
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villing to pay for units Q3 - Q I It consists of rectangle

QICBQ3 plus triangle ACB. Rectangle Q1CIQ 3 , equal to P3 x

(Q3 - Q1 ) ' equals the total amount consumers would be required to pay

for Q3 - Q1 at P3.

Triangle ACS represents additional value of the units Q3 " Q1 over

and above this payment which consumers would be willing to pay rather
1/

than go without these units of the commodity. -

B. Benefits of FAA Actions

Host FAA Investment projects and regulatory actions are intended to

reduce the costs of air transportation. Cost reductions accrue to the

flying public through reduced accident costs, reduced delay costs, and in

other ways. To the extent that FAA activities result in relatively small

cost reductions, the benefits of such activities may be valued based on

current system use without taking into account any increase in system

usge resulting froe cost reductions. With reference to Figure 3-1,

assume that an FAA action causes the per unit cost of using some segment

of the system to fall from PI to F2" The value of this action to the

1/ The above discussion does not indicate the need to measure triangle
ACB under a demand curve adjusted for income and other factors.
While this is theoretically incorrect, the practical impact of making
the appropriate adjustments would be insignificant for FAA
activities. For an introductory discussion of such problems, see
Mlark Ward, Soonam, i. Theory .In .Retrospet, ichrd 0. Irwin, Inc..

Homewood Illinois, 1968, pp. 359-373.
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current users of the service may be approximated by (P1 - P2) x

Q1" Although this procedure understates the true increase in value by

ignor ig the value of unit Q2 - Q1, the amount of error is small

enough that it can be ignored foi practical purposes.

For activities that result in larger cost reductions to the public, the

value of additional units which will be demanded must be considered or

the total increase in value will be substantially understated. In terms

of Figure 3-1, if costs are reduced from P1 to P30 consumers of Q1

units will be benefited by (PI - P3) x Q. But the reduction of

P1 - P3 will also induce the additional units of q3 - Q1 to be

demanded, both by current and new consumers. The value of these units is

equal to the sum of their marginal valuations as indicated by area

Q1ABQ3. The magnitude of the cost reduction makes this amount large

enough that it can no longer be ignored.

Frequently, the value of additional units such as Q3 - Q, are

measured net of the costs which consumers must bear to consume them. The

resulting net benefit Is then compared to other public and private costs

in the benefit cost analysis. in Figure 3-1, the net benefit would be

represented by triangle ACB under this procedure. This is equal to the

sum of the marginal valuations, Q1ABQ3, less the amount consumers are

required to pay, as shown by rectangle Q1 CBQ 3 . (Note, this procedure

is strictly a convention. The same result would occur if total benefits

of units Q3 - Q1 , QIABQ 3 9 were counted under benefits and

consumer borne costs, QICBQ3 , considered under coats in Chapter 4.)
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The total net benefit of a project Is equal to the sum of the benefits to

current consumers plus that associated with the additional units demanded

because of lower costs. In Figure 3-1, this amount is indicated by area

For commodities traded in markets, value may be determined with reference

to observed market behavior of consumers. For many items produced by

government or brought about by government regulation, value cannot be

determined by reference to market behavior because the itms are not

traded in markets. Rather, they are provided free or at arbitrary

prices. Nonetheless, they may be valued by determining the mazimam

mount consumers would be willing to pay for them. The following section

outlines methodology for estImating the value of benefits provided by FAA

Investment and regulatory activities.

III. Benefit Categories

There are three priary areas in which FAA Investments and regulations

generate benefits. These are safety improvement, capacity increases and

delay reductions, and cost savlngs. Other benefits outside of these

three areas also frequently occur and should be Included in any

particular analysis using appropriate methodology for the particular

circumstance. Each of these benefit areas Is nov considered.
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A. Safety

Safety may be defined in terms of the risk of death, personal injury, and

property damage which results from air transportation accidents. A major

responsibility of FAA is to reduce such occurrences. FAA carries out

this function through its capital investment, operations, and regulatory

functions. The evaluation of the benefits of such activities requires

that we determine the extent to which deaths, injuries, and property

damage resulting from preventable accidents will be reduced, and that

these reductions be valued in dollars. This subsection presents

methodology for determining deaths, injuries, and damages prevented by

risk reduction. Once known, these can be valued in dollars by applying

standardized FAA critical values (See Appendix B).

1. Unit of Exposure

Meaningful accident measurement requires that accidents be stated as a

rate per some unit of exposure. Such a unit should have the character-

istic that each time it occurs an accident of a particular type either

can or cannot result. The appropriate unit of exposure will differ

depending on the type of accident under consideration. Every aircraft

movement from one point to another consists of several components:

departure taxi, take off, climb out, the enroute phase, descent,

approach, landing, and arrival taxi. All components other than the

enroute phase will have approximately the same duration each time they
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occur and will be approximately independent of the duration of the

enroute component. Horeover, each component other than the enroute one

constitutes a self contained phase of flight which is approximately the

same from one flight to another and which must be undertaken each and

every time an aircraft is moved from one place to another. Accordingly,

because the risk of an accident can be considered to be approximately

independent of the duration of a flight for all but the enroute

component, the appropriate measure of exposure for other than enroute

accidents should not vary with the duration of a flight.

For the enroute component of a flight, the opportunity for an accident to

occur is present throughout the duration of the enroute component. The

longer the enroute component lasts, the greater the exposure to the

risk. Consequently, appropriate exposure measures for the enroute

component should vary with the duration of the flight. In the case of

enroute turbulence accidents, the exposure measure should also vary with

the number of passengers transported. This is because the chance that at

least one passenger's seat belt will be unfastened at the same time an

aircraft encounters turbulence, thus creating an opportunity for a

turbulence accident, varies with the number of passengers as well as with

the duration of the flight.

For the most part, all flight segments except the enroute one occur

primarily in the terminal area. Acceptable exposure measures are

operations and Instrument operations. V An operation occurs each time

2/ Air Traffic Activity, Federal Aviation Administration, published
annually.
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an aircraft either takes off or lands. An instrument operation occurs

each time an aircraft on an instrumeit flight plan takes off or lands. A

third measure, annual instrument approaches, occurs each time an aircraft

on an Instrument flight plan makes an instrument approach under

instrument weather conditions. Although conceptually acceptable and used

in many previous analyses, it is not recommended that this measure

continue to be used. It is subject to substantial measurement errors and

may not continue to be compiled by the agency.

For accidents which occur enroute such as those resulting from engine

failure or flight system failure, exposure measures related to flight

duration are appropriate. Acceptable measures are hours flown or miles

flown. Measures which also reflect the number of passengers carried such

as passenger miles, the product of miles flown and passengers carried,

should not be used because the risk of these types of enroute accidents

Is not dependent on the number of passengers being carried. For enroute

turbulence accidents, measures such as passenger miles are
.3/

acceptable.--

2. Models

One method of determining prevented deaths, injuries and property damage

is to construct a model which relates these items to a unit of exposure.

Such a model typically computes the number of accidents that can be

3T CAB Air Carrier Traffic Statistics, published monthly, and FAA

Statistical Handbook of Aviation, published annually.
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expected to occur per unit of exposure both with and without a particular

system in place. The difference is the number of prevented accidents.

The actual estimating procedure can be as simple as calculating accidents

as a fraction of the exposure unit. Or it can be complex, allowing the

probability of an accident to vary with a host of other factors such as

weather, aircraft types, length of runway, etc.

Prevented deaths, injuries, and property damage can then be ascribed to

the prevented accidents using historical average@ for these types of

accidents for fatalities, minor and serious injuries, and damage per

accident. Because there is wide variation in fatalities, injuries and

property damage by type and size of aircraft as well as by passenger

loads, it is important that the averages used reflect the aircraft types

and passenger loads likely to have been involved in the prevented

accidents. This can be accomplished by using different averagos for

different airports or air routes.

A comprehensive model for estimating safety and other benefits for

approach and landing aids is the "Approach Aid Istablisluent Criteria

Model." The model computes the benefits and costs of establishing and/or

decomissioning any of the following aids, either singularly or in

combinations: VASI, NDB, VOR, VOR/NME, LOC, LOC/DNZ, iLS, ILS/DE.

Accompanying the model is a data base containing soot of the data

required to run the model for 3338 runways. This greatly facilitates
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model use because only a relatively few parameters need be input to use

the model. 4/

3. Judgmental Accident Evaluation

A second method for determining prevented accidents is to examine a large

number of accidents of a particular type and make a Judgmental

determination of which ones could have been prevented by the investment

or regulation in question and which ones could not have been. To add

validity to the work, it Is often desirable to have the analysis of

accidents undertaken by a group of knowledgeable individuals so as to

avoid the biases of any one particular person. In those cases where a

decision between classifying an accident as preventable or not

preventable Is a toss-up, it is classified as preventable by convention.

This is done to let the benefits of any doubt favor making the investment

or implementing the regulation.

The Judgmental method has the advantage of simplicity and ease.

Moreover, it does not have the large data requirements typically

associated with model estimation. It has the disadvantage of almost

always overstating the benefits of any proposed activity. This occurs

because some accidents Judged preventable would still have occurred. A

given safety program will be successful in preventing only a certain

4/ Approach Aid Establishment Criteria Model Users Manual, draft report,

Federal Aviation Administration, April 1981.
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percentage of all potentially preventable accidents. This percentage is

generally unknown. Note, however, that a proposed activity which fails

to muster benefits In excess of costs when the judgmental method is used

is probably not worth undertaking.

B. Capacity Increases and Delay Reduction

The major reason for operating the air traffic control system is to allow

many aircraft to use the same airspace simultaneously without colliding

with one another. The capacity of the ATC system to handle aircraft

safely is a given for any particular weather situation. As this level is

approached, some aircraft must wait to use the system or various parts of

it until they can be accommodated. This waiting imposes costs both in

terms of aircraft operating expenses and the value of wasted passengers'

time. Estimation of the delay benefits of a new project or regulation

requires that we measurp the aggregate annual aircraft operating time and

passenger time which the new proposal will save. This saving is the

difference between the delays currently experienced and those which would

be experienced with the proposed new project or regulation. Once

determined, the value of this saved time can be valued in dollars using

the values provided In Appendix B.

The estimation of delay reductions that a particular proposed project or

regulation can be expected to produce requires that the relationship

between average delay, capacity, and system demand for the segment of the

3-13



FIGURE 3-2

RELATIONSHIP BETWEEN CAPACITY
AND AVERAGE DELAY

AVEXAGE
DELAY
(minutes)

maximum acceptable delay

practical through put
capacity capacity

SYSTEM DEMAND

3-14



ATC system of interest be determined for both the existing system and the

proposed new one. Although such relationships will differ from situation

to situation, their general form is depicted in Figure 3-2. As

indicated, two definitions of capacity are relevant in defining this

relationship. One is the "through put" measure. It defines the absolute

number of system users that can be served in a given period of time,

provided that a user is always present waiting to use the system. The

second measure is that of "practical" capacity. It provides a measure of

the ability of a given system to accommodate users subject to some

maximum acceptable level of delay. As shown, average delay is low at low

levels of demand and increases as demand approaches capacity, as defined

under either definition. As demand exceeds "practical" capacity, delay

exceeds the acceptable level. And as demand pushes up against "through

put" capacity, delays begin to become infinite. This occurs because the

number of users demanding service, per time period, begins to become

greater than the ability of the system to serve them, resulting in an

ever growing line of users waiting for service.

It is Important to note that delays began to occur before capacity is

reached. This happens because of the random nature in which system users

demand services. If all users of a system consistently arrived at evenly

spaced intervals, the system could provide service hourly to a number of

users equal to the "through put" capacity rate. No delay would occur

until "through put" capacity was actually exceeded. In actuality, system
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users do not arrive consistently at evenly spaced intervals. Sometimes

several users arrive at one time and sometimes no one arrives. As a

consequence, some of those who arrive at the same time as do others must

be delayed.

Measurement of capacity and delay benefits requires that the relationship

depicted in Figure 3-2 be determined for both the existing system and the

proposed new one. The general form of such relationships is shown in

Figure 3-3. Each has the same general form as that of Figure 3-2, but

with the proposed new system having greater capacity and lower average

delays than the old one at each level of demand.

The average delay reduction per system user at the current level of

demand, Do, is M, - No minutes. This is not the delay reduction

that will occur if the indicated capacity increase is provided at demand

level D1 after system users have adjusted to the increase, however.

Capacity improvements will reduce the costs of using the system both in

terms of passenger time and aircraft operating expense. As indicated in

Figure 3-1, cost reductions will generally lead to an increase In the

quantity of any good or service demanded. In this particular case,

assume system demand increases from D to D1 resulting in delay of

M2 per user. This level of delay Is above 14 and represents that

level which will result from the indicated increase in capacity once

demand has adjusted to the lower costs brought about by the capacity

increase.
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Having determined the average delay per system user after demand

adjustments, it is now necessary to value these delay reductions. For

users of the system before the capacity improvement, valuation is given

by total cost savings per user. Because most delay reduction activities

are air terminal area related, it is convenient to define user as an

operation for the remainder of this discussion. The value of delay

reduction for that level of operations that was occurring before the

capacity improvement is equal to M0 - M2 minutes multiplied by the

operating cost of the aircraft plus H0 - M2 minutes multiplied by the

average number of passengers per aircraft and the value of passenger

time. The value of passenger time and aircraft operating costs is given

in Appendix B. The average number of passengers per aircraft must be

determined by the analyst in each specific case.

For operations induced by the lover costs per user brought about by the

capacity increase, value will be less because each additional unit of a

commodity is valued less by consumers, as explained in Section II of this

chapter. Value is given by the change In benefits accruing to passengers

and air transportation service providers less the additional costs

required to produce these benefits. Under conditions of competition in

the air transportation industry, it can be shown that these net benefits

can be approximated by one half of the number of additional operations,

D1 - D in Figure 3-3, multiplied by M0 - M2 minutes multiplied

by the operating cost of the aircraft plus one half of the number of

operations, D1 - D0 , multiplied by H0 - H2 minutes multiplied by
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the average number of passengers per aircraft multiplied by the value of

passenger time. 1/ Total delay benefits are equal to this amount plus

the benefits for those operations already being conducted before the

capacity increase.

Finally, it should be noted that the above methodology must be applied to

each time period over the life of the capacity improvement. This

requires that values for system demand be estimated for each year

assuming both that the capacity improvement is and is not put in place.

In terms of Figure 3-3, both D and D must be estimated for each

year of the improvement's economic life. Demand values assuming the

improvement is not in place are given by the actual value for the current

year and by forecasted values for future years. Demand values assuming

the improvement is adopted can be compute,4 by marking up the actual or

forecasted values by an appropriate factor.

5/ This procedure is an approximation for several reasons. First, it
assumes, correctly tAr nec, that demand curves can be represented as
straight lines over the relevant range of interest. Second, it
assumes that all passengers can be represented by a single
"representative passenger." Finally, implicit in the procedure is
the assumption that passengers of various types at various airports
increase their system usage in response to a reduction in delay by
the same proportion. A detailed discussion of the limitations of
this procedure as well as attempts to improve upon it are contained
in Robert A. Rogers, John L. Moore, and Vincent J. Drago, Impacts of
UG3RD Implementation on Runway System Delay and Passenger Capacity,
Final Technical Report, Department of Transportation,
March 31, 1976.
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An appropriate mark-up factor is given by the product of the total demand

elasticity A / for air transportation and the percentage change in cost,

both in passenger time and aircraft operating cost, implied by the
7/

capacity improvement. - The total demand elasticity for air travel has
8/

been estimated by DeVaney - to be about 1.5. The percentage change in

cost may be calculated by taking the ratio of total cost per passenger of

an average air trip after and before the capacity improvement and

subtracting unity.

Per passenger cost before the improvement is equal to the sum of average

trip time multiplied by hourly aircraft operating cost divided by the

average number of passengers per aircraft and average trip time plus 50

minutes multiplied by the value of passenger time. (The 50 minutes

represents passenger ground time assumed by DeVaney and implicit in his

elasticity estimate.) Cost after the improvement is given by the same

procedure, only with the average trip time reduced by the time saved by

the capacity improvement.

6/ Total demand Elasticity is defined as the percentage change in

q.antity demanded divided by the percentage change in total price,
where total price is defined as the dollar cost of a commodity plus
the value of the time required to consume it. For an introductory
discussion of the concept of elasticity, see Paul A. Samuelson,
Economics, ninth edition, McGraw-Hill book Company, Inc., New York,
197 , pp. 379-385.

7/ Strictly speaking, the mark-up factor equals the percentage change in
airline fare or price to the consumer plus the percentage change in
passenger time cost. However, under conditions of competition it can
be expected that operating cost savings will be passed through to
consumers so that percentage changes in operating cost closely
approximate percentage changes in fares.

8/ Arthur DeVaney, *The Revealed Value of Time in Air Travel," R-view of
Economics and Statistics, February 1974.
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The actual estimation of delay reduction usually requires the use of a

model. A host of different such models exist, each pertaining to a

particular segment of the ATC system and each with its own strengths and
9/

weaknesses. - Depending on the particular situation and proposed

project or regulation, the analyst must choose or develop an appropriate

model. An important factor in selecting or developing a suitable model

is the segment of the ATC system in which delays occur and/or are caused.

Delay is commonly classified by the segment of airspace with which it is

associated. This leads to confusion as to where aircraft actually

experience delay and as to where the events that cause the delay occur.

Information concerning the airspace segment where the factors which cause

delay occur is important in that it focuses attention on segments of

airspace with insufficient capacity. Knowledge of where the delays

actually are experienced is important in that it identifies where the

delayed aircraft must actually be accommodated and where delay costs

occur. Mloreover, since some agency delay programs, such as "flow

control," seek to move delays from one air route segment to another, such

information is essential if these programs are to be evaluated.

Figure 3-4 presents a matrix of delay classifications which indicates

where delay originates and where it actually occurs. Airspace segments

where delay originates are listed across the top. Airspace segments

9T A useful guide to these Is A. R. Odoni and R. W. Simpson, Review and
Evaluation of National Airspace System Models, Report No.
FAA-DI-79-12, Department of Transportation, October 1979.
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FIGURE 3-4

DELAY CLASSIFICATIONS

Location Airspace Where Delay Caused
Delay Departure- Enroute Enroute Arrival-
Experienced Terminal (CONUS) (Oceanic) Terminal

(I) ZI) llI)(IV)

A* Departure IA IIA a IliA IVA
Terminal

B. Enroute IB I IIIB IVB

C. Arrival IVC
Terminal

where delays actually occur are listed in the left margin. Each box is

assigned a Roman Numeral-Letter designation and represents a different

delay classification. The principal diagonal of the matrix-enclosed in

the solid line--represents delays which occur in the same airspace

segment as does their cause. Those boxes which are above the diagonal

represent delays which take place, i.e., are experienced, in segments

before the one in which the delay is caused. The shaded area which lies

below the principal diagonal does not require classification.

Delay caused in a particular airspace segment cannot actually take place

in airspace segments which the aircraft encounters after the segment of

delay origin. (As an analogy, water backs up behind a dam, not in front

of it.) An exception might be when departure delays cause arrival delays

because there are too many aircraft on the airport surface to permit

3-22

A' -.



additional aircraft to be landed. Although these types of exceptions do

occur, they are for the most part atypical. The following paragraphs

describe each type of delay and where it occurs.

Departure--Terminal: This delay (IA) is caused by events at the

departure terminal and occurs exclusively at this terminal. The most

frequent cause is weather. This type of delay is taken almost

exclusively on the ground, consisting of wasted passenger and crew time

but not aircraft operating costs.

Enroute (CONUS): Enroute delay occurs whenever an aircraft must take

longer to complete a trip between two terminal areas than the minimum

achievable time. Such delay occurs because the optimum route is not

available for the aircraft for one of a number of reasons: (1) traffic

volume between the two terminal areas may exceed that which may be

accommodated by the optimum route, (2) severe weather may result in the

optimum route being closed, (3) heavy traffic volume across the optimum

route may require that an alternate route be flown. Delays generated by

enroute events most likely will occur in the enroute airspace (liB) and

will consist of wasted passenger time, crew time and aircraft operating

cost. It is possible under extreme conditions that such delays may back

up into the terminal area (ILA). If they do back up into the departure

terminal, they will most likely be taken on the ground.
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Enroute (Oceanic): Enroute oceanic delay, like enroute CONUS delay,

occurs when an aircraft takes longer to complete a trip than the minimum

achievable. It is caused by the same factors as domestic delay. In the

North Atlantic, limited optimum or near optimum air routes relative to

demand for service are likely to be the primary cause. These delays may

be experienced enroute (IIIB) or be pushed back to the departure terminal

area (ILIA) where they usually will be taken on the ground.

Arrival Terminal: Delays generated in the arrival terminal airspace

occur because the terminal cannot land aircraft at the rate they are

arriving. This delay may actually occur in the terminal area (IVC) but

most often backs up into enroute airspace (IVB) so as to avoid congestion

in the terminal area and permit aircraft to hold at higher altitudes

where they are more fuel efficient. (Note that most holding stacks are

in enroute airspace.) At times, these delays may back up all the way to

the departure terminal where aircraft bound for congested terminals will

be held on the ground (IVA).

C. Cost Savings

Investment and regulatory decisions may result in cost savings to both

the private sector, the FAA, and other governmental agencies. These

savings may come in the form of direct cost savings where actual dollar

outlays are reduced, or they may be reflected in efficiency gains. In

the second case, output levels achievable with existing resources go up,
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but actual costs remain constant. Given enough time, it is usually

possible to shift such resources from one use to another If it is not

desired to increase output by the full amount made possible by the

increased efficiency.

Examples of direct cost savings are investments and/or regulations which

reduce utility costs or fuel consumption. Included would be investments

in more efficient heating and cooling equipment, aircraft engines, and

solid state electronics. Also under this category would be regulations

or procedures to minimize fuel consumption such as fuel advisory delays

(FAD) or profile descents. Direct cost savings of an investment or

regulation should be measured as the actual value of the savings expected

to occur.

An example of efficiency gains is agency investments to increase employee

productivity. Included would be the automation of the air traffic

control system which relieved controllers of many record keeping

functions and the acquisition of word processing equipment. In the case

of ATC automation, additional productivity has been reflected in greater

output. For word processing equipment, It has been possible to shift

employee resources away from document preparation to other tasks. These

gains should be measured by the value of the additional benefits which

the more productive workers can now provide. For ATC automation this
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would be the value of the additional output. For word processing

equipment, it would be the value of the other tasks which employees may

now perform.

D. Other

The above categories constitute most of the benefits that can typically

be expected to flow from FAA investment and regulatory activities. Any

analysis, of course, should include all known benefits whether or not

they can be classified In the three major categories. As examples, the

following presents other such benefits that have been identified in

previous studies.

1. Noise Reduction

The provision of air transportation services generates noise which

imposes costs or disbenefits on those who sre subjected to this noise.

Governmental activities have been undertaken to reduce aircraft-generated

noise. The benefits of such activities are the reductions in

noise-produced costs which these activities achieve. These benefits are

equal to the maximum amount all impacted parties are willing to pay to

avoid the noise. This amount may be approximated by half of the total

aggregate decline in property values which results from the noise. 10/

10/ For a discussion of this method of measurement, including factors
which determine the accuracy of the approximation, see E. J. Mishan,
Cost-Benefit Analysis, Praeger Publishers, New York, 1976,
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The first step to measure the benefits of noise reduction is to identify

the area around an airport which is impacted by noise. This area,

designated as the noise footprint, may be determined by use of a model.

One such model is the Federal Aviation Administration Integrated Noise

Model. _1-/ It permits the noise of different aircraft types on

specified flight paths to be measured by one of several common noise

measures. It is thus possible to measure the noise which currently

exists and that which will exist after a change in aircraft type mix,

flight path, or other variables.

The measures of noise provided by the model deal with two characteristics

of noise: noise intensity and the cumulative number of occurrences of

the noise events. Noise intensity measures are useful for such purposes

as measuring the noise generated by a particular engine or in determining

the amount of soundproofing required to achieve desired indoor noise

levels. The general annoyance associated with noise is usually best

assessed by a cumulative measure. One such measure is the Noise Exposure

Forecast (NEF). Scaled in decibels, it represents the cumulative impact

of aircraft noise over a 24-hour period, weighted for the time of day.

The second step is to determine the change in aggregate property values

in the area impacted by noise. Several studies have been undertaken

which measure the impact of noise or its absence on the value of

property. 2/ Their results indicate that a one unit decrease in NEF

11/ FAA Integrated Noise Model Version I: Basic User's Guide, Report No.

FAA-AEQ-78-01, Department of Transportation, January 1978.

12/ See Aircraft Noise References at chapter end.
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can be expected to result in between a .2 and a 2.6 percent change in

property values. One of the most recent of these studies, which avoids

many of the technical deficiencies of the earlier ones, is William

Fromme, Conceptual Framework for Trade-Off Analysis of Multiple Airport

Operation: Case Study of the Metropolitan Washington Airports,

University of Maryland, Ph.D. Thesis, 1978. Fromme's estimate of

1.5 percent is near the midpoint of the range of the others. It is

suggested that this value be used unless there are compelling reasons to

use another. The actual computation procedure involves ascertaining the

value of the property in the area where noise reduction occurs. The

change in aggregate property values is then equal to 1.5 percent of this

value for each NEF of noise reduction achieved.

The final step requires that the change in aggregate property values be

translated into a measurement of how much the affected parties would be

willing to pay to avoid the noise. This amount may be approximated as

half of the noise-produced decline in aggregate property values.

2. Missed Approach Benefit

In making an instrument or visual approach to a landing, the pilot almost

always has the option of aborting the approach if it is judged to be

unsatisfactory, by executing what is known as a missed approach. This

requires the pilot to fly around and try again. This aneuver, called a
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go-around, results in both aircraft operating expenses and wasted time.

The missed approach benefit arises when certain approach aids which help

reduce missed approaches and avoid go-around costs are installed.

This benefit is incorporated directly in the "Approach Aid Establishment

Criteria Model." The model calculates the probability of a missed

approach being averted by a landing aid. It then multiplies this

probability by the cost of a go-around to obtain the missed approach

benefit per operation. Specific methodology, which may be applicable to

other analyses, is contained in "Missed Approach Probability Computations

of the FAA/SCI (vt) Approach Aid Model," Interim Draft Report, Contract

DOT-FA78WA-4173, October 1980.

3. Avoided Accident Investigation Costs

Another cost of aviation accidents, in addition to fatalities, injuries,

and property damage, is the cost of investigating them. The National

Transportation Safety Board (NTSB) is responsible for the investigation

of all aircraft accidents; accidents involving air carriers or the loss

of human life are usually investigated directly by NTSB. NTSB conducts

two types of investigations: major accident investigations and regular

accident investigations. Major investigations are conducted primarily

for major air carrier disasters involving numerous fatalities and

substantial property damage. They are characterized by the dispatch of
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an investigative party--go team--to the accident site and usually involve

substantial support by the FAA and involved private parties such as the

airline, airframe and engine manufacturers, etc.

Regular investigations are much smaller in scope than major

investigations. They are conducted for air carrier accidents involving

limited loss of human life and for most fatal general aviation

accidents. Responsibility for most other accidents-predominantly

non-fatal general aviation accidents-is usually delegated by NTSB to

FAA. FAA investigations are usually somewhat smaller in scope than NTSB

regular investigations. About 30 percent are conducted by telephone and

involve no fieldwork.

Costs for each type of investigation and average investigation costs for

air carrier and air taxi or general aviation are reported in Table 3-1.

Since some air carrier accidents are followed by NTSB major investiga-

tions and others by NTSB regular investigations, average air carrier

investigation cost is a weighted average of NTSB major and regular

accident investigation costs. The weights are the typical number of

major and regular NTSB air carrier investigations conducted annually.

Similarly, the air taxi or general aviation average is a weighted average

of NTSB regular investigations and FAA investigations. The weights are

the typical number of such investigations conducted by each agency.
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For purposes of benefit-cost analysis, it may be appropriate to use one

set of cost figures for certain purposes and another for other purposes.

For example, in evaluating approach and landing aids, the large chance

that a preventable accident will result in many fatalities suggests that

it will be followed by an NTSB major investigation if air carrier, or an

NTSB regular investigation if general aviation. NTSB major and regular

cost data should be used here. In evaluating a tower establishment, on

the other hand, where a significant number of preventable accidents are

not fatal, NTSB regular or FAA investigations are likely to follow any

accident. Average cost figures are probably more appropriate in this

type of situation.

TABLE 3-1

ACCIDENT INVESTIGATION COSTSI /

(1980 dollars)

Type of Investigation Cost

NTSB Investigations

Major $614,551

Regular 7,601

FAA Investigations 941

Weighted Average By User Type

Air Carrier 214,516

Air Taxi or General Aviation 2,307

P/ Based on Stefan Hoffer, "Aviation Accident Investigation Costs,"
Office of Aviation System Plans, November 29, 1978.
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CHAPTER 4

COST ESTIMATION

1. General

Cost is defined as the resources that will be consumed if an objective is

undertaken. The value of consumed resources is measured by the yardstick

of dollars. This makes different cost elements comparable with themselves

as well as with benefits. In addition, because resource value indicates

what resources are required for a particular proposed objective, it is a

measure of the cost of other objectives that cannot be pursued. Each

alternative method of accomplishing the objective will have its own

associated cost. Costs include all capital, labor, and natural resources

required to undertake eac' alternative whether they are borne by FAA, other

governmental units, various components of the total flying public, the

general public, or some other particular group. Inclusion of costs borne

by all groups Is required in order to measure the total value of what must

be forgone to undertake each alternative and to avoid errors in answering

the economic questions.
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An example of the need to consider total cost is that associated with the

adoption of a new avionics system such as the micro wave landing system.

WhetY r or not the system is worth undertaking depends on whether total

benefits exceed or equal total costs. Total costs consist of all

governmental costs to provide the system and private costs to users to

purchase the new avionics. Undertaking the project where benefits exceed

only the private or the governmental costs but not total costs would be

improper. It would result in the value of resources consumed exceeding the

benefits of the system for an overall net loss of value.

II. Concepts

A. Opportunity Cost

This is the value of the benefits foregone when resources are shifted from

satisfying one objective to satisfying another. An all inclusive

"measure", it represents what society as a whole--government and all

private groups--must give up to obtain the desired objective. It is the

theoretically correct measure of cost for use in economic analyses of

governmental projects. As an example, the opportunity cost of the Nation's

air transportation system is what the resources used to construct

it--aluminum, concrete, electronic components, instructor time, etc--could

produce in their next beat use.
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B. Sunk Costs

These are costs which have already been incurred. The resources

represented by these costs have already been consumed and cannot be

recovered. As a consequence, they are not relevant for current

decisioneaking simply because nothing can be done about then. For

example, the decision to add a glide slope to a localizer should be based

strictly on the additional benefits and costs associated vith the slide

slope. The costs of installing the existing localizer and the benefits

derived therefrom are Irrelevant because they have already been

Incurred.

C. Average Incremental Cost

This concept is an attempt to Implement the economist's concept of

marginal cost--the increase in total cost associated with a small

increase in the production of any particular service or product. Small

increases are defined with respect to the Infinitesimal changes of the

differential calculus or unit changes of the discrete calculus. In the

real world, feasible changes in the alsi of a project are usually much

larger. Average Incremental cost is defined as the change in total cost

divided by the change in total output over a range that is feasible to

achieve.
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As an example, the ultimate constraint on airport capacity is the number

of runways. When existing runways are operating as efficiently as

possible, additional capacity can be obtained only by adding a new

runway. An increase of one runway is the feasible change in service

level in this case, and average incremental cost is the cost of this

runway divided by the total operations that it can handle.

D. Out-of-Pocket Costs

These are actual cash outlays. Frequently, they represent only a part of

the total cost of a project. Other costs can arise if resources required

by a project are already owned by the government. When they are consumed

by this project there is an opportunity cost in that they cannot be used

in another use, but there is no cash outlay. Care must be taken in the

exercise of economic analysis that all costs, and not just out-of-pocket

costs are included.

E. Depreciation

Frequently, large costs must be incurred In the beginning of a project in

order to obtain benefits (or revenues) in later years. It is often

useful to know by how much annual benefits (or revenues) exceed annual

costs, or the net benefit (or Income) of the project. In order for this
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value to be reasonable, it is necessary to allocate the large initial

costs to later years when benefits occur. This is done by the accounting

methodology of depreciation. While depreciation is important in

determining reasonable annual accounting net benefits or income, its use

in economic analysis is limited.

Economic analysis is concerned with when resources are consumed and when

their benefits occur. Depreciation does not provide such information.

Depreciation methodology, however, may have applications In estimating

salvage values. To yield reasonable results, such depreciation must

relate the asset's age to its actual value. Essentially arbitrary

depreciation schemes designed for tax or other purposes must not be used

for calculating salvage values.

F. Inflation

The cost of resources consumed and benefits provided are measured by the

yardstick of the dollar. This yardstick itself often changes from year

to year. The process of a decreasing (increasing) value of the dollar is

known as inflation (deflation). For cost or benefit estimates to be

comparable from period to period requires that a constant yardstick of

value be used. This may be achieved by measuring everything in the

dollars of any particular year.
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Such estimates are said to be in the constant dollars of a particular

year. Estimates where the benefits or costs of any particular year are

measured in the dollars of that particular year are said to be current

dollar estimates. The process of converting current dollar values to

constant dollar values is explained in detail in Chapter 7.

III. Life Cycle Cost Model

The fundamental cost problem is to determine the total economic costs of

proposed alternative future investments and regulatory actions. The life

cycle cost model accomplishes this objective. It systematically

identifies the total cost to the government and public of establishing

and operating or complying with an investment project or regulation. It

also specifies when during an activity's life specific costs are

incurred; such information is required as input to the decision criteria

described in Chapter 5.

This section develops a generalized scheme by which to classify the costs

of proposed investment projects and regulations. Costs are organized

under four general headings: Research and Development Cost, Investment

Cost, Operations and Maintenance Cost, and Termination Cost. Under each

heading numerous specific costs are indicated. The classification is

deliberately detailed, being intended to cover many potential

situations. It is not expected that all items identified below will be
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relevant to the evaluation of any particular proposed project or

regulation. Also, it is very likely that costs specific to particular

projects may be omitted below.

A. Research and Development Costs (R&D)

This category sh uld include all costs incurred prior to procuring the

system under evaluation or issuing a final regulation, except those costs

that have already been incurred at the time the analysis is undertaken.

Incurred costs are sunk costs and are not relevant for decisionmaking

purposes. Specific types of typical R&D costs are:

o Feasibility Analysis

o Prototype Hardware

o Test Facilities

o Technical Experiments

o Operational Tests

o System Design and Engineering

o R&D Oriented Software

o Modeling and Simulation

o Regulatory Analysis (prior to issuance of a final regulation)

B. Investment Cost (including Facilities and Equipment)

These costs are initial outlays associated with getting the investment or

regulation implemented and occur early on in an activity's lifetime.

They typically consist of one or more of the following: land, facilities

and equipment, and regulatory implementation costs.
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1. Land

Included here are all interests in land that are acquired for the

project: purchases, leaseholds, easements, air rights, mineral rights,

etc.

2. Facilities and Equipment (F&E)

Facilities consist primarily of buildings and other real property

improvements. They may encompass new construction, modifications to

existing facilities, and leasehold interests. Equipment consists of

items required to accomplish an activity other than facilities. Examples

of FAA equipment are the non-facility components of ARTS, VOR, and the

agency's aircraft. For private parties, examples are avionics, aircraft

equipment, and aircraft instrumentation. Other items such as furniture

or tools would also be classified as equipment.

Guidance in preparing F&E cost estimates for many established FAA

projects is contained in F&E Cost Estimating Procedures and Summaries

Handbook, FAA Order 6011.4, September 23, 1976. This order sets out a

framework for estimating the F&E cost of almost any FAA project. It

contains cost estimates for many established F&E programs. Estimating

techniques for several common cost components such as freight and factory

Inspections are also provided. Although the order pertains only to FAA

F&E costs, the framework it develops may be useful in preparing cost

estimates for F&E type costs which Investment projects or regulations

require the public to undertake.
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FAA form 2500-40, reproduced here as Figure 4-1, contains the format

prescribed by the order for making F&E cost estimates. Although the

distinction between Washington office cost and regional cost is largely

arbitrary, it will be retained here because much existing data are

classified this way. In Figure 4-1, regional costs are divided into five

categories: plant engineering, electronic engineering, construction

costs, electronics installation, and flight inspection. Each of these

categories consists of one or more cost elements: various types of labor

services, flight inspection services, other construction or installation

costs, and land.

All labor categories must be estimated for any particular project. These

should be adjusted for benefits and leave usage as explained below under

O&M personnel costs. Flight check costs should be based on use of light

twin turbojets unless larger aircraft will be required. The analyst is

cautioned that these estimates may need to be adjusted to current year

dollars in that the order is not updated each year. (Techniques to make

such adjustments are in Chapter 7). Moreover, the dollar estimates in

FAA Order 6011.4 are stated in current dollars of the fiscal year which

is two years later than the date of publication of the most recent

revision. This occurs because the estimates are prepared for budget

purposes, and budgets are developed two years in advance of anticipated

expenditure.
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Other construction costs consist of regionally funded items such as site

preparation, building materials, utilities consumed by construction,

cable installations, etc. Land includes all interests that are acquired

for the project: purchases, leaseholds, easements, air rights, mineral

rights, etc. Note that Order 6011.4 considers land as part of F?& cost

rather than a separate investment cost component, as indicated by this

handbook. This reflects the relatively small sagrtude of most FA land

costs relative to total investment costs and is appropriate for projects

where land costs are relatively small. For projects with relatively

large land costs, it is recomended that a separate category be

identified so has to clearly point them out.

Washington office costs represent construction material, electronic

equipment, and initial F&E training. Note that the same cautions apply

as for regional cost. FAA Order 6011.4 contains cost estimates for many

projects. The order also presents methodology for estimating certain

smaller F&E cost components where actual data are not available:

a. Provisioning Cost

Provisioning Costs are incurred for initial spare parts, special tools,

special test equipment, and technical documents. When actual data are

unavailable, the following information may be used to develop estimates

in relevant situations.
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TABLE A-1

PROVISIONING COST ESTIMATING FACTORS

Percent of Equipment Cost
Excluding Parts Parts Common

Equipment Common

RF Communication Equipmp t 26 4

Other Communication Equipment 16 4

ILS/VOR/TCACN/DME 11 4

RADAR/BP.ACON/RML 26 4

RADAR Displays 24 6

E/G, Lighting System, Weather Sensors,
and related equipment 5 5

Source: F&E cost Estimating Procedures and Summaries Handbook, FAA Order
6011.4, September 23, 1976, p.4.

b. Factory Inspection

Factory inspection costs are incurred when FAA procures special order

equipment, and FAA inspectors are sent to the factory to ensure that it

meets government specifications. In the absence of actual cost data,

these costs can be estimated as 3 percent of the cost of the material

being procured.
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c. Freight

Freight represents the transportation costs to get materials and

equipment to the project sites. When actual data are not available, this

item may be estimated as 10 percent of the cost of construction materials

and 3 percent of the cost of electronic equipment.

d. Initial Trairing (including F&E training)

This category consists of initial costs incurred to train employees in

the installation, known as F&E training, and maintenance of new

equipment. Note that while Form 2500-40 includes only F&E training,

initial maintenance training should be included as part of F&E investment

cost for purposes of benefit-cost analysis. Initial training costs

include travel, subsistence, and lodging associated with training,

instructional costs, and compensation of employees being trained.

e. Initial Travel

These are the travel costs associated with getting the activity up and

going. Although not indicated by a separate line on Form 2500-40,

lodging and subsistence costs associated with F&E investments have been

included in the regional labor cost estimates of FAA Order 6011.4. It is

recommended that these travel costs, together with direct travel costs

such as airfares, be considered in a separate category.
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3. Regulatory Implementation Costs

The promulgation of a regulation will often impose investment costs on

either the government, the public, or both. All of these costs must be

considered in the evaluation of a regulation. Although investment costs

imposed by regulations can potentially include any type of cost, most

regulatory investment costs will consist of labor and equipment costs.

At the very least, a new regulation will require an investment of

employee time for affected parties to familiarize themselves with the

regulation and establish a system for complying with it. In other cases,

substantial investment will be required in training or equipment. For

example, the establishment of a Type I Terminal Control Area requires

that all aircraft operating within it equip with encoding altimeters and

mode C transponders. And a requirement that all commercial pilots be

instrument rated will require an investment in instrument training for

those commercial pilots not instrument rated when the requirement is

established and all new commercial pilots.

Equipment costs may be estimated using the methodology suggested for

Facilities and Equipment cost, above. Familiarization, establishment of

compliance procedures, and training will involve primarily employee labor

costs, although some travel, training and record keeping or computer

programming costs may be involved. Labor costs should be calculated as

defined under Personnel Costs on page 4-15, below. Other cost elements

must be estimated on a case by case basis. In most cases, the use of

rules of thumb in estimating other cost elements is precluded by the

heterogeneity of regulations.
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C. Operations and Maintenance Costs (O&M)

These are the recurring costs required to operate and maintain the

proposed investment project or to comply with the proposed regulation.

These costs may occur annually or periodically every so many years.

1. Personnel Costs

These are a major component of recurring costs. They must be incurred to

both operate and maintain any investment as well as comply with many

regulations.

The first step in computing personnel costs is to determine the annual

labor hours required by type of skill. These hours should include not

only direct labor but such other items as recurring training, travel

time, break time etc. Estimates for new systems or regulations can be

developed based on engineering data or previous experience with similar

types of undertakings. For existing ones, estimates can be based on

actual experience.

A potential data source for many existing FAA systems is the FAA's

staffing standards. -/The staffing standards are detailed models

relating required staffing to the volume of work required to be done.

1T Air Traffic Staffing Standards System, FAA Order 1380.33B, March 10,
1980; Airways Facilities Sector Level Staffing Standard System, FAA
Order 1380.40A, August 1980; and Staffing Standards--Flight Standards
Field Regulatory Programs, FAA Order 1380.28A, November 1975.
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Each contains information on the staff required to provide specific

services or maintain specific equipment. While potentially very useful,

the analyst is cautioned to carefully screen staffing standard data for

suitability for the analysis at hand. At times, it may contain

assumptions or procedures which are inappropriate for benefit-cost

analysis.

The second step is to adjust the required labor hours for annual leave,

sick leave, and other absences. For many existing FAA systems, this may

be accomplished based on estimates for these factors contained in the

Staffing Standards. In other situations involving federal employees,

required labor may be adjusted upwards by 18 percent, based on Office of

Personnel Management data. !/ For private sector employees, a

9.2 percent upward adjustment should be made. 3
/

The third step is to compute the effective compensation rate for each

labor category. This requires that the stated compensation rates for

each skill category be determined. Government employees are paid with

respect to either the Wage Board (WB) or General Schedule (GS) pay

scales. Stated compensation for Wage Board employees is expressed

directly in hourly rates. General Schedule compensation is expressed in

21 Cost Comparison Handbook, Supplement No. 1 to OMB Circular No. A-76,
March 1979, p. 21.

3/ Statistical Abstract of the United States: 1980, Table 710.

4-16



annual salaries. These must be divided by 2080-the number of hours in a

work year-to obtain hourly rates. Private sector employee stated

compensation rates can be determined based on WB or GS compensation rates

for equivalent skills or other data which may be available on a case by

case basis. For project or regulation evaluation purposes, compensation

levels associated with GS step 5 and WB step 3 should be used. If the

project or regulation involves labor requirements at times other than the

regular work day, such additional items as night differential or weekend

pay should be added to the basic compensation rates to the extent they

are expected to occur. Post differentials, such as those paid to

employees serving in Alaska, should also be included.

Effective compensation rates are obtained by adjusting stated

compensation rates to reflect the value of various fringe

benefits-allowances and services provided to employees as compensation

in addition to the wages or salaries used in determining the stated

hourly or annual rate of pay. These may be grouped into three

categories: retirement and disability, health and life insurance, and

other benefits. Current acceleration factors for each are indicated in

Table 4-2 for permanent employees under civil service retirement and for

private sector employees. The factors given for private sector employees

are an average for the overall private sector. Because benefits vary

widely in the private sector, more specific data should be used when

estimating effective compensation levels for specific private sector

employees when such data is available.
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The reader should note that the absence and benefit factors liven for

permanent Government employees are not comparable with those given for

the private sector. The Government vorkforce does not mirror the private

workforce but tends to consist of higher than average skill level

employees. In the private sector, such employees tend to receive higher

than average benefits and paid absences.

TABLE 4-2

FRINGE BENEFIT FACTORS

Category Percent
Permanent Government Private Sector

Retirement and Disability 20.41 13.6

Health and Life Insurance 3.71 5.4

Other Benefits 1.9 4.0

Total 26.01 23.0

Source: Cost Comparison Handbook, Supplement No. 1 to 0MB Circular
No. A-76, March 1979, p. 24, and Statistical Abstract of the United
States: 1980, Table 710, as adjusted for Social Security tax changes.

For federal employees who are not under the Civil Service Retirement

System (normally temporary employees), stated compensation rates should

be adjusted to reflect the government's share (as employer) of Social

Security taxes (FICA). These rates change from time-to-time and are

applicable for each employee only up to a maximum salary. Where such

estimates must be made, care should be exercised that current tax rates

are us"d and that the rates are applied only to wages below the maximum

applicable salary.
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The fourth and final step is to translate annual labor requirements for

each required skill into dollars. This : accomplished by multiplying

the annual labor hours required (from step o.) by the appropriate

effective hourly compensation rate (as determined in step 3).

2. Materials

Materials are made up of such items as repair parts, small tools,

lubricants, and other items which are consumed annually by the operation

and maintenance of a system. For FAA systems, O&M materials costs are

classified under two headings: "spare and repair parts" and "other

objects." Spare and repair parts are supplied through the depot in

Oklahoma City. Costs associated with a particular project may be

obtained from ALG-240. Other objects are provided by the FAA regional

organization and include all other required material costs. Costs

specific to a particular project may be obtained from AAF-150.

3. Utilities

Included here are the costs of electricity, gasoline, natural gas, water,

etc. Estimates of these expenses for the initial year of implementation

should be based on current experience for existing systems and

engineering estimates for new systems. Future estimates should be made

by adjusting initial year estimates for anticipated future experience.
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4. Recurring Travel and Transportation

This item represents the direct costs of travel and transportation

necessary to undertake a project. It consists of such items as airfares,

subsistence payments, lodging, and depreciation and operating costs of

government vehicles. It does not include wages or salaries paid to

employees while in travel status; these are defined to be included in

personnel costs above.

5. Recurring Training

This category represents training costs to maintain employees' skills and

to train new employees. It includes training, specific travel costs,

and, for FAA undertakings, Academy costs. It may be defined either to

include or omit compensation to employees being trained. It is

important, however, that such compensation be Included either here or

under personnel cost and that double counting be avoided.

D. Termination Costs

1. Dismantling Costs

These are the costs, if any, required to disassemble and remove old

equipment at the end of its lifetime.
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2. Site Restoration

This is the cost, if any, to restore the site on which the old equipment

was located to its original or near original condition. It may involve

grading of earth, reforestation, or landscaping.

E. Salvage Value

Salvage value is the value, if any, of the project equipment to the

government at the end of the expected project life. Note that it is

treated here as an offset to termination costs.

F. Relationship of Cost Components

Figure 4-2 presents an "idealized" summary of major life cycle cost

components over an activity's life. While not all activities will follow

this patteru more will resemble this pattern than any other pattern. As

indicated, research and development costs increase every year from

project inception up until the beginning of the investment phase, after

which they rapidly diminish. Investment costs need follow no particular

pattern except that they occur over a relatively short period. Operating

and maintenance costs rise rapidly following initial investment as

facilities and equipment of the project are brought on-line or a
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regulation is fully implemented. After the investment phase is

completed, operating and maintenance costs will continue to rise slowly

as a result of Increasing equipment age. Near the end of the project

life, operating and maintenance costs decline as equipment is retired.

Retirement also gives rise to termination costs and salvage value.
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CHAPTER 5

MULTI-PERIOD ECONOMIC DECISION CRITERIA

I. Requirement to Discount

This chapter presents methodology with which to make the comparison of

investment or regulatory alternatives required by step 6 of the economic

analysis process. The methodology accounts for the characteristic that

benefits and costs occur over a number of years. It explicitly

recognizes that otherwise equal benefits or costs which occur at

different points in time will not be equal when viewed from a common

point in time, Generally, a benefit will be worth more the sooner it is

received, and a cost will be less the longer it is deferred. This

economic phenomena is the result of two factors: the productivity of

capital and the time preference of economic decision makers.

An observed fact of economic life is that production processes which

employ capital--buildings, machines, organized methods such as assembly

lines, etc.-are frequently more productive than other production

methods. Such methods are not only able to recover the costs of the

resources to build the capital, but return something in addition to

this. This additional return, known as the net productivity of capital,

provides an incentive to undertake every activity for which it exists.

Unfortunately, tere are insufficient resources to carry out all such

projects.
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At any particular time, the quantity of resources in an economic system is

fixed. They may be divided between current consumption and capital

investment, which implies future consumption. However, there is a general

predisposition for people to prefer current consumption over future

consumption, or to have a positive time preference. In very poor

subsistence level economic systems, immediate consumption of everything, or

almost everything, may be necessary for survival. But even in wealthier

systems, either because of general impatience, or the ever present

probability of death, or some other reason, people are willing to invest in

the future only to a limited degree.

As a consequence, only some of the many activities capable of returning

more than their cost can be undertaken. Rational decision making requires

that those activities with greater returns over cost be undertaken before

those with smaller returns until all investable resources are exhausted.

The last activity undertaken before exhausting the Investable resources

should have a return less than or equal to all activities actually

undertaken and greater than or equal to all activities not undertaken.

This level of return, known as the marginal rate of return of capital,

represents the prevailing level of capital productivity that can be

achieved at any particular time by investing resources. Because any

investment undertaken can earn at least this rate, it is the opportunity

cost of making an investment. The marginal rate of return on capital is

commonly expressed as an annual rate, and will be referred to here as the

discount rate.

5-2



The need to discount arises because resources currently available can be

invested and a larger amount obtained in a future period. Any future

amount must be diminished to reflect the present amount required to be

invested to yield t, future amount. Before proceeding, it is emphasized

that the requirement to discount does not depend upon the existence of

inflation. Rather it arises from the productivity of capital and the

scarcity of investable resources. Even in an inflationless world,

discounting is required. The appropriate treatment for inflation in

investment analysis will be discussed in Chapter 7.

II. Discounting Methodology

For a period of one year, an investment can be expected to grow at some

rate, as shown by equation (5-1):

01 M I + rI - I (1 + r) (5-1)

where: I - the investment's initial value,

01 the investment's value in one year, and

r - the growth rate.

For a period of two years, investment growth is given by:

02 - 1 (1 + r)(l + r) - I (1 + r)2  (5-2)
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Here the growth rate is applied, in succession, twice because the

investment is allowed to grow for two years. Similarly, for a period of n

years the growth rate is applied n times:

0 - 1 (1 + r) n  (5-3)

The significance of equation (5-3) Is that it indicates the extent to which

resources invested today (I) can be transformed into outputs in the future

(0 n ) for any growth rate r. By dividing through by (I + r) n , the

equation also indicates the amount of current resources (I) required to

produce future outputs (0 n) in n years:

0
I n (5-4)

(l r)n

It is equation (5-4) that Is relevant to discounting. Once a minimum

acceptable r is established, the maximum acceptable resource value required

to produce an expected output of 0n can be estimated. Or in other words,

I is the present value of 0 after being discounted over n years at raten

r. As will be explained below, if the actual resources required to produce

0n are less than or equal to I, the project is worth undertaking. If

they are more, it is not worth doing.
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Equation (5-4) can be extended to a situation where outputs are generated

and resources consumed in more than one period. This requires that several

equations-one for each year-of the form of (5-4) be added together, as in

(5-5):

I + J2  .. n* .01 4 02 0 + (5-5)

where: I- " the initial investment associated with outputs in year i.

By defining 0t as the difference between benefits (B t) and costs (C )

in year t and their discounted value as their net present value, equation

(5-5) may be rewritten in its usual form:

k (B-C) k Bt k
FV - 1: , m r tz(5-6)t-o (1l+r)t two (1+r)t t-o (~~

where: NPV - the discounted net present value of a series of outputs and

resource inputs, and

k - the total nmber of periods in the evaluation period of the

project or regulation.
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III. Evaluation Procedure

A. Discount Rate

As noted above, the discount rate should represent the generally prevailing

rate of return on capital in the private sector. For purposes of

evaluating U.S. Government investment activities, the Office of Management

and Budget has specified that this rate Is approximately 10 percent. The

OMB determination, contained in OB Circular No. A-94 of March 27, 1972, is

based on estimates of the rate of return to capital in the private sector

of the U.S. economy before federal income taxes and net of inflation.

B. Net Present Value

To compute NPV, each element of the summation of (5-6) must be evaluated.

The first step is to estimate the value of activity benefits each year for

each alternative. Next, the costs for each alternative must be estimated

and subtracted from the benefit estimates. (Procedures for estimating

benefits and costs are developed in Chapters 3 and 4, respectively.) The

resulting net benefit in each period t must then be discounted-divided by

(1 + r)t--and the resulting values added up to obtain the net present

value of the alternative. Because the values of (1 + r)t are used

repeatedly In analysis after analysis, they have been calculated and

published in tables. Table 5-1 presents an example of such table

calculations; detailed tables are contained in Appendix C.
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TABLE 5-1

REPRESENTATIVE END OF PERIOD DISCOUNT FACTORS FOR
10 PERCENT DISCOUNT RATE

Years From
Present Factor

0 1/(1+.1)o - 1.000

1 i/(i+.i)1 - .909

2 1/(1+.1)2 - .826

3 i/(i+.i)3 - .751

4 I/(1+.1)4 - .683

5 1/(i+.i) 5 - .621
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Up to now it has been implicitly assumed that all benefits or costs occur

at the end of a period and are discounted for this period to reflect

receipt at the period's end. Actually, several assumptions are commonly

employed with respect to when benefits or costs occur within each

period. The most conservative assumption--yielding the lowest NPV for

given streams of benefits and costs-is to assume that all costs occur at

the beginning of a period and all benefits at the end. This assumption

involves discounting the stream of benefits by one more time period than

the stream of costs. That is, costs incurred in the first time period

are not discounted at all while benefits in this period are discounted by

one period; in the second period, costs are discounted by one period and

benefits by two periods, and so on. This assumption is commonly used

with financial calculations where money is advanced at the beginning of a

period and paid back at the end of the period with interest.

Another common assumption is to assume that all benefits and costs occur

at the mid-point of a period. Such a procedure attempts to approximate

the reality that benefits and costs occur throughout each period for most

investment activities. The discounting procedure involves applying the

discount factor for half a period in the first period, one and a half

periods in the second period, and so on. Table 5-2 presents an example

of such factors. In practice such factors need not be used. All that is

necessary is to discount using end of year factors and then multiply the

results by 1.048809. Multiplication by this factor, equal to

i/(I+.l) /2, has the effect of moving all the end of year discounted

values closer to the present by a half a year.
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TABLE 5-2

REPRESENTATIVE MID-PERIOD DISCOUNT FACTORS FOR
10 PERCENT DISCOUNT RATE

Years From Factor
Present

0 1/(1+.1)0 - 1.0

1 1/(1+.1)1/2 - .953

2 1/(1+.1)1 1/2 - .867

3 1/(1+.1)2 1/2 - .788

4 1/(1+.1)3 1/2 - .716

5 1/(1+.1)4 1/2 - .651
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The final assumption commonly employed is that benefits and costs occur

continuously over the period and are discounted continuously over the

period. This procedure explicitly recognizes that benefits and recurring

costs very likely occur throughout a period, rather than at its beginning

or end. Moreover, one-time costs projected to occur in the more distant

years of an activity's life, such as major overhauls or modifications,

are unlikely to occur only on anniversary dates. The continuous

procedure assumes an equal probability of the occurrence of such one-time

costs throughout the year. Representative discount factors are presented

in Table 5-4; complete tables are contained in Appendix C. The computa-

tion of these factors is beyond the scope of this handbook. The inter-

1/
ested reader is referred to any standard engineering economics text.

From a practical point of view, the mid-period and continuous procedures

are about the same. Either can be used to approximate the continuous

characteristic of benefit and cost streams. Also, there is not a large

difference between the end of period discounting and either mid-period or

continuous discounting--slightly less than 5 percent at a 10 percent

discount rate. And assuming costs to occur at the beginning of the

period and benefits at the end has the effect of increasing costs

relative to benefits by ten percent. The relatively small changes

produced by changing discounting procedures suggests that, with respect

to project and regulation evaluation, any of the methods is acceptable.

l/ For example: E. Paul DeGarino and John R. Canda, Engineerin
Economy, Fifth Edition, MacMillan Company, New York, 1973,

pp. 14-146.
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TABLE 5-4

REPRESENTATIVE CONTINUOUS DISCOUNT FACTORS
FOR CONTINUOUS FLOWS AT 10 PERCENT DISCOUNT RATE

Years From Factor

Present

0 .954

1 .867

2 .788

3 .717

4 .652

5 .592



However, the aid-period or continuous procedures have conceptual appeal

because they explicitly recognize the continuous nature of benefits and

costs. It is recommended that one of these two methods be utilized.

C. Special Cases

The computation procedures for determining NPV can be simplified

substantially in two special situations. The first is where the flow of

benefits and costs each period are equal and occur for a finite number of

periods. In such cases, the present value of the streams is given by:

k
NPV- I Ft (B-C) (5-7)

two

Where: Ft - the appropriate discount factor at a given interest rate

for the period t periods from today, as discussed above in Section I11B

and given in Tables C-1 and C-2 of Appendix C.

Because (B-C) is constant across all periods, it may be removed from the

sunuation to yield (5-8):

k
NFV - (B-C) Z Ft (5-8)

t=o

k
Values for Z Ft for various discount rates and values of k are

two
tabulated in Tables C-3 and C-4 in Appendix C. Given the evaluation

period of an activity, k, and the discount rate, the analyst need only

determine the appropriate value from the table and multiply it by the

aneual net benefit amount to determine NPV.
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A second special case occurs when the flow of benefits and costs each

period are equal and occur forever. Such a situation is known as a

perpetuity. The present value of such a stream can be calculated very

easily by dividing the flow per period by the discount rate, as indicated

by equation (5-9). The computation is particularly convenient when using

the OMB prescribed discount rate of 10 percent; it is only necessary to

shift the decimal point of the per period flow to the right by one

place. Also, note for convenience that (5-8) can be approximated by

(5-9) when the discount rate is 10 percent and the number of periods

greater than 30 with an error of about 5 percent or less.

NPV- (B-C)/r (5-9)

D. Evaluation Period

The number of years over which the benefits and costs of an investment or

regulation should be considered may be designated as the evaluation

period. This period may be defined with respect to either the length of

time over which the good or service to be produced will be required or

the economic life of the investment required to produce it. The choice

of method is dependent on the circumstances of the analysis. Because

either method will yield the same results, the choice can be made based

on considerations of practicality.
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Three time periods are of concern in determining the evaluation period:

requirement life, physical life, and economic life. The requirement life

is that period over which the benefits of the good or service to be

provided or mandated by regulation will be greater than the costs of

producing it. It can be for a very short period of time such as a

requirement to provide special air traffic control services to an air

show held at an otherwise uncontrolled airport. Or it may be for a very

long period of time such as the provision of en route surveillance radar

coverage. From a practical point of view, requirement lives in excess of

30 years can be regarded as infinite; the costs and benefits occurring in

the periods beyond 30 years are discounted to the degree of being

insignificant.

The physical life is that period for which facilities and equipment can

be expected to last. It is to a considerable degree under the control of

the decisionmaker. Not only can alternative facilities and equipment

with different physical lives resulting from inherent quality differences

be procured, but maintenance policies can be varied to alter an asset's

physical life after it has been put in service.

The economic life is that period over which an asset can be expected to

meet the requirements for which it was acquired at the lowest achievable

cost. Thus, by definition, economic life is less than or equal to

requirement life. Economic life may be equal to physical life but it is

frequently less. If less, this indicates that it is not efficient to
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operate the asset as long as possible. Rather, it is cheaper to replace

it. The need to replace often occurs as the consequence of ever rising

maintenance costs, particularly for relatively old items. Estimates of

economic lives should be based on actual information where possible. In

the absence of such information, the guidelines in Table 5-4 may be

used. Note that these guidelines are deliberately short so as to

minimize the periods over which benefits can be attributed to any given

capital expenditure. Longer useful lives may be used where they can be

justified.

Although the evaluation period may be defined with respect to either

requirement life or economic life, investment projects or regulations

requiring specified investments--design regulations--are usually

evaluated over their economic lives. Use of the requirement life method

would require the assumption that the facilities and equipment would be

replaced at the end of each economic life period forever. Such

assumption, while not improper, would add little to the analysis.

Moreover, it might obscure the fact that equipment performance is likely

to improve with time and that better performance, lower cost replacements

are likely to be available in the future.

Analysis of regulations which mandate provision of a good service but

which do not specify the method of production are known as performance

regulations. They cannot be evaluated over Lhe economic life of the

required investments because the equipment has not been specified and its

life is, thus, unknown. Performance regulations should be evaluated over
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TABLE 5-4

USEFUL LIFE GUIDELINES

Item Useful Life In Years

Aircraft 10

Equipment, Electrical 15

Equipment, Mechanical 10

Structures, Permanent 25

Structures, Temporary 20

Derived From: Department of the Navy, Facilities Engineering Command,
Economic Analysis Handbook, July 1980, p. 14; Department of
the Treasury, Internal Revenue Service, Revenue Procedure
77-10, 1977, and Department of Transportation, Capital
Stock measures for Transportation, December 1974, Volume I,
Chapter 5.
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the requirement life. The length of time for which a regulation is

required must be determined on a case by case basis. In those cases

where it is anticipated that the mandated new good or service will become

a permanent part of the NAS, the requirement life may be treated as

infinite.

Regardless of the evaluation period selected, it should extend over the

same number of years for each alternative. This is necessary because

benefits and costs are flows and must be measured with respect to time.

In certain situations, it will not be possible to compare alternatives

with the same number of time periods. This situation frequently arises

when an existing facility is being compared with replacements. The

existing facility will continue to be functional for sometime; however,

its physical life probably will not extend beyond the economic life of

the new replacement alternatives. Techniques for dealing with this type

of situation are presented in Section IV-C.
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IV. Alternative Decision Criteria

A. Net Present Value

The net present value (NPV) criterion require3 that equation (5-6) be

evaluated for all investment or regulatory alternatives. The criterion

provides that the alternative to be undertaken (1) have a positive NPV

and (2) be that one which has the highest NPV of all alternatives.

Condition (1) insures that the activity is worth undertaking; that is, it

contributes more in benefits than it absorbs in costs. Condition (2)

results in the optimum amount of benefits being produced at the lowest

achievable cost. The NPV criterion, then, answers both of the economic

questions--what to produce and how to produce it.

As an illustration of the application of NPV, consider the following

example. Several nondirectional radio beacons (NDB's) provide instrument

approaches to several airports. The users of those NDB's enjoy benefits

equal to $200,000 per year. The costs of maintaining the NDB's equals

$100,000 per year. It is expected that the NDB's can continue in service

another 30 years with negligible increases in operating and maintenance

costs.

Four alternatives are being considered as replacements for the NDB's.

Alternative A is to replace the existing NDB's with instrument landing

systems (ILS) costing $30 million to acquire and *l million to maintain
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annually. Alternative B also involves ILS replacements for the NDB's.

It costs $25 million to acquire and $1.3 million to maintain annually,

the difference owing to a different geographic configuration.

Alternatives C and D are VHF Omnirange (VOR) installations. Costs are

shown in the Table below.

TABLE 5-5

ALTERNATIVE NAVIGATION AIDS
(millions of constant dollars)

Alternative Initial Costs Annual O&M Annual Benefits
Existing NDB's -0- 0.1 0.2
A -- ILS1  30.0 1.0 5.0
B -- ILS2 25.0 1.3 4.5
C -- VOR1  20.0 1.6 4.0
D -- VOR2  15.0 2.0 3.0

The varying amounts of benefits for each alternative, including the

existing NDB's, result from the fact that more users will be better

served by the more sophisticated ILS system than the VOR system and more

users better served by both the ILS and the VOR installations than by the

existing NDB system.

Using the OMB prescribed 10 percent discount rate and assuming a lifetime

of 30 years for all alternatives, we find the present value of costs,

benefits, and their difference, the NPV. As can be seen from Table 5-6,

alternative A is the best one because it results in the greatest surplus

of benefits over costs of all the alternatives.
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TABLE 5-6

PRESENT VALUE OF COSTS AND BENEFITS
(millions of constant dollars)

Initial Annual Total Total Benefits Minus
Alternative Costs Costs Costs Benefits Costs
Existing NDB's -0- 0.94 0.94 1.89 .95
A - ILS1  30.00 9.43 39.43 47.14 7.71
B - ILS2  25.00 12.26 37.26 42.42 5.16
C - VOR1  20.00 15.08 35.08 37.71 2.63
D -- VOR 2  15.00 18.85 35.85 28.28 -5.57

B. Benefit-Cost Ratio

Another investment criterion is the benefit-cost ratio. It is defined as

the present value of benefits divided by costs, and Is given by equation

(5-10) 2/B k t

B/C a to (l+r)t (5-10)
k Ct

t-o (1+r)

The ratio indicates the present value of the dollar benefits that will

result per present value of dollars invested. A proposed activity with a

ratio of at least one will return at least as much in benefits as it

costs to undertake. This corresponds to having a positive or zero net

present value and indicates that an activity is worth undertaking.

21 Equation (5-10) is vrittei. using discrete, end of period dis-
counting. It could also be stated in terms of any of the other
discounting conventions discussed above in Sectior II1B of this
chapt r.
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While the benefit-cost ratio criterion provides a correct answer to the

first economic question of which objectives should be undertaken-defined

as those with ratios greater than or equal to unity-it often fails to

correctly answer the second question of how to accomplish the objectives

most efficiently. The difficulty arises in chosing between competing

alternatives to accomplish a particular objective which are mutually

exclusive; that is, selection of one of then precludes selection of any

of the others.

Again, consider the example of replacing a system of NDB's with VOR's or

ILS's. Table 5-7 reproduces the NPV values from Table 5-6; it also

presents benefit-cost ratios for the same altenatives. As can be seen,

the results are quite different. As with the NPV criterion, every

alternative other than D produces more in benefits than it costs.

However, the benefit-cost ratio criterion indicates that the existing NDB

system be retained because it yields the greatest excess of benefits over

costs. The outcome is contrary to the NPV criterion which indicated that

TABLE 5-7

PRESENT VALUES OF BENEFITS AND COSTS
AND BENEFIT COST RATIOS

(millions of constant dollars)

Benefits Minus Benefits 4
Alternative Benefits Costs Costs Costs
Existing NDB 1.89 .94 .95 2.01
A - ILS1  47.14 39.43 7.71 1.20
B -LS2 42.42 37.26 5.16 1.14
C - VOl 1  37.73 35.08 2.63 1.08
D -VOR 2  28.28 33.85 -5.57 .84
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the NDB's be replaced by the more expensive ILS system--alternative A.

It is also wrong. If the alternative with the highest benefit-cost ratio

ie selected, it will provide an opportunity to earn the greatest return

on the resources actually invested. But selecting it will preclude

earning a positive, albeit smaller return, on additional resources that

might be invested under one of the other alternatives. Only if all the

alternatives have the same present value of costs will selecting the

ratio with the highest value produce the economically correct result.

C. Uniform Annual Value

As an alternative to net present value, benefit or cost values may be

expressed as annual uniform values (UAV). This involves dividing the

present value of a stream of benefits or costs by the same factor that

was multiplied by a constant valued stream In equation (5-8) to obtain a

present value:

UAV - NP
k (5-11)t

k
The factors denoted by 1/E Ft are known as capital recovery factors.

two
They may be computed by taking the reciprocal of the values contained in

Tables C-3 and C-4 of Appendix C.

The uniform annual method will produce answers to the economic questions

which are identical to those produced by the NPV method. This follows by

virtue of the fact that all the present values computed under the UPV
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method need be only divided by the same constant to convert the results

to a uniform annual basis. Table 5-8 presents the example of navigation

aids expressed on a uniform annual cost basis. Also reported are ratios

of annual uniform benefits and costs; note that the ratios are identical

to those produced by taking the corresponding ratios of present values as

reported in Table 5-6.

Historically, the UAV method was widely used for many years, particularly

by civil engineers. Its widespread use probably had its origin in

Wellington's classic work, The Economic Theory of Railway Location

(1887). Wellington published during a time when most engineers worked

for railways during at least part of their career, and he Influenced the

thinking of the entire engineering profession. Grant, whose first book

on engineering economy was published in 1930, !/ prefers to use the UAV

method when making comparisons. However, In more recent years there has

been a shift away from uniform annual values to net present value. This

handbook recommends that NPV be used instead of uniform annual values.

Not only does the NPV method focus attention on the total net benefits to

flow from an activity, it also explicitly identifies the present value of

all costs of an undertaking. Such explicit recognition of costs,

discussed in Chapter 4, is known as llfecycle costing. It Is required by

OMB and Departmental directives (see Appendix A).

3/ Eugene L. Grant and W. Grant Ireson, Principles of Engineering
Economy, The Ronald Press Company, New York 1964.
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TABLE 5-8

UNIFORM ANNUAL VALUE OF BENEFITS AND COST
AND THEIR RATIOS

Uniform Uniform Uniform Annual Uniform Annual
Annual Annual Benefits Minus Benefits + Uniform

Alternative Benefits Costs Costs Costs
Existing NDB .20 .10 .10 2.01
A - ILS1  5.00 4.18 .82 1.20
B - 1L 2  4.50 3.95 .55 1.40
C - ILS1  4.00 3.72 .28 1.08
D - ILS2  3.00 3.59 -.59 .84

A special UAV application is an exception to the general preference for

NPV. In those situations where the alternative methods of accomplishing

the objective have unequal lives and (1) the cost estimates associated

with the lifetime of any particular alternative may be repeated in the

future for as many lifetimes as required and (2) the period of required

services Is either indefinitely long or of a length of time equal to a

common multiple of the various alternatives, the UAV method can be used

to determine which alternative is best. This requires that the

difference between uniform annual benefits and costs be computed as

indicated in equation (5-11)o Where benefits are identical for all

alternatives, the sam result may be obtained by computing only uniform

annual costs and selecting the lowest. It should be noted that where the

objective requires provision of a service to a specific future date, the

UAV method should not be used. Rather, the NPV method should be computed

for each alternative over the required time period.
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D. Internal Rate of Return

I;

The internal rate of return (IRR) is defined as that discount rate which

equates the present value of the stream of expected benefits in excess of

cost to zero. In other words, it is the highest discount rate at which

the project will not have a negative NPV. To apply the criterion, it is

necessary to compute the IRR and then compare it with OMB prescribed

10 percent discount rate. If the IRk is greater than or equal to

10 percent the project should be undertaken for its NPV is non-negative.

If the IRR is less than 10 percent, the project has a negative NPV and

should not be undertaken.

While the IRk method is effective in deciding whether or not a project is

vorth undertaking, it is difficult to utilize in ranking projects and in

deciding between competing mutually exclusive alternatives. It is not

unusual for ranking established by the IRR method to be inconsistent with

those of the NPV criterion. Moreover, it is possible for a project to

have more than one IRK. Although the literature on capital budgeting

contains solutions to these problems, these are often complicated or

difficult to employ in practice and present opportunities for error. As

a consequence, it is not recommended that the Inl method be used for FAA

'4'
investment or decision-making purposes. -

4/ So* G. David Quirin, The Capital Expenditure Decision, Richard D.
Irwin, Inc., Homevood Illinois 1967, pp. 46-55, and Jack Iirshleifer,

Investment, Interest, and Capital, Prentice-Hall, Inc., Englewood
Cliffs, N.J., pp.71-0.
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CHAPTER 6

SENSITIVITY ANALYSIS

I. Concept of Sensitivity Analysis

The outcome of an analysis will depend on numerous estimates, forecasts,

assumptions, and approximations to reality. Each of these factors has

the potential to introduce error into the results. The importance of

such errors in affecting the outcome of the analysis must be known to the

decisionmaker if informed decisions are to be made and confidence placed

in such decisions. Moreover, the degree of uncertainty associated with

each alternative is itself a factor to be considered in selecting between

competing alternatives. This chapter presents methodology, known as

sensitivity analysis, for dealing with the imprecision and uncertainty

characterizing most economic analyses of proposed investment projects and

regulations.

The basic approach is to vary key assumptions, estimates, and forecasts

systematically over appropriate ranges and observe the impact on the

results. For certain items, the impact may be insignificant while for

others it my be quite large. In some cases the relative desirability of

competing alternatives may be altered while in others it will not be.

The actual procedure for varying a parameter depends on whether or not it
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may be described by a known probability distribution or not. If so,

probability statements can be made about each value selected and the

outcome of the analysis. Such an approach is known by convention as risk

analysis. If the probability distribution for each parameter is not

known, alternative values of the parameter are selected over a range over

which it is known or believed reasonable for it to vary. Probability

statements regarding the likely occurrence of any particular value of the

parameter are not possible. This approach is known as uncertainty

analysis.

There are several ways in which the analysis can be accomplished. Each

depends on how the key assumptions, estimates, and forecasts are varied.

One procedure is to vary only one at a time, holding the others constant

so as to determine the independent, or partial, effect of this

parameter. This procedure is known as a one variable uncertainty test.

A second procedure is to vary two parameters simultaneously and is known

as a two variable uncertainty test. Similarly, three, four and more

variable uncertainty tests can be constructed. These can easily produce

large amounts of data and require the decisioumaker to consider an exces-

sively large nmber of outcomes. An alternative is to allow all parame-

ters to vary together in several predetermined patterns, each

representing a relevant probable future state of affairs. This procedure

is known as alternative scenario analysis. The following sections will

examine one and two variable uncertainty analysis and alternative

scenario analysis.
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II. One Variable Test

This procedure should be applied to the major cost and benefit components

of each alternative. Its primary purpose is to identify the sensitivity

of the net present value of each alternative to changes in value of each

component. This permits additional effort to be devoted to improving the

reliability of estimates for those components to which the results are

sensitive. Where reliability cannot be improved, it puts the

decisionmaker on notice as to potential weaknesses of the economic

analysis.

To carry out the one variable tests, the NPV of each alternative must be

recalculated for different values of any one particular component while

the others are held constant. The range of values should extend over

those that can reasonably be expected to prevail. Where a probability

distribution for the component of Interest is known, this range may be

established by a confidence interval (usually 90 or 95 percent). Where

such a distribution is unknown, the range should extend from the smallest

to the largest value that could reasonably be expected to occur. The

process should be repeated for each major component to be tested.

Once these computations have been completed, the problem arises as to how

to display the results. If only a small number of components were

tested, a tabular display may be appropriate. If more components were

varied, a graphical display Is often useful. Consider the following
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example of a Runway End Identifier Light (REIL) system. Estimates

indicate that Installation of the system on a particular runway will

generate benefits and costs over a 15 year economic life with present

values of $45,430 and $35,430, respectively, for a net present value of

$i0,000.-Y These estimates are based on four basic forecast variables:

traffic growth, economic life, facilities and equipment cost, and

operations and maintenance cost. Figure 6-1 indicates the impact on NPV

that will occur if each of these items is allowed to vary over a range of

plus or minus 100 percent while the others are held constant. (Note that

the F&E line and the O&M line approximately coincide and are represented

as a single line in the figure. This is merely a coincidence and will

not happen in general.)

As can be seen, increases in F&E or O&M costs of about 55 percent will

result in a negative NPV indicating that the project should not be

undertaken. Shortening the economic life by about 55 percent will also

result in the NPV becoming negative. Changes in traffic growth will not

effect the desirability of the project unless projected growth declines

by about 90 percent. From this Information, the decisionmaker can con-

clude that the project will have a positive NPV unless there are

substantial changes in the key variables.

1/ Estimates based on data contained in "Establishment Criteria For
Runway End Identification Lights (REIL)," FAA-ASP-79-4, U.S. Depart-
sent of Transportation, November 1979.
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FIGURE 6-1
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Ill. Two Variable Test

The one variable test permits examination of one factor holding all

others constant. At times it may be useful to let two factors change at

the same time. Such changes may be expected to occur together.

Or it may be necessary to determine the extent to which a change in one

factor can be offset by a change in another. Again, consider the REIL

example, but let both economic life and F&E cost vary together.

As indicated in Figure 6-2, a different curve relating NPV to economic

life may be constructed for each different level of F&E spending. For

any given NPV, it is clear that an increase in F&E cost requires a longer

economic life. Specifically, to maintain an NPV of t10,000 in the face

of a 50 percent increase in F&E cost from $17,700 to $26,550 requires

that the economic life be extended 7 years to 22 years. Similarly, a

decrease in F&E cost of 50 percent to $8,850 permits a reduced economic

life of 9 years while maintaining a NPV of $10,000.

A useful application of this information would be in deciding between two

quality levels of a proposed REIL installation, the existing one and a

hypothetical one of higher quality expected to provide a longer economic

life. If the higher quality one had a higher initial price of $26,550

(50 percent greater than the existing standard of *17,700), it would have

to have an expected economic life of at least 22 years for it to be

accepted in place of the standard. If the life were less than 22 years,

the NPV associated with the higher quality system would be less than that

of the standard system.
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FIGURE 6-2

TW VARIABLE UNCERTAINTY TEST
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IV. Alternative Scenarios

The two variable test, above, is a special case of a multiple variable

test. Consider the following abstract case:

NPV - f (X , X2 , X3 , ... , X ) (6-1)

Where Xi- all the n key variables and

f - a function relating the key variables to net present

value.

In the two variable case, two of the XI's are allowed to vary while the

others are held constant. Multiple variable tests could instead be

carried out by solving (6-1) for large numbers of combinations of values

for all of the X 's. While possible, so many values for NPV would be

generated that it would be difficult if not impossible to deal with

them. An alternative procedure is to select several combinations of the

X 's and evaluate these. Each such combination is known as a
I

scenario.

Scenarios should be designed to cover the entire range of likely out-

comes. The range of outcomes should be bounded by a most favorable and a

worst possible scenario. Intermediate ones should be designed for other

outcomes. If possible, one of these should be designated as most

likely. In addition, if sufficient information is available, probabil-

ities may be assigned to each scenario.
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Because each scenario represents a potential outcome, the combination of

X values that define a scenario should be consistent with each other.

(If they are not, then the scenario does not represent a possible

outcome.) While it is impossible to determine and avoid all possible

inconsistencies, obvious ones can be avoided. In the example of the REIL

system, it would not be reasonable to define a scenario in which traffic

(and thus benefits) was substantially above current forecasts and

operating cost (electricity and transportation) also increased

substantially as a result of oil price increases. Such oil price

increases could be expected to increase the cost of flying, which could

be expected to restrict traffic growth, not increase it.

The FAA Aviation Forecasts I/ makes projections of aviation activity

under four alternative scenarios: (1) Baseline, (2) Wharton Econometric

Forecast, (3) Economic Expansion, and (4) Stagflation. Each is based on

a different set of economic and social factors. The Baseline represents

the current AdmInistration's economic assumptions. The intent of the

others is to reflect what could happen to aviation if the determining

economic and social forces should deviate from those underlying the

Baseline. These scenarios may be useful in generating alternative

benefit estimates for proposed Investments and regulations.

.1/ YAAviation Forecasts, U.S. Department of Transportation, current
year.
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CHAPTER 7

INFLATION

I. Introduction

The performance of economic analysis requires that benefits and costs be

measured. The yardstick of measurement is the dollar. This yardstick

must remain unchanged for all quantities measured if resulting

measurements are to be meaningful and comparable with each other. But

the value of the dollar is rarely constant from one year to the next.

Changes in the prices of goods and services continuously effect the

purchasing power of the dollar. This chapter deals with how to correct

for changes in the value of the dollar over time in order that the same

yardstick of value can be applied to benefits and costs occurring in

different years.

II. Measuring Inflation

Changes in the value of the dollar over time with respect to any

particular commodity or group of comiodities are measured using an index

number. Such a number is a measure of relative value. It indicates the

price of any particular commodity or group of commodities In one year

relative to its value in some other year. By convention, index numbers

are usually computed as the ratio of this price in one year divided by

the price In the base year. The resulting ratio is then multiplied by

100 to produce the index number. Repeating the process for a number of

yers results in a series of index numbers.
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To grasp the methodology of working with index numbers, consider the

Gross National Product (GNP) Implicit Price Deflator, which is reported

in Table 7-1 for 1970 through 1980. Note first that 1972 has a value of

100. Known as the base year, it is an arbitrary selection which is

changed from time to time. It indicates that all other values are

TABLE 7-1

GROSS NATIONAL PRODUCT IMPLICIT PRICE DEFLATOR
(1970 - 1980)

Year Index

1970 91.45
1971 96.01
1972 100.00
1973 105.69
1974 114.92
1975 125.56
1976 132.11
1977 139.83
1978 150.05
1979 162.77
1980 177.36

Source: Survey of Current Business, Bureau of Economic Analysis,
Department of Commerce, Published monthly.

measured relative to 1972 being equal to 100. For example the 1977 value

of the index of 139.83 means that the price level in 1977 was 39.83

percent higher than it was In 1972, which is readily apparent from

inspection. It is not readily apparent, however, how much greater the

1979 price level is than it was in 1970. This can be easily computed as

78.0 percent by dividing the 1979 value by the 1970 value: 162.77/91.45

- 1.780. Moreover, the entire index may be restated in terms of any other
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base year by dividing each value by that of the new base year. Annual

changes may be computed by dividing each value by that of the previous

year and subtracting unity. For example, the rate of price change

between 1975 and 1974 is: (125.56/114.92)-i - 9.26%.

To make adjustments for price level changes requires that the concepts of

constant dollars and current dollars be understood. Current dollar

estimates are expressed in the price level of the year in which the

resource flows they represent occur. They are the actual amount spent or

received. Constant dollar estimates represent the same value as current

dollar estimates but as measured by the yardstick of the price level of a

fixed reference year. Constant dollars can be specified in terms of any

reference year that is desired.

To convert a series expressed in current dollars to constant dollars of a

particular year requires that all numbers in the series be adjusted for

price level changes except the one that actually occurred in the year of

the dollars to which the adjustment is being made. This requires two

steps. First the price index must be transformed so that its year is the

one in which the constant dollars are to be stated. As previously noted,

this is accomplished by dividing the price index through by its value in

the desired base year. The second step is to convert the subject series

to constant dollars. This requires that it be divided by the values

produced by step l. The procedure, as applied to the FAA budget

appropriation, is illustrated in Table 7-2. To convert constant dollars

to current dollars requires that the procedure be reversed. First the
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deflator series must be divided by its value In the year In which the

constant dollars are expressed and multiplied by the constant dollar

series.

TABLE 7-2

CONVERSION OF FAA APPROPRIATIONS FROM
VIRENT DOLLARS TO CONSTANT 1975 DOLLARS

(dollars in millions)

(1) (2) a/ (3) (4) b/
Year GNP Deflator GNP Deflitor Appropriations Appropriations-in

(1972-100) (1975100) In current 1975 Constant
Dollars Dollars

1970 91.45 72.83 1,288 1769
1971 96.01 76.47 1,787 2337
1972 100.00 79.64 1,901 2387
1973 103.69 84.17 1,852 2200
1974 114.92 91.53 1,935 2114
1975 125.56 100.00 2,078 2078
1976 132.11 105.22 2,274 2161
1977 139.83 111.37 2,566 2295
1978 150.05 119.50 2,793 2337
1979 162.77 129.64 3,150 2430
1980 177.36 141.26 3,274 2318

Source: Surve of Current Business, Bureau of Economic Analysis,
Department of Comerce, published monthly, and FAA Statistical Handbook,
Federal Aviation Administration, Calendar Year 1979, Table 1.1.

a/ Divide column (1) by 125.56 and multiply by 100.
h/ Column (3) divided by (column (2)/100).

Another conversion likely to be encountered in practice is the transfor-

nation of a series from the constant dollars of one year to those of

another. This is easily accomplished by multiplying the constant dollar
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series by the ratio of the price index term for the desired year to the

price index term for the year in which it is currently expressed, where the

base year of the price index is arbitrary. For example, to convert the

1975 constant dollar series in column (4) of Table 7-2 from 1975 constant

dollars to 1979 constant dollars requires that each number in it be

multiplied by 129.64/100 (or 162.77/125.56).

III. Sources of Price Indexes

Numerous different price indexes are published by private and governmental

organizations. They are available for many narrowly defined commodities

and services as well as for broader classifications ranging in scope from

selected 4-digit SIC Code 1/ industries up to the overall economy. This

section identifies several indexes that may be of use to agency analysts.

They are organized by categories relevant to potential FAA economic

analyses. These indexes are intended only as suggestions. Available

Information and the specific situation should govern the actual indexes

selected for any particular inflation adjustment problem.

1/ Industries are classified by the Standard Industrial Classification

Manual 1972, Office of Managemnt and budget, 1972. The classification
system operates in such a vay that the definitions become progressively
narrower with successive additions of numerical digits. The broadest
classifications contain 2 digits and the narrowest 7 digits.
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A. General Price Level

The Gross National Product (GNP) Implicit Price Deflator represents changes

in the prices of all goods and services produced in the United States. I/

Because of its broad coverage, it is widely regarded as the best single

measure of changes in the general price level. It is compiled by the

Department of Commerce. Data for the most recent three years are published

in the Survey of Current Business; 3/ older data are reprinted in

Business Statistics. A/ The entire series is also reprinted annually in
5/

the Economic Report of the President. 
--

B. Economic Sector Price Levels

Price levels of sectors of the economy represented by the various

components of Gross National Product are measured by the respective

deflator for each component. Component deflators likely to be of interest

to agency analysts are those for fixed investment, nonresidential

structures, and government purchases of goods and services. These

component deflators are published in the same sources as the GNP deflator.

2/ Technically, the GN? Implicit Deflator is not a conventional price
index. It is not computed by pricing a standardized assortment of
goods and services i. two different time periods. Rather, it is the
ratio of current GNP valued at today's prices divided by current GNP
valued in the prices of the previous year.

3/ Survey of Current Business, Bureau of Economic Analysis, Department of
Coerce, Vashington, D.C., published monthly.

4/ 1977 Business Statistics, Bureau of Economic Analysis, Department of
Commerce, Vashington, D.C., March 1978.

5/ Economic Report of the President, Council of Economic Advisers,
Vashington, D.C., published annually in January.
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C. Construction

Several widely known indexes of construction coats are available in

addition to the implicit deflator for investment in nonresidential

structures. The Boeckh indexes are compiled monthly by the American

Appraisal Company. They represent construction costs for three types of

buildings: (1) apartments, hotels, and office buildings, (2) coamercial

and factory buildings, and '3) residences. The nagineering-News Record

publishes monthly its building Cost Index. It represents the price of

constant quantities of skilled labor, structural steel, lumber, and

cement. 6- It i, i.l e separately for 20 U.S. cities and each December

is forecast for the next twelve months.

The Federal Highway Administration publishes a quarterly index of highway

construction costs. It is based on pricing of three components of highway

construction: common excavation, surfacing, and structures. All of these

indexes are reproduced in the Survey of Current Business. In addition, the

Department of Commerce publishes a composite construction index of these

and others. 7/

6/ For a detailed description of the index, see "Materials and Labor Cost
Trends In the U.S., Engineering News-Record, (March 19, 1981)
pp. 132-137.

7/ For a summary of the details relating to each of these Indexes, see
Business Statistics, 1977 Zdition, Department of Comerce, March 1978,
pp. 56-57 of the Explanatory Notes to the Statistical Series.
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D. Energy

As a component of the Producer Price Index, the Bureau of Labor Statistics

compiles monthly indexes for the prices of coal, coke, gas fuels, electric

power, crude petroleum, and refined petroleum products, as well as a

composite of them. These are published in The Monthly Labor Review. 8/

E. Electronics

Also contained in the Producer Price Indexes are several components

representing electric and electronic devices. The broadest category is for

electrical machinery and equipment. It represents such Items as wiring

devices, instruments, motors, transformers, switching gear, electric lamps,

and electronic components and accessories. An index for each of these

subcomponents is also available. The electric and electronic devices index

is published in the Monthly Labor Review and the subcomponent indexes in

Producer Prices and Price Indexes. 9/ In addition, indexes for specific

SIC electronics industries-electron receiving tubes (SIC Code=3671),

semiconductors (SIC Code=3674), electronic capacitors (SIC Code-3675),

electronic resistors (SIC Code-3676), and electronic connectors (SIC

Code-3678)-are also provided in each of these publications.

r The Monthly Labor Review, Bureau of Labor Statistics, Department of
Labor, published monthly.

9/ Producer Prices and Price Indexes, Bureau of Labor Statistics,
Department of Labor, published monthly.
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IV. Treatment of Inflation in Benefit-Cost Analysis

As a general rule, inflation should not be permitted to affect the outcome

of benefit-cost analyses. Such studies are concerned with real quanti-

ties--resources consumed and benefits provided. The dollar is used only as

the yardstick of value measurement. Because changes In the unit of

measurement cannot affect the relationship between the real quantities,

allowing price changes to enter the analysis will distort the results.

This section presents methodology for ensuring that inflation does not

enter benefit-cost analyses and produce such distortions.

A. Period Between Analysis Date and Project Start Date

The selection of the yardstick of value measurement is arbitrary. The

constant dollars of one year are as good as the constant dollars of any

other year as far as the economics of the analysis goes. However, for

practical considerations it is recommended that the constant dollars of the

year of the analysis be selected as the unit of measurement. This

procedure is a natural approach because it permits benefits and costs to be

valued at their current prices. Moreover, it avoids the need to transform

current prices into past or future year dollars and, with respect to future

years, the need to forecast inflation. Note that this recommendation is

not a hard and fast rule and should not be followed when other

circumstances so indicate.
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B. Inflation During Project Life

During the projected life of the proposed investment or regulation, changes

in the general level of prices should not be allowed to impact the

analysis. Benefits and costs are real quantities; they consist of the

goods and services provided by a project and the resources consumed in

providing them. Dollars enter the analysis only as the yardstick of

value. To allow the unit of measurement to vary would assign different

valuation to the same benefits or costs depending on the variation in the

unit of measurement over the project's lifetime. With the typical

investment or regulation during times of increasing prices, large costs

occurring early in the project's life would be assigned less value than

benefits stretching out over the years. This could lead to projects being

undertaken which are not worthwhile because inflation had been allowed to

increase benefit values relative to cost values. To avoid such

distortions, all benefits and costs associated with an investment or

regulation must be measured in the constant dollars of a particular

year-preferably the year of the analysis for reasons noted in section IV-A

of this chapter.

There is an important qualification (not exception) to the general rule of

expressing all quantities in the constant dollars of a particular year.

Quantities that increase or decrease in value more or less than the general
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price level should have their values adjusted by the difference between

changes in their value and the general price level. This must be done to

reflect that their real values in comparison with other goods and services

have changed in addition to any changes in the general level of prices.

Adjustment for real price changes requires that the difference between

forecast general price level changes and prices of the items in question be

computed. This may be accomplished by taking the ratio of the specific

item price index to the GNP deflator. The resultant index will show how

much the specific item is forecast to increase or decrease in price once

the impact of overall price level changes is removed. This resultant index

may then be multiplied by the constant dollar estimate of the item in

question in each year to adjust it for real changes in value. This

procedure is demonstrated by equations (7-1) and (7-2):

SPIt

t tNPIt

XAtM MDOt(RI t) (7-2)

Where: SPIt a specific item price index in year t,
GNPIt- implicit GNP deflator in year t,

Rl t - resultant index in year t
XOt - unadjusted value, and
XAt- value adjusted for real price changes.
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In practice, another procedure Is often used. If a particular item is

known to be changing in real value at an approximately constant rate, its

value may be projected by equation (7-3):

XAt. XO t(1 + f) (7-3)

Where: a - the number of years between year t and the year in which the
constant dollars of measurement are stated, and

f - the annual rate of real growth.

This adjustment can be combined with the discounting procedure developed in

Chapter 5 and defined in equation (5-6). Combination is possible because

two ratios are being applied similarly to the same benefit or cost figure.

This is indicated in equation (7-4):

k r k t

,. (B-c) k t +r (7-4)

t-o (1+r)t + t 

Where: Xt- the quantity being adjusted expressed in constant dollars of
the year of initial project implementation, and

(B-C)'- all benefits and costs other than those contained in Xt

A typical situation where real cost changes must be considered arises with

respect to replacement projects. One advantage of the proposed new system

over the old often Is that it replaces an old technology with a new one.

In cases where the real cost of the old technology is projected to increase

with time, the absolute amount of the new system's advantage continually

increases. While It is proper to include such an ever increasing advantage
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in an evaluation, the burden of establishing an appropriate rate of

increase rests squarely on the shoulders of the analyst. Conclusions which

result solely from assuming large real cost increases In the existing

system which are not thoroughly justified are not convincing and are easily

contested.
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APPENDIX A

DOCW4ETS REQUIRING ECONOMIC ANALYSIS
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The requirement to conduct economic analyses of investment projects and

regulatory actions is documented in the following Executive Orders, Office

of Management and Budget (0MB) Circulars, DOT Orders, and FAA Orders.

A. INVESTMENT PROJECTS

1. OMB CIRCULAR A-94 (Revised) (March 27. 1972): "Discount Rates to be

Used in Evaluating Time-Distributed Costs and Benefits"-Prescribes

methodology to be used in evaluating time-distributed benefits and

costs. The circular requires that present values for such benefits

and costs be calculated using a 10 percent discount rate. It also

establishes policy for the treatment of inflation and changes in real

costs. The circular applies to the evaluation of U.S. Government

programs and projects; it does not apply to the evaluation of

decisions regarding acquisition of commercial-type services by

Government or contractor operations (guidance for which is provided in

OMB Circular A-76 (Revised)).

2. OMB CIRCULAR A-104 (June 14. 1972): "Comparative Cost Analysis for

Decisions to Lease or Purchase General Purpose Real Pruperty"-

Prescribes the economic basis for determining whether general purpose

real property to be acquired for government programs should be leased

or purchased. It applies to the acquisition of general purpose real

property such as office buildings, warehouses, and associated land for

which estimated land and construction costs or market value Is

$500,000 or more. From a practical point of view, this circular will

apply to very few FAA lease vs. purchase decisions. Most such FAA

decisions are under $500,000.
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3. OMB CIRCULAR A-109 (April 53, 1976): "Major System Acquisitions"-

Establishes policies to be followed by executive agencies in the

acquisition of major systems. These include a well defined management

process with clear lines of authority, responsibility, and

accountability for major system acquisitions. Among other policies

set out are those requiring formulation of alternatives to achieve

agency objectives, life cycle costing techniques, and assessment of

anticipated benefits.

4. ORDER DOT 4200.14A (lay 17. 1978): "Major Systems Acquisition Review

and Approval"--Prescribes the procedures for Implementing OMB

Circular A-109. This order is applicable to all acquisitions "that

(1) are directed at, and are critical to, fulfilling a Departmental

mission, (2) entail the allocation of relatively large resources, and

(3) warrant special management attention, . . . or which have a total

acqusition cost of t150 million or more, or which have an anticipated

total expenditure of $25 million or more in research and development

funds." The order specifically requires that benefit-cost analysis,

or cost-effectiveness analysis, be undertaken for each acquisition

subject to the requirements of this order. The order further

specifies that in determining the costs of a major system, life cycle

costing methodology shall be used.
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5. ORDER DOT 4200.9A (August 29, 1978): "Acquisition Review and

Approval"-Establishes DOT policy and procedures for Secretarial

review of acquisitions which are smaller than major system

acquisitions and not subject to the detailed management requirements

of Order DOT 4200.14A and OMB Circular A-109. The order applies to

all acquisitions funded by DOT which meet the criterion set forth in

Order DOT 4200.14A, paragraph 5(a), (detailed above) except for the

specified dollar levels. Acquisitions with anticipated costs below

those specified in Order DOT 4200.14A and above $20 million or with a

three year total expenditure on research and development of more than

$5 million are subject to this order. Although concerned with smaller

projects, this order requires the consideration of benefit-cost

analysis as part of the acquisition process.

6. ORDER FAA 1810.1B (November 21, 1980): "System Acquisition Manage-

ment"-Establishes policy and procedures for system acquisition

management and implements Order DOT 4200.9A, Acquisition Review and

Approval and Order DOT 4200.14A, Major Systems Acquisition Review and

Approval. This order specifically requires that benefit-cost analysis

be undertaken for every acquisition subject to Order DOT 4200.9A and

Order DOT 4200.14A, as well as other programs designated by the

Administrator.
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B. REGULATORY ACTIONS

1. REGUIATORY FLEXIBILITY ACT OF 1980--Requires agencies to publish an

Initial Regulatory Flexibility Analysis, or summary of it, in the

Federal Register for any regulatory action requiring a Notice of

Proposed Rulemaking at the time the notice is published. The Act

further requires that agencies publish a Final Regulatory Flexibility

Analysis at the time the final rule is published. These requirements

can be avoided in those situations where the head of the agency

"certifies that the rule will not, if promulgated, have [1] a

significant economic impact on [2] a substantial number of [3] small

entities," where small entities are defined as small businesses, small

organizations, and small government jurisdictions. The act also

requires agencies to review within a one year period regulations in

effect on January 1, 1981 which have a significant economic impact on

a substantial number of small entities.

2. EXECUTIVE ORDER 12291 (February 17, 1981): "Federal Regulation"-

Requires agencies when reviewing existing regulations, promulgating

new regulations, and developing legislative proposals concerning

regulations to base their actions on adequate information concerning

the need for and consequences of proposed government action and to

undertake or sustain only those regulations for which the potential

benefits to society exceed the potential costs to society. Moreover,

the order indicates that agencies shall take regulatory actions and
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set regulatory policies so as to maximize the aggregrate net benefits

to society. The order further prescribes that each agency shall

prepare a Regulatory Impact Analysis (RIA) in connection with every

major rule, where major rule is defined as any regulation that is

likely to result in: (1) an annual effect on the economy of

$100 million or more, (2) a major increase in costs or prices of goods

and services, or (3) significant adverse effects on competition,

employment, investment, productivity, innovation, or on the ability of

United States-based enterprises to compete with foreign-based

enterprises in domestic or export markets. Such analysis is required

to be based upon the benefits and costs of the proposed rule. It may

be combined with any Regulatory Flexibility Analysis required by the

Regulatory Flexibility Act.

3. OMB INTERIM REGULATORY IMPACT ANALYSIS GUIDANCE: (June 12, 1981)--

Provides guidance for conducting the Regulatory Impact Analysis

required by Executive Order 12291. It indicates that to meet the

requirements of the Executive Order, an RIA must show that: "(1) there

is adequate information concerning the need for and consequences of

the proposed actions, (2) the potential benefits to society outweigh

the potential costs, and (3) of all the alternative approaches to the

given regulatory objective, the proposed action will maximize net

benefits to society." It further Indicates that to be judged

satisfactory, an IIA should enable independent reviewers to determine
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that the objectives of Executive Order 12291 have been satisfied.

hA 's should contain five parts: (1) a statement of the need for and

consequences of the proposed regulation, (2) an examination of the

most important alternative approaches to the problem; (3) an analysis

of benefits and costs; (4) a rationale for choosing the proposed

regulatory action; and (5) a statement that the proposed regulatory

action is within the agency's statutory authority.

4. ORDER DOT 2100.5 (May 22, 1980): "Policies and Procedures for

Simplification, Analysis, and Review of Regulations"-Establishes

requirements that a regulatory analysis be conducted for essentially

all regulations for which Executive Order 12291 requires a Regulatory

Impact Analysis and that a regulatory evaluation be conducted for all

other regulations. It defines a regulatory analysis as containing

"(1) a succinct statement of the problem and issues that make the

regulation significant; (2) a description of the major alternative

ways of dealing with the problem that were considered by the

initiating office; (3) an analysis of the economic and any other

relevant consequences of each of these alternatives; and (4) a

detailed explanation of the reason for choosing one alternative over

the others." A regulatory evaluation "includes an analysis of the

economic consequences of the proposed regulation quantifying to the

extent practicable, its estimated cost to the private sector,

consumers, Federal, state and local governments, as well as its

anticipated benefits and impacts."
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EVALUATING FAA INVZ8TWIVS AND) IGUIATORY ACTIONS
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Table B-1 of this appendix summarizes values for use in valuing the

benefits of proposed FAA Investment projects and regulatory actions. These

values are developed in detail in Ward L. Keech, Economic Values for

Evaluation of Federal Aviation Administration Investment and Regulatory

Programs, Report No. FAA-APO-81-3, Office of Aviation Policy and Plans,

Federal Aviation Administration, September 1981. They are intended to

represent minimum estimates of the dollar amounts which society as a

whole--that is, all parties whether public or private--would be willing to

sacrifice for each of the specified items. For exsmple, the values in the

table indicate that society as a whole would be willing to pay at least

$530,000 to save a statistical life and $81 to save an hour of general

aviation aircraft operating time. Incorporation of these values into

benefit estimation is explained in Chapter 3.

TABLE 1-1

STANDARDIZED VALUES FOR USE IN EVALUATING
FAA INVESTMENTS AND REGULATORY ACTIONS

(1980 Dollars)

It" Value

Value of Time of Air Travelers Per Hour S 17.50

Value of a Statistical Life $530,000

Unit Cost of Statistical Aviation Injuries:

Serious Injury $ 38,000

Ninor Injury $ 15,000
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Unit Replacement/Restoration Cost of Replacement Restoration
Dazed Aircraft (Replacement or Cost Cost
Destroyed/Restoration or Substantial
Damage):

Air Carrier:

- Turbofan, 4 Engine, Wide Body $20,500,000 $6.800,000

- Turbojet, 4 Engine $ 1.600,000 $ 530,000

- Turbofan, 4 Engine, Regular body $ 4,000,000 $1,300,000

- Turbofan, 3 Engine, Wide body $20,500,000 $6,700,000

- Turbofan, 3 Engine, Regular Body J 4.000,000 $1,300,000

- Turbofan, 2 Engine, Wide Body $20,000,000 $6,700,000

- Turbofan, 2 Engine, Regular ody $ 5,100,000 *1,700,000

- Turboprop, 2 Engine $ 1.300,000 * 430,000

- Piston, 2 Engine J 300,000 $ 100,000

- Weighted Average $ 6,200,000 $2,100,000

General Aviation:

- General Aviation including Air Taxi
other than Air Comuter $ 58,000 $ 19,000

- General Aviation excluding Air Taxi 56,000 $ 19,000

- Air Taxi $ 137,000 $ 46,000

- Air Taxi other than Air Commuter $ 120,000 $ 40,000

- Air Commuter $ 213,000 $ 71,000

- Weighted Average, representing General
Aviation in the conventional sense
(including Air Taxi and Air Commuter) * 59,000 * 20,000

Military:

- Fixed-Wing $ 2,200,000 * 730.000

- Rotary-Wing $ 410,000 1 140,000

- Weighted Average 1,400,000 * 470,000
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Aircraft Variable Operating Costs: Per Block Hr. Per Airborne Hr.

Air Carrier:
- Turbofan, 4 Engine, Wide Body * 4,327 * 4,767

- Turbojet, 4 Engine * 2,483 * 2,880

- Turbofan, 4 Engine, Regular Body * 2,295 * 2,643

- Turbofan, 3 Engine, Wide Body * 2,897 * 3,341

- Turbofan, 3 Engine, Regular Body $ 1,641 * 1,964

- Turbofan, 2 Engine, Wide Body $ 2,155 * 2,655

- Turbofan, 2 Engine, Regular Body $ 1,219 * 1,508

- Turboprop, 2 Engine * 546 $ 694

- Piston, 2 Engine * 136 * 139

- Weighted Average * 1,871 $ 2,229

General Aviation:
- General Aviation including Air Taxi

other than Air Commuter $ 79

- General Aviation excluding Air Taxi $ 73

- Air Taxi 163

- Air Taxi other than Air Commuter * 145

- Air Commuter $ 278

- Weighted Average, representing General
Aviation in the conventional sense

(including Air Taxi and Air Comuter) * 81

Military:
- Turbojet/fan, Multi-engine $ 2,339

- Turbojet/fan. Twin-engine 1,319

- Turbojet/fan, Single-egine 872

- Turboprop $ 360

- Piston $ 97

- iotary-Wing 113

- Weighted Average 661
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TABLE C-1

PRESENT VALUE OF ti FLOWING AT THE END
OF THE PERIOD

(Discrete Compounding)

Annual Effective Discount RatePeriod 2% 5z 8% 10%a/ 12% 15Z 20%
1. .9804 -24 .9259 .9091 .8929 .8696 . 8333
2. .9612 .9070 .8573 .8264 .7972 .7561 .69443. .9423 .8638 .7938 .7513 .7118 .6575 .57874. .9238 .8227 .7350 .6830 .6355 .5718 .4823
5. .9057 .7835 .6806 .6209 .5674 .4972 .40196. .8880 .7462 .6302 .5645 .5066 .4323 .3349
7. .8706 .7107 .5835 .5132 .4523 .3759 .27918. .8535 .6768 .5403 .4665 .4039 .3269 .23269. .8368 .6446 .5002 .4241 .3606 .2843 .1938

10. .8203 .6139 .4632 .3855 .3220 .2472 .1615
11. .8043 .5847 .4289 .3505 .2875 .2149 .134612. .7885 .5568 .3971 .3186 .2567 .1869 .1122
13. .7730 .5303 .3677 .2897 .2292 .1625 .0935
14. .7579 .5051 .3405 .2633 .2046 .1413 .0779
15. .7430 .4810 .3152 .2394 .1827 .1229 .064916. .7284 .4581 .2919 .2176 .1631 .1069 .0541
17. .7142 .4363 .2703 .1978 .1456 .0929 .0451
18. .7002 .4155 .2502 .1799 .1300 .0808 .0376
19. .6864 .3957 .2317 .1635 .1161 .0703 .0313
20. .6730 .3769 .2145 .1486 .1037 .0611 .0261
21. .6598 .3589 .1987 .1351 .0926 .0531 .0217
22. .6468 .3418 .1839 .1228 .0826 .0462 .018123. .6342 .3256 .1703 .1117 .0738 .0402 .0151
24. .6217 .3101 .1577 .1015 .0659 .0349 .0126
25. .6095 .2953 .1460 .0923 .0588 .0304 .0105
26. .5976 .2812 .1352 .0893 .0525 .0264 .008727. .5859 .2678 .1252 .0763 .0469 .0230 .0073
28. .5744 .2551 .1159 .0693 .0419 .0200 .0061
29. .5631 .2429 .1073 .0630 .0374 .0174 .0051
30. .5521 .2314 .0994 .0573 .0334 .0151 .0042

a/ Discount rate prescribed by OMB Circular A-94.

C-2



OVER THE STATED PERIOD

(Continuous Compounding)

........Annualfet eDicutR ePeriod 2% 5%8% 1oza/ 221% 0.. 9 2 976 0 .96 2415 9538 )14 4 '1:1 914.1
2. .9707 .9295 .8912 .8671 .8441 .81-15 .7618
3. .9518 .8853 .8252 .7883 .57 .7057 .6348
4, .9331 .8431 .7641 .7166 .6729 :.136 -.5290
5. .9148 .8030 .7075 .6516 .6008 .5336 .44086. 87968 .7 647 .6655 .5922 .5365 .4640 36748. 

.8 
9 7 8 6 6 .5384 *4790 4035 .3061

8. 8620 .6936 .5616 .4895 .4277 .3508 .2551
9. .845.1 .6606 .5200 .4450 .3818 .3051 .2126

10. .8285 .6291 .4815 %4045 .3409 .2653 .1772
11. .8123 .5992 .4458 .3677 .3044 02307 .1476
12. .7964 .5706 94128 .3343 .2718 .2006 .1230
13. .7807 .5435 .3822 o3039 .2427 .1744 .1025
14. .7654 .5176 .3539 o2763 .2167 .1517 .0854
15. .7504 .4929 .3277 .2512 .1935 .1319 .0712
16. *7357 .4695 .3034 .2283 01727 181147 .0593
17. .7213 .4471 .2809 .2076 .1542 s0997 .091. -7073 458 .2409 .1887 :1377 0867 .04121. 67937 .3862 .2430 .1716 1229 0754 .034320. 6797 .38 2 .2 30 1560 .1098 0656 .0 8
21. .6664 .3678 .2065 .1418 .0980 .0570 .0238622. .6533 .3503 .1912 129 085 046 .013923. .6405 .3336 .1770 .1172 00781 .0431 .0166
24. .6279 #3178 .1639 .1065 .0698 .0375 .0138
25. .6156 e3026 .1518 .0968 e0623 .0326 05
26, .6035 .2882 .1405 .0880 .0556 .0284 .009627. o5917 e2745 e1301 000 047 027 .009628. .5801 o2614 .1205 .0728 .0443 e0214 .06
29. %5687 .2490 .1116 .0661 .0396 .0184 .005530 . 6 7 24 9 1 0 3 .0 6 0 1 .0 3 5 3 0 1 6 2 .0 0 4 6

1/ Discount rate Prescribed by 0MB Circular A-94.
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TABLE C-3

PRESENT VALUE OF A UNIFORM SERIES OF
$1 PAYMENTS FLOWING AT THE END OF EACH PERIOD

(Discrete Compounding)

Annual Effective Discount Rate

Period 2% 52 8% 1(%a /  12% 152 20%

1. .980 .952 .926 .909 .893 .870 .833
2. 1.942 1.859 1.783 1.736 1.690 1.626 1.528
3. 2.844 2.723 2.577 2.487 2.402 2.283 2.106
4. 3.808 3.546 3.312 3.170 3.037 2.855 2.589
5. 4.713 4.329 3.993 3.791 3.605 3.352 2.991
6. 5.601 5.076 4.623 4.355 4.111 3.784 3.326
7. 6.472 5.786 5.206 4.868 4.564 4.160 3.605
8. 7.325 6.463 5.747 5.335 4.968 4.487 3.837
9. 8.162 7.108 6.247 5.759 5.328 4.772 4.031

10. 8.983 7.722 6.710 6.144 5.650 5.019 4.192
11. 9.7e7 8.306 7.139 6.495 5.938 5.234 4.327
12. 10.575 8.863 7.536 6.814 6.194 5.421 4.439
13. 11.348 9.394 7.904 7.103 6.424 5.583 4.533
14. 12.106 9.899 8.244 7.367 6.628 5.724 4.611
15. 12.849 10.380 8.559 7.606 6.811 5.847 4.675
16. 13.578 10.838 8.851 7.824 6.974 5.954 4.730
17. 14.292 11.274 9.122 8.022 7.120 6.047 4.775
18. 14.992 11.690 9.372 8.201 7.250 6.128 4.812
19. 15.678 12.085 9.604 8.365 7.366 6.198 4.844
20. 16.351 12.462 9.818 8.514 7.469 6.259 4.870
21. 17.011 12-821 10.017 8.649 7.562 6.312 4.891
22. 17.658 13.163 10.201 8.772 7.645 6.359 4.909
23. 18.292 13.489 10.371 8.883 7.718 6.399 4.925
24. 18.914 13.799 10.529 8.985 7.784 6.434 4.937
25. 19.523 14.094 10.675 9.077 7.843 6.464 4.948
26. 20.121 14.375 10.810 9.161 7.896 6.491 4.956
27. 20.707 14.643 10.935 9.237 7.943 6.514 4.964
28. 21.281 14.898 11.051 9.307 7.984 6.534 4.970
29. 21.844 15.141 11.158 9.370 8.022 6.551 4.975
30. 22.396 15.372 11.258 9.427 8.055 6.566 4.979

a/ Discount rate prescribed by OMB Circular A-94.
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TABLE C-4

PRESENT VALUE OF A UNIFORM SERIES OF
$i PAYMENTS FLOWING UNIFORMLY THROUGHOUT EACH PERIOD

(Continuous Compounding)

Annual Effective Discount Rate

Period 2% 5% 8% 10%./  12% 15% 20%

1. .990 .976 .962 .954 .945 .933 .914
2. 1.961 1.906 1.854 1.821 1.790 1.745 1.676
3. 2.913 2.791 2.679 2.609 2.543 2.450 2.311
4. 3.846 3.634 3.443 3.326 3.216 3.064 2.840
5. 4.760 4.437 4.150 3.977 3.817 3.598 3.281
6. 5.657 5.202 4.805 4.570 4.353 4.062 3.648
7. 6.536 5.930 5.412 5.108 4.832 4.465 3.954
8. 7.398 6.623 5.974 5.597 5.260 4.816 4.209
9. 8.244 7.284 6.494 6.042 5.642 5.121 4.422

10. 9.072 7.913 6.975 6,447 5.983 5.386 4.599
11. 9.884 8.512 7.421 6.815 6.287 5.617 4.747
12. 10.681 9.083 7.834 7.149 6.559 5.818 4.870
13. 11.461 9.627 8.216 7.453 6.802 5.992 4.972
14. 12.227 10.144 8.570 7.729 7.018 6.144 5.058
15. 12.977 10.637 8.897 7.980 7.212 6.276 5.129
16. 13.713 11.107 9.201 8.209 7.385 6.390 5.188
17. 14.434 11.554 9.482 8.416 7.539 6.490 5.238
18. 15.141 11.979 9.742 8.605 7.676 6.577 5.279
19. 15.835 12.385 9.983 8.777 7.779 6.652 5.313
20. 16.514 12.771 10.206 8.932 7.909 6.718 5.342
21. 17.181 13,139 10.412 9.074 8.007 6.775 5.366
22. 17.834 13.489 10.604 9.203 8.095 6.824 5.385
23. 18.475 13.823 10.781 9.320 8.173 6.868 5.402
24. 19.102 14.141 10.945 9.427 8.243 6.905 5.416
25. 19.718 14.443 11.096 9.524 8.305 6.938 5.427
26. 20.322 14.732 11.237 9.612 8.360 6.966 5.437
27. 20.913 15.006 11.367 9.692 8.410 6.991 5.445
28. 21.493 15.268 11.487 9.765 8.454 7.012 5.452
29. 22.062 15.517 11.599 9.831 8.494 7.031 5.457
30. 22.620 15.754 11.702 9.891 8.529 7.047 5.462

a/ Discount rate prescribed by 0MB Circular A-94.
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