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1. INTRODUCTION

1.1 Need For a New Approach

Societal pressures and national policies emphasize "the protection and
enhancement of the natural and human environment, the need for coordinat-
ing transportation improvement projects with related social, economic and
environmental programs, and the desirability of fostering an open, informed
and participatory decision-making process. These national policies have
been articulated in such Federal Tegislation as the Department of Trans-

portation Act of 1966 which requires:

'...the development of national transportation policies and programs
conducive to the provision of fast, safe, efficient, and convenjent
transportation at the lowest cost consistent therewith and with
other national objectives, including the efficient utilization and
conservation of the Nation's resources,’

the Federal-Aid Highway Act of 1970, which requires:

'...that possible adverse economic, social, and environmental effects
relating to any proposed project on any Federal-aid system have been
fully considered in developing such projects and that the final deci-
sions on the project are made in the best overall public interest,
taking into consideration the need for fast, safe, and efficient
transportation, public services, and the costs of eliminating or
minimizing such adverse effects,'

and the National Environmental Policy Act of 1969, which requires:
'...a systematic, interdisciplinary approach which will insure the
integrated use of the natural and social sciences and the environ-
mental design arts in planning and in decision-making which may have
an fmpact on man's environment.'" (U.S. Department of Transportation,
1975.)

Furthermore, attention is becoming increasingly focused on the initial
activities of the system acquisition process, on demonsirating that a
choice of transportation concept or technology will achieve stated objec-
tives, and on generally satisfying the information requirements of

major decision milestones in the planning and development of major
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systems (OMB Circular No. A=109, 1976).

A new and innovative methodology is needed if transportation analysis and
evaluation are to be responsive to these pressures and policies. The
need arises as a consequence of the nature of an intercity transportation
system, of the requirements for transportation decision-making, and of
the state-of-the-art in transportation planning.

Intercity transportation systems are inherently large-scale, complex
systems requiring Tong Tead-time programs for their planning and acquis-
ition. Furthermore, they have major social and economic consequences

tor the nation, as well as for the region they serve directly. Assessing
alternative transportation concepts during the initial phases of the sys-
tem Tife cycle, when supportive research and technology development
activities are defined, requires estimates of transportation, enviraon-
mental, and socio-economic impacts throughout the system 1ife cycle --

a period of some forty or fifty years.

Decisions concerning intercity transportation concepts and.technclogy
necessarily involve the evaluation of projected time flows of conse-
quences extending farty or fifty years into the future. Conventional
discounting practices are inadequate for evaluating these long term
estimates of Tife cycle costs and benefits. Of particular concern is
the fact that benefits of an investment in transportation technology are
not realized until the last twenty or thirty years of the system 1ife
cycle, and current discounting practices tend to degrade such long range
values to relative insignificance. This consequence of using standard
discounting methods can be incompatible with societal goals and govern-
ment policies.

The increasing emphasis on satisfying the needs of defined decision situ-
ations demands an evaluation methodology that focuses on the decision, on
the decision-makers, and on pertinent policies and objectives. Since
objectives include environmental and socio-economic considerations,
evaluating transportation decisions requires estimates of environmental
and socio-economic impacts of those decisions. "Transportation alter-
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natives should evolve from a set of explicit public and private sector
goals and objectives relating to both the transportation system and to
the broader community context into which the transportation system is

to be integrated. A major flaw in early transportation planning proces-
ses was the extent to which transportation considerations were isolated
from social, economic and environmental planning" (U.S. Department of
Transportation, 1975)., Decision-making at the national Tevel must be
responsive to complex value systeams representing transportaticn, environ-
mental, societal, and economic policies and objectives.

Unfortunately, current planning technology has neither the analysis
modals nor the data base for adequately dealing with:
e the complexity of intercity transportation systens
» the complexity of the interactions between a transportation sys-
tem and the environments in which it is embedded
& definition and appiication of the complex value systems that
underlie transportation decision-making
e a long term planning period

Present forecasting methods are based on extrapolation of historical
trends and are rarely considered valid for more than a few years (e.g.,
Martino, 1972). More sophisticated prediction techniques (e.g., Saaty,
1977) are becoming available. Deficient data bases, however, prevent
adequate validation of the models designed to deal with the compliexities
of a transportation system and its impacts.

As a result of pressuras on the transportation analyst to use "hard" data
and validated or, at least, reasonably well known models, there is a
tendency to Timit transportation studies to traffic and cost analyses

and to avoid the problems of long range predictions, discounting, and
degree of achievement of agency policies and objectives. Study outputs
are frequently, therefore, not compatiblie with the information needs of
transportation decision-making.

What is needed is & methodological approach that focuses on the decision



to be made and its information requirements. The decision situation,
including the policies and objectives of the decision-makers and their
organization, can provide explicit guidance for planning the transporta-
tion study and its information outputs. The advantages of a decision-
oriented methodology include: _
e identification of the information elements needed by the deci-
sion-makers
e selection of the best available data and models ¥or estimating
needed information elements
e identification of gaps and deficiencies in data bases and model-
ing capabilities so that transportation planning tools and tech-
niques can be improved within an aorganizing framework

A decision-oriented methodology for the analysis and evaluation of inter-
city modal concepts is presented and illustrated in this report.

1.2 QObjectives
The objectives of the ECONERGY study are:
e to develop a unified methodological framework for the comparisaon
of intercity passenger and freight transportation systems
e to review the attributes of existing and future transportation
systems for the purpose of establishing measures of comparison

These objectives have been achisved and, in addition, were made wmore
specific to include:
e development of a methodology for comparing long term transporta-
tion trends arising from implementation ¢f various R&D programs
e definition of value functions and attribute weightings needed for
comparing atternative policy actions for furthering transporta-
tion goals

It was not an objective of the Phase I study to implament the methodoioqy
bevond an illustrative example., While 35 much realism as possible and
actual data, where readily <vailable, were utilized, the conclusions con-



carning transporation alternatives are, nevertheless, only illustrative.

1.3 Scope

During the present study, the decision-oriented methodoloqy was adapted
to needs of:
¢ decision-makers in an agency of the Executive Branch of the
U.S. Goverament
e decisions concerning intercity transportation technologies and
modal concepts during the initial concept phase of the system
1ife cycle

This Phase [ effort focused on the evaluation framework o7 the compari-
son methodology. An evaluation wodel was developed and its application
in guiding the planning of transportation analysis activities. as well

as in the evaluation of intercity transportation alternatives, was illus-
trated. The analysis and evaluation of intercity transportation alter-
natives Tor ai actual decision situation will be a follow-on Phase II
gffort,

1.4 QOrganization of Report

\

The reader may be guided in his reading of this report by knowing, in
advance, some of the things to look for. In Chapter 2, the theoretical
principles which underly the ECONERGY methodology 3are established. The
basic structure of the decision probiem is oxemplified by Figures 2.1
and 2.2, The basic building blocks are svnthesis of alternative trans-
portation systems, analysis ot these systems, and finally evaluation,
Chapters 3, 4, 5 and & specifically address these separate aspects of
the methodology.

The theoretical development in sach chapter is treated first but, in
order to refate this development with its practice. a hypothetical
axample case 15 used ¥for illustration. The case chosen was that of the

Los Angeles-San Francisco corridor. The formulation of the case was



predicated on a long-term projection of the U.S. GNP, the proportionate
share of economic activity attributable to the counties of the California
corridor, physical constraints on expansion of various modes, and other
attributes of the regional system. Because of the largesly hypothetical
nature of the illustration, detailed discussion of how the various para-
meters and variables were obtained was not considered relevent. However,
the data on which the case was structured were reasonably accurate
although incomplete. Some assumed values were merely based on reasonable
Judgments.

As the develapment of the methodology proceeds through Chapters 3, 4,

5 and 6, more and more emphasis is placed on the example case until in
Chapter 7 where the major discussion is related to the example. Appendices
A, B and C provide back up material and amplifications of the case.

In order to develop a sound background, a number of other transportation
related questions had to be examined. Some very important theoretical
issues had to be studied in depth. However, it was deemed advisable to
foilow the logic of the methodology without interspersing other concepts.
Therevore, these basic background questions were addressed in Appendix D.
Two very important issues raised in Appendix D should be considered in
depth because of their importance to the methodology. These are:
e The need for a Tong-term perspective and the formulation of
transportation asrinzstons.
e The question of the underlying concept of discounting as an
important factor in relative-werth evaluation of all performance
criteria.

- -



2. TECHNICAL APPROACH

2.1 Decision Orientatian

The primary purpose underlying comparison of intercity transportation
systems is to provide information for deeision-making in transportation
planning, design, and management. The comparison methodology is focused,
therefore, on the decision to be made and on the implied information
requirements.

The development of a methoillolngical framework for the evaluation of
alternative intercity transportation concepts has been guided by the fol-
Towing decision-making requirements as Tisted on page 6 of tha ECONERGY
proposal for this contract:

e it is desirable to be able to review, discuss and communicate
the bases for major decisions concerning the selection of inter-
city transportation modal concepts

e eavaluation of alternatives should be consistent from alternative
to alternative

@ eavaluation of alternatives should be compatible with stated
policies and objectives of the responsible agency

The comparison methodology developed by ECONERGY is adaptable to chang-
ing technologies and changing priorities. In particular, the method-
ology permits current attitudes towards federal intercity transportatinn
decision-making to be reflected. These attitudes were abstracted from
the following federal documents:
(1) The comparison methodology is designed to assure compliance with
policy statements of OMB Circular No. A-109 (1976) that federal agen-
cies, when acquiring major systems:
e will express needs and program objectives in mission terms
and not in equipment terms
o will place emphasis an the initial activities of the system
acquisition process to allow competitive exploration of
alternative system design concepts in response to mission needs



o should ensure appropriate trade-offs among investment costs,
ownership costs, schedules and performance characteristics

(2) The comparison criteria are derived from DOT policy and RD&D man-
agement objectives (DOT, 1972; OSTIS, June 1977) to assure compati-
biTity with DOT policies, goals and objectives.
(3) The evaluation framework represents explicit implementation of
Step 2 of Task A of the Transportation Planning Process defined in DOT
(1975, pp. 19-27),

In addition, display techniques incorporated in the ECONERGY methodalogy
demonstrate a capability to highlight:
o strengths and weaknesses of each candidate alternative with
respect to the defined comparison criteria
®» an aggregated relative score for each alternative that is com-
patible with selected weighting functions which represent
explicit trade-off relationships
e sensitivity of aggregated relative scores to changes in trans-
portation system descriptors, relative worth functions and
weighting functions

2.2 Methodological Framework

Every decision involves, either explicitly ar implicitly, the activi-
ties indicated in Figure 2.1 (Lifson, 1972).

Synthesis of Alternatives

A decision fmplies a set of alternatives from which the decision-maker
chooses an alternative to be implemented. (Decision-maker, as used
here, means a person or set of people.) There must, therefore, be
some activity that synthesizes and describes this set of alternatives.

An alternative transportation system is defined as a set or portfolio
of intermodal systems (i.e., highway, fixed guideway, air, etc.,) that
are combined to satisfy specified transportation goals and objectives.

,«_._
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The question is not whether one mode alone is better than another but
rather which combination of wmodes best satisfies a societal aspiration
for future transportation, with today's system as the given initial
configuration from which all projected alternatives must flow.

Analysis

A decision-maker has some baljefs concerning the consequences asso-
ciated with each alternative. The process by which estimates of such
consequences are made s here defined as analysis.

Consequences of a decision are, in general, multidimensional. A deci-
sion concerning transportation systems, for example, can affect fravel

times, costs, Tand values, demography of the area, the physical environ-

ment, health, etc. The set of these consequences are defined as the
comparison criteria. Dimensions of the comparison criteria are wea-
sured in physical or economic units such as kilometers {miles) per
hour, number of passengers, dollars, etc.

Analysis, therefore, requires knowledge of the physical, economic,
social, and political relationships associated with transportation
systems and the environments in which they are embedded. The con-
sequences to be estimated are inherently in the future (where future
is relative to the time of the decision) and are therefore uncertain.

Fualuation
The identification of the best alternative depends not only on esti-

mated consequences but also on what the decision-maker considers
important and desirable. When a cheice is made, the decision-maker

has rated the alternatives by applying a value system {or set of value

systems) to the estimates of consequences. The selected alternative
measures highest on some scale of relative worth that represents this

value system. &Evaluation fs here defined as the transformation of

the multidimensional ncertain @stimates of 2oNSegueNces 0 1 Meas e
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of relative worth. Evaluation requires knowledge of the value system(s)
to be used in making the specified decision; quantification of the
gvaluation activity requires a quantitative model of the appropriate
value system(s) - an evaluation model.

Figure 2.1 i1lustrates how synthesis, analysis, evaluation and the
decision are influanced by the available data base, science and tech-
noloay, and by the background and experience of the psople involved.

In addition, the process represented has iterations and feedback loops,
only one of which is shown, 7.e., the use of the fnforwation obtained
from synthesis, analysis, and evaluation to formulate additional {bet-
ter)alternatives. :

Each of the decisien-making requirements on the decision process of
Figure 2.1 implies not only that the physical, economic and social
systems should be quantitatively modeled for analysts, but also that

it is important for the appropriate value system itself to be modeled
so as to meet the objectives of communication, consistency and compat-
ability.

Furthermore, the evaluation relationships and their required input data
(estimates of the comparison criteria) define the outputs needed from
analysis and how such outputs are to be processed. An explicit quanti-
tative representation of the evaluation activity (the evaluation model),
therafore, provides unambiguous guidelines for planning and managing the
analysis activity. The evaluation model fs, therefore, a critical ele-
ment in the comparison methodology.

Estimation of the significant effects of a candidate transportation
system requires analysis not only of the system itself but also of its
interrelated effects on other sacic-economic and environmental systems.
Mutually interactive effects of transportation with the physical envi-
ronment (through, for example, noise and air pollution) and with the
socio-economic enviromwent (through, for example, land use, demography
and urban development) must be dealt with explicitly and quantitatively.

-11-



The synthesis éhdhénalysis,‘as well as the evaluation of transportation
modal systems, involve many variables besides the comparison criteria.
Environmental, demographic, and demand factors are specified in a
scenario defining the conditions in which the alternative transportation
modes would be embedded. System descriptors are the result of the
synthesis activity and are needed to identify a transportation modal
system in sufficient detail to permit meaningful analysis. Analysis
introduces intermediate computational variables for computing the out-
put variables of the analysis framework, i.e., the comparison criteria.
Evaluation identifies elements of value systems other than the com-
parison criteria. Not only are these elements identified and defined,
but they are alsg classified accarding to their roles in the decision
process.

Management has no choice as to whether the activities identified in
Figure 2.1 will be performed in a given decision situation. One way
or another, synthesis, analysis and evaluation will be performed, in
that sequence, in order to generate the information on which the deci-
sion is based.

Management does, however, have options concerning:

{1) the type of information to be explicitly generated

(2) the models toc be used for analysis and evaluatioa

{3) the soureces of needed data

(4) the physical, financial and personnel resources to be assigned
to synthesis, analysis and evaluation

(5) the timing of the development of the synthesis, analysis and
evaluation capabijlities

The decision-oriented problem-soiving methodology of Figure 2.2 pre-
sents a sequence of activities designed to provide maximum guidance

for determining the Five options above.

In general, management recognizes that, in order to achieve its goals
and objectives, decisions must be made and resources must be allocated

-12-
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to activities that provide information to support those decisions. It :
1 assumed that an undevstanding of tho goals and objectives motivate
ing these docisions is important not only for effective managowant of
deciston=ralated activitios but alse tor effective portormance of com=
ponent technical tasks, Definition of the deeision situation and
dovelopment of the ovaluation model that identifies and interprots
these goals and objectives are, therefore, tnftfal activities of the
degision process.

Since the inpuds to avaluation are the outpuls Fromanalysis (Figures
2.1 and 2.2), development of the evaluation wodel dofines the output
axpected of the analysis activity. Data {tems nooded by evaluation and i
not supplied ave deffetencios af synthesis and analysisi {nformation
ttoms supplied and not eesded for evaluation are suparfiuous. Both o i?
dofigioncies and excessos af Taformation are costly. To assure come S
patability of andlysis outputs with ovaluation data requivements, the .
avaluation wodel should be developad prior to planning the analysis i
activity as indicatad in Bigure 2.4

The models solected for analysis defing,. in turR, the analytical data

requiremants, Sources of such data include organization records, éi y
Tibraries, goveramant agencies, surveys and tosts, technical societioes, - {
Journals and the svnthests activity. The autput of synthesis is }
dofinod: at least tn part, by analyvsisy altevnatives should be deseribed

in a manner that permits officient analysiy, The selection of analysis i
models should, thevefors, precode svathesis., When a cost analysis is ‘
to bo portormed. for example, the drawings and descriptiong of altor=
natives should include information novded not only to produce ocach
altornative but also to ostimate fis cost.

The foregeing consgiderations dictate that the sequonce in which models _
are devoloped 13 the reverse af the order in whieh they are applied. {f
This principle 18 incorporated in the decistion=orionted approach to
problem=salving of Figure 2.2, Its application is discussed and 11lus-
trated in Chaptars 3, &, and §.
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t
J U ——



i LI L N

PN

i

: -, -—ﬂ'd [ PR |

e SR oo |

Analysis and evaluation for decisionsmaking do not fit the mold of a
scientific research task. Uncertainties concerning priorities abound:
useful data ara limited; identification of Roy issues is frequently
diffcult; and topics important for the degision to be made cannot be
ignorved simply because thay cannot be treated in a manner consistent
with good vessarch requirements or because pertinent hard, objective
data are unavailable. Tt must be cmphasized that judgment and uncer-
tatnty cannot be @liwinated from synthesis, analysis ar evaluation of
alternative intercity modal concepts nor from the decision concerning
the modes to be supported through Federal funding.

The methodalogical framework recognizes the foregoing decision-making
facts of 1ife; 1t incorporates provisifons for focusing judgment on
key deacision elements, For displaying judgmental elements to perwmit
review and diseussion, and for assuring consistent application of
Judgmental alements in the evaluation of transportation alternatives.

2.3 Long Range Planning_Requirements

Tha alternatives to be evaluated and compared are necessarily long
term when advanced or new technologies are included and when long lead
times are needed to develop them into viable components of the total
transportation system. However, since it is impossible to- pradict
what will occur over a very long term future, such as 50 years, it is
useful to deseribe an aspiration for a future economy which will, in
turn, provide a basis for establishing a corresponding aspirasion for
future transportation needs. The physical realizability of achieving
an aspiration lgval for passenger and freight traffic can be tested

by examindtion of teehnical, economic and social constraints. With an
aspiration defined, the Rinds of developwments which wust take place to
achieve the aspiration will determine the growth path of the system
from the present to the hypothesized future.

The concept of a piameding Aordgon serves to T1lustrate the nature of the
Tong term future asseciated with transpovtation system development. The
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goncept has heen drawn from an anategy of the physieal horizon peps-
tatning o the curvature of the eavth, where the horizon reprasents
the Timit of visibpility, As used in practice, the planning horizon
ofhen cannotes the Timit of futurity bevond which a0 values are cone
sidared. Howevar, as in the case of tevvestrial navigation. planniang
far future decistons must extend hevond the harizon. The horizon then,
in the planning sense, showld he the 1ioit of visibility for decisions
needed to fmplement new transportation treads, Gecauss the long tern
future assoatated with transportation systeme exteads well bayond the
planniag horfzon, it 18 vocognized that current decisions must aantiels
pate the Kinds of decisions whigh will be needed bevond the hovizon,

Tha value system deseribed in Seation 2.2 applies 1o curreat time. In
arder for the methodology W relate future values to the present pers
coption of these values, the concapt of discounting is used, This
diacounting progadurs is applicable in principle 0 ]11 measures of
warthesrogial, snvivonmental, ote., as well as aconomic--over the
entive planning perioed.
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3. THE DECISION SITUATION

3.1 Decision and Decision-Makers

The primary objective of the Phase I Study was "to develop a unified
framework for the comparisan of intercity passenger and freight trans-
portation systems." The Study was "to estabiish a consistent, uniform
framework whereby any set of modal transportation systems may be evalu-
ated in the context of a defined decision situation® (ECONERGY proposa{,
1977).

The methodological framework discussed in Chapter 2 is generaily appli-
gable for providing information in support of a large class of decisions,
1.2,y major degision milestones in a program or project. The general
methodology has been adapted to the needs of a particular decision mile-
stone (choice of alternative system cancept) concerning a particular type
af system (intercity transportation). The decision for which the meth-
odoloqy has been particularized involves:

1. A Tong-range planning period - 50 years is considerad appro-
priate to inciude planning, design and development, construc-
tion and operation of an intercity transportation system.

A broad geographic region - a region comprised of an intercity

corvidor, urban centers, and a non-urban, non-corridor area.

3. fConsideration of significant social and economic (including

demographic and environmental) effects.

4, Identificatian of future needs, expressed not only in terms of
traval demands but alse in terms of housing, recrsation, and
gthar comminity quality objectives. A key element of the meth-
odolagy is the specifying of aspiration levels for transpor-
tation, Tor societal and for economic factors and using these
aspivations as axplicit guidelines for the transportation
planning and design activities.

. Evaluation of a multi-mode transportation system as opposed to
single-mode avaluation. The alternatives include most or all
madas but with varied modal splits.

£9
-
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§. Identification of long-ters transportation investwent and L

improvement priorities and iwp ementation scheduies that o gﬂf

reflect those priorities. ¥ 3._.7,\j
The decision that the comparions methodoiogy is designed to support is: s ?
The selection of the “best" intercity modal transportation concept -

for support by the Federal govermament, whare support may be either
through direct financial aid o thvough RED funding of rromising

toehnalogios. [ﬁhe use of the comparison methodology ¥or evaluat-
ing R&D allacations was neither vequired by the REP nor specified 3
in the Proposals the avaluatian of R&D for intercity transportation §5sxﬁ
is, however, naturally accommodated within the methodological frame- i
work (see Chapter 7 ).]

To {llustrate the application of the wethodology, a particular inter-
city region (Los Angeles-San Francisco} is selected. A case dascription ]}
for this region is discussad in Chapter 6. For purposas of this 1llus-
trative examplte, it is assumed that NASA and DAT policy is to iwprove
intercity transportation in the United States. In support of this
policy, NASA and DOT wish to identify the wost promising modal concepts C
t> be supported by R&D funding and to wotivate appropriate decision-
making at the state and Tocal levels. [An actual assessment of inter- ,
city transportation for the nation (Phase II of the Study) would @i
involve the selection of various representative intercity regions and
analyzing and evaluating alternatives in each region.]

B o

3.2 Eyaluation Framework

The evaluation framework s designed for decision-makers in agencies
of the Executive Branch of the Faderal government. Policies and objec-
tivas specified by OMB {19878) and DOT (OSTIS, 1977) are tha primavy
guidelines used to identify the cowparison criteria appropriate for the
avaluation of alternative intercity wodal concepts.

Louia
et e 5

In compliance with the purposes and constraints of the Phase I Study, e

o
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the evaluation framework and its use are illustrated by a numerical
examp’e (Chapter 4).

3.3 The Analysis Framework

The time and budget of the Phase I Study precluded utilizing available
mathematical models or structured judmental techniques for estimating

outcomes associated with alternative intercity transportation systems.
The analysis framework is described, however, and illustrative outputs
are presented for the selected numerical example (Chapter 5).
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4, THE EVALUATION FRAMEWORK

Management requirements for decision-oriented evaluation (Section 2.1)
imply not only that physical and socio-economic systems be modeied for
analysis {the estimation of outcomes) but also that the appropriate
value system be modeled for purposes of communication, consistency,
and compatibility. Furthermore, having a model of the value system

to be used in evaluating alternatives explicitly defines the outputs
required of analysis and, hence, guides the identification of models
to provide such outputs. As a consequence, the ECONERGY Phase I
effort was focused on modeling the appropriate value system for the
evaluation of alternative intercity transportation mcdal concepts.

The evaluation model should:

e .dentify and define the decision oriienia, the "specific,
guantifiable variables...suitable for comparison of alternative
intercity passenger-freight transportation systems." (NASA-
Ames RFP, June, 1977).

e Display how the decision criteria are derived from and relate
to "those general and conceptual measures of transportation
and service which will appropriately portray the overall
economic and technical characteristics of any transportation
system." (NASA-Ames RFP, June, 1977).

e Present quantitative weighting relationships to be used in

~transforming estimates of consequences, measured in physical
or economic units, into relative worth,

e (Combine weighting relationships of the individual criteria
into an objective function for computing the relative worth
of each transportation alternative. The objective function
will provide the "uniform means of...comparing the attributes
of the different modal systems." (MASA-Ames RFP, June, 1977).

4.1 The Hierarchy of Values

Available theory does not provide explicit guidance for selection of an
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appropriate set of decision criteria. There is no generally accepted,
objective, automatically applicable procedure for identifying a set
of criteria which contain all significant criteria that are relevant
to the decision to be made. The formulation of the set of criteria

is primarily judgmental. (In terms of the ECONERGY comparison metho-
dology, the term "comparison criteria” is used in place of the term
*decision criteria”.)

The technique that has become established as the most useful approach
to guiding judment in identification of a set of criteria is the
hierarchy of values or relevance trea (Fischer, 1970; Keeney and
Raiffa, 1976; Lifson, 1972). The usefulness of this technique derives
from the observation that goals and objectives can be analyzed to
define general factors influencing their achievement. These factors
can be similarly analyzed to yield subfactors. The process is con-
tinued until an appropriate set of comparison criteria is identified.
The hierarchy developed for the evaluation of alternative intercity
modal transportation systems is presented in Figure 4.1. Its devel-
opment i$-discussed below.

ECONERGY has assumed that the evaluation of intercity transportation
modal systems for decision-makers in the Federal government should be
responsive to and compatible with policies and objectives of the U.S.
Department of Transportation. The starting point for the hierarchy of
values is, therefore, Department of Transportation policy and RD&D
'managemenf objectives (0ffice of the Secretary of Transportation Sys=
tems, 1977, Section V). Three major classes of effects are -dentified:

& Transportation

e Economic

e Societal

In addition, DOT policy and RD&D management objectives are specified
(Figure 4.2). These were reviewed to identify the objectives that
would be appropriate for evaluating intercity transportation alterna-
tives,
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1
TRANSPORTATION
EFFECTS
1!2 1!3
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COSTS FACILITIES
\-—J \4
. 1.1.1 | 1.2.1 1.3.1
PASSENGERS INVESTMENT AIRPORTS
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— FOSSIL FUELS
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Figure 4.1b - Hierarchy of Values (Transportation Effects)
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3

ECONOMIC
EFFECTS
I -1
3.1 3.2 3.3
HUMAN RESOURCES MATERIALS AND BUSINESS AND
ENERGY COMMERCE
4 4 w;
a 3.1.1 3.2.1 3.3.1
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| 3.2.2 3.3.2
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I

Figure 4.1d - Hierarchy of Values (Economic Effects)
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Modermize regulations/legislation and improve economic pol-
tetes. The only member of this set of objectives that is
pertinent to the evaluation of intercity transportation modes
is Item 1.4, Recover Costs from Beneficiaries. The impli-
cation is that the amount of subsidy for each alternative
should be a comparison criterion.

Inerease efficiency and service. Most members of this set
of objectives deal with either the management of operating
systems, financial assistance to transportation, or inter-
modal conperation and. hence, are not elements of a hierarchy
developed for the evaluation of intercity modal alternatives.
This set does, however, specify that:
e Operating and acquisition costs should be minimized
e Transpoirtation service should be improved for the
disadvantaged
These factors are incorporated into the ECONE:’ °7 hierarchy
of values.

Improve safety and securtty. The intent of this set of objec-
tives is incorporated into the Hierarchy by including the
effects of accidents and criminal actions on people (measured
by health status) and on property (measured by property damage
in dollars).

Lessen unfavorable envirommental effects. The intent of this
set of objectives is incorporated into the hierarchy thrcugh
elements measuring the effects of atmospheric, water and
ground pollution through measures of:

e Noise level

e Visibility

e Health status

e Impact on flora and fauna.

In addition, this set specifies that dislocation of homes and
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business, population shifts and land use are significant con-
sequences of transportation alternatives. These, as well as
provisions for other elements appropriate for consideration
in the Environmental Impact Statement of a particular decision
situation, are included in the hierarchy.

Minimize adverse impact of emergy constraints. The hierarchy
provides for a set of comparison criteria that would permit
the evaluation of intercity transportation alternatives with
respect to the consumption of scarce resources (materials

and energy). As conditions change and priorities shift, the
hierarchy can be adapted to the needs of each decision situ-
ation.

Increase Knowledge base. This set of objectives does not
provide criteria for the evaluation of transportation alter-
natives. The methodological framework presented in this
report does, however, contribute significantly to the achieve-
ment of these objectives by:

e Providing a management decision-oriented problem-
solving framework adapted to major decisions concerned
with transportation system alternatives

e Developing an explicit, quantitative evaluation model
based on agency policies and objectives

e Identifying the strengths and weaknesses in available
data bases and analysis modeling capabilities

The guidance provided by DOT policy and RD&D management objectives was
augmented by review of available transportation studies which are
included in the References.

Figure 4.1 represents a hierarchy adaptable to the class of decisions
defined in Chapter 3. For a particular decision situation, some branches
may require additional partitioning and some may need to be pruned. For
example, under Intercity Transportation Effectiveness (1.1), various
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categories of passengers are shown in order to reflect DOT interest in
transportation "for the poor, handicapped and elderly" (0STIS, 1977,
p. V=7). Some or all of these categories may not be pertinent to the
evaluation of some intercity transportation links.

Similarly, cateqories of freight appropriate for some situations may
be different from those depicted; or overall quantity of freight car-
ried, rather than the quantitites of specified categories, may be the
criterion. On the other hand, because of the profusion of potential
environmental criteria, only the general classes, Flora 2.2.5, Fauna
2.2.6, and Other 2.2.7 are shown in Figure 9.1. These general classes
would be partitioned to identify environmental criteria pertinent to
specific decision situations.

The adaptation of Figure 4.1 to the illustrative numerical example
(Figure 4.3) is sufficiently detailed to exercise all major segments
of the more general hierarchy of Figure 4.1. Elements of the hierarchy
are discussed below.

The transportation impacts of an example alternative case are measured
under Tramsportation Effects (I) by three categories of criteria: Dnter-

. . - . 5 ; ) -y vaw
. da, T P o o A ol o P ] ;e . o Py - Oy ] ’ - A
&ty Prangportation Effectiveness (1.1), Costs (1.2}, and Urban Facilii-

ties (1.3). Effectiveness 1in achieving the primary mission of a trans-
portation system -- transportation of people and goods -- is measured
by two comparison criteria: >Passengers (I1.1.1) and Freight (1.I1.0).

Both Passengers and Freight, in this illustrative example, are defined
to include people and goods, respectively, carried by the intercity
system. In those decision situations where it is deemed appropriate to
evaluate alternatives with respect to ridership of "the poor, handi-
capped and elderly" or with respect to various classes of freight to be
carried, Passengers or Freight may be partitioned as indicated in Fig-
ure 4.1.

The flow of funds into or out of the intercity transportation system is

measured under Josts (1.2 by three criteria: Invessment (I1.2.!D), Jrer-
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ating Costs (1.2.2), and Operating Surplus/Subsidy (1.2.3). Investment
and Operating Costs are the estimated necessary flows of dollars into

the transportation system. Operating Surplus depends on fare structure
and ridership and may be either an additional dollar flow into the trans-
portation system, Subsidy, or a return from the system, through Operating
Surplus, of some or all of the Investment and Operating Costs.

The urban interface between the intercity transportation system and other
transportation systems is represented by Urban Facilities (1.3). Both
under-utilization of and excessive demands on urban facilities are repre-
sented by Airports (1.3.1), Railroad Stations (1.53.2), Bus Stations
(1.3.3) and Roadways (15.4).

Soeiztal Effeets (2) are measured by effects on Hwman Resowrces (2.1)
and on Physical Resowrces (2.2). Human Resources (Z.1) is measured by
the distribution of people, Demography (2.1.1), and by their Healih
Status 1'2.1.2). Demography could be partitioned into population densi-
ties of various geographicé1 areas within the defined region and house-
holds displaced (Figure 4.1). For purposes of the illustrative example,
however, Demography is represented by a population density criterion
that measures population shifts into or out of the urban centers. The
health impacts of environmental pollution, accidents, and criminal acts
could be evaluated separately as indicated on Figure 4.1. Also, various
health indices are available for measuring health status (e.g., Berg,
1973; Fanshel and Bush, 1970). For the illustrative example, however,
the health effects of environmental pollution, accidents, and criminal
acts are all included under Health Status (2.1.2), and impact on health
status per se is measured by "injuries", which includes all degradation
of health, including death.

Impacts on Fhysdoal Rescurces (2.2) could be measured by a larger number
of criteria, depending on the location of the intercity system and the
concerns of the decision-makers. The entire gamut of factors to be con-
sidered in Environmental Impact Statements is properly included in this
segment of the hierarchy. For purposes of the illustrative example, the
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effects on Physical Resources are represented by Lad Use (2.0.11,

ES . . 0y

Property Damage (2.5.2). Noise Levels (1.2.3), and WWeifbility (2 !

d
2.

"
It is to be emphasized that environmental impact is measured through
mission effectfvensss criteria (Section2.l ) such as perceived noise
level and visibility rather than performance criteria such as operating
noise levels and emission levels. These effectiveness criteria are
environmental attributes and include contributions from non-transpor-
tation sources of, for instance, noise and pollution. The perrormuoice
criteria with respect to noise and air pollution emissions would be the
characteristics for use as design requirements during engineering devel-
opment of the transportation hardware,

Impacts on the regional econony are included under Zoomomic &
In this category, effects on people, on physical resources, and on the
economic system are represaented by Fwman Fescwwecs (4010, Materfals and
Energy (3.8), and Business and Jormeroc (8.3, rvespectively. The effect
on Human Resources is measured by Empioument (3.1.2'. Physical Resources
is represented by Fossil Fuels (3.5.1) to reflect current priorities.
Business and Commerce is measured by two comparison criteria: uJgross

- 4 - P - T T P oane ot o v n
Regional Produet (3.38.21) and Inrerpepional Frodiers 8.8.200,

A decision to support a particular intercity modal concept could have
profound effects on various socio-economic institutions {such as the
petroleum industry, the automobile industry, the health care system,
etc.). Incorporation of such effects in either the Phase [ or the Phase
Il effort is beyond the scope of the present project. The category,
Socio-Economic Institutions {2.3), does not, therefore, appear in either
Figure 4.1 or Figure 4.3.

4.2 The Comparison Criteria

The comparison criteria identified by means of the hierarchy of Figure
4.3 for the illustrative example are listed in Table 4.1. For each of
these criteria, a normalized percentage measure is defined:



1.
Transportation Effects

2.
Societal Effects

3.
Economic Effects

1.1.1 Passengers

1.1.2 Freight

1.2.1 Investment

1.2.2 OQOperating Costs

1.2.3 Operating Surplus/
Subsidy

1.3.1 Airports

1.3.2 Railroad Stations

1.3.3 Bus Stations

1.3.4 Roadways

2.1.1 Demography

2.1.2 Health Status

2.2.1 Land Use

2.2.2 Property Damage

2.2.3 Noise Levels

2.2.4 Visibility

3.1.1 Employment

3.2.1 Fossil Fuels

3.3.1 Gross Regional
Product

3.3.2 Interregional
Product

Table 4.1 - Comparison Criteria (I1lustrative Example)




Y = 100 A (3-1)

the quantity (amount, level) of the
criterion (measured in usual physical
or aconomic units) estimated for a
given alternative

where YN

Y = a salected quantity {amount, level} of
the criterion, measured in the same units
a3 YN

¥ = comparison criterion, %

For all nineteen criteria, the normalizing relationship and its numerator

and denominator are defined in Appendix A.

The set of criteria dJdefined for the evaluation of intercity transpor-
tation modal concepts is mission oriented; achieving desirad leveis of
the ¢riteria ‘& the mission of the intercity transportation system.

The hest intercity transportation alternative for the specified decision
situation is the alternative with the best combination of consequences
as measured by tradeoffs among thesa nineteencariteria--where "bhest” is
defined by the ohjective function,

The criteria are measured in the enviranments in which the intercity
transportation system is embedded and. hence, are applicable t~ am
modal concent. Furthermore, the set of criteria:

e Provides, together with the case descriptior, an unambiguous
description of the mission of the intercity transportation
system

) Identifies the attributes by which advantages and deficiencies
of various alternative concepts are measured and made visible

r
]

Since these functions should be campatible witn the value svstem(s’

i
T,
L g

be used in decision making, concurrence of agency management in the
af criteria Vs a kay event in the application of the methodoloay.
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The denominators used in the comparison criteria (Equation 4-1) are
related to long-term aspiration levels. The aspiration levels provide

a mechanism for comparing intercity transportation systems not only with
each other, but also with reasonable long-term societal goals.

For the illustrative example, denominators were estimated for each of
the nineteen criteria over the 50-year planning period {Table 4.2). To
illustrate the use of aspirational levels, the rationale for determining
the denominators of Passengers (Yl.l.l) and Freight (Y1.1.2) is pre-
sented, These denominators represent the societal aspirations for these
variables; if this level is achieved, the relative worth associated
with the value is neuiral (zero).

The aspirations for Passengers and Frefght are estimated from two national
macroeconomic variables that can be reliably forecast for long time periods:
Gross National Product (GNP) and population. The reason for this reli-
ability is the tremendous long-term inertia which is reflected in

relatively constant growth rates. It is possible to utilize this
characteristic of the national economy and population to make reliable
predictions of national transportation variables.

Historically, for example, the ratio of national intercity passenger-
kilometers to GMP has held remarkably constant (see Table D.2.1). This
fact can be used to relate the Gross Regional Product (GRP) to regional
intercity passenger demand based on the assumption that a region's
socio~-economic profile is a representative sample of the nation as a
whole. To the extent that it is recognized that a particular region

is not representative, regional intercity passenger demand can be
adjusted.

For the Los Angeles-San Francisco link, the following equation was used
to calculate intercity passenger demand based on the above considerations.

YD 1.1.1 ~ ($ GRP) x 1.707 x ¢:0521

. -35-



-gg-

Yo

1.1,1
1!1!:2

B

[y
I

PN

S ED o = e D O L G

hd
("

NN

NENERRT

- . =

(S R I AN T

-

i

PABSENGERS

FREIGHT

INVESTHENT
OPERATING COSTS
SURPLUS/SURIDY
URBAN FACILITY-AIR
URHAN FACILITY-RR
URBEAN FACILITY-BUS
URBAN FAL.-ROAD
CORRIDOR DEMOG
HEALLTH STATUS
CORRID LAND USE
PROPERTY DAMAGE
NUISE LEVELS
VISTRILITY
EMPLOYMENT

FOSSIL FUELS

(GROSS REG PROD
INTERREG PROD

Table 4.2

- CASE RESWNLTS:

1980

12,80
35.40
4,80
.80
60
al., 00
1,008
1.00
2220.00
140, 0.0
Bk, 00
1,50
227,08

88. 80

16.00
12,20
38,90
145,00
23.00

1990

17.%0
Y1, 30
6.80
1,10
.80
5%.00
1,00
1.00
3206 .00
160,06
432,00
2,06
216,00
101.460
1%.,40
13.90
31140
203,040
130,00

NENOMINATOR

2000

25,10
56,70
9.9
1.50
1.10
&9 .00
1.00
1.00
el ., no
1546.00
B149.00
3.00
205.00
112,640
13.30
15,40
48.40
284,00
179.00

2010

35.00
77,80
13,20
2.10
1.60
80,00
1.00
1.00
626%,00
153,04
390.08
3.58
195.00
123,76
12,10
146.90
?0.70
3964 .80
244,08

2020

412.00
108.00
18,540
2.90
1,60
93.00
1.00
1,00
8759.00
150,00
371.00
4,00
186.00
136.00
11.00
18.64
31.60
S53.00
328.00

2030

68 .30
134.71
25,840

.16

2,20

AN

108,00
1.40
1.00

12223,00

185.00

357.00
4,50

177.00

146,20

10,00
20.00
11,00

773,00

L&7, 00



In the above equation, $GRP is the projected Gross Regional Product in
constant 1972 dollars., Values for this variable are obtained by scal-
ing GNP by the ratio of regional to national population (10%). The
value 1.707 is the historic ratio of national intercity passenger-kilo-
meters per dollar of GNP. Since scaling national data by regional pop-
ulation results in total regional intercity passenger-kilometers, both
interregional and intraregional passenger-kilometers are included., The
value 0.0521 results from the Star Study {Chesler and Goeller, 1973)

and represents the proportion of the total passenger-kilometers which
remain in the region, i.e., the intraregional passenger-kilometers.

Similiar arguments apply for the calculation of intraregional freight
demand. For the Los Angeles-San Francisco link, the following equation
was used to calculate freight demand projections:

YD 1.1.2 © ($GRP) x TK/GNP x 0,075
TK/GNP is tonne-kilometers per dollar of GNP, This variable reflects
an assumed decline from 24% to 18% of agriculture and manufacturing as

& percentage of GNP. The values for TK/GNP are shown below.

1980 1990 2000 2010 2020 2030
2.537 2.409 2,286 2.170 1.060 1.9585

The estimated value of 0.075 represents the proportion of freight that
not only origihates in the region but also stays within the region,

4,3 Relative Worth Functions

The analysis activity provides estimates of the criteria in physical
ar economic units such as passengers, tons, dollars, hectares, etc. It
is necessary to transform these estimates into a common measure of rela-
tive worth for two basic reasons:
e For each alternative transportation wmodal concept, the effects
of various criteria must be combined to obtain an overall
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measure of relative degree of achievement of goals and object- l

tives,

o Degree of achievement of a particular objective is, in general, l}
not linearly related to various amounts of a particular cri-

terion; the nonlinearities result from factors underlying cur- i

rent priorities and attitudes towards risk. t

For each criterion, therefore, a quantitative relationship is defined li
to represent the relative contribution of various awounts of the cri-
terion to achievement of intercity transportation goals and objectives. ,J
The development of these relative worth functions follows the approach _
presented in Lifson (1972). This approach: !
1. Assures that the relative worth measures of all the criteria
are the same units {i.e., the ordinates of all relative worth 5
functions are scaled the same).
2. Provides a scaling such that a positive relative worth indi- i
cates a satisfactory alternative and a negative relative worth 2
indicates an unsatistactory alternative. _
3. Provides relative worth functions such that positive worth is j
bounded by a maximum permissible score on each criterion, and
extremely undesirable results with respect to one criterion
can assure a large negative total relative worth, (This pro-
vision effectively screens out those modal concepts that should i
be deleted from consideration because they result in unaccept- B
able consequences with respect to one or two key criteria.)

The following procedure is followed in developing each relative worth
function:

G e

Step 1. Specify Range of Interest. For each criterion, lower
and upper limits of the range of interest are specified
(points YL and YU‘ respectively, of Figure 4.4), These limits |
are based on an understanding of the particular case descrip-
tion under consideration. The range of interest is broad
enough to include all anticipated consequences for any of
the modal alternatives. To permit evaluation of achievement
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Step 2.

Step 3.

and nonachievement of transbortation objectives, the range
of interest is broad enough to include all anticipated
consequences for any of the modal alternatives. To per-
mit evaluation of achievement and nonachievement of trans-
portation objectives, the range of interest includes both
desirable and undesirable magnitudes of each criterion.

If, for example, a preference function for 1.1.1,
Passengers (Figure 4.3}, is to be developed, and lower and
upper limits of, say, 20,000,000 passenger-kilometers and
100,000,000 passenger-kilometers are specified for YL and
YU’ respectively, then it may be inferred that 20,000,000
passenger-kilometers is poor ridership, that 100,000,000
passenger-kilometers is excellent ridership and that the
ridership cbjective for the system lies between YL and YU‘

Identify Threshold. Since the range of interest speci-
fied in Step 1 includes both desirable and undesirable
guantities of a criterion, it must also include a neutral

contribution to success or failure. This neutral point,
or thresheid, is indicated by YT on Figure 4.4,

The importance of specifying the threshold of each cri-
terion lies in the fact that @l thresholds, regardless
of eriterion, represevt the same relative worth -- newtra.
degirability or newtral contriburion to success or faiiure
~- and may, therefore, be assigned the same relative worth
number. A relative worth of zero is assigned to each YT
(point A on Figure 4.4) so that positive relative worth
represents a desirable outcome, i.e., an outcome con-
tributing to achievement of objectives. Negative relative
worth represents an undesirable outcome, i.e., an sutcowme
contributing to non-achievement of abjectives.

Define Relative Worth Functions. The evaluation method-
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ology utilizes a cardinal scale (Stevens, 1959; Torgerson,
1958) for measuring velative worth (see, for example,
Fishburn, 1964). Defining a cardinal scale of measure-
ment requires arbitrarily anchoring ax and only 20
points on the scale to designated phenomena or quantities.
In temperature measurement, for example, the cardinal
fahrenheit and celsius scales are arbitrarily anchored

to the freezing and boiling points of water.

For each criterion, therefore, two relative worth

points are arbitrarily designated. One of these points
is defined in Step 2. The relative worth of the thresh-
old YT is set equal to zero:

u(¥y) = 0 (4-2)
where u(YT) = pglative worth of YT

The second point is defined by setting the wpost pre-
ferred magnitude of each c¢riterion equal to 1: (Point B
on Figure 4.4):

u(YN) = ] (1-3)
where YM most preferred magnitude of the criterfon Y

u(YM) 2 relative worth of Yy

YM may occur anywhere within the range of interest, that
is,

For those criteria where more is better (e.g., passengers,
freight, employment).

Yy = Yy (4-5)
For those criteria where less is better (e.qg., costs,
people injured, noise levels),

Yoo =Y

M L (4-86)
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For those criteria where too much or too Tittle of the
criteria is possible (e.g., use of urban facilities,
population density),
YL<YM<YU {4-7)

In this latter case, two thresholds must be identified:
one YTQYM and one YT>YM
With the relative worth scale defined by equations (4-2)
and (4-3}, the relationship between relative worth and var-
ious amounts of the criterion, i.e., the relasive woreh
Punotion, is structured. Any of a number of techniques
may be used to elicit the judgmental data needed to iden-~
tify the relative worth function:

e Certainty equivalent method (e.g.. Fishburn, 1964;

Raiffa, 1968; Lifson, 1972)
e Magnitude estimation (e.g., Stevens, 1959)
e Graphic methods

Whatever the technigue, knowledgeable personnel who are
willing to respond to questions concerning tradeoffs of
various amounts of a criterion are key to defining a
relative worth function. Knowledge and understanding
of intercity transportation policies and objectives are
necessary to assure that the relative worth functions
comprise an appropriate model of the value system to

be used in a particular decision situation.

The output of the foregoing three steps is a set of relative worth func-
tions with a common definition for the relative worth = 0. Each function
is presumed to be internally consistent, that is, the relative worth of
various amounts of a given criterion is reasonably represented by the
relative worth function.

For each of the nineteen criteria (Table 4.1 and Appendix A):
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e the upper and lower limits of the range of interest,
YL and YU’ were specified

e the threshold, YT’ was identified

® relative worth functions were defined with
U(YT) = 0 and U(YM) =1

The resulting relative worth functions are presented in Appendix B. For
each criterion, the nonlinearity of the relationship between the quantity
of the criterion and the relative worth was recognized and this non-
linearity was modeled by the exponential relative worth relationship (e.g.,
Raiffa, 1968):

u(y) = aed¥ 4 ¢ (4-8)
where Y = measure of comparison criterion
e = base of the natural logarithms
u(Y) = relative worth of Y

A,B,C = parameters of the relative worth function

When the relative worth relationship of criteria could not be modeled

by a single exponential relationship, two sets of parameters were defined
for equation (4-8}, with each set applicable over an appropriate range

of the variable Y. Sensitivity analysis of particular relative worth
functions is demonstrated in Chapter 9.

4.4 Relative Weights

The relative worth functions are scaled so that, for all criteria, a
relative worth of zero means neutral contribution to achievement of
objectives. OQOne point in common, however, is not sufficient to assure
a common scaling for all relative worths. A second peint in common,

a second relationship between criteria, is needed.

The second relationship is obtained by considering YM’ the most pre-

ferred magnitude of a criterion Y. In Step 3 of Section 4.3, a rela-
tive worth = 1 is assigned without regard for the relative worth of
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VM in relation to other criteria. The relative worth = 1 may, there-
fore, mean different contributions to success for the various criteria.
The judgment of knowledgeable personnel is again needed to assign numbers
to the set of YM such that the number assigned to each YM represents

its relative contribution to achievement of intercity transportation
objectives. The numbers so assigned are relarive welghta,

The purpose of the relative weights is to provide the second relation-
ship needed to assure a common scaling for relative worths of all cri-
teria. Transforming relative worths obtained from the relative worth
functions to a common scale of relative worth is accomplished by mul ti-
plying hy the appropriate relative weight {l%fson, 1972).

"

U(Yj) Nj u(Yj)
whera Yj = 3 criterion.
u(Yj) = relative worth of Yj obtained from
the relucive worth function,
Nj = peiative weight assigned to (YM)
(Yl
U(Yi)

j .

most desired magnitude of Yj.

relative worth Yj measured on  the
common retative worth scate.

The relative weights assigned to the criteria, as well as to other ele-
ments of the hierarchy. are shown in Figure 3.5 for the illustrative
gxample. With these weights, a perfect intercity transportation systemw
-- one that results in YM for all criteria over the entire 50-year
planning peried -- would receive a relative worth score of 100,

Obviously, no actual system {s perfect; tradeoffs among the criteria

and imperfections in real systems result in scores less than 100. The
relative worths obtained for a given alternative are placed in per-
spective, however, by considering that 100 is a maxinum, the score for
perfection, and zero is the score for neutral achievement of policies

and objectives. Of course, it is possible for some candidate alternatives
to resylt in a negative scove which implies that, considering all trade-
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offs, policies and objectives have not been met.

The assignment of the relative weights is judgmental. Knowledgeable
personnel, preferably including the decision-makers, are asked to allo-
cate the 100 points at each level of the hierarchy. The allocated weights
are reviewed and various combinations are compared to assure that they
"make sense". Differences of opinion can be dealt with either by combining
into averages or by investigating the sensitivity of the results to the

di fferences (see, for example, Section 9.2},

4.5 Discount Functions

To obtain a relative worth for each intercity transpartation alterna-
tive, a 50-year projection must be transformed into an cquivaient
relative worth representing the entire 50-year stream. The transforma-
tion should be such that the number that represents each 50-year stream
also represents relative contribution to achievement of {ransportation
objectives.

A standard approach for assessing alternative future flows is to con-
vert each flow into an equivalent present worth, where equivalent means
equilly desired (see, for example, Fabrycky and Thuesen, 1974; Weston
and Brigham, 1975). The discownt function universally used for this
purpose is the relationship used in financial contracting to define

the payments owed a lender by a borrower:

L -t
P=2 X (l+r) (£-10)
= t
t=0
Where P = present worth, a quantity of money at time t = 0
Xt = quantity of money at time t

N = number of years in the planning period
r = annual discount rate

Although other forms of discount functions need to be researched as

-46-



improved models for decision-making (English, 1976, 1978; Lifson, 1976},
(See Appendix D), equation (4-10) is suitable for initial applications

of the evaluation methodology. For computational convenience, the
continuous compounding form of equation (4-10) is used to convert the
stream of relative worths to an equivalent present worth:

N -rt
, = At)” t -1
P ﬁj(t)e d (4-11)
0
Whera e = base of the natural logarithms
e"™ = discount function
Uj(t) = prelative worth of the jth element of the hierarchy
at time t
Pj = equivalent present relative worth of the time flow
f U,
0 J(t)

In response to the needs of the decision situation, the methodology,
through equation (4-11), incorporates the following three improvements
over standard discounting practice:

1.

A non-standard discount function may be used. Discounting
transforms prospective relative worths for the various criteria,
as values over time, to equivalent relative worths in the pres-
ent; it accounts for relative worth of the time dimension.

Provision is made to discount different value elements differ-
ently. Agency transportation policies and objectives may reguire,
for example, that lives saved or numbers of people employed in

the year 2000 be discounted to the present differently from the
way in which investment or operating costs are discounted.

The discount function is applied to the time flow of relative
worth rather than to the time flow of Jdellars, or passengers,
or freight, ete. In conventional economic evaluation of
investment alternatives, projected alternative time flows of
dollars {criterion variable) are converted to equivalent
present worth of that present value. The problem with this
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conventional approach is that cash flows representing financial
disaster in some future year may be masked by thepresent worth
conversion. If the time flow of dollars is converted to rela-
tive worth representing the Ympasr of the flow of dollars in
each year,then the present worth computation can more accurately
measure relative contribution of flow over time to achievement
of objectives.

The foregoing use of the discount function is consis.ent with the con-
cept of the discount function as a tool for adjusting the relative worth
of consequences separated in time, for evaluating the effects of the
timing of alternative consequences on achievement oF objectives.

Elements of the hierarchy were selected to illustrate the use of dis-
count functions in the methodology. These elements were chosen in arder
to permit different discounting of future transportation effectiveness,
dollar flows, societal effects, and economic effects. The conventional

rt

discount function, e =, was used. Each hierarchical element was assigned

a discount rate r:

Element of the Hierarchy Discount Rate
1.1 Intercity Transportation 3
1.2 Costs 0%
1.3 Urban Facilities 10%
2 Societal Effects 0%
3 Economic Effects 10%

Dollar cosis and economic effects are assumed discounted at an annual
rate of 10%. Future transportation effectiveness and societal qualities
are assumed to degrade less rapidly with time than with future dollars;
their discount rates are,therefore, significantly less than 10%. Sensi-
tivity of relative worth to discount rates is illustrated in Section 2.3.

'i
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4.6 Total Effect: The Objective Function

A mathematical expression, or set of expressions, an objective functionm,
is needed in order to assure a consistent aggregation of relative worths
into an overall relative score for each alternative intercity trans-
portation concept.

The hierarchy of values (Figure 4.1) is the overall guide for aggrega-
ting relative worths. For each set of related comparison criteria, the
time flows of relative worths are summed to obtain a time flow of the
relative worth score for their higher level value factsr. These are
summed, in turn, until time flows of relative worth are obtained for
those elements of the hierarchy that are to be converted into equivalent
present worths through application of the appropriate discuunt functions.
The present worths are then summed "up the hierarchy" to obtain a rela-
tive score for the total effect of each alternative. The advantage of
this approach is that alternatives may be compared at any level of the
hierarchy; strengths and weaknesses of the alternatives may be made
visible at the level of the compari:.s criteria or at any level of
aggregation.

The simple summation of relative worths assumes valuewise independence
of the comparison criteria, i.e., the relative worth function of a com-
parison criterion does not depend on the levels or quantities of the
other criteria. In fact, conventional economic evaluation of alterna-
tive investments -- whether present worth, equivalent annual worth, or
rate of return technique is used -- assumes valuewise independence with
respect to time. This assumption is necessary for the evaluation meth-
odology to be manageable (see, for example, Fishburn, 1964). Valuewise
independence is also a good assumption, capturing most of the total
effect even in situations where high valuewise dependency is intuitively
present or deliberately structured. Care must be exercised, however, to
assure that flagrant violations of valuewise independence do not occur
in structuring the hierarchy. (It is to be emphasized that no assumption
is made concerning independence in the physical or socio~economic world.
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Changing an attribute of a transportation system can effect changes in
any or all of the comparison criteria. The criteria may be highly inter-
related in transportation, societal and economic systems. It is only

in the value world, in relative contribution to achievement of success,
that independence is assumed. )

The details of aggregating the relative worths of the comparison criteria
into a measure of the total relative effect of an intercity transportation
alternative depend on the needs of a particular decision situation:

e The way the hierarchy of values is partitioned to identify
comparison criteria should be responsive to current trans-
portation policies and objectives.

e The choice of hierarchy elements to be discounted should be
dictated by the needs of the particular decision situation.

For the illustrative example, there are nineteen 50-year time
flows to be evaluated. These time flows are converted to
relative worth flows by means of the relative worth functions
of Appendix B and the relative weights of Figure 4.5:

U(Yj)t = Nj u(YJ.)t (4-12)
where U(YJ.)t = weighted relative worth
of Yj at time t
Nj = relative weight assigned Yj
Yj = a comparison criterion
J = alement of hierarchy of Figure 4.3

A time flow of relative worth is computed for each element to be dis-
counted:

Uy 10 = B0y gy H U0 o) ae13y

3
(Uy p)y =§;& UEYy 1.t (4-14)
(Uy 3)¢ ) BlYy 4 4k (4-15)
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2

4
(Uy)y = ?;ﬁ UY, 140 * ?Ea UlY, 544 (4-16)

2
(Ude = UV g 1)y * UG 0)e * 200 5,40y (417)

The time flows represented by equations 4-13 through 4-17 are discounted
to obtain an equivalent set of present relative worths:

2030
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1980
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dt (4-18)
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To complete the computation of total relative worth of an intercity
transportation alternative, the relative present worths are aggregated:

PLom X P (4-23)
i=1
3

Poo= 2 P (4-24)
i=1

The objective function, the set of equations for computing a relative
score for each intercity transportation alternative, is comprised of
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equations (4-12) through (4-24), together with the conversion relation-
ships of equation (4-1) and Appendix A. The computations using the
objective function are structured to permit comparison of alternatives
with respect to any element of the hierarchy. Strengths and weaknesses
of each alternative may, therefore, be displayed.
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5. ANALYSIS FRAMEWORK
5.1 Overview

The analysis framework is the link between a specific transportation

case description and the comparison criteria (? variables), Figure §.1.
The purpose of analysis is to compute values for the } variables. 1In

the comparison methodology, computation runs from left to right in the
figure, j.e., from system synthesis to analysis to evaluation. However,
development of the computational models, as pointed out in Chapter 2,

is from right to left. The evaluation activity determines the comparison
criteria or ? variables from knowledge of the decision situation and

the decision-makers' policies and objectives. The Y variables themselves
then suggest the type of analysis that would be required in order to
calculate values for each of them.

Proceeding to the left through the analysis framework, the type of in-
put variables required by analysis can be defined. In general, there
are two types, which we have called regional deseripters and system
deseriptors, that comprise a case description.

The regional deseriptors (i variables) define the intercity region in
which the transportation system is imbedded. The intercity region geo-
graphically includes urban areas that define the ends of the intercity
link, as well as the corridor region in between the cities and non-cor-
ridor areas that may be affected by the intercity transportation system.
The i variables include descriptors of the historic, current, and pro-
Jected status of the region's economic, demographic and societal charac-
teristics,

System descriptors refer to variables that describe a transportation
alternative. In contrast with regional descriptors, which are transpor-
tation independent, system descriptors (i variables) are concerned only
with the transportation system. Intercity transportation alternatives
differ only in their i descriptors; initial regional i variables are
unchanged from alternative to alternative.
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The X variables are used to describe alternatives in sufficient detail

to permit calculation of the specified ¥ variables. For example, since
fossil fuel consumption is a Y variable, there would need to be X vari-
ables describing propulsion technology and its energy requirements on

a2 unit basis such as BTU/track-mile. On the other hand, a potential Y
variable, passenger comfort, was not chosen becauss the decision situation
deals with the early concept phase of the program 1ife cycle rather than
with the design or operating phases. No X variable related to passenger
comfort, e.g., passenger seating configurations, seating density, etc.,
is, therefore, required.

5.2 Analysis Models

For each ? variable, some sort of computation model is required. The
inputs to the computation are X and 7 variables and, some cases, inter-
mediate variables resulting from a prior model in the analysis framework.
Estimates of the Y variables themselves are the output from the analysis
framework. As noted in Section 4.1, three classes of Y variables are
specified:

® intercity transportation system

e societal effects

® economnic effects

Models in the analysis framework are conveniently classified according
to the Y variables to be estimated: those models used to estimate
transportation effects, societal effects, and economic effects, respec-
tively. Figure 5.2 depicts the analysis framework partitioned into these
three categories. Based on a reasonable review of analytic models that
are currently available, the following conclusions were reached.
o A preponderance of existing models relate to a description of
the transportation system and its attributes.
® Most of these models are inappropriate because either they have
been developed for detailed design or they do not provide
estimates of required variables.
® Relatively few models have been developed to describe the soci-
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etal and economic effects of an intercity transportation system.
e Models that compute appropriate variables frequentiy require
relatively high levels of effort to use.

A fundamental flexibility of the comparison methodology is that the
procedures used to estimate Y variables are independent of the meth-
odology itself. Implementation of the analysis framework might range
from judgmental estimates of ? variables to an integration of sophisti-
cated computer models requiring several man-years to exercise.

The analysis capabilities required to estimate the comparison criteria
(the Y variables) of the illustrative example may be represented by
Figure 5.3, If fully implemented by means of state-of-the-art mathe-
matical models, man-years of model viaiidation, data collection, and
computations would be required. On the other hand, Figure 5.3 can be
viewed as defining judgments that could be made by knowledgeable person-
nel aided by available data and minicomputers. The appropriate level of
effort for each activity within the analysis framework depends on the
decision situation and resources available for a particular study.

Implementation of the analysis framework is a Phase II activity. Analysis

models and techniques compatible with the Phase II level of effort will
be defined early in the Phase II study.
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6. SYNTHESIS: CASE DESCRIPTIONS

6.1 Regional Descriptors

Regional descriptors (i variables) are used to measure historic values
for characteristics of the intercity region that may affect or be
affected by a new intercity transportation system. Y variables are,

by definition, all those regional characteristics which will be affected
by a new transportation system. The corresponding Z variables are
required in order to describe the past and current values of those
affected characteristics.

The relationship between regional descriptors and comparison criteria

is illustrated in Figure 6.la Y variables are future estimates while
the corresponding 7 variables are historic data. There are some Z vari-
ables, however, which, although they affect the transportation system
decision, are not themselves affected by the choice of alternative. This
situation is illustrated in Figure 6.1b. Examples of this kind of 7 vari-
ables are topography, which may affect ground system construction costs,
and institutional factors, which may affect fare structure and hence
ridership.

The Z variables include the Y variables 1isted in Table 4.1 and regional
characteristics that affect but are unaffected by the transportation
modal decision. The list of Z variables is given in Table 6.1. These
Z variables should be regarded as tentative because the 1ist can only be
finalized with definition of the analysis framework during Phase II.

The intercity region used for the illustrative example is the Los Angeles-
San Francisco transportation corridor. This region is defined by the
California counties that are affected by an intercity transportation
system within the Los Angeles-San Francisco corridor. These counties
include not only those from which potential demand arises but also those
which may be affected socio-economically even though they do not contrib-
ute significantly to passenger demand or freight demand. These counties
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(a) Historic-Future Relationship

A1l ¥ variables are Z
variabies, but not all

2 variables are ¥ variables.

(b) Venn Diagram Relationship

Figure 6.1 - Relationship Between
Z Variables and ¥ Variables
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Population {Regional) Operating Costs

Population (National) Operating Surplus/Subsidy

Topography Airports - Service Level

Weather Condit{ons Railroad Staiions - Service
Level

Weight Limits Bus Stations - Service Level

Time Restrictions Roadways - Service Level

Tax Policy Demography

Subsidy Levels Health Status

Peak Demand Land Use

0ff-Peak Demand Property Damage

Gross National Product Noise Levels

Potentional For Vandalism Visibility

Passengers Employment

Freight Fossil Fuel

Investment Gross Regional Product

Interregional Product

Table 6.1 Regional Descriptors (Phase I z Variables}
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are designated in Table 6.2 as Urban or Corridor corresponding to two
urban ends and the corridor of the transportation link.

6.2 System Descriptors

System descriptors (i variables) are the transportation alternative
variables used to supply modal input information to the analysis frame-
work. The i variables are similar to the i variables in that they are
selected because they affect at least one Y variable. X and Z vari-
ables are also similar because both types are used to describe the
region in a broad sense. The primary distinction is that X variables
are used to describe technological characterisitics of the region's
current and potential intercity transportation alternatives while 7
variables describe the regional environment in which each transportation

alternative is embedded.

Because i variable values are dependent on a specific proposed trans-
portation alternative, there will be as many sets of i variables as
there are proposed alternatives for evaluation. Conversely, for an
intercity region, there is only one set of the (system independent)

7 variables. The X variable values for one transportation alternative,
together with the 7 variables, form a case description. This case
description is the complete set of input data required by the analysis
framework in order to produce the set of Y variables.

The X variables for the illustrative example are presented in Table
6.3. This 1ist, like the Z variables, should be regarded as interim
until the analysis framework is finalized in Phase II,

The illustrative example considers four transportation alternatives.

The first is defined as the Base Case ~ the present transportation ;
system projected to the year 2030. It is assumed that no new system

is introduced and that the same transportation modes remain, i.e., air,
auto, train and bus. The other three alternatives are similar to the
base case, but each includes the mode to be evaluated as part of the



Urban Counties - San Francisco Area:

Alameda

Contra Costa

San Joaquin

San Mateo

Marin Santa Clara
Monterey Santa Cruz
Napa Solano
Placer Sonoma
Sacramento Yolo
San Francisco

Corridor Counties:
Fresno Merced
Kern Stanislaus
Kings Tulare
Madera

Urban Counties - Los Angeles Area:
Los Angeles - Long Beach San Diego

Riverside

San Bernardino

Santa Barbara

Ventura

Table 6.2 - Region Counties
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[ F

Speed Vehicle Construction Costs
R&D Appropriations
Capacity Guideway Acquisition and
Construction Costs
Frequency Operating Costs

Terminal Accessibility

Energy Requirements

Emissiuis

Route Land Requirements

Route Air Requirements

Noise Levels

Accident-Rates

Persons Killed - Rates

Access/Egress Times

Access/Egress Costs

Headway Requirements

Terminal Requirements

Table 6.3 System Descriptors (Phase I i Variables)
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transportation system. The three new technologies to be considered
are:
e tracked air cushion vehicle (TACV) - a high speed fixed

guideway system
e improved passenger train (IPT) - an advanced railroad train

capable of 240 km/hr (150 mi/hr)
e improved conventional takeoff or landirg aircraft (CTOL) -

the next generation of commercial aircraft

In the Phase II application of the comparison methodology, the general
description above would be replaced by quantitative regional and sys-
tem descriptors (Z, X variables) for each of the transportation alterna-

tives.
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7. ANALYSIS

Each comparison criterion in the illustrative example (Table 4.1 and
Appendix A)} is a ratio. The denominators are discussed in Section 4.2
and are listed in Table 4.2. The numerators depend on the particular
transportation alternative being considered. For example, (YN 1.1.1)
would be found, for a particular alternative, by calculating individual
modal ridership with a modal split model and then summing ridership
across all modes. Such computations will be made in Phase II, but were
beyond the scope of the Phase I Study.

For the illustrative example of Phase I, educated judgment was used to
estimate the numerators of the comparison criteria. The rationale for
the analysis of each of the four alternatives is summerized in Tables
7.1 through 7.4. The numerical results are presented in Appendix C.
(Appendix C includes results for a fifth alternative, a tracked air
cushion vehicle operational in the year 2000, the Early TACV.)
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Table 7.1 - Base {ase - Numerator

For the base case, there are no new systems introduced. There are some
evolutionary changes but no revolutionary alterations in transportation
systems. The rationale for the comparison criteria of the base case is
a simple extrapolation of past transportation trends with analysis of

possible growth restraints.

Hierarchical Comparison
Number Criterion

1.1.1 Passengers
1.1.2 Freight
1.2.1 Investment
1.2.2 Operating
Costs
1.2.1 Operating
Surplus/
Subsidy
1.3.1 Airports
1.3.2 Railroad
tations
1.3.3 Bus
Stations
1.3.4 Roadways
2.1.1 Demography

Rationale

Lower than aspirations since no revolu-
tionary change; primary mover is the
auto.

Only sTightly lower than aspirations.

Lower than aspirations since no revolu-
tionary change need be supported.

Lower than aspirations since no new sys-
tem is being considered.

Since no new system is being operated,
primary carrier of passengers is still
the auto. Thus, the heavy operating
subsidy on the auto continues and grows,

A1l these facilities are under capacity
and can be expanded although congestion
and pollution from auto use reduces
passenger travel demand.

Increased auto use means this facility
exceeds aspirations.

There is no new system to draw people

to corridor. Therefore, urban population
density continues to rise relative to the
population density of the reqion as a
whole. Thus, corridor demography exceeds
aspirations by growing amounts. Aspira-
tions reflect desire for lower urban
population density and for people to move
into corridor area.
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(Table 7.1 continued)

2.2.1

2.2.2

2.2.4

3.1.1

3.2.1

Hierarchical

Comparison Rationale
Number Criterion

With more auto use there are more acci-
dents, hence, more injuries. Thus, in
general, this variable exceeds aspirations
but because of lower travel demand, ini-
tially this variable is closer to aspira-
tions. The aspiration is a steady 1%
decline in injuries from present 465,200/
yr. The aspirations also reflect techno-
logical advancement with a dramatic de~-
crease in injuries by the year 2010.

Health
Status

Urban land continues to grow relative to
urban plus farm land in the corridor but
no new system implies no new population
influx into the corridor. Hence, this
variable is lower than aspiration. The
aspirations reflect a desire to induce
peopie to move into the corridor.

Aspiration is for str dy 1% decline from
present $239 x 106/yr. (i.e., 10% of
Economic Loss due to auto accidents).
Increased auto use implies this variable
exceeds aspiration levels by growing
amounts.

Property
Damage

More autos, congestion, population density
growth implies large increase over aspira-
tion levels.

Noise
Levels

Visibility As in 2.2.3, the base case shows a large
increase over aspiration levels. The
aspiration is for a steady decline as

air quality improves.

Slightly lower than aspiration (94% of
labor force) due to low investment and
slower growth in corridor.

Employment

Increased auto use implies this variable
exceeds aspirations by growing amounts.
The aspiration reflects the assumption
that fusion power s commercially avail-
able in 2010 and that autos start using
fusion-praduced hydrogen as fuel.
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(Table 7.1 continued)

Hierarchical Comparison Rationale
Number Criterion

3.3.1 Gross As in 3.1.1, this variable is slightly
Regional lower than aspiration level.
Product

3.3.2 Interregional No new system implies interregional
Product product Tower than aspiration levels.
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Table 7.2 - Tracked Air Cushion Vehicle - Numerator

The TACV is a revolutionary change which is capital intensive due to the

tracked guideway.

Proposed system stops at 3 stations in the corridor.

The TACY is very fast with a minimum travel time of only 84 minutes

between San Jose and Los Angeles. Thus, TACV competes with air transpor-
The TACV becomes available in 2010.

tation.

Hierarchical Yariable Rationale for Change from Base Case
Number

1.1.1

Passengers

Freight

Investment

Operating
Costs

Operating
Surplus/
Subsidy

Airports

Railroad
Station

Bus
Station

After TACV introduction, large increase
in passenger-km base case and Tess auto
traffic. As in base case before intro-
duction of TACV.

TACV is passenger oriented - no interfer-
ence with railroad freight due to new
track guideway. Freight aspiration is
met or slightly exceeded. Large TACV
investment leads to more freight.

There are large investments in TACV with
long lead times for RAD and construction
beginning in 1990; investment aspiration
is exceeded.

As in base case before introduction of
TACV: then rise to aspiration then slightly
exceed aspiration.

As in base case before TACV introduction.
Auto operating subsidy drops after intro-
duction but additional subsidy needed for
Tower-income groups to use TACY. Thus,
only slight increase (or equal) over
aspiration.

After TACY introduction, there is a signi-
ficant drain-off of air flights per day
from aspirations.

More of the unused railroad station cap-
acity is utilized.

As in base case.
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(Table 7.2 continued)
Hierarchica?l Variable
Number
Roadways

Demography

Health
Status

Land Use

Property
Damage

Noise
Levels

Visibility

Employment

Rationale for Change from Base Case

As in base case before TACV introduction,
then large decline in auts/day.

‘As in base case until TACV introduction

than dramatic decreases from base case
as relatively greater population growth
occurs in the corridor along the guide-
way path.

As in base case until TACV introduction
then dramatic decrease from base case
as auto use declines.

As in base case until TACY introduction
then dramatic increases over base case
to meet aspiration.

As in base case until TACV introduction
then dramatic decrease from base case as
auto use drops, This variable then meets
aspirations and finally exceeds them.

As in base case until TACV introduction
then moderate to dramatic decrease from
base case as auto use, and hence, con-
gestion declines and urban density drops
due to population growth in corridor;
these decreases accelerate with time.

As 2.2.3 above.

Increased investment leadds to increased
employment as the investment is made.
Further, corridor growth also stimulates
employment and together these influences
rasult in higher employment. After
introduction of TACV aspirations are
slightly exceeded.

As in base case until TAC introduction
then dramatic decrease as auto use drops,
then reaches but probably does not exceed
aspirations.

As in 3.1.1 but the effects of investment
and growth are more strongly felt.
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{Table 7.2 continued)

Hierarchical Variable Rationale for Change from Base Case
Number

3.3.2 Interre- As in base case until TACY introduction
gional then steady improvement with corridor
Product growth (3.5%).
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Table 7.3 - Improved Passenger Train - Numerator

The IPT is a major, though evolutionary, change. With the advanced IPT,
the travel time from Los Agneles to San Francisco is 3 hours including
three stops (Fresno, Bakersfield, Stockton). The IPT uses existing rail
tracks so requires less investment than the TACV. The IPT becomes avail-
able in 1990. Main effects are felt in the corridor.

Hierarchial Variable
Number

Passengers

Freight

Investment

Operating
Costs

Operating
Surptus/
Subsidy

Airports

Railroad
Station

Rationale for Change From Base Case

After introduction of IPT, there is only

a small increase in passenger-km over

the base case beginning in 1990. The IPT
then draws some passengers away from autos
and buses but total passenger-km go up
slightiy.

The speed of IPT precludes mixing IPT and
freight trains on the same tracks at the
same time. However, in some cases, there
are alternative tracks available. Hence,
the impact of the IPT on freight is smail
though negative over the base case at first
then zero as freight movements adapt.

The proposed IPT costs less than 500 mil-
lion {Chesler and Goeller, 1973). Hence,
all investment is embedded in the base
case investment (i.e., evolutionary).

Very slight increase over base case due to
the fact that even though the IPT draws
passengers from the auto and bus mocas the
cost of operating the highway system
remains the same.

Slight increase in subsidy because small
additional IPT subsidy is added to base
case.

IPT has no effect on air transportation
system.

A greater percentage of unused capacity
is utilized by the IPT.
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(Table 7.3 continued)

Hierarchial Variable Rationale For Change From Base Case
Number

Expandable to meet all demand in this

Bus
Station

Roadways

Corridor
Demography

Health
Status

Land Use

Proparty
Damage

Noise
Levels

Visibility

Empioyment

Fossil
Fuels

GRP

Interre-
gional
Product

case.

After introduction vehciles/day drop

slightly below neutral level.

After introduction there is a slight

decrease from the base case followed by
moderate steady decline as greater rela-
tive growth of population occurs in the

corridor.

After introduction, there is a slight

decrease that remains relatively constant
as a result of reduced aute passenger-km.

As in 2.1.1, with same growth,

As in 2.1.2, with same relative decrease.

Slight decrease over base case because

even though the IPT itself is

effects of the IPT actually reduces noise
That is, there is less congestion

levels.

loud, the

on highway, lower urban density, etc.

Slight decrease from base case due to

reduced auto use.

Same as pase case until
tion growth can produce

corridor popula-
slight increase.

That is a delayed but slightly positive

effect.

Slight reduction over base case due to

reduced auto use.

Same as base case followed by same rela-

tive increase as in 3.1.1.

After introduction, there is a slight
decrease comparable to freight decrease
and then a return to the base case.
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Table 7.4 - Improved Conventional Take-Off Or
Landing Aircraft - Numerator

The imuroved CTOL is essentially a more efficient form of the aircraft
flying now and has larger capacity. As such, its introduction into the
aircraft fleet will be evolutionary as ageing aircraft are replaced with

the CTOL.

Since air transportation accounts for only a small though growing

share of total intercity passenger kilometers, the effects of the improved
CTOL will be a small and growing desirable change over the base case.
The improved CTOL is introduced in 1990.

A1l comparison criteria not listed are the same as in the base case.

1.1.1

2.2.2

2.2.3

2.2.4

3.2.1

3.3.1

Hierarchical Comparison Rationale For Change From Base Case
Number Criterion

Passengers

Airports

Property
Pamage

Noise
Levels

Visibility

Fossil
Fuels

GRP

Small increase over base case.

Since larger aircraft can carry more
passengers per plane, slight decrease
from base case.

Better aircraft induce more people to
fly, and hence, lower auto use and auto
accidents resulting in a slight decrease
from base case.

As in 2.2.2, there is a slight decrease
from baze case.

The slight decrease in auto use leads to
a slight decrease from the base case
beginning in 2020.

Exactly as in the base case except for
the year 2010 when there is a slight
decrease. The evelutionary introduction
of the improved CTOL does not make any
impact until 2010, and fusion produced
hydrogen fuel dominates after 2010.

A sTight increase over the base case
as the aircraft manufacturing industry
is within the region.
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8. EVALUATION

The data presented in Appendix C were used as input data to the evalua-
tion model comprised of:
e the relative worth curves (Aprendix B)
e relative weights {Equation (4-12) and Figure 4.5)
e objective function (Equations (4-13) through 4-24) and the
discount rates on pages 50 and 51).

The results are presented in Table 8.1. For the data of the illustrative
example, the Early TACY is the clearly preferred alterrative; moveover,
it is the only alternative that yields a positive total effect, i.e.,
that represents overall achievement of objectives.

To i1lustrate the computation of total effect, P, for a given alternative,
consider the cirterion Passengers (Y1 1 1) and the Early TACY. The
results of analysis from Appendix C are:

30.00

D 1.1.1§12.80 17.90 75,10 38.00 49.00 68.30

120.00 129.00

The relative worth of Y1 1.1° U1 1.1° for each year is obtained from the

relative worth relationship (Appendix B):
(U1 1 1)t -0.406 -0.4086 +0.382 +0.510 +0.382 +(0.293

The time flow of U1 1.1 is multiplied by its relative weight 7.5 (from

Table 4.5) according to equation (4-12):

(Ul.l.l)t -3.05 -3.05 +2.87 +3.83 +2.87 +2.14

These data, together with the time flows for the Base Case and the TACY,

are shown in Figure 8.1. It is time flows such as these that are aggregated

and then evaluated by means of the discount functions.

-76-



-Ll-

Present Relative Worths
Equations (4-21) through (4-24;

Ref:

Transpor-
tation
Effects

ALTERNATIVES

5
Improved
CToL

Societal
Effects

Fconomic
tffects

Total
Effects

RANK

Table 8.1 - Results for ITlustrative Example
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The time flows of weighted relative worths of the other criteria are
similarly computed, e.g.,

(Y, 150y 100 100 104 102 102 102
(U, 1) O 0  0.323 0.173  0.173  0.173
(U1.1.2%+ o 0 2.42 1.30 1.30 1.30

The time flows of weighted relative worth are aggregated using equations
(4-13) through (4-17), e.qg.,

Uy e = WUy g Wepo)y

=<3.05 +0 = -3.,05

(U 171980 =

The resulting time flow in relative worth is:

(U1.4% 3.0 -3.08  +5.20  5.13 4.17 3.44

With linear interpolation to obtain data for invermediate years, the
present relative worth of this time flow is, from equation (4-18):
P1 1 +0.68

Similarly, the time flows of relative worths -- (Ul.z)t’ (Ul.B)t’ (U3)t

-- are converted to present worths through equations (4-19), (4-20),
(4-21), (4-22), respectively. The aggregation of present worths is
represented by Figure 8.2 and is accomplished with equations {4-23) and
(4-24). The results are summaraized in Table 8.1.
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9, SENSITIVITY ANALYSES
Ability to investigate sensitivity of the results of the evaluation
model is illustrated for (1) changes in relative worth functions, (2)

changes in relative weights, and (3) changes in discount rate.

9.1 Relative Wui-th Functions

Sensitivity to the shape of the relative worth functions is illustrated
by assuming a straight line through U(YT) = 0 and U(YM) = 1 (Figure 9.1).
The results are tabulated in Table 9.1.

Linearizing the relative worth functions resulted in a significant
increase in all the present relative worths. The increase in relative
scores was expected because all alternatives were unacceptable, with
negative relative worths, and linear functions do not penalize unsatis-
factory consequences as severely as nonlinear relationships.

For example, let us consider the criterion Investment (Yl.z.l)' The
nonlinear and linear relative worth functions are shown in Figure 9.2.
For the TACV in the year 2000, Y1.2.l is estimated to be 132 (Fquation
{4-1} and Appendix C). From Figure 9.2:

U(YI.Z.I)N = -0.567(nonlinear relative worth

function)
U(Y1 2 1)L = - N,320(1inear relative worth
o function)
Applying the relative weight Wy 54 =6 {(Figure 4.5):
UCYy o gy = -390
U(Yy o p0 = -1-92

For this one criterion, therefore, the use of the linearized function
to approximate relative worth results in an increase of 1.48 in relative
worth.

An advantage of the nonlinear functions is demonstrated by the effect
on TACV, where the relative score changed from negative to positive.
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Relative Worth

Figure 9.1 - General Form of Linearized Relative
Worth Functions
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Linear Relative
Baseline Data Worth
u Rank U Rank

BASECASE

P1 - 4,15 4 - .33 4

P -16.51 4 -5.16 4

P3 - 3.83 4 - .79 4

P -24 .48 4 -6.28 4
TACY

P1 - 2.33 1 .36 Z

P2 -~ 2.25 2 1.05 1

P3 - .83 1 .30 1

p - 5,22 1 1.72 1
bl

P1 - 3.56 2 .13 1

P2 - 1.83 1 .18 2

P3 - 3.17 2 - .b4 2

P - 8.57 2 - .34 2
CToL

P1 - 3.91 3 - .29 3

P2 -15.41 3 -4,92 3

P3 - 3.74 3 - .78 3

p -23.06 3 -5.99 3

Table 9.1 - Effect of Linearized Relative Worth
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With zero relative worth defined to mean neutral contribution to success,
the negative score indicates an unsatisfactory alternative and the posi-
tive score indicates an acceptable alternative. The linearized functions
may not permit penalizing a truly unacceptable result on one criterion
sufficiently to cause rejection of an alternative, while maintaining a
consistent scoring for neutral and desirable results. .

9.2 Relative Weights

Sensitivity to the choice of relative weights is illustrated by assum-
ing an "environmentalist", who weights societal effects most heavily,

an "economist", who weights economic effects most heavily (Table 9.2).
The results are presented in Table 9.3 and Figures 9.3a,b, and c,

It is interesting that the four alternatives were ranked the same by
three quite different sets of relative weights. The implication of
this insensitivity is that there is 1ittle need to be concerned with
establishing weights with great precision. Different interests and
different priorities may be caused by disagreements concerning either
the relative worth functions or estimates of the outcomes. 1In rating
alternatives, both desirability of various amounts of a criterion and
beliefs in what will occur can be more influential than is the relative
importance of the criteria with respect to each other.

An advantage of the methodology is its ability to disaggregate a
decision problem into its elements and to provide visibility for those
elements where disagreements exist. Furthermore, signficance of the
disagreements can be investigated.

9.3 Discount Rate r

Sensitivity to the choice of discount rate s illustrated by assuming
that r (Section 4.5) is a constant over all criteria. The alternativas
are evaluated for r = 0, 0.10, and 0.20. Results are presented in
Table 9.4,

Although the change in discount rate did not alter the ranking of
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Baseline Data Environmentalist] Economist
1.1.1 Passengers 7.50 3.75 7.50
1.1.2 Freight 7.50 3.75 7.50
1.2.1 Investment 6.00 3.00 6.00
1.2.2 Operating Costs 5.00 2.50 5.00
1.2.3 Surplus/Subsidy 4.00 2.00 4.00
1.3.1 Urban Facility-Air 3.00 1.50 3.0
1.3.2 Urban Facility-RR 1.50 .75 1.50
1.3.3 Urban Facility-Bus 1.50 .75 1.50
1.3.4 Urban Fac.-Road 4.00 2.00 4.00
2.1.1 Corridor Demog. 5.00 10.00 2.50
2.1.2 Health Status 5.00 10.00 2.50
2.2.1 Corrid. Land Use 5.00 10.00 2.50
2.2.2 Property Damage 5.00 10.00 2.50
2.2.3 Noise Levels 5.00 10.00 2.50
2.2.4 Visibility 5.00 10.00 2.50
3.1.1 Employment 7.50 5.00 11.25
3.2.1 Fossil Fuels 7.50 5.00 11.25
3.3.1 Gross Reg. Prod. 9.00 6.00 13.50
3.3.2 Interreg. Prod. 6.00 4.00 9.00

Table 5.2 - Sensitivity to Relative

Weights
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Weights From Environmentalist] Economist
Figure 11.2
U RANK (] RANK U RANK
Base Case -
P1 - 4.15 5 - 2.07 5 - 4.15 5
P2 -16.51 5 -33.01 5 - 8.25 5
PB - 3.83 5 - 2.55 5 - 5.74 5
P (Total -24.48 5 -37.64 5 -18.14 5
Effaect)
TACY
P1 - 2.33 2 - 1.17 2 - 2.33 3
P2 - 2.25 3 - 4.51 3 - 1.13 3
P3 - .63 2 - .42 2 - .34 2
P - 5,22 2 - 6.09 2 - 4.40 2
IPT
P1 - 3.56 3 - 1.78 3 - 3.56 2
Py - 1.83 2 - 3.67 2 - .92 2
Ps - 3.17 3 - 2.11 3 - 4.76 3
- 8,57 3 - 7.56 3 - 9.24 3
carly TACY
P1 .36 1 ot 1 .53 1
P2 6.04 1 12.07 1 3.03 1
P3 1.54 1 1.02 1 2.30 1
p 7.93 1 13.36 1 5.85 1
CTOL
Pl - 3.91 4 - 1.95 4 - 3.9 4
P2 -15.41 a -30.82 4 - 7.70 4
P3 - 3.74 4 - 2.49 4 - 5.61 3
P -23.06 4 -35.26 4 -17.22 4

Table 9.3 - Sensitivity to Relative Weights - Results
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/6,?

] Eeed B OREma S B DD T o et b ] 0 T T T T LT3
BASELINE DATA R = R = .10 R = .20 I
U RANK v RANK U RANK U RANK
1. Base Case
P1 - 4.15 5 - 6.80 5 1.18 5 - .5h8 4
P, -16.51 5 -16.51 5 1.54 5 -. .35 5
Py - 3.83 5 -22.44 5 3.83 5 - 1.88 5
P(Total Effect) -24.48 5 -45.74 5 6.55 5 - 2.81 5
2. _TACY ﬂ
Py - 2.33 2 +1.23 2 1.08 3 - .64 5
P, - 2.25 3 - 2.25 3 1.10 3 - .32 3
Py - .63 2 + .28 2 .63 2 - .4 2
P - b.22 2 .75 2 2.81 2 -1.37 2
3. _IPT
p - 3.56 3 - 3.66 3 .80 2 - .40 2
P, ~ 1.83 2 - 1.83 2 .07 1 + .13 1
P - 3.17 3 -10.74 3 3.17 3 - 1.78 3
p - 8.57 3 -16.23 3 3.91 3 - 2.06 3
4. Early TACY (2000) |
Py + .36 1 +3.23 1 .52 1 - .38 1
P, + 6.04 1 + 6.04 1 .18 2 - .15 2
Pa + 1.54 1 +11.54 1 + 1.54 1 + .60 1
P +7.93 1 +20.80 1 .82 1 .06 1
5. CTOL
P, - 3.19 4 - 6.38 4 1.12 4 - .56 3
P, -15.41 4 -15.41 4 1.45 4 - .32 3 H
P, - 3.74 4 -21.78 4 3.74 4 - 1.85 4
p -23.06 4 -43,57 4 6.30 4} ~ 2.73 4

Table 9.4 - Sensitivity to Discount Rate, R

e s MBI oA 3, TN e sar A




alternatives, the effect of high interest rates applied to all criteiia
was to reduce the differences between alternatives, while r = 0 magnified
such differences:

Range of P
r Early TACV - Base Case
Baseline data 7.93-(-24.48) = 32,41
0 20,80-(-45.74) = 66.54
0.20 0.06-(- 2.81) = 2.87

The reason for this effect i< that major differences between systems

do not occur until they start to operate in the relatively distant future.
High discount rates reduce to insignificance both costs and benefits
taking place in 30 to 50 years. At r =020, for example, a relative
worth = 10 thirty years from now has a present worth = .024; a rela-

tive worth = 10 fifty years from today has a present worth = .000.

Hence, if the benefits of new technologies are to significantly influence
transportation decision-making, either discounting must be ignored
(equivalent to setting r = Q) or the discount rates applied to trans-
portation and societal benefits must be different from {lower than) the
rate applied to doTlar flows.

A further consequence of this phenomenon is illustrated in the data

for the Early TACV. For the baseline data and for r = 0, the relative
worth indicates this alternative to be definitely desirable, a trans-
portation system representing signficant achievement of the specified
policies and goals. At r =0.20 on the other hand, the relative worth
indicates marginal acceptability, with mildly undesirable transportation
and societal effects. With a slightly higher r or small changes in the
estimates of a few criteria, a negative relative worth could result.
This is a special case of the general principie: at high discount rates,
it is most difficult to justify investment in social systems requiring
lengthy acquisition periods before benefits are realized through use of
the system.



10. EVALUATION OF R&D

One way the Federal government can support a given intercity transporta-
tion mode or technology is through the funding of related R&D. To pro-
vide a timely fmpact on intercity transportation, decisions concerning
the R&D activities to be funded should be made prior to or during the
competitive exploration of alternative transportation system modal con-
cepts. The purpose of this chapter is to illustrate how the comparison
methodology evaluates both the mode technology and magnitude of such R&D.

The Tracked Air Cushion Vehicle (TACV) was chosen as the transportation
mode to illustrate the evaluation of R&D funding. The TACV was selected
because it is a high-technology, capital intensive candidate for Federal
support.

Four levels of investment over a period of years were explored. The
first Tevel represents the evolutionary development of TACV, i.e., no

new investment over the base case and an operational TACV in the year
2020, The second level of investment represents moderate Federal R&D
funding that brings the TACV on line ten years earlier, in the year 2010.
The  third level of investment reflects heavy Federal support in all phases
of research, deveiopment and demonstration, leading to the introduction
of the TACV in the year 2000. The fourth level represents excessive
funding, since it is believed that little advance in operational date

can be achieved regardless of any practical R&D investments. The assumed
relationship between funding level and operational date is shown in
Figure 10.1.

Figure 10.1 also shows the effects of both the additional RXD investment
and the early introduction of TACV benefits on total rvelative worth. The
results incorporate the tradeoffs between the undesirabic higher invest-
ment and timing of desirable benefits of the TACV transportation mode

as measured by the relative worth functions, relative weights, and objec-
tive function of Chapter 4. From these assumed data, it would be con-
cluded that the optimal investment in TACY, as wmeasured by the total
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Relative Worth of TACV 2020
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Date of Operational TACY
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Additional R&D Funding (§ Billion)

Figure 10.1 - Effects of Additional R&D Funding
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effect on the selected intercity transportation system. would be between
$7 billion and $8 billion.

Similar analyses and evaluations could be performed for other RAD candi-
dates and for other intercity systems. as required. Quantitative results,
directly and demonstrably related to achievement of DOT policies and
abjectives, would be available for selection and justification of R&D
programs,
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11. EVALUATIOM OF RISK

Risk associated with a transportation alternative arises from the uncer-
tainty in the estimates of the comparison criteria. The standard technique
for quantifying risk so that it can be reviewed, discussed and evaluated

is to define a protability function over the range of uncertainty of

the esimate.

The methodological framework defined and illustrated in the preceding
chapters provides the tools and techniques for evaluating risk with the
following two modifications:
(1) The analysis framework estimates a probability function rather
than a best estimate for each comparison criterion.
(2) An expected relative worth is computed rather than the rela-
tive worth of the best estimate of a criterion:

"y
E{u) = .l u{Y) F(Y) aY
L
where Y = a comparison criterion
u(y) = relative worth of Y
F{y) = ordinate of probability function
E{u) = gxpected relative worth

When risk is quantified. the expected relative worth rather than the
relative worth of the best estimate is used for the balance of the evalu-
ation computation. The only change in the evaluation model! of Chapter

4 is the to use E{u) for u(Y) in equation (4-9).

To {llustrate the application of this risk evaluation technique, {which
is theoretically sound, e.g., Fishburn, 1974; Lifson, 1972}, uncertainty
in the criterion fisscngers was assumed. Uncertainties were assumed to
be relatively small {i.e., the variance of the distribution is small)

in the near future and to increase with futurity. The probability
distributions for the years, 1980, 2000, and 2030 are shown in Figure
11.1. The best estimate and the range of uncertainty over the planning
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Figure 11.1 - Qualifications of Risk:



period is shown in Figure 11.2.

For the data of Figure 11.1 and the relative worth function (Appendix B)
and weight (Figure 4.5) for the criterion Bissongers, the results of
computing E{u} rather than the relative worth of the best estimate are
as follows:

90

-3.31

-3.47 -3.43 -3.42 -3.47

-3.07 -3.08 -3.01 ~3.07 -3.03

As desired, the relative worth with risk is lower {(more negative) than
for the best estimate with no uncertainty. This result is a consequence
of the nonlinearity and shape of the relative worth function. If the
nonlinearity were increased, the effects of risk on expected relative
worth would be more negative, indicating greater aversion to risk.

The computations required for the evaluation of risk are rational and
feasible. The limiting constraints on the application of the methodology
Tie in the willingness and ability to estimate probabilities as part of
the analysis activity.
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60k
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Figure 11.2 - Assumed Range of Uncertainty in Estimates
of Criterion: Passengers
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12.

CONCLUSTONS AND RECOMMENDATIONS

Based on the development of the ECONERGY comparison methodology for
intercity transportation systems as described in this veport, the
following conclusi&qs are reached.

o A new method for dealing satisfactorily with long-term developwent

of new technology for transportation systmes has been introduced.
This new method is based on astablishing an ueprinesos for desirable
transportation Teatures in a long-run fusure, compatible with long-
term socio-economic projections.

Risk is innate in new technology. However, the risk in any pro-
posed technology should be assessed in the overall context of
system risk. The ECONERGY method, by considering alternatives
as poreqtloe of technologies, meets this assential.

17

Traditional methodologies for comparing transportation system
have been usad for specific technologies and for specific rewional
systems. Comparisons are made in torms of pertormance measyras
usually liwmited in number and with short-term horizons. The
ECONERGY methodology proavides a means for considering any aumber
of variables. but what is more significant, shifts the focus frow
performance to worth of performanca. By systematic emphasis on
concarn for thosa values on which judgmental decisions can best

be made and providing an integrating mechanism. a =eapeai/e and
readily appliad technique is provided.

In one way or another, a decision is reached by applying same vatua
system -- always Judgmental., The ETONERGY methodology calls for
breaking down the problem into bhite-siz: ! olements -~ the per-
formance variables -- and applyving judaments to obtain relative
worths., The degree to which this subdivision is carried ocut may
improve the results, but this is up to the analyst. The lavel of
affort to accomplish the evaluation can range from modest to exten-
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sive, depending on the degree af involvement of expert opinion.
The comparison methodology has a great degree of flexibility in
the level of effort needed for its successftul application. For
the illustrative example included in this report, the level

of affort was measured in man-weeks. Calculations for this
report were performed on a small desk-top computer and hand-held
calculators. However, if a number of sophisticated analytic
models were desired for the analysis framework, man-years and
large-scale computers might be required. The necessary level of
affort for effective use of the methodology is appropriately
defined during Phase II.

The definition of alternative transportation systems includes the
kinds of R&D needed. its funding level and schedule. Thus, the
conclusion of the comparison exercise reveals the required amounts
of R3D as well as the potential loss for not Taunching timely R3D
programs.

The Executive O0ffice has specified policies governing new systems
aquisition and DOT has established long-term National transpor-
tation objectives. The ECONERGY Methodology is designed to best
meet both requirementis.

101-

R S— S — ' % r * 3 - [l 1 x . % q T e iR R



REFERENCES



REFERENCES

Abouchar, Alan, Transportation Economics and Public Policy: With Urban
Extensions, John Wiley & Sons, Inc., New York, 1975.

Antonatos, P.P., Laminar Flow Control - Concepts and Aoplications, Astro-
nautics and Aeronautics, July, 1966.

AppaRao, R.A.P.S., Application of Gravitational Energy Exchange to
Tracked Urban Transit Systems, Paper No. E&F-1, Proceedings of the

Fourth Intersociety Conference on Transportation, Los Angeles, July
1976.

Bach, Wilfrid, and A. Daniels, Handbook of Air Quality in the United
States, Oriental Publishing Company, Honolulu, Hawaii, 1975,

Bender, Erich X., Balancing Technology and Costs: A Case Study, Paper No.
TE-1A, Proceedings of the Fourth Intersociety Conference on Trans-
portation, Los Angeles, California, July 18-23, 1976.

Benson, lLee, Merchants, Farmers and Raijlroads, Harvard Press, Cambridoe,
Massachusetts, 1955,

Berg, R.L. (editor), Heaith Status Indexes, Hospital Research and Educa-
tional Trust, Chicago, 1973.

Bigham, T.C. and R.J. Merrill, Transportaticn Princioles and Problems,
2nd Edition, McGraw-Hill, 1952.

Bock, Frederick €., "Factors Influencing Modal Trip Assianment” Report
No. 57, I1linois Institute of Technology Research Institute, Report
prepared for National Cooperative Highway Research Program, 1968.

Bowman, Hank W., Pioneer Rajlropads, Fawcett Publications, 19584.

Brewer, G.D., et al., Summary Report: Study of the Application of Hydro-
gen Fuel to Long-Range Subsonic Transport Aircraft, Lockheed-Cali-
tornia Co., NASA CR-132558, January 1975.

Brown, R.G., Smoothing, Forecasting and Prediction of Discrete Time Se-
ries, Prentice-Hal!, New Jersey, 196Z.

Bryan, Leslie, Principles of Qcean Transportation, Reonald Press Company,
New York, 1939.

California Department of Transportation, Alternative Futures for {ali-
fornia, Caltrans, September, 1975.




California Department of Transportation, California Futures Study,

An;lysis of Impacts for Transport in Planning, Caltrans, December,
1974.

California Department cf Transportation, California Transportation Plan
(a draft), Caltrans, July, 1975.

Chesler, L.G. and B.F. Goeller, The Star Methodology for Short-Haul

Transportation: Transportation System Impact Assessment, prepared
for U.S. Department of Transportation, RAND Corp. Report R-1359-DOT,
December, 1973.

Curry, David, R. Carlison, et al., Transportation in America's Future:
Potentials for the Next Half Century, Parts 1 & 2, Report No. DOT-
TP1-20-77-21, Stanford Research Institute, report prepared for U.S.
Department of Transportation, June, 1977.

Douglas Aircraft Co., McDonnell Douglas Corp., Cost/Benefit Tradeoffs
for Reducing the Cneray Consumption of the Commercial Air Transport-
ation System, Volume 1: Technical Analysis -- Final Report, NASA
Report No. CR-137923, June, 1976.

Energy Storage Propelled Transit Vehicle Application Study, report pre-
pared jointly by San Francisco Municipal Railway Improvement Cor-
poration and U.S. Department of Transportation, April, 1975.

ECONERGY, Inc., A Study of Characteristics of Intercity Transportation
Systemes: Phase [, Definition of Transportation Framework, Proposal
prepared for NASA-Ames, Los Angeles, July, 1977.

English, J.M., A Perceptual-Time Scale for Determination of a Discqunt
Function, paper presented at the Congress on Decision-Making in
Business, Nijenrode, Breukelen, The Netherlands, August, 1976;
paper published in Trends in Financial Decision-Making, C. van Dam,
ed., Martinus, Nijhoff, Lieden/Boston, 1978,

English, J.M. and C.Y. Liu, Forecast of Future Aviation Fuels, Part I:
Scenarios, Report prepared for NASA under contract NSG-3116, Uni-
versity of California, Los Angeles, September, 1977.

Fabrycky, W.J. and G.J. Thuesen, Economic Pecision Analysis, Prentice-
Hall, Inc., New Jersey, 1974.

Fenshel, S. and J.W. Bush, A Health-Status Index and Its Application to
Health-Services Qutcomes, Operations Research, Vol. 18, Mo. 6,
November-December, 1970.

Fishburn, P.C., Decision and Value Theory, John Wiley & Sons, Inc., 1964.

Fischer, M., Toward a Mathematical Theory of Relevance Trees, Techno-
logical Forecasting, Vol 1, 1970.

-103-



Folger, Marlin, How the West was Really Non: A History of Railroads in
the U.S.. Putnams, 1948,

Frey, Frederick, Altevnative Multimodal Passenger Transportation Systems:
Comparative Economic Analysis, Natiomal Cooperative Highway Research
Frogran Repavt 1d&, prepaved by Creighton, Hambura, Inc., 1973.

Gay, W.F., Energy Statistics, A Suppiement to the Sumwvary of National
Transportation Statistics, Report No. DOT-TSC-UST-76-30, U.S. De-
partment of Transportation, August, 1976,

wephart, W.F., Transportation and Industrial Development in the Middlg
West, Columbia Unfversity Studies in History, Economics, and Puviic
Law, Vol. 34; 1909.

Goeller, B.F., et al., Protecting an Estuary from Floods - A Policy
Question of the Josterschslde, Vol. I, Summary Report, The Rand
Covporation, Report No, R-Ii21/1-Netherlands, Decombor, 1977,

Goeller, B.F., San Diego Clear Air Project: Summary Report. The Rand
Corporation, Report No. R-1382-S0, December, 1973,

Goeller, B.F., System Impact Assessment: A Comprehensive Approach to

Public Policy Tecisions, The Rand Corporation, Report No. R-1dd6-R(,
December, 1977,

Gottlieb, P., J.H. Robinson, D.R. Smith, Preliminary Assessment of Nu-
clear Energy Centers and Energy Systems Complexes in the Westemn
United States, report prepared for Department of Eneray, Uak Ridae
National Labovatory, Contract No. W-7405-eng-26, 1977.

dray, P, and Q. Helmer, Summary Report: ¢alifornia Futures Study -
Analysis of Impacts for Transportation Planning, Study sponsored by
OTvision of Transportation Manninag California Department of Trans-
portation, Contract No. B13411, November, 1974,

Haefner, Lomnie £., Benefit-Cost Lvaluation of an Intra-Regional Air
Service in the Bay Area, report prepared for NASA-Awes, NSG-TT70,
Nashington UniversTey, St. Louis, Missouri, December, 1977,

Hanssman, Fred, Operations Research Techniques for Capital Investment,
John Wiley and Sons, Tre.”, New York, 1968,

Hearing batfore Committee on Commerce, United States Senate, 93rd Conaross:
Wost Coast High-Speed Ground Transportation, Serial No. 93-27, Wash-
ington, D.C., June, 1973,

Heldenfels, R.R.. Recent NASA Progress in Composites, NASA TM X-70713,
August, 1978,

104~



Hill, Morris, Planning for Multiple Objectives: An Approach to the Eval-
uation of Transportation Plans, Monograph Series Number Five; Re-
gional Science Research Institute, Philadelphia, 1973.

Holden, W.H.T. and D. Gardner, Sr., Induction Motor Traction, Supplied
by PWM Inverters from 3,000 Volt D-C Power Distribution, Paper No.
D & Q 13, Proceedings of the Fourth Intersociety Conference an
Transportation, Los Angeles, Calitornia, July 18-23, 1978.

IEEE Power Engineering Society Papers, Energy Development, April, 1974,

Kathamner, F.R. and A.P, Fickett, Elements of a National Progruem for the
Uevelopment of Fuel Cells, Fossil Fuel and Advanced Systems Division,
Electric Power Institute, Sept., 1974.

Keeney, R.L. And H. Raiffa, Decisions with Multiple Objectives: Prefer-
ences and Value Tradeoffs, John Wiley, New York, 1976.

Kurzhals, P.R., NASA Advanced Control Technology: An Overview, Presented
at NASA Sywposium on Advanced Control Technoloay and Its Potential
ior Future Transport Aircraft, Los Angeles, California, July 9-11,
g/4,

Kusko, Alexander, et al., Modeling of Electric Drive Systems for KEW
(Flywheel) Vehicles, Paper No. E&F-2, Proceedings of the Fourth

Intersociety Conference on Transportation, Los Angeles, California,
July 18-23, 19786,

Leasure, Wm. S., Jdr., The Noise Requlations - Technical and Economic Im-
plications, Paper No. TE-1, Proceedings of the Fourth Intersociety
Conference on Transportation, Los Angeles, California, July 18-23,
197¢.

Lifson, M.W., A Discount Function for Decision-Making, a paper presented
at the Congress of Decision-Making in Business, Nijenrode, Breukeslen,
The Netherlands, August, 1976.

Lifson, M.W., Decision and Risk Analvsis for Practicina Enqineers, Cah-
ners Books, Boston, 1972,

Lloyd-Jdones, Donald J., Planning for the Next Generation Aircraft - An
Airline View, 1dth Annuai Meeting, report No. /78-361, Washington,
D.C., February, 1978.

Lockheed Georgia Company, Appiication of Advanced Technologies to Laminar-
Flow Control Svstems for Subsonic Transports, NASA Report No. CR-
144949, 1976,

Lockheed Aircraft Corporation, Application of Hydrogen Fuel to Long-Range
Subsonic Transport Aircraft, NASA Report No. CR-132559, January, 1375,

-105-



Maddalon, Dul V., and Richard 0. Wagner, Energy and Economic Trade-tffs
for Advanced Technology Subsonic Aircraft, Paper No. E&F-5, Pro-
ceedings of the Fourth Intersociety Conference on Transportation,
Los Angeles, California, July 18-03, 1976,

Martino, J.P., Technological Forecasting for Decision-Making. American

Elsevier PubTishing Tompany, Inc., New York, 1977

Mascy., A.C. and R. L. Paullin, Transportation Vehicle Energy Intersities,
A joint DOT/NASA Reference Faper, Report No. NASA TM X-62,4047 Dune,

1974,

McConnell, R.W., Energy Storage Propulsion System for Advanced Concept
Train, Paper No. D&0-38, Proceedings of the Fourth Intersociety Con-
ference on Transportation, Los Angeles, california, July 18=23,71976.

Mikolowsky, W.T. et al., An Evaluation of Very Large Airplanes and Alter-
native Fuels, R-1889-AF, The RAND Corporation, December, 1976,

Miller, J.R., Assessing Alternative Transportation Systems, The RAND Cor-
poration, Report No, RM=SB65-DOT. April, 1977

Morgan, M.G.. editor, Enerqy and Man:  Technical and Social Aspects of
Energy. Institute of Electrical and Clectronics Enyineers, Inc.,
New York, 1975,

Mossman, Frank H., and Newton Morton, Pringiples of Transportation,
Ronald Press Company, 1457,

Motor Vehicle Manufacturers Associatien of the U.S., Inc., Motor Vehicle
Facts & Fiaures '77, 1977.

e

Office of the Secretary of Tranmsportation Information Systems {OSTISY,
Department of Transportation Buduet, Analysis of Fiscal Year 1978,
DT Trogram by Toli:y and RDAD Management Ubjectives, Report No.
DOT-0ST-77-1, June, 1977,

Office of Management and Buduet, Major System Acquisttions, Civcular Num-
ber A-109, Executive Office of the PFresident, April, 1976,

tute of Urban ¥ Regional Development, University of Calitornia, Berk-
eloy, Monograpn No. 23, Report to the California State Department of
Transportation, December, 1975,

Owen, Wilfred, A Transport Strategy for Cali r‘m‘m‘afsﬁl)eve]oilwuz_en_g. Insti-

Peat, Marwick, Mitchell % Co., University of California and Stanford Uni-
versity, Tachnology Assessment of Future Intercity Passenoer Trans-
wortation Systews, seven volume report prepared for NASA and LS,
%:?'@fg'}*fﬁié“ﬁ’d”’r’ﬁﬁ'nspor‘tatioi‘. Report No. DOT-TPI-20-77-21, March,

6.



Premninger, W., and V.9. Reed, Laminar-Flow Research and Experiments,
Astronautics and Aeronautics, July, 1966,

Phelps, David R., et al., Regeneration and Assured Receptivity in Rail
Rapid Transit, Paper No. D&Q-14, Proceedings of the Fourth Inter-

sogiety LonfLronca on_Transport ation, Los Angeles, California, July
RPN I

Population Research Unit, Population Estimates of California Cities and
Counties January 1. 1977 and January 1, 1078, Report 7 F-1, Sacra-

g L e

mento, Mav, 1978,

Praeger, Frederick A., Cost-bffoctivenass in Tratfic Safety, Arthur D,
Little, Inc., New York, 1968,

Pubiic Ytilities Commssion, State of California, Transportation Division
Data Bank, Cataleg of Available Reports. San francisco, california,
\]U]_y; 19!’0.

Quade, E.S., Analysis for Public Decisions, American Elsevier Publishing
Co.y Inc., New Vork, T8

Raiffa, H., Decision Analysis, Addison-Weslev, Redding, Massachusetts,
1968.

Reed, T.8., and R.M. Lerner, Methanol: A Versatile Fuel for Immediate
Use, Science, Vol. 182, No. 4119, pp. 1209-1304, December, 1973.

Roennau, Laurel, The Possibilities of Jeveloping an Effective National
Transport Sy\tem in the 1970's, paper prepared for presentation at
the Univac Seminar for Nriters‘and Editors at Shawnee on Delaware,
PennsﬁTvan1a, Octobar, 1969

Ringwalt, J.L., Davelopment of Transportation Systems in the U.S., (1888).

Roberts, Frad S., Discrete Mathematical _Madels, Prentice-Hall, New Jersev,
1976,

Saaty, T.L. Sudan Transport Study. Interfaces, vol. &, No. 1, Pavt O,
November, 1977,

Sallee, 4.P., Economic Effects of Propulsion System Technoloay on Exist-

N

1nq and Future Transport ATrcrart, American AirTines| NASA CR-13465,

1974

Sampson, Rod. and M.T, Farr1s. Domestic Transportation: FPractice, The-
ory and Policy, 3rd Lditron, Houghton MYFIIn Company, 1975,

San Francisco Munivipal Railway Improvement Corporation and U.S. Depart-
ment of Transpertation, Energy Storage-Propelled Transit Vehicle

«107-



Study, Final Report, April 30, 1975,

Sandtin, Ned H., Development of Design Loads Criteria for High Speed
Railcar Trucks, Paper No. D&0-32, Proceedings of the Fourth Inter-
society Conference on Transportation, Los Angeéles, caltfornia. July
{8573, 1976,

Shonka, D.B.. A.5. Loebl, and P.D. Patterson, Transportation Fneray Con-
servation Data Book: Edition 2, Contmct'N'd'."'\H-’?Jnﬁ“—on{j—"fﬁ. pre-
pared for the tneryy Research and Development Administration by Oak
Ridge National Laboratorv, October, 1977,

Sen, A.K., Collective Choice and Social Neltare, Holden-Day. Inc.. San
Francisco, 1970,

Stavens., S5.S5., Measurement, Psychophysics, and Utility, Definitions and
Thearies, C.W. Churchman and R. Ratoosh, editors, John Wiley, Now

RN

York, 1989,

Torgerson, W.S., Theory and Methods of Scaling. John Wiley, New York,
1968, - o

Transportation Association of Awerica, Transportation Facts & Tronds,
Thirteenth bdition, August, 1977, =

Transportation Association of Awerica, Transportation Facts & Trends,
Thivteenth Edition Quavterty Supplement, April, {978,

V.8, Department of Commerce, Bureau of the Census, california State &
County Data, 1974 Census of Agriculture, Vol. I, Part 5, Washinaton,
U e, 1977,

U.8. Departuent of commerce, Burecau of census, County & Uity Data Rook,
1967, Washington, D.C., April, 1967,

U.5, Departwent of Commerce, Bureau of Census, County & City Bata book,
1972, Washington, D.C., March, 1973,

U.3. Department of Comerce, Burcau of Censusy Jointlv with Westat Re-
search, In¢,, Economic Consoquences of Automebile Accident Injuries,
Vol. 1, report prepared For Aute Tnsurance and Compensation Study of

the Department of Transportation, Washinaton, D.C., April. 1970,

U.S, Department of Commerce, Bureauw of Cansus, tthnic Composition of
Cities and Flaces Loy Angeles County. Los Anaeles, California, W70,

U.S. Department of Cowmerce, Bureau of Census, Historical stat fstics of
the United States: Colonial Times to 1970, Parts 1 & 0, Washinaton,

[ DU T S

-1 OR.



U.3. Department of Commerce, Bureauw of census, \t\ istical abstract of the
United States, 1977, Wasningtom, D.C., 197

WS, Department of Commarce, Bureau of ben\uﬁ. u S Census of \g£1tu‘tUIO
1959 - California Counties, Vol. 1, Part 48 Washingtow, WUV 1081,

WS, Department of Commerce, Bureau of Census, U.S. Census of \qvwauiturv
1989, Part 48, California, Section 2. Countd” Data, Vol 1, Area Me-
ports, Washington, D.C., Mav, 1970,

U.5. Department of Commerce, Bureau of census, Untted \@gﬁp;muen\ux ar
opulat%on. 1960 - Lal1rnrn1a. general Lharaute13ajg&§. Votwe 11,
rart 5. chapter B, Washington, DTV 19800

U.5. Department of Commerce, Bureau of Lenxus, U.8, Consus ot Panu?ation.
1950, Volume 1, Lharantgr1~t1ux of the Population, Part ¥, California,
Nabﬁfnqton. AW BT

U.S. Department of commerce, Bureau of Census, U,8. Consus g{*ﬂgpulatwon.

1970, General Social & Economic Characteristics - Taliforia, Wash-
ington, 0.C., ApriY, 1977

U.5. Departmant of Transportation, Firqt Anual Report on the Imp1omonta~
tion of the Statement on National Tramsportation Foliey, Mav, 1T,

4.5, Department of Tran\pnrtatwon. Ldentification of Transportation Altors
natives, Notabook 1, The Envivonmental Assestment Notebook Series,

Wisy

U, S, Department of Transportation, National H1¥pw\M,\atetv Ngodx Report,
prepared for the Secretary of Transportation, Aneil, (978,

Jd.5. Department of Transportation, National Transportation Svstom Activ-
ity Quarterly, 9th Annual Report, 1978,

U.s. Department of Transportation, Sogio-boonomic ongpztxon\ ror Sybre~
gions of the Northeast Corridor Through 19807 Northeast Torriday

Transpartation Project, OTrice of High-Speed dround Transportation,
May, 1969,

U.S. Department af Transportation, Sumarvy of Natxona!ﬂ}rqp\por ation
Statistics, Report No. DOT- TSC-08T-70-11, Nnnual Report, dune, 1976,

Weinstein, C.H., R-32 Energy sStoraoe Propu!xxonvﬁ tem, [EEE Contorence
Record of IA\%\nnuaT Meeting, 1978

Westinghouse Electric Corporation, \\xured hnevg} Raxentnvxt\ Study -
Final Report, Report No. PB-247 700/ NS Mav 30,

Weston, J.F. and E.F, Brigham, Managerial Finange. Drvden Press, Hinse
dale, [1linois, 1975,

~109-



Whitcomb, R.T., Review of NASA Supercritical Airfoils, Paper No. 74-10,
The 9th Congress of *he International Council of the Aeronautical
Sciences, Haifa, {srael, August, 1974.

Williams, W., Jvr., The Urban-Intercity interface, The Future of American
Transportation, Prentice Hall, 1Y71.

Yoshpe, H.B., and F.R. Brown, Transportation: The Nation's Lifelines,
Industrial College of the Armed Forces, Wasnhington, D.C., 1961.

-110~



APPENDIX A

COMPARISON CRITERIA DEFINITIONS
FOR
ILLUSTRATIVE EXAMPLE
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UNIT OF MEASUREMENT
CRITERTON HAME FOR NUMERATOR AND DEFINITIONS

DENOMINATOR

Y1 1.1 Passengers (%) Passenger-Kilometers | = 100 Yu 1.1.1
T Year : YD 1.1.1

Ridership on intercity system
Ridership that represents neutral

achievement of ridership goals

Freight (%) Tonne-Kilometers 100 'n1.1.2
Year : YD 1.1.7

Y

1.1.2

Humber of tonne-kilometers of
freight expected to be carried
on intercity system

Yumber of tonne-kilometers of
freight that represents npeutral

achievement of goals
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CRITERION NAME

1.2.1 Investment (%)

~ Dollars/Year Y

UNIT OF MEASUREMENT
FOR NUMERATOR AND DEFINITIONS
DENOMINATOR

=100 '§1.2.1

1.2.1
- Y5 1.2.1

YH 1.2.1 = Funds expended in specified time

period (one year} for non-recur-

ring costs of acquiring and

bringing to operational status
the 1and, structures, equipments,
software, and organizational
elements of the intercity trans-
portation system, including k&0,
training and logistic support
elements

Funds expended (as defined above)

that represent neutral acheivement

of investment budgetary objectives
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CRITERION NAME

1.2.3 Operating Surp1us/
Subsidy (%)

1.3.1 Airports (%)

1.3.2 Railroad Stations (%)

UNIT OF MEASUREMENT
FOR NUMERATOR AND
DENOMINATOR

Dollars/Year

Flights/Day

Trains/Day

DEFINITIONS

V1.2.3 = 100 Userchzrges -YN 1.2.2
N1.2.2

Y

Yp1.2.3° 'N1.2.2

When Y >0, Y 4 Operating
1.2.3 1.2.3 Surplus

When Y1.2_3 < 0, 71.2'34Q Operating

Subsidy

Y
o -N 1.3.1

10
b 1.3.1
Number of fiights/day

Airport design capacity

= 100

Y% 1.3.2
v -
D 1.3.2

Number of trains/day
Station design capacity

100

= 100




-r1t-

CRITERION NAME

1.2.2 Operating Costs

URIT OF MIASUREMENT
FOR HUMERATOR AND
DEHOMINATOR

Pollars/Year

DEFINITIONS

D1.2.2

?" 1.2.2 = Funds expended in specified time
period (one year} for operation
of the intercity transportation
system, including maintenance,
repair, qther logistic support
elements and tases
Fund expended (as defined above)
that reprzsent neutral achieve-

ment of aperating budget goals




UNIT OF MEASUREMENT
FOR NUMERATOR AND DEFINITIONS
DENOMINATOR :

CRITERION NAME

o | - Y, -
| .3.3
1.3.3 Bus Stations (%) ~ Buses/Day ' . = ?N : '

D 1.3.3

Number of buses/day
Station design capacity

. _ v
. . , N1.3.4
1.3.4 Roads (%) | Vehicles/Day | ) ¥

D 1.3.4

Number of vehicles/day
Roadway design capacity

=511~

N 2.1.1
2.1.1 Demography {%) People/Hectare 11° YB~;-I~;

People/Hectlare

- Urban population/urban area
Population in Region/Region area

= Level of YN 2.1.1 that represents

neutral achievement of demo-

graphic objective
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CRITERION NAME

2.1.2 Health Status (%)

UNIT OF MEASUREMENT
FOR NUMERATOR AND
DENOMINATOR

Number of people
Injured/year

Y

2.1.2

= 100

DEFINITIONS

Y 2.1.2
Yh2.1.2

YN 2.1.2 " quber of people injured per year

Y

D 2.1.2

as a result of:
e pollution .
‘8 accidents

e criminal acts

= Number of people injured that
represents neutral achievement
of intercity transportation

goals




~ai

2.2.1 Land Use (%)

- 2.2.7 Property Damage (5 Goilars/ fear Y = 100

i & UNIT OF MEASUREMENT I
CRITERION RAME. | FOR NUMERATOR AND  DEFINITIONS
- | RENOHINATOR

" .

o221

. Urban area, heclares
Hrban + fary avea, hectaces

_ Magnitude of vatis, urbdn grez
Urban ares + farm dread, that
represents nestral achievement of
land us=z goals

222

= Property demage due to environ-
merntzl polletion, accidents and
cﬁmiua% acte, dotlars
Property demage that represests
reytrzlt zchievemest of inter-
city tramsportation system

chiectises, dollars
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UNIT OF MEASUREMENT -
FOR HUMERATOR AND
DEMOMIKATOR

CRITERION HAME BEFIKITIONS

’ - 1op 223

2.2.3 Y5 2.2.3

People/Year

7.2.3 Moise Levels

Yy 2.2.3 = Huﬁbgr of people per yesr exposed
to objectionable noise levels an
& reqular basis

?B 32.3° #omber of people per year that

represents neutral schievement of

noise abatement goals

'
22,4 visibitity (%) ty 5.4 = 100 et 2:2-4
e 0D 2.2.4
YH g 0.4 The number of people exposed to
undesirable levels of visibility
on a reqular basis
YD 5 2.4 number of people exposed to

updesirable levels of yisibility

on & reqular basis that represents

o3 &
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CRITERION NAME

2.2.% {Continued)

3.1.1 'Empl_'qyment (%)

3.2.1 Fossil Fuels (%)

UNTT OF MEASUREMEHT
FOR NUMERATOR AND
DEHOMINATOR. -

Rumber ofvPeople

{iters/Year

= 100

DEFINITIONS

ngutral achievement of visibility

goals

Y, -
108 YH 3-1:1
D 3.1.1
Number af'people‘emp1oyed

Humber of people in the labor pool

YWiaz1
Y5 3.2.1

Humber of Tliters/year of fossil
fuels consumed by the intercity

transportation system

Humber ofAIiters/year of fossil

fuels consumed by the intercity:
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CRITERION NAME

3.2.1 CContinued)

3.3.1 Gross Regional

Product (%)

UNIT OF MEASUREMENT
FOR NUMERATOR AND
DEROMINATOR

transportation system that
represents neutral achievement

" of intercity transportation goals

Dollars/Year 100 Vﬂ 3.3.1

‘D 3.3.1

Gross regional product, dollars/

 year

D 3.3.1 " Gross regional product that repre-
sents neutral achievement of inter-
. ¢ity transportation goals, dellars/

year
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o » UNIT OF MEASUREMENT
CRITERION HAME FOR HUMERATOR AND DEFINITIONS

BENOMINATOR

YN 3.3.2
D 3.3.2

3.3.2 Interregional Product Dollars/Year ' 100

= Yalue of goods'and services that
tross  regional boundaries,

dollars/year

= Yalue of goods and services that
cross regional boundaries that
‘represent newrt;al achievement of
“intercity transportatidn system

goals, dollars/year



APPENDIX B

RELATIVE WORTH FUNCTIONS



RELATIVE WORTH
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RELATIVE WORTH

1.1.1 Passengers

RATIO ¢PERCENT)
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RELATIVE WORTH

RELATIVE WORTH
1.1.2 Freight

RATIO (PERCENT)
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RELATIVE WORTH
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RELATIVE WORTH
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RELATIVE WORTH
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RELATIVE WORTH
2.1.2 Health Status
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RELATIVE WORTH
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RELATTVE WORTH
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RELATIVE WORTH
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RELATIVE WORTH

RELATIVE WORTH

2.2.3 Noise Levels
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" RELATIVE WORTH
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RELATIVE YORTH
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APPENDIX C

ILLUSTRATIVE EXAMPLE
ANALYSTS FRAMEWORK RESULTS
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GO O GRS B3 03 12 2D BJ 1= 0 10 bt b b et 3 oG
W Gl R e B3PI PI B - = Gf O O B 13 13 P =
ot b o G b R o Gl DD e D 1D RS e

~vel-

ST 4DVd TVNIDIH0

- XIITVO® %004 a0

1980 1996 2000 2010 2020 2030

PASSENGERS 12,80 - 17.90 25.10 35.00 49.00 468.30

FREIGHT - J33.40 I, 30 96,70 77.80 - 108.00 1356.70
INVESTMENT ' 4.810 6.80 2.0 13,20 18.50 25.80
OPERATING COSTS - 80 1,10 1.50 2,10 2,90 %.10
SURPLUS/SUBIDY 3 B0 .10 1.60 1,60 2.20
UREAN FACILITY-AIR ar.00 U9.00 69.00 B80.080 ?3.00 168.00
URBAN FACILITY-RR -1.00 1.00 - 1.00 1.00 1.00 1,00
UREAN FACILITY-RUS 1.00 1.00 1.00 1.00 1,08 1.00
UREAN FAC.~ROAD 2290.00  3206,00 4uou, 00 626%9.00 B757.00 12223,.00
CORRILOR DEMDG 146000 = 140.00 156,00 153.00 150,00 145.00
HEALTH STATUS 454, 00 wiz2loo 410,00 320.00 - 371,00 357.00
CORRID LAND USE 1,50 2.00 3.00 3.50 : 4.00 .50
PROPERTY DIAMAGE 227,00 216.00 205,00 195,00 186,00 177.00
NOISE LEVELS : 88.80 101.60 112,60 123,70 1346.00 146,20
VISIRILITY ' 146.00 14,40 13.30 12.10 11.00 10,00
EMPLOYMENT 12.20 13.90 - 18.40 16,90 . 18,60 20,00
FOSSIL FUELS 38.50 Bi.uo 68,410 ?0.70 31.60 11.00
GROSES REG PROD 145,00 203,00 284,00 324,00 S53.00 773,00
INTERREG PROD ?3.00 134,00 179.00 246,00 338,00 467,00

CASE RESULTS: DENOMINATOR ASPIRATION LEVELS
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PASSENGERS

FREIGHT

INVESTMENT
DPERATING COSTS
SURPLUS/SUBIDY
URHAN FACILITY-AIR
URBAN FACILITY-RR
URBAN FACILITY-BUS
URBAN FAL.-ROAD

. CORRIDOR DEMOG
HEALTH STATUS
CORRID LAND USE
PROPERTY DAMAGE
NOISE LEVELS
VISIHILITY
EMPLOYMENT

FOSSIL FUELS
GROSS REG PROD
INTERREG PROD

CASE RESULTS:

1980

10,90
31.06

- 3,80
-1

-~ W20
a9l1,08
80
2104 50
160,00
L, 00
1,50
204,24
133.20
17,4k
11,32
o, 43
137.78
B3,70

1990

15,20
b1.,320
G. b0
B0
a0
ue.00
.30

- .80
3364, 30
145.00
Ua7., 00
1.40
241,92
152,40
15.91
12,79
53.97
192,80
11700

2000

21.30

7,60
1.10
40
49,00
B0
.60
4718,70
148,00
472,00
2,00
229,60
168,90
14,50
.17
71.82
249 .80
161,10

NUMERATOR FOR BASE GASE

2010

29,840
T72.35
10.460
Y.40
~.a0
80.00
.80

: . 80
&582.40
148.00
436,00
240
218.40
185,50
13,19
15.55
104,30
374,20
Q2,40

2020

41.60
100,44
14,680
1,40
T, 840
?3.00
.80

, 80
?174,%0
170,00
330.00
2,70
208,32
204,00
11,99
17'11
36 .34
625,30
304,20

2030

98.10
127,13
20,40
2.20
1,10
168.00
.80

. .88
1283u4,10
1¢G.00
283,00
3.00
198, 2u
219,310
10.94
18,40
12,465
AN 30
420,30
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PASSENGERS
FREIGHT
INVESTMENT .
OPERATING COSTS
SURPLUS/SUBIDY
URBAN FACILITY~AIR
URBAN FACILITY-RR
URBAN FACILITY-BUS
URBAN FAC.-ROAD
CORRIDOR DEMOG
HEALTH STATUS
CORRII LAND USE
PROPERTY LAMAGE
NOISE LEVELS
VISIBILITY
EMPLOYMENT

FOSSIL FUELS

GROSS REG PROD
INTERREG PROD

YN/YIN RATIO FOR

1780

.85
73
A7
75
"33
1.00
.80
.80
1,05
1,00
.78
1,00
1,12
1,30
1.09

W92

1,00

95
70

1990

.85
.93
.7?
73

~,38

1,00
.80
.80

1,05

1,03

1,06
B0

1'12

1,50

1,09
.92

1,05

., 95
90

BASE CASE

2000

, 85
73
.80
. 03
©. 36
1,00
.80
.80
1.05
1,08
1,15
67
1,12
115:‘}
i.09
92
1.08
95
.90

2010

! 185
93
. 80
l76

.31

1.00
.80
.80

1.05

1.10

1,25
69

1.12

1,50

1.09

92
1.15
95
.70

n

ALY,
ST @

C?HOOJ-
JO
V4 TVNopyg

2020

.85
73
.80
1]
-ndo
1.00
80
., 80
1,05
1.13
89
67
1.12
1,50

1,09

92
1.15
95
.70
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PASSENGERS

FREIGHT

~ INVESTMENT
OPERATING COSTS

/SUBIDY

URBAN FACILITY-AIR

URBAN FACILITY-RKF

URBAN FACILITY-REUS

LUREAN FAC.-ROAI
CORRIDOR DEMOG
HEALTH STATUS
CORRID LAND USE
PROPERTY DAMAGE
NDISE LEVELS
VISIBILITY
EMPLOYMENT
FOSSIL FUELS
GROSS REG PROD
INTERREG PROD

CASE RESUILTS:

1980

10.%4
31.00
B.00
.40
.20
91,00
. B0
80
2404, 50
140.00
4y, 00
1,50
254, 00
133,20
17 Y
11.71
H0.43
144,00
83,70

1990

15.20

7.80

80

.30
&G%.00
B30

80
33646.30

165,00

Ws37,00
1,40

232,00
152.40 -

15.9%1

13.34

G93.97
2005.00
117,00

NUMERATOR FOR TACY

2000

21,30
55,00
12,50
1,10
e Y
49.00
.80
.80
H7182,70
168,00
72,90
2,00
230,00
168,90
14,50
14,78
71.82
286,00
141,10

010

35.00
77.80
14.20

2.08

.30

72.00
.BO
.80

5015.00
165.00
370.00

2,40
190.00
150,00

11,61

16.22

90,70

410.00
229,00

2020

42.00
108,00
18.%50
3.05
”130
a4.00
.80
.80
7007.00
155.00
330.00
3.30
160.00
140.00
16.55
17.86
31.60
967.00
326.00

20308

70.00
134,70
25,80
.26
.30
?8.00
.B0
.80
?7¢8.00
5,00
300.00
4,00
150.00
130.00
?.99
19.240
11,00
83.08
4asS. 00
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PASBENGERS

FREIGHT

INVESTHENT
OPERATING COSTS

: . /SUBIDY
UREAN FACILITY~AIR
URBAN FACILITY-RR

UREAN FACILITY~HUS

URBAN FAC,~ROAD
" CORRIDOR DBEMOG
HEALTH STATUS
CORRIDN LAND USE
~ PROPERTY DAMAGE
. NDISE LEVELS

. VISIBILITY
EMPLOYMENT
FOSSIL FUFLS
GROSS REG PROD
INTERREG PROD

YN/YD RATIO FOR TACY

1980

85
93
1.04
TS
T, 33
1.00
80
.80
1,05
1.00
78
1.00
1.12
1.50
1.09
' 26
1,05
27
20

1990

85

.93
1,15

73
~.38
1.00

. B0

.80
1,05
1.03
1,06

, 80
1,12
1.50
1.09

96

1.05
1.01
20

20080

» 85

97

1,32

.73
", 36
1.00

. lBu

;80

1,005

1,08
1.15

67
1.12
1.50
1.09

l?é
1.05
1.01

20

2010

1.00
1,00
1.08
72
~.14
20
.80
-30
.80
1.08
1.00
|7l“'
97
1.21
.96
« 96
1 .00
1.04
93

2020

1.00
1.00

1.00

1.05
“.10

720

.80
.BO
.80
1,03
.89
.83
‘Bb
1.03
76
26
1.00
1.03
9?6

2030

1.02
1.00
1.00
1.04
T.07
71
, 80
80
80
1.00
« 84
. 89
.85
.89
96
94
1,00
1,01
1,00
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PASSENGE RS
FREIGHT
INVESTMENT
OPERATING COSTS
 /suBIDY
" URBAN FACILITY-AIR
URBAN. FACILITY-RR
URBAN FACILITY-RUS
- URBAN FAC, ~ROAD
 CORRIDOR DEMNG
HEALTH STATUS
" CORRID LAND USE
 PROPERTY DAMAGE
NOISE LEVELS
 VISIBILITY
EMPLOYMENT
- FOSSIL FUELS
 GROSS REG PROM
INTERREG PROD

CASE RESULTS:

1780

1998

10,90 16,72
31,06 %0,00
3.80 S5.40
Y] :1
~,.20 ", 32
51,00 59.00
.80 .70
80 .80
24k, S50 3029.67
140,00 145,00
Wik, 00 . 411,30
1,50 1,40
294,24 217,73
133,20 137,16
17.44 15.12
11,22 12,79
i, 43 ug .87
137.70 192,80
83.70 105, 64

NUMERATOR FOR 1PT

2000

23.43
G2.00
7.60
1.14
“ou2
49.00
. 70
.80
W244.83
163,00
42u.80
2,20
206, 64
152,01
13,77
14.37
ay . 64
273,61
158,87

2010

32,78
72,35
10.60
1,68
..653
80,00
.90
.80

S924,16

162,00
437,40
2.64
196.56
166,95
12,53
15.85
93.87
383,46
221,40

2020

us, 74

100,44
14,80
1.68
-
73.090
+ 70
.80

8277.21

140,00
297.00
2,97
187 .49
183,40
11,39
17,51

537.58

304%4.20

2030

63,91
127,13
20,60
2,31
“1.16
108,00
.70
.80

11550, 49

159.00
256,50
3.30
178,42
197,37
10,36
18,95
11,38
756 .25

420,30
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PASSENBGERS

FREIGHT

- INVESTHENT
DPERATING COSTS

/SUBINY

URBAN FACILITY~AIR
URBAN FACILITY-RR
URBAN FACILITY~BUS
- URBAN FAC.-ROAD
CORRIDOR DEMOG
HEALTH STATUS
CORRID LAND USE
PROPERTY LAMAGE
NOISE LEVELS
VISIBILITY
EMPLOYMENT
FOSSIL FUELS
GROSS REG PROD
INTERREG PROD

1980

L85
73
' 79
s
"33
1.““
80
- .80
1.05
1.00
78
1,00
1,12
1.50
1,09
22
1,00
4
.90

1999

93
-9“
79
{-)
~.38
1.00
90
IBU
A
1.03
l‘?s
80
1.01
1,35
1.04
92
P
98

31

YN/YD' RATIO FOR IPT

2000

.93
s 92
.80
7
.36
1.00
.90
.80
4
1.04
1,04
73
1.01
1,35
1,04
.93
Y
L)
.89

T q0
THO

RASLURIITY
d TYNIDy

Al
8T 3oy

2010

N
93
80
80

P |
1.00

.70

‘.Bﬂ

o4

1.06
1,12

)y 13

1,01
1.35
1.04

4

1,03

97
70

2020

.93
.73
«B80

=1

~.50
1.00
» 70
.80
74

S 1.07

080
L T4
1.01
1,35

1,04
LR

1.03
97
20

2030

A
73
L 80
1.
-.u(]
1,00
70
.80
M
1.1
02
.73
1,01
1.3%
1.04
PG
1,03
. 98
.70
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PASSENGERS

FRETGHT

INVESTHENT
OPERATING COSTS
SURPLUS/SUBIDY
IRBAN FACILITY-AIR
URKAN FACILITY-RR
UREAN FACILITY-BUS
URBAN FAC.-RDAD
CORRIDDR DEMOG
HEALTH STATUS
CORRID LAND USE
PROPERTY DAMAGE
NOISE LEVELS
VISIBILITY

- EMPLOYMENT

FOS511. FUELS
GROBS REG PROD
INTERREG PROD

CABE RESULTS:

1980

10,90
33,50
7. 04
60

"L 20
51,00
.Bu
.80
2404, 90
140,00
Wi, 00
1,50
254 .06
133.20

17 . 4%

12,00
Ho . u3
146,00
23,64

1990

15,20
B, 40
9.80
,80
.30
59.00
.80

,80
3366,30
165,00
US7.00
1,60
M2, 00
152,40
15.91
14,00
53,97
210,00
134,48

2000

30.00
G9.00
14,50
1,49
20
41,00
80

80

3418, 00
165.00

400.00

2.20
200,00
140.00

12,30
15.00
62,46
300,00
182.10

MUMERATOR FOR EARLY TACV

2010

n5.00
77.00
15,26
2,18
.20
72.00
. 80

, 80
9015.00
155.00
J30.00
2.93
168.00
135.00
11,40
17.00
?0.70
435.00
270,23

2020

9?.00
110,00
18,50
3,04
-1
84.00
.80

.80
7007.00
150.00
300,00
J.60
158,00
130.00
10,55
18.70
31,60
S97.00
364,90

2030

78,00
140,00
25,80
W,
.30
8,00
.80
80
?778.00
15,00
300,00
g, 50
155.00
125,00
9,599
21,00
11.00
834,00
903,910
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PASSENGERS
FREIGHT
INVESTMENT
OPERATING COSTS
SURPLUS/SUBIDY

URBAN FAGILITY-AIR

URKAN FACILITY-RR
URBAN FACILITY~RUS
URBAN FAC, ~RDAD
'CORRIDOR DEMOG
HEALTH STATUS
CORRID LAND USE
PROPERTY LIAMAGE
NOISE LEVELS.
VISYRILITY
EMPLOYMENT
FOSSIL FUELS
GROSS REG PROD
INTERREG PRDD

- YN/YD RATIO FOREARLY TaACV

1980

B85
1.00
1.u7

o 05
T 33
1,00

;BU

80
1,05
1,00

98
1,00
1,12
1,50
1,09

R 98
1,05
1,01
1,01

1996

.83
1.00
Lo Y

' ?3

~. 38
1,00
.80
.80
1,059
1.03
1.06
80
1.12

1.5

1,09
1.01
1.05

1,03

1,03

2000

1.20
1.04
1,53
. 79
.13
.88
80
.80
-
1.06
78
' 13
€0

1,24

72

.97

21
1.06
1,06

2010

1,29
1.02
1.15
1,04
=09
90
.80
.80
.80
1.01
.85
;1
.86
1,09
96
1,01
1.00
1,10
1,10

2020

1,320
1,02
1.00
1,046
.10
.90
.80
B0
B0

1,00

.81
.20
B0
176
76
1.0

- 1.00

1.08

1,08

o1 ADVd "TVNIDIHO

ALTIVAD 400d J0

2030

1.14
1.02
1.00
1,04
.07
1
.80
840
.80
1.00
 BY
1,00
88
. 85
76
1.00
1,00
1,08
1.08
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- PASSENGERS

FREIGHT

INVES THENT
_OFERATING COSTS
SURPLUS/SUBIDY
URKAN FACILITY-AIR
URBAN FACILITY-RR
URBAN FACILITY~BUS
URBAN FAC.-RDAL
CORRIDOR DEMOG
HEALTH STATUS
CORRID' LAND USE
PROPERTY DAMAGE

' NOISE LEVELS
VISIBILITY -
EMPLOYMENT

FOSSIL FUELS

GROSS REG PROD
INTERREG PROD

CASE RESULTS: NUMERATOR FOR IMPROVED CTOL

1780

10,90
31,06
3.80
-1
.20
a1.,00
.80
.80
2404, 50
180,00
Buuy, 64
1,50
254 , 24
133,20
17 .44
11,22
Ho,u3
137,70
83,70

1990

15,66
41,20
5, 1)
.80

~, 30
57,82
80
.80
334646.30
145,00
457,00
1.640
239,50
150,88
15.91
12,79
53,97
194 .73
117.00

2000
21,94

u2.73
7.60

1.18

40

&7.62
.80

, 80

4718.70

148,00
472,00
2,00
227.30
167:21
14,50
14,17
71,82
272,58

161,10

2040

30,69
72.35
16.460
1.60
-
a8.440

. B0

Ian
A582 .40

168,00

486,00

2.40

214.03

-181.79 .

13.19
15,55
102,22
379.96
221,40

2020

.85
100.44
iy, 80
1,460
~. 80
?0.21
.80
an
?1946.70
170.00
330,00
2,70
204,15
199,92
11,75
17,11
36, 31
525,30
304,20

2030

59.8u
127.13
20,60
2,20
1,10
104,76
B0

B0
12834, 10
175.00
285,00
3.00
194,28
214,91
©10.68
18,440
12,65
734,30
420,30
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1280 19940 2000 2010 2020 2030

PASSENGERS .85 .87 .87 .88 B7 .88
FREIGHT 93 .93 .93 .93 .93 .93
INVESTHENT . V79 79 .80 :1 .80 /80
OPERATING COSTS LTS 73 .73 .76 55 ity
SURPLUS/SUBTDY -, 33 -, 38 ~.36 TU31 s ".50
URBAN FACILITY-AIR - 1,00 .98 .98 .98 97 97
URBAN FACILITY-RR .8 .80 80 .80 .80 .80
URBAN FACILITY~BEUS .80 80 .80 .80 80 B0
URBAN FAC, ~ROAD 1,05 1,05 1,05 1,05 1,05 1,05
CORRIDOR DEMOG 1,00 1,03 1.08 1,10 1.13 1,21
HEALTH STATUS | .98 1,06 - 1.15 1.25 .89 .80
CORRID LAND USE 1,00 .BO 67 .69 67 &7
PROPERTY LAMAGE 1,12 1,11 1.11 1,10 1.10 1,19
NOISE LEVELS | 1,50 1.48 1,48 1.47 1.47 1.47
VISIBILITY 1,09 1,09 1,09 1,09 1,07 1,07
EMPLOYMENT 92 .92 .92 92 .92 .92
FOSSIL FUELS 1,05 1.05 1.05 1,13 1.15 1.15
GROSS REG PROD 95,96 94 .96 .95 95

INTERREG PROD , 20 : 490 .70 .90 .70 .20
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APPENDIX D
BACKGROUND CONCEPTS UNDERLYING THE ECONERGY METHODOLOGY

‘This appendix contains five sections, orginally envisioned to follow
Chapter 2 of the report. However, the material, while providing important
" background, does not relate directly to the 1ogita1'deVe1opment and pre-
sentation of the ECONERGY methodology.

Section D.l, Historieal Perspective, provides an overall perspective of
U.S. transportation - jts evolution and its present status. Section D.Z2.
National Transportation Goals, represents the frame of reference from
which intercity transportation systems need be studied. It provides a
philosophical basis for projecting a long-term socio-economic environment
into which all future transportation systems must be embedded. In particu-
lar, two futures, both based on eventual successful futures are discussed.
These are the steady but modest economic growth case and an energy con-
strained case. The latter might well be a plausible future if liquid

fuels for transportation were to become critical.

Section D.3, Feonomic Considerations, introduces very important economic
concepts. In particular, a new approach to discounting is suggested.
However, this new approach was not utilized in the example case used for
demonstrating the methodology. Its use should be considered in the Phase
IT because it reveals time-effect sensitivities that conventional approaches
fail to show. ’ '

~ Section D.4, Societal Considérations, is an attempt to place social issues
into context with economic issues. Section D.5, Technological Potentials
for the Year 2030, represents a brief overview of the technological poten-
tials which wili be influencing possible future transportation developments.

D.1 Histcrical Perspective

Yhile transportation will develop in response to social and economic
needs, it also shapes the character of a society and underpins its
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‘economic development. Massive U.S. development in the nineteenth cen-
tury was made possible by exploiting natural waterways, building a huge
system of canals and expanding railroads into the West. Selection of
transport modes and choice of routes determined which regions would be
favored and which economic activities would prosper.

The automobile, in the early twentieth century, increased mobility of
people but did little to alter patterns of freight movement until a
sufficiently large highway network, demanded by motorists, made truck-

ing economical. Truck transportation received a major boost with the

“ introduction of the interstate highway network financed through the
Highway Trust Fund initiated in 1956. A great deal of this truck fre1ght-
~ ing occurred at the expense of the railroad.

The railroad, which by 1920 accounted for nearly 98% of intercity travel,
Tost all but a 15% share of the intercity passenger travel market to the
highway in the brief period of 20 years before World War II. Air
transport,which was barely started as a viable system before World War II,
emerged in the last 30 years as a significant component of the passenger
transportation system, accounttng for more than 10% of all intercity
-'passenger-ktTometers

In retrospect, phenomenal changes in transportation since World War I
came about with the transition of the U.S. from an agrarian to an
industrial economy. With agriculturce now employing scarcely 4% of the
 labor force, .and still maintaining'the U.S. as the world's greatest
agricultural producer, agricul ture-related ‘ransport must stablize to
match the general economic growth. Industrial activity also has reached
its peak, relative to the genéraT level of economic activity, and has
actually begun to decline as a percentage of GNP. The growing sector
now -consists of services, based to a great extent in the information
sciences. It would'be difficult, therefore, to envision another major
economic change comparable to those of the first half of the century

" which would create the need for still another revolution in transportation
within the next 80 years.
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There may be one force for change which, while not altering the basic
~ character of transportation, will affect transportation technology and
its relative economics. Transportation has developed on an energy base
of 1iquid fuels. While liquids may continue to fuel transportation,
their source must change dramatically and the relative structure of
prices can be expected to alter. Thus, the relative cost of energy for
transportation will also change. - During the long period when (real)
petroleum prices were declining, the energy intensity of transportation
within each mode was also declining. As a result, the relative energy
cost had been in a long-term downward trend. With a four-fold increase
in petroleum priceé in 1974, the relative cost of energy in trans-
portation reverted to what it had been twenty or thirty years earlier.

At present, transportation, including both direct and indirect expend-
itures, accounts for 20% of the GNP divided about equally between freight
and passengers. Tbansportation currently accounts for 26% of total

U.S. energy consumption and 55% of petroleum consumption. The break-
down of Transportation components is illustrated in Tables D.1 and

D.1.2.

D.2 National Transgprtation'soals

The framework for comparing proposed new intercity transportation sys-
tems must necessarily be structured in such a way that specific deci-
sions conform with regional and local goals, consider regional and local
“economic and social impacts, and satisfy needs for forecasted traffic .
demands on particular route segments -On the other hand, all transpor-
- tation linkages u]timately become components of an overall national
‘transportat10n system which will evolve in a manner compat1b1e with the
general socio-economic environment. How the national transportation
system grows, adapts and changes over time will be influenced by many
things, not the least of which could be national aspirations for conve-
niences in transportat1on, compatib1e w1th some perce1ved level of afflu-
ence and related 1ife style. '
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~ baggage.
*  Less than 50 million ton-miles, or less tnan 0.05%.

{1). (2) (3)
‘ Total Railroads Motor Vehicles §Inltand Waterways 0il Pipelines Airways
Year Trafficpas . - ‘ 1
- Volume | Volume [% of Tot Yolume |% of Tot] Volume % of Tot} Volume )% of Tot] Volume % of Tot

1975 2.330 757 36.4 488 23.5 343 16.5 488 - 23.5 3.7 0.2_
w70 | 1,9% | 771 9.8 | 81z | 21.3 | 319 6.5 | an | 223} 33 | 0.2
1965 | 1,651 | 721 | 43.7 | 389 21.8 | 262 15.9 | 306 16.6 1.9 6.1
1960 1,330 595 | 44.7 285 21.5 220 16.6 229 17.2 - 0.8 0.1
1955 | 1,208 | 655 | 50.4 | 223 17.2 | 217 16.7 | 203 157 | 0.6 *
1950 1,094 628 | s7.8 173 15.8 - 163 14.9 129 11.8 0.3 *

{1} Includes electric railways, express and mail.

{2} Includes Great Lakes, Alaska for all years and Hawaii since 1960.

(3} Domestic revenue service only, includes express, mail and excess

mm mm N O BT

- By Typ

&

Table D.1.1-Volume of Domestic Intercity Freight Traffic
1950-1975 ( in Billions of Ton-Miles Except %)

e of Transport:

gomere  pwme g gy gresed e fewnet jomow gy oo B ~ £

T ARt

R



-6Y1-

et S g Tee— T————— TN i
| 5 . (1) | (2) (3) (4)
: Total JPrivate Automobile Airways : Buses - Railroads Inland Waterways
Year | Traffic™ -
Volume | Volume % of Tot| Volume % of Tot] Volume |% of Tot Volume 1% of Tot] Volume |% of Tot
1974 1,331 1;143 85.9 146 11.0 28 2.1 10 0.75 4.1 0.3
1970 | 1.185 | 1,026 | 8.6 | 119 10.0 25 2.1 11 0.9 40} 0.3
1965 920 818 88.7 58 6.3 24 2.6 18 1.9 3.1 | 0.3
1460 784 706 90.1 34 4.3 19 2.5 22 2.8 2.7 0.3
1955 716 637 | 89.0 23 3.2 25 3.6 29 4.0 1.7 | o.2
jso | s08 | 43 | sz | 10 | 20| 2 5.2 | 32 | 6.4 1.2 | 0.2 ‘
(1) Includes domestic commercial revenue service and private ‘
pleasure and business flying.
(2) Excludes school buses.
(3) Includes electric railways.

(4)

Includes Great Lakes.

Table 0.1.2 -Volume of Domestic Intercity Passenger Traffic
By Type of Transport: 1950-1974 {in Billions of passenger-Miles except %)




While decisions to invest in individual components of specific trans-
portation modes may be made from the localized perspective of rela-

. tively short-term profitability criteria, the future system must be
viewed as a Tong-term development. Thus, societal transportation alter-
natives must be evaluated within a framework of long-term socio-economic
predictions even where specific decisions are short-term. At the

same time, it must be recognized that transportation policy will, in
turn, shape the future character of the economy. Thus, prediction of
~an economic future will not be independent of the type of transportation
we, as a nation, dacide to develop. On the other hand, the effects of
such feedback are so complex that, at least initfaTIy, it may be neces-
sary to assume independence of feedback effects and therefore to assume
that the transportation policies, whatever they turn out to be, are |
compatible with the projected economic growth of the nation.

While it is evident that such evolution will take place as a result of
a very large number of individual decisions, these decisions will be
influenced by other policy decisions made at the societal or govern-
mental level. For example, the decision for the people of California to
fund a new, high speed rail system will be conditioned by the kinds of
federally funded R&D programs which will make such a system poSsible.

D.2.1 The Long Term Socio-Economic Environment

By its very nature, prediction of future events is a risky exercise.
‘Nevertheless, all investment decisions to undertake a new transportation
system must be predicated on some idea of how the future will unfold.
This, in turn, must be coupled with an expression of confidence that
the proposed system will prove to be economically and socially viable.
Furthermore, a go-ahead decision on a new system takes on the charac-
terisitics of a self-fulfilling prediction in that there is an implied
commitment to make the program successful in spite of unforeseen or
unforeseeable obstacles which must be overcome. Traditionally, invest-
‘ments in the individual components of a system are based on relatively
short-term forecasts of specific benefits and costs which usually
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assume, either explicitly or impticitly, a constant economic environ-
ment over that time period. Thus, an individual may invest in an auto-
mobile by planning ahead for only three or four years; an airline will
buy a new model airplane with perhaps a 10-year or 12-year perspective

~and have confidence that the new model will continue to be competitive

for perhaps twice that time. In neither case is there a need to consider
what future or follow-on investments will be required. The airline

will ad to its fleet only as demand grows. On the other hand, the
decision to develop a new technology for, say. a high-speed rail sys-

tem requires a decision to invest in a whole new infrastructure to antic-
ipﬁte how the systém may operate in the very long-term. However, the
expansion of rolling stock for the railway will be incremental, made

only as the demand grows. Thase questions indicate a need to examine

in depth the long-term prediction problem.

D.2.1.1 The Prediction Problem

Conventional methods for evaluating proposed transpertation systems
have started with traffic demand rUreccers. A Drecust represents an
extrapolation from past data into the future (Brown, 1962). The more
precisely and completely the future system is described, the wider will
be its ultimate divergence from the forecast state as the futurity of
the forecast is extended. This divergence expands exponentially with
time, Figure D.2.1. Furthermmore, if one expects to reach some level of
Systau'performance.this]eveTAwill presumably be reached, but the vari-

~ance for the:point in time at which the target performance is reached

may be many times greater than the variance of the estimate itself.

This spread in estimates with futurity means that for each forecast
there will be some time beyond which the variance becomes too excessive
for expectad outcomes to be meaningfuI in decision-making. Thus, one

‘can only broadly specify the system performance being forecast if a

long-term forecast is desired. Otherwise. specific estimates must be
11m1ted to a short-term planning horizon over which the variance in fore-
casts is reasonably small. '
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Figure D.2.1 -Forecast Divergence
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A brediction as differentiated from a forecast, which is an extrap-
otation, is a pre-statement of the future. A prediction includes the
forecast, with the addition of conditional judgments of influencing
factors which serve to restrict the variance of future outcomes to
fall within some reasonable range, thereby providing some insights
into the future course of events.

A fifty year span may be a relatively short time to plan for new trans-
portation systems which will require many years to develop and grow to
a scale that is viable in competition with existing systems. This is
far too long a time for forecasting any transpcrtation system growth,
Therefore, a prediction methodology rather than a more limited fore-
casting technique becomes an essential part of establishing a method-
ological framework. ' '

Fifty years may be the 1imit of our forecasting ability to establish a
meaningful range of economic conditions and even this forecast is only
feasible provided these economic conditions are described quite broadly.
In other words, we might be comfortable in extrapolating real GNP to

the year 2030, for instance, by simpiy assuming that the historic growth
rate of the past century, amounting to 3.4% per year, will continue
indefinitely. However, we are on shakey oround if we extrapolate the
composition of GNP by sector or geographical distribution. We can, how-
‘ever, predict what the distribution might be by introducting a number of
conditional assumptions which each reader could, himself, assess for
reasonableness. With such an approach, some idea may then be obtained
for predicting the future transportation system. This predicted sys-
tem may then be taken as the national aspiratior for the long-term
transportation system.. - | |

Caution must be exercised even here to keep the description of the
transportation aspiration sufficiently broad that, within the variance

of encompassing forecasts, they provide a meaningful frame of reference.
At the same time, the description must be sufficiently detailed to provide
a focus for planning intermediate stages of transportation development
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along with needed R&D policies for achieving the geal.

In effect, the methodology calls for designing a way to proceed from
the system as it exists at the present to a fairly broadly deseribed
new transportation system over a long-run future.

D.2.1.2 Planning for Success

The predicted socio-economic future should be based on realistic
assumptions which, on the whole, are ontimistic. It is always pos-
sible to develop a set of plausible scenarios resu?ting in pessimistic
outcomes at one extrme‘and overly optimistic outcomes at the other,
However, we are attempting to establish a goal or aspiration which
people in general would agree is desirable. These are always in the
nature of self-fulfilling predictions which lead to decisions for
success. While failure and digressions from the plan can and do occur,
it is the achievable objective which should form the basis for planning.
This is not to imply that contingency planning is unnecessary but
rather to point out that extremely pessimistic long-term scenarios do
not furnish a useful basis for describihg the aspiration transportation
system,

A range of futures may nevertheless be desirable. However, it is not
the purpose of Phase I to do more than illustrate the technique. There-
~fore, in addition to the 3.4% steady growth case, only one other case
will be reviewed. This second cése calls for a prolonged interruption
of economic growth.

It is felt there is the real possiblity of a major shortfall of energy
for a period of some years during the 1980s and possibly extending into
the 1990s. Under such circumstances, a prolonged interruption of eco-
nomic growth might very weil occur. While the optimistic outcome calls

- for a resumption in economic growth, such an interruption would probabiy
~impact social attitudes in éuch a way as to alter perceived transportation
values seriously. Furthermore, the hation, in coming out of such a
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depression, would be doing so with a signifizantly altered institutionalism
and a significantly changed relative price set.

0.2.1.3 Depicting the World of 2030

While the aspiration approach has been suggested above, it should be
emphasized that ECONERGY does not purport to make depictions of desir-
able futures except as "for instances." Actual implementation of the
methodlogy could utilize the opinions of experts. Furthermore, a con-
" sumer survey is not a practical mechanism for accomplishing this task
because people tend to judge their own future values in relation tc
their own current circumstances. While they might extrapolate, they
don't, in general, have the ability to predict how they might feel
about various values if their own circumstances should turn out to be
materially different from those with which they are familiar. Further-
more, individual values are influenced to a great extent by the common
views of others. A herd instinct will tend to take hold; there will

be a "keeping up with the Joneses" syndrome. Therefore, there might

be some assessment by sociologists of what kinds of future values péop]e
may come to hold. ' '

D.2.2 The Base Case - Steady Economic Growth

Given that the average national economic growth of 3.4%, characteristic
of this-century; continues into the foreseeable future, then the fore-
cast of total economic activity, as measured by GNP, will climb to about
~ $7.5 trillion (1972 dollars) by 2030. There may be some question about
"population growth over this interval. Cleariy, there has been a dramatic
slowing of the birth rate in recent years. However, birth rates do
fluctuate, partly reflecting changing social attitudes. “The U.S. Bureau
of the Census projects that if fertility rates approach replacement
~tevels of 2100 births per 1,000 women and if there is a slight drop in
the mortality rate and annual net 1mm1grat1on continues at 400,000,

then U.S. popu1at1on will reach 300 miltion in 2030. Thus, popu]at1on
Tevel is considered by the Census Bureav to be the middle projection
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bracketed byhigher and lower projections. A population of 300 million by
2030 implies an average annual growth rate of 0.6%. This would mean a
per capita GNF of $25,000 (in 1972 dollars) or about five times the pres-
ent value. The question now is how much of this increased affluence is
Tikely to be allocated to transportation and, in particular, to intercity
transbortation; If past trends of urban growth continue; if the ratios
of business versus pleasure travel were to remain the same; if the same
logistic system for distribution of goods holds true; then it would be a
simple matter to predict that transportation expenditures will grow in
phase with GNP. This may be a reasonable first approximation. Figure
0.2.2 shows hnw'proportiOnate spending for transportation grew from the
time the automobile was introduced in 1909 until World War II. Since
then, it has remained essentially constant at about 13 percent. On the
other hand, the composition of transportation has changed. The ratio of
intercity to urban transport has altered significantly. The ratio of
freight to passenger expenditures had remained essentially constant at
approximately one to one with the total cost of transportation represent-
ing almost a constant 20% of GNP (Transportation Association of America,
1977).

While these ratios have been constant over the post WWII time pariod,
this was not always so. Increasing proportions of spénding on trans-
portation came about as we transitioned from an agrarian to an indus-
trial based economy. Thus, these constant ratios may be representative
of a mature industrial society. If the next transition in the economy
is from an industrial to a service economy, the percent of GNP for
transportation might well decline for freight and increase for pas-
sengers (i 2., tourism).

The surge in-an increased‘spending ratio for intercity transportation
after World War II may have occurred because of the increased con-
venience and speed of air travel. - People might well have been-willing
‘to spend a larger portion bf'their incomes for travel before that time
if transportation service had provided a higher utility for them. Thus,
in formulating a plausible transportation aspiration for 2030, some
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judgment must be made as to how the extra transportation spending will be
allocated to more passenger miles versus more comfort, convenience, speed,
etc.

Because we are describing an aspiration for a 50-year future, it will
not pay to become too precise in describing what the transportation
situation will be nor what the trade-offs between speed and other
values will be. It may be sufficient to hypothesize such conditions

as: :
1.  Passenger-kilometers per dollar of GNP will remain constant,

as it has in the recent past (1960-1975), after introduction
of jet travel., The urban/non-urban split will remain the
same. ‘

2. Agricu1ture {now 4% of GNP) and manufacturing (now about 20%
of GMP) which together dominate demand for Freighf, witl
together decline to 18% of GNP, If freight costs maintain

" the same proportion to other costs, this will mean 7.5% of
GNP will be spent for freight transport.

| 3. Capital costs for transportation will rise from isﬁ of total
capital cost to 18% of total capital cost, or say 3.3% of GNP.

4, Comfort, speed and safety will improve by some unspecified
amount as dictated by physica1_constraints rather than by
cost.

With these assumptions, the amount of travel and freight which must be
accomodated 50 years hence is shown in table D.2.1.

With the national transportation aspiration described in terms of
magnitudes of travel and freight to be accomodated, it then becomes
_necessary to allocate this transportation load te regions. Changing
population patterns, income levels, characteristics of commerce, etc.,
of each region with its network linkages provides a means for deter-
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Transportation Attribute | 1950 1958 1960 1965 1970 1978
U.S. Passenger-Kilometers 813 1,146 1.254 1,472 1,896 2,096
{(Billions)
Ju.S. Tonne-Kilometers 1,928 2,284 2,341 2,906 3,407 | 3,661
: ~(Billions)
GNP {1972 Dollars-Billions)] 534 655 737 926 1,075 1,192
b.S. Passenger-Kilometers/| 1.52 1.7% 1.70 1.59 1.76 1.76
$enp
U.S. Tonne-Kilometers/ 3.60 | 3.9 | 318 | 3.8 | 317 | 307
SGNP
Historic
Transportation Attribute 1980 1990 2000 2010 2020 2030
u,s. Passengér‘—Kﬂometers 2,480 3,464 4,840 6,763 9,447 13,196
: (Billions) _ - N
U.S. Tonne-Kilometers 4,310 5,720 7,560 {10,100 {13,300 17.7Q0
' {Billions)
GNP (1972 Dollars-Billions) 1,409 | 1,968 | 2,750 | 3,842 | 5,367 | 7,497

TableD.2.1-Transportatinn Levels of Service

{b) Projections
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mining actual transportation demands for 2030 by specific corridors.
This is 11iustrated in the example case for the Los Angeles/San Fran-
- cisco corridor.

The next question to examine is the kind of technologies that could

- be developed to meet a long-run level of demand. In some cases, such
an exercise might reveal that the implied volume of traffic is simply
not physically realizable. In other cases, it will show the scale of
revision for the transportation system which must be made. It will
also demonstrate when R&D programs must be initiated. This question

js addressed in Chapter 10. |

D.2.3 The Resource-Constrained Case

Various studies such as the WAES study of MIT have indicated a ma.jor
energy shortfall developing on a world-wide scale sometime during the
mid 1980s. This will be largely due to a petroleum shortage and, as
such, is likely to impact transportation more severly than other com-
‘ponents of the economy. A UCLA study (English and Liu, 1977) devel-
ops a plausible scenaric based on this shortfall occurring but it also
-includes the assumption that we will adapt successfully and devise
suitable alternatives. These alternatives will include development of
synthetic hydrocarbon fuels. Nevertheless, the higher relative fuel
cost will probably bring about a major change in the values which we
place on transportation. The technical options chosen will tend to

- favor less energy-intensive modes rather than more encrgy-intensive
modes. The changing relative cost of freight transpcrtation will influ-
ence trends in location of production facilities in order to reduce
overall transport. The effect may be to induce a movs: itowards some
decentralization of industry. '

 The probabiYity'of'Suéh a resource-constrained future could be quite high.
The work required to develop a plausible transportation aspiration'com—

- patible with it, however, is beyond the scope of the present study. Never-

theless, it is important for an'intercity transportation evaluation
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methodology to be able to reflect di fferent anticipations of long-range

futures. It should also be recognized that transportation systems them-

selves help condition the future. For example, urban decentralization

tends to result after the introduction of a major transportation system

in a sparsely populated area. The ECONERGY comparison methodoloqy does
provide a mechanism for evaluating the effects of different long-range

* futures on transportation planning.

D.3 Economic Considerations

A number of impartant economic questions will be discussed in this
section. While not an exhaustive set of questions, they raise the
‘most important issues which bear on application of the comparisen
methodology. '

D.3.1 Long-Term Invéstments in Transportation Systems

Incremental investment decisions necessarily are short-term. They all
have the same characteristic pattern of an fnitial net expenditure
stream (investment phase) followed by a larger net benefit stream
(return) as shown in Figure D.3.1.

A

$/Year.

1///' : Net Benefit
e
W | i

Figure D.3.1 - Typical Project Cash Flow
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The justification for each investment, whether that of a personal auto-
mobile with its short investment/payback cycle, or a new fixed guideway
public system with its relatively long investment/payback cycle, is
that expected return flow exceeds investment flow. When the national
transportation system is financing its own growth by reinvesting the
entire return flows in expansion of new transportation, then the total
-cost of transportatioh will grow expdnentiaT?y, Curve A of Figure D.3.2.
If a change in the pattern of the cycle were to occur, as would be the
case in shifting the emphasis in transportation from the short-run cycle
of automobile systems to fixed guideway systems, a shift from Curve A
of Figure 0.3.2 to Curve B of Figuré D.3.2 would produce a bulge in the
cost of transportation. The extra investment represented by the shaded
area between Curves A & B and as shown by English and Smith, 1977, is
the societal investment needed to change curves from the evolutionary
growth patter of A to the new path B, The economic justification of
such a shift in emphasis is that the discounted value of the differences
over a more-or-less indefinite future is positive. Even if the cross-
over point does not occur until sometime in the next century, the dis-
counted value of the net benefit/cost flows can be positive, simply
because of a favorable difference between the relative growth rates and
the discount rates. '

0.3.2 Energy Limitation as a Driving Force for Change

The transportation sector has been fueled by petroleum which currently
accounts for about one third of the direct operating cost (DOC) of
transportation. This breaks down into about 30% for automobiles, 40%
for airplanes, 12% for trains and 33% for trucks. The fourfold increase
in world o1l prices in 1974 changed the pricing structure of transpor-
tation-dramatica11y but the U.S. transportation sector has been sheltered
from much of the effect as result of indirect subsidies. For example,
U.S. airtines show 38% of DOC for fuel as contrasted with international
Tines which have fuel costs of 50%50fDOC. The relative priceof liquid
fuels must rise within the next twenty years with the result that fuel
costs will continue to represent a rising share of transportation costs.
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The effect of rising energy prices will have other impacts on trans-
portation. Transportation now accounts for slightly more than 25% of
total U.S. energy consumption for propulsion alone. However, about 20%
of total energy use in transportation is consumed in industrial proces-
ses required for building transportation equipment. The altered rela-
tive price of energy as well as the need for alternative sources of sup-
ply will force changes in the characteristics of transportation. These
changes will take time, but they are inevitable. They will be reflected
in design of lighter vehicles, reduced performance, and longer-lived
equipment. However, as people adjust their life-styles to reflect their
own value adjustments, the modal splits will also alter. Aside from these
altered patterns of transportation, the major impact might well be reduc-
tion in the proportion of GNP spent on transportation. In this case,
freight transportation might be altered to accomodate the changed eco-
nomics of plant locations required to balance material sources and

market outlets, These are all long-term effects which must be taken

into account in developing a plausible aspiration for long-term future
transportation systems.

D.3.3 Finance and Subsidy.

As will be emphasized'in Saction D.3.4.1, finance relates to the question
of the how of the payment for goods and services. It is usually considered
in the context of capital expenditures which separate;_in time, payment
for providing the cability to furnish the service and the realization of
the actual benafits from the service. Capital which is financed by debt
is usually required to be paid back over some fixed time period at a
specified interest rate. Prorating such expense over a given time span
establishes a scale of fares or freight rates required to cover "debt
~service". However, such rates are predicated on allocating all of the
costs of each component system to users in proportion to their use of

the system. Rates or fares computed in this manner may tend to be over-
stated to the extent that some part of the investment contributes to the
later success of follow-on investments. In other words, fares are based
more oh,a]?ocation of financing than on true economic cost.

-164-



Subsidies for capital expenditure, on the other hand, may have the
opposite effect of causing an understating of true economic costs. In
turn, depending on how subsidies are established, whether to cover
capital costs or operatfng costs, they will be reflected in an adjusted
fare structure.

It is trua that certain aspects of transportation may properly be
regarded as public goods. As such, incremental use of the public com-
ponent fs a free good (i.e., zero shadow price) as long as the sys-

tem operates below capacity. Nevertheless, while the public must

pay collectively for use of the system, the individual's decision to
utilize the service is strongly influenced by his personal payment for
it. Thus, subsidies on the one hand and taxes on the other have a

great influence on demand for the service and are instruments for effect-
ing policies for encouraging one mode at the expense of another.

0.3.4 The Discounting Principie

An important characteristic of the ECONERGY methodology which distin-
guishes it from all previously developed approaches for transportation
planning, is the emphasis on the very long-term. This requires special
understanding of the fundamental concepts underlying discounting pro-
cedures. Such procedures, now commonly called discownted sash Flow
(DCF} when applied to the private sector, or bemefis cos* analysis when
used in the public domain, are very often used incorrectly and are viewed,
almost universally, in an over-simplistic way. The kinds of errors made
and the reasons they turn up in investment'decision-making need to be
reviewed in order to establish a fresh viewpoint for the discounting
‘technique proposed by ECOMERGY.

0.3.4.1 Economic Justification Versus Financial Feasibility
There is an important distinction between economic justification and

financial feasibility. Failure to recognize this difference often
results in erroneous analysis. This error is prevalent in transpor-

165~




ation studies. That it occurs is evident from a misdirected emphasis

on bond issues that appears in most transportation studies. In the

minds of many, these two types of analyses are the same thing., But in
point of fact, they address completely different problems. An economic
‘analysis is made for the purpose of answering the question: #hat trans-
portation system is the most economical alternative by comparision with

a1l others? On the other hand, a financial analysis is made for the
purpose of answering the question: Given the best choice of transportation
system, how is the cash flow to be managed for implementing that parti-
cular system? The distinction is between what in terms of economics and
how in terms of financing. This confusion is evident even in the naming
of the two methods for project evaluation: the so-called wtility financing
and the egquity finamcing method. As evidenced by their names, these
methods, although presented as a means for economic evaluation, are
essentially finance-oriented. In effect, there is an implicit assumption
that any project is good but the real question is which is the easiest

one to finance.

D.3.4.2 Life Cycle Cost

It is appealing to evaluate a proposed new transportation system over

a time-pericd which may be defined as its Iif¢ cuele. This life cycle
" is conceptualized as being the physical 1ife of the hardware components
of which the system is comprised. However, what is usually done in
practice is to define a planning period corresponding with the conven-
tional financing cycle of the equipment to be purchased. This leads to
a cut-off time beyond which no further costs or benefits are considered.
Such a cut-off is then held to be Just1f1ab1e because the discounted
values beyond the cut-off time tend to be insignificantly small.

Actually, there can be no ﬁnique life cyc]e'fbr a proposed new trans-
portation system. If the decision to proceed with the new system
proves to be unéound, it may be abandoned long before the end of any
physical life. If, on the other hand, it is viable, the system will
grow and expand for an indefinite time. However, its components wear
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out, break down or become obsolete over a spectrum of physical or
economic life cycltes. Consider an airline, for example. The pro-
curement of a new airplane model may be predicated on a physical life of,
for instance, eighteen years. However, a number of things may dictate
that the model type could be serviceable for many fewer or many more
years than eighteen. If within eighteen years, the new model proves

to be an economical component of the airline network, over those years
many more airplanes of the same model will have been purchased. There-
fore, the fleet will be comprised of aircraft with a mix of ages. If
the model should then become obsolete by a technological advance in,
perhaps 22 years, the entire fieet must be replaced when some airplanes
in the fleet will be almost new., The present Boeing 707 is representa-
tive of such a case, while the Douglas DC 7 was obsoleted less than

10 years after it was introduced into service.

Physical wear and tear and technical obsolenscence are only two con-
siderations in the determination of a 1ife cycle. Capacity lTimits
| may be another. When growth in demand reaches the capacity limits of
equipment, new identical units may be added but alternatively it may
then pay to replace existing equipment with new larger equipment. For
example, individiual airplane types may reach load capacity limits, but,
while added flights using identical equipment might take care of the
probiem for a time, larger units to replace the existing equipment
might prove more economical. Furthermore, replacement of the smaller
equipment by larger units could be dictated by capacity limits of air
terminals in terms of flights/day. This tendency for growth to over-
take capacity produces accelerations of component 1ife cycles. Thus, if
there is a useful concept of a discernible life cycle, it clearly is
growth-rate dependent. The concern for identifying the 1ife cycle may be
counter-productive in one other way. It leads to a view of independence
of the'system when in fact each new project is an interactive component
of a growing time-interdependent system.
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D.3.4,3 Interdependencies

Conventional economic evaluation techniques are largely based on

implicit assumptions of independence. The origion of this tendency may
lie in the focusing of financial feasibility rather than on economic
evaluation. Each proposed system clearly has a fixed capacity limit
which, when reached, constrains the outputs to a constant output for the
life of thaf system. However, if an initiating project proves successful,
other expanded and improved systems will be required as time unfolds.

The complete system includes not only the complementary components to
make it immediately serviceable, but also succeeding replications and
‘expansions into a very long-run future. Thus, from the systems view-
point, the net cash flow (i.e., benefit flow), including allowance for
capital spending, will 2lways be exponential beyond some planning horizon
(SectionD.2). See Figure D.3.3.

Clearly, the exponential growth must level off at such time as the
system saturates. However, this will generally be a very long time
in the future.

tven with the use of conventional discounting and relatively high
discount rates, the net present value for a time scale of as much as

50 or 100 years can be significantly large. Therefore, contrary to
accepted practice, discounted values beyond 20 years are woc insignifi-
cant but can, in fact, be far more significant than the discounted values
of the first 20 years., This is s0 because the conventional discount
function in continuous form is an exponential, e'rt where r is the
discount rate. If the benefit flow stream is growing at an exponential
rate g, then the sensitive pérameter is g-r. If this parameter is

positive, the system's present value can approach an arbitrarily large
number,

D.3.4.4 Econemic Measures

Economic measures are stated in terms of monetary values — dollars.
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That dollar measures do not capture all values of concern is obvious
and is the reason why it is necessary to structure the evaluation
framework in terms of variables other than economic measures. It is
worth considering why one set of variables can be readily aggregated
into dollar values while others, such as noise, safety, aesthetics
cannot.

Fundamentally, money is a reference value measure where large numbers
of trades are being made, so that a statistical average of all trades
for a given good establishes its average value in a market, Thus,
relative prices of all goods being traded are statisitcal measures of
relative value in current time. If no market exists, as is the case for
most externa]ities, then the only way to establish a value in monetary
terms is either to impute it, or to develop a proxy for an exchange
value based on estimates of willingnhess to pay if a market does, indeed,
exist. In many cases, such as for the comparison variables, it is a
more feasible approach to proceed directly with the value analysis as
discussed in Chapter 4. The point of this discussion is to emphasize
that economic valua expressed in dollars is only a way of aggregating a
large number of physical variables for which prices are determined
through the voting mechanism of the market.

It should also be clear from this that the values of only those goods
flowing through the market in current time can be so aggregated. Except
for a very timited futures market, which is essential short-term, the
prbspective future flows of goods and services cannct be priced by
the market. The best that can be done is to estimate what relative
values will be in the future; when'they actually are priced by the
market. Thus all long-term relative values suffer in the same way,
~in that there can be no market pricing system and thus values must be
imputed whether for tangible:z such as pounds of aluminum, gallons of
gasoline and the like or for intangibles such as noise. In general,
the kinds of goods which are uriced in the market currently will be
those for which future imputed prices are more readily estimated, and
which are therefore usually treated as if they were market-determined
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and so are aggregated accordingly. However, as shown, the values of
such imputed dollar amounts are not the same as present prices,

Imputed future prices are on the same monetary scale as at present but
do not incoroporate any measure associated with the utility of time.

D.3.4.5 OQOpportunity Cost Versus Time Preference

Investments in new transportation systems, as for any investment,
require foregoing use of certain present resources for the prospect

of recovering them - or their equivalent - plus a premium over some
future time frame. Two conéiderations come into play in making the
decision. First, the opportunity, which is exogenous to the decision-
maker. 1s determined by physical and technical variables in such a way
that the resources invested, such as labor, materials, energy and
other less tangible imputs are returned as a later flow of some other
mix of service, transformed materials, energy and other less tangible
inputs. Not only are the amounts of such resources prescribed by the
characteristics of the opportunity but so also is the shape of their
flows as shown in Figure D.3.1

The second characteristic for the decision-maker to consider is the
measure of worth or utility of the alternative opportunities to be com-
pared. This may be illustrated by Figure D.3.4.
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Figure D.3.4 - The Discounting Principle

-171-



The opportunity may be exemplified by a point return of resource y

at t (point A above) for an investment of Yy at t=0. The investor

will be satisfied if, when he factors y by a discounted factor D(t),
y-0(t)>y,.

He will be indifferent at a point where

y-D{t) = y,.
The factor D{t) completely captures the measure of this utility for
the prospect of y(t). This depends on time as well as on how strongly
he feels about the prospective gain. Conventionally, as developed by
Fisher (1930), the discount function has been taken to be

p(t) =

Fisher based his argument for using the above equation as the discount
functicn on the equating of the time-reference forchnsumption with
the opportunity for a return. This principle cannot be disputed, but
the way in whichtime-preference changes with time may well be accord-
ing to some other relation than a constant rate, r. Two separate but
related arguments have been suggested for a more appropriate discount
function (Lifson, 1976 and English, 1976, 1978). A further extenticn
by English, "A Question on the Validity of the Discount Function", is
currently in preparation for publication.

The essence of English's argument is that while the market may establish
the ratio of a future to a present value for the next time-increment
at (1+r), this may be more or less constant with time as perceived,

but time is not perceived with respect to the present an a linear
scale. It may he logarithmic as for all other human sense perceptions.
On the basis of a perceptual scale for time as the log of time, the
conventional discount function transforms into one which discounts
longer term va1ues 1ess severé]y and therefore prevides a significant
present worth for cash flows which will be generated in the very long
ru Such a discount function might be called a discount function
based in perceptual time.
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It may be shown for perceptual time of r = %-1n(1+bt)
where 1t is perceptual time, t is real time, and b a scaling parameter,
that

p(t) = (1+pt)""/0 .

A discount function incorporating this concept and utilizing a 10%
value for r and a 0.2 value for b is shown in Figure D.3.5, Conventional
discount functions of 10% and 4% are shown for comparison,

The discount function developed above applies to economic measures in a
way which satisfies Fisher's criterion of equating opportunity with
time-preference. However, to extend the concept of discounting to
other than economic measures such as health status or environmental
quality requires further review.

D.3.4.6 Discounting of Other Than Economic Values

The discount factor applied to future measures of worth (utility) con-
verts the utility to the present utility of that prospect. The basic
notion is a time-preference idea and is no different in principle from
oter utilities (developed in Chapter 6). A comparison can be made of
alternative transportation systems by comparing the utilities of all of
~ the available opportunities (i.e., alternative systems). The approach
to discounting used by Lifson (1976) is based precisaly on this concept
of comparing utilities.

Any discount function based on equating opportunity with time preference
has in effect incorporated a reference or base-line opportunity into

the comparison. In conventional discounting, the discount rata is iden-
tified as being the oprormumizy-cost of cariétal., This means that

there is an assumed reference opportunity with which capital investments
may always be compared implicitly.

-173-



~vil-

Discount Factor

.
La]

Conventional

Perceptual Time
Discqunt Factor

]/‘/"“--.‘___
Conventiona =~

Figure D.3.5-Discount Factaor for Perceptual Time

Exponential R = 10% ~ ~ Exponential R = 4%
T~
Ah S~
“'"-__‘.-
o . 1 a4 L. 1 1 -_‘—‘l.-.-_-l“--—-—ﬁ
5 10 15 20 25 30 35 40
Years

i 2 B - AR T . B s Y ol B

o A Sk



-D.4 Societal Considerations

Transportation interacts both directly and subtly with all the elements
affecting our quality of life. Where we live, where we work, our health,
the way we use our land, the noise levels to which we are subjected, our
ability to see the world around us, the flora, the fauna -~ all these
“and all the other concerns dealt with in environmental impact statements
are influenced by our transportation systems.

In spite of the profound, parvasive consequences of transportation deci-
sions, little is known of the way such consequences are propagated through
our physical and social environments. The'relationship between air pol-
lution and people's health status, for example, is not understood. Val-
idated analytic models for estimating the effects of emissions of a can-
didate transportation mode on health are non-existent. As a conseguence,
emission standards are defined and vehicle emissions are used as criteria
in evaluating alternative transportation modal concepts. Vehicle emis-
sions are, however, a performance characteristic of a particular system
design, not a measure of mission effectiveness. For the selection of a
modal concept, effectiveness criteria that measure impact by the trans-
portation system on some valued facet of the environment are more appro-
priate. - People's health status, visibility of the areas in which we
live, and effects on flora and fauna would define some of the factors
~ that make emissions important to us and would be, therefore, proper
transportation system effectiveness criteria. In general, the poor
state-of-the-art in modeling the mutual interactions and continuous
feedback between transportation and its total environment necessitates
the use of makeshift approaches to the analysis and evaluation of alter-
native transportation modal concepts:
(1)  the use of performance criteria where effectiveness criteria
would be more appropriate
(2) the use of effectiveness criteria, with analysis accomplished
by eliciting judgmental estimates from knowledgeable personnel
{3)  avoiding the problem by omitting troublesome criteria from
exp1fcit analysis and evaluation; the impacts omitted from
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analysis and evaluation may, of course, be factored into the
decision by the decision-maker in some intuitive and, hence,
unknown manner.

Approach (3) has been standard practice in transportation planning until
the recent pressures for explicit reporting of the bases for decision-
making. Approach (1) is used where "hard" data and known models are
available; estimation of the relationships between performance criteria
and effectiveness criteria is, of course, accomplished by judgment and
intuition and is, tnerefore, not easily reviewed, discussed, or communi-
cated. The ECONERGY methodology is based on approach (2) in order to
assure that the information generated by the analysis activity, using
the best available techniques and data, is the information responsive
to the needs of the decision-maker's value system, and that the output
of analysis is explicitly evaluated through application of an agreed-on
evaluation model.

D.5 Technological Potentials for the Year 2030

A number of different technologies and aggregations of these technol-

ogies bear directly on transportation systems. For purposes of dis-
cussion, these technologies can be grouped in various ways such as by
categories of vehicle type, subcomponent tecknology, scientific discipline,
etc. In the following discussion, the areas of technology will be grouped
insofar as possible, primarily by subcomponent tecchnologies together

with examples discussed in the context of transportation vehicle systems.

A1l transportation systems require at least one step of energy con-
~version where the final form of energy is that of the mechanical

energy propeliing the payload being transported., In this sense, the
automobile, for example, can be considered an overall energy conversion
device that converts the chemical energy of the fuel into the mechani-
cal energy necessary to transport passengers. Technological efforts
are.directed toward decreasing costs and energy corsumption and improv-
ing performance while simultaneously satisfying requirements set by
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certain social and environmental considerations.

Directions of technological endeavor, primarily at the vehicle level,
include the following:

1.

2.

Decreasing the energy loss associated with vehicle motion.

Examples:

™ Decreésing the rolling friction of trains by the method of
magnetic levitation. _ _

e Decreasing aerodynamic drag of a transport aircraft.

Storane and regeneration of braking energy.

Examples: '

e Use of on-board flywheels to store and reuse energy
required in braking {called "regeneration").

e Use of electrical regeneration systems that feed the
braking energy back into the feeder system of an electric
railroad.

Increasing the efficiency of chemical fuels and their energy

- conversion devices.

Example:

e Decreasing the specific fuel consumption of an aircraft
turbojet engine by increasing turbine inlet temperature.

Decreasing the mass of the vehicle relative to payload.

Example:

e Decreasiny the mass of a railroad car by means of all-
aluminum construction.

Improving efficiency of operation of energy conversion

devices through improved information processing and control.

Example:

e Use of mini-computers in automobiles to meonitor and adjust
the engine for minimum fuel-consumption under all opera-
ting conditions.

D.5.1 Decrrase in Energy Loss Associated with Vehicle Motion

A significant fraction of the total energy expended by transportation
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vehicles is allocated to overcoming resistance to forward motion. For
aircraft, the primary source of resistance is aerodynamic drag while
for wheeled vehicles the resistance comes from both aerodynamic drag
and rolling friction. Rolling friction results from friction in wheel
bearings, inelastic flexing of “he wheels/tires, and from contact with
the surface over which the wheel is rolling (including some degree from
sliding). There is also a certain amount of energy expended by motion-
and vibration-damping devices, although this tends to be minimal.

D.5.1.1 Aerodynamic Drag of Flight Vehicles

Since for an aircraft in steady flight the drag forces equal the engine
thrust forces, it is clear that any reduction in drag will serve to
conserve fuel. Depending upon the nomenclature used, the total air-
craft drag is considered to be composed of two or three components.

The induced drag is the penalty paid for the aerodynamic 1ift that
supports the aircraft, whereas the profile drag and skin friction drag
(sometimes called parasite drag) are the penalties associated with mov-
ing a body through a viscous fiuid.

D.5.1.2 Induced Drag

Induced drag can be decreased by increasing the effective aspect ratio
of the wing. Because the air pressure on the lower surface of the wing
is greater than on the upper surface, there tends to be a flow of air
around the tip from the Tower to the upper surface. Since the wing is
moving forward, this flow results in a trailing vortex that consumes
energy. This effect can be lessened by making the wing longer and
narrower (increasing the aspect ratio). It can also be lessened by
employing a winglet to help block the flow around the tip.

It has been estimated that the use of winglets offers a potential saving
of 4% - 6% in fuel consumption, However, the decrease in drag is
obtained at the expense of higher wing bending moments, which, in tura,
tend to increase structural weight. According to conclusions drawn
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by the Douglas Aircraft Company (NASA CR-137923, 1976), there can be
a net benefit from the use of winglets.

D.5.1.3 Supercritical Airfoil

There 1s a newly-developed airfoil shape that essentially increases
drag-divergence Mach Number of a given wing relative to conventional
shapes. This, fn turn, can be translated into reduced wing structural
weight, either by decreasing the required sweepback angle and/or ‘
increasing the allowabie wing thickness. It is difficult to assess the
potential benefit of this development because of the complexity of pos-
sible design tradeoffs. Only an overall design optimization study can
determine the magnitude of the fuel-conservation potential of the
supercritical airfoil for a particular aircraft of for a generic

family of aircraft. For examp}e, at a cruise Mach Number of (0.8, a 5%
reduction in fuel consumption has been computed by changing to a super-
critical airfoil in the DC-9 aircraft derivative.

D.5.1.4 Laminar Flow Control

By removing the boundary layer from the aerodynamit surfaces, skin
friction drag can be reduced and laminar flow enhanced {which further
reduces drag by dzlaying the onset of turbulent flow). This can be
accomplished by suction of the boundary layer through holes or slots

in the surfaces. Although drag reductions equivalent to 15% to 20%
reduction in fuel consumption were achieved under lTaboratory conditions
as long as 25 years ago, the concept has not been exploited because the
problem of the holes becoming clogged with foreign matter has not yet
been solved.

'0.5.2 Storage ahd'Regenération of Braking Energy
For vehicles that make frequent stops and starts, a significant frac-

~ tion of the total propulsion energy is associated with the braking
phase. With automobiles, this mechanical energy is converted to ther-
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mal energy by the brakes and is dissipated into the air. However, in
the case of a subway, if the braking energy is dissipated to the air
as thermal energy, an auxiliary cooling system must be installed to
remove this heat from the subway tunnels. For this reason, and for
the purpose of conserving energy, various techniques are being studied
to "regenerate" the braking energy, that is, to conserve and re-use it.

With electric railways using a D-C feeder system, one way of accomplish-
ing this is to feed the braking energy, in the form of D-C electrical
current, back into the feeder system. It jis estimated that currently

75% of the braking energy can be recycled, depending upon the "receptivity”
of the feeder system, which is determined by the characteristics of the
vehicle/feeder dynamics.

Another technological area that is being explored is that of storing the
braking energy in a flywheel aboard the vehicle for use during sub-
sequent acceleration. Studies to date indicate that flywheel storage

and regeneration can be accomplished with approximately the same effi-
ciency as the electrical regeneration. However, flywheels have the
advantage of storing the energy aboard the vehicle, thus assuring a

ready recipient of the regenerated energy (which might not occur in the
previously described regeneration method) as well as providing a limited
source of emergency propulsion energy in case the feeder line experiences
a "blackout."

Electric automobiles may be able to extend their range significantly and
conserve energy by use of a flywheel plus the necessary soiid state
electronic devices for regenerating braking energy. Although without

a flywheel, braking energy could be channeled to the batteries for temp-
prary storage, it would be required that they efficiently store the
energy at the high rate at which it is produced in braking and that they
recycle it efficiently. Currently, regeneration of braking energy for
 automobiles appears potentially more efficient with flywheel storage, but
future technological developments in electro-chemical energy storage sys-
tmes might change this picture.
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It should be noted that the recent achievement of efficient regeneration
capability has as its basis recent technological accomplishments in

the solid state electronic field that have made possible the efficient
conversion of D-C voltage into multiphase, variable-voltage, variable-
frequence A-C voltage at high power levels.

D.5.3 Chemical Fuels and Their Energy Conversion Devices

In examining the potential impact of new technology in this area, with
reference to the year 2030, it can be seen that the direction and impact
of new technology is determined not only by technical improvements feed-
iy the technology from the inside but also by changing conditions on
the outside, such as changing availability of fuel and changing soci-
etal requirements such as those dealing with pollution.

As the supply of petroleum decreases in quantity and quality, we can
expect that increasing technological efforts will be directed toward
developing engines capable of utilizing fuels with "degraded" charac-
teristics. Such efforts are already underway in the case of the air-
craft turbojet engine, where it is desired to provide the capability of
utilizing fuels with higher arouatic content than allowed by current
specifications. However, this type of technological improvement is a
response ta a new need, rather than the exploitation of a new techng-
logical innovation. The merit of this new technology is not that it
improves transportation system operation but that it tends to Tower
the rate of increase of fuel costs (English and Liu, 1977).

Alternative fuels such as liquid hydrogen, liquid methane, ethanol and
methanol have been considered for various traniportation systems. Of
these, hydrogen fuel has perhaps had the most attention, its attract-
ive features being its high energy per pound and the fact that the
product of combustion is water. However, on the problem side is hydro-
gen's low density, the problems of dealing with cryogenic systems, and
thevunfavorab1e net energy analysis associated with hydrogen pfoduction
and storage.
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Aircraft design studies have indicated that hydrogen-fueled aircraft

are technologically feasible but that high overall costs of using hydro-
gen fuel make the system more expensive, both in terms of total energy
expended and in terms of monetary cost, than aircraft systems utilizing
synthetic jet fuel produced from coal.

High-energy fuels for turbojet engines have been studied for many years.
One of the more exotic was a boron-based fuel which provided the poten-
tial for decreasing aircraft gross weight (for equal range and payload)
by approximately 40%. (Problems of cost, availability and net energy
analysis, as well as technological problems, precluded its serious
pursuit).

Methanol has a heat of combustion of 8,600 BTU/1b compared with 19,100
for gasoline (they have roughly the same density) and hac been mixed
with gasoline to form a fuel that has been burned in standard auto
engines {with no adjustments). Ethanol has a heat of combustion of
11,500 BTU/1b and its weight is also suitable .for use in ground trans-
portation.

At the present time, there are technological problems with both methanol
and ethanol in connection with their use for fuels for internal combus-
tion engines and their cost is curréntly higher than gasoline. However,
in competitioin with synthetic fuel from coal, methanol and/or ethanol
{or chemical derivatives of these) can be expected to have an impact

on some portion of the transportation fuel spectrum.

D.5.4 Decreasing the Mass of the Vehicle Relative to Paylioad

It is well recognized that in the case of aircraft, there is great
incentive to minimize non-payload weight; the value of one pound of
weight saved during the design stage may be several hundred dollars.

It was pointed out in Section D.5.1 that induced drag is the penalty
paid for aerodynamic 1ift. It is, therefore, one of the parameters
that couples changes in aircraft weight to changes in propulsion eneragy
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required. For example, fmprovements in aircraft structural weight effi-
ciency are expected from new structural materials -- particularly fila-
meiit-reinforced composites -- as well as from decreases in dynamic loads
made possible by active control systems. However, other types of vehicles
“have not, in the past, fostered the same degree of incentive to minimize
mass. The conventional railroad car is an example where the cost-versus-
mass tradeoffs were very different from thosz of the aircraft, resulting
in rather massive construction. V '

It is particularly important for future high speed vehicles employing
Tevitation (such as air-cushion or magnetic) that structural technology
developed for aircraft be tailored and exploited in their non-aircraft
“applications because of the important implications for energy expenditure
and costs of the guideways.

D.5.5 Improving Information Systems for Control and Communication

Thé growing field of technology in solid state and electro-optical
devices in the processing of information has potential for a very large
impact on transportation systems of the future as discussed below.

D.5.5.1 Contro! and Management of Energy Conversion Systems

It can be expected that small, on-board computers or micro-processors

will play a major role in monitoring and controlling the energy management
of vehicles ranging from small automobiles to trains and aircraft. In
autos, these devices would not only maximize efficiency of the propulsion
- system (electrical or ‘internal-combustion) and manage energy regeneration
under varying operating conditions, but would also interact with the
driver in various ways to improve safety.

D.5.5.2 Control of Aircraft Dynamic Response

The cohtroi-configured aircraft is another conceptual advance in tech-
nology made ppssib1e by computer-based control-system technology. By
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providing active "artificial” aerodynamic stability, this concept allows
‘the use of new aircraft configuations that are tailored to minimize
aerodynamic drag and structural weight.

Active control systems also provide a decrease in flight loads for
conventional configurations by means of gust-alleviation and 1ift-dis-
_tribution control. It has been estimated that active control technology
would allow structural weight reductions up to 14% (Grey, 1974).

D.5.5.3 Control of Movement (Guidance and Velocity) of Automobiles

Automatic pilots for aircraft have been used for many years. However,
similar devices for automobiles have not been exploited «- undoubtedly
due, in part, to the complexity of the problems that would have to be
dealt with, as well as to the technical difficulties that would be
encountered in obtaining the necessary information inputs.

It might be expected that at some future time, on-board microprocessors
in automobiles could be linked to computer systems serving special
throughways so that, while the automobile was traveling on the control
highway 1ink, its movement would be controiled in both position and
velosity so as to obtain optimum traffic flow.

D.5.5.4 Use of Qptical Information Transmission Systems

A serious problem encountered with the information transfer to and from

an electric raiiway vehicle utilizing high-voltage feeder lines, together
with pulse-width modulation inverter equipment, is the problem of elec-
trical noise. The same problem exists with on-board information transfer.
. Electrical filtering and shielding provide only a partial solution.
However, new app11catidns of the technology of information transmission

by optical means (fiber-optics and laser-beam transmission) can have a
significant impact'bn:the operation and safety of transportation vehicles,
such as high-speed tracked vehicles, because optical transmission

is not subject to electrical interference.
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D.5.6 Maximum Capacity of a Transportation System

For a given transportation system, as the demand grdws increasingly
large, it is inevitable that at some point in time the maximum pas-
senger-carrying capacity, or freight-carrying capacity, will be reached
-~ even with all possible additions to the various system components and
with maximum improvements in efficiency of operation.

Obviously, as this point is approached, it is necessary to have built

the capability to phase in a new system to meet the increasing demand.
But in order to do this, we must have previously completed the neces-

sary nlanning, research, development, testing, engineering, etc., suf-
ficiently far in advance of the time of need.

It is gifficult to predict the maximum capacity of a system because,
for any system, various actions can be taken along the way that will
incrementally increase the capacity and thereby postpone the time at
which the maximum point is reached. Some of these will be based on
technology and innovations not yet in existence. Likewise, it is
even more difficult to predict the year in which a given system will
reach its maximum'capability because the question of "when" introduces
additional uncertaiities into the picture. However, what we can pre-
dict is that there is a level, for every system as we know it today,
at which the system will approach saturation. By studied analysis,
it is possible to compute, for a set of conditions assumed to exist

-~ at a specified future time (together with assumed pathways leading
from the present time to the future time), an estimate of maximum
capacity and the date at which it will be reached.

The purpose of this section is to illustrate the factors involved in
‘this type of endeavor and to i1lustrate how this approach can be used

as a planning tool for new transportation systams.

In order to provide some feeling for the corditon of saturated payload-
carrying capacities, a hypthetical exampie will be presented. Fol-
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lowing this, a simple conceptual model is u ad to examine the question
of system capacity and the basic factors that determine maximum capacity.

D.5.6.1 Hypothetical Example

As an example to illustrate a situation in a single transportat1on

link approaching saturation, consider the case of air transportation
between two terminal points corresponding to the Los Angeles and San
Francisco areas. For simplification, the airport and terminal facilities
at each of the two areas are treated as a single aggregated unit.

The following assumptions are made regarding the characteristics of the
system 1ink and the passenger flow rate:

atr distarce between terminal points: 5347 air-kilometers
® number of passengers per aircraft: 400 passengers
(this would correspond with an 80% load-factor on the
500 passenger Boeing 747-SR)
e the annual travel rate between these two terwinal points:
10.4 x 10° passenger-kilometers per year
e the traffic: equal in the north and south directions.

L

—— v » ” . Y LS I B
JASE Io Equal Distribution of Iraffic Load Over I4 Howrs

Using the assumptions Tisted above, together with the assumption that
traffic volume is evenly spread over the 24 hours of the day, we can
calculate the corresponding number of vehicles landing plus take-offs
at each terminal per hour:

10.4 x 10°
(24)(365)(547)(300)

i

Vehicles/hour

"

5 4 vehicle landings plus take-offs per hour
at each terminal

This is equivalent to one Los Angeles/San Francisco-link vehicle land-
‘ing or taking off every 11 minutes at each terminal. This corresponds
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to 4400 LA/SF-1ink passengers per hour continuously moving through each
terminal. '

CASE II. PFeaking Distridution

If we now consider the more realistic situation wherein traffic flow

is not uniform throughout the day and night, and if we apply a daily
peaking factor of 1.5 (this would correspond to a situation of no traf-
fic during 8 hours of the night. the total then being distributed evenly
aver the remaining 16 hours), the following traffic rates result:

Aircraft per hour: 8.2(1 atrcraft landing or tak-
“i{ng off every 7.3 minutes)

Passenger arrival/departure rate: 400 passengers svery 7.3 Min-
utes or 3,280 passengers per
hour

Recall that this is traffic ovér only one 1ink of the system -- that
between Los Angeles and San Francisco. If, for example, we assume
that this constitutes as much as 5% of the traffic at the LAX complex,
the total traffic at LAX in our hypothetice! example, during the
spread-out peak period.would be something like 164 aircraft per hour,
or ane aircraft landing or taking off every 22 seconds, with a pas-
senger flow through the terminal of approximately 32,780 passengers
per hour, or 0.79 million passengers per 16 hour day.

It might be mentioned that the figure of 10.4 X 109 annual passenger
kilometers was obtained by assuming a conservative aVebage annual

| growth rate of 4% in aifr traffic between Los Angeles and San Francisco

based on an estimated 1.16 Xx 109 atr passenger kilometers in 1975 and

allowing this growth to continue until the 2030 time frame. The A4

growth rate s considered a conservative estimate since the growth rate

in 1977 for U.S. domestic passenger miles and revenue ton-miles of

air freight was 144,



D562 An Cauple of Growth and Capecity Lintation |

:°'dﬁ%vent1$;fthaf“aff}ciai“”max1Mum:napacity-fnﬁ'LAK’ﬁS"Sat"ét AD willion -
passengers annu&?i}y; in the year 1977, LAX handled 28,4 million pas-
"’”.;msengérs‘  Thé'in nitlion capacity ?igﬁve iz baged not \wpon atr space
l, limitatiqns hut npan graund aceess 1imitationh that will deterwmine
”J;passeugav f\ow-rat@ 1n the. future even after plannad imp»avemant& hava

" As mentioned above, the problem of estimating “absolute" capacity is
5ﬂf['ccmplax because of the many enmponents {nvolved through which the f\uw .
.ot passengers qr Freight must NoVe == companants having difeerent |

- Mmitations and options far expansion when A particular one becowes
the flow~rate-1imiting bottlenack. As an illustrative oxawple, the -
"'i-?s%tuatiun with the Los Angeles Intewuatiana\ Atrport {LAX) and tha Los
»{};;Ange\es area aivport anmplaw 13 use?ul ta a\nmdna‘ L |

7 been made.. The Prasent passangav “FlowsFate of 084 w1 o severely -

'itaxes current gruuuﬁnaceess facilities at peak partods and 18 begine

”f'afn*ng o causa an tmpact in the foen n? da\ags during non-peak howes

|  ,}5;ns well. Because of this, it is p1anned to pvaviia addit*ana\ gvound«

»»':::xf_jaccess faci\ﬁtias at LAX in the near futura. -

, with four parallal FUnRAYS . 1n camhinatian with Fa\ifurnia“ good
oo weather, LAX is. estimated to have a flow-vate potential, in tevms of
' "airarattnhandling eapabiliny‘ of naavly 20 miltion passangers annuatly.
| _f'_'Therefore. it is clear that the limitatiow on maximun capacity 1tes
""W°in the graunduaeuess purtian of the passanger Flaw. facilities,

"~~5?3;It has been. &stimated by the Las Angalea napartment af Airpnvts that o
o ”,tha ma‘imum passenger f\uw-rata aapbilitg for LAY (of A0 wﬁYlton) w111
o be raached in 1985. at whiuh time it ts plannvd that thk new - 3g‘aou» ST

o acre Paludale Afrpart Wil begin oparations. By the year 1998, it s

o V:'°;fnvacast that wihh its four la‘ﬁouwFaet vuuwavx plus twa \TQL runwa>a.'
' ‘f:.iPalmdale Aivpart.uill ha hﬁndlinq 1 mj11igg_p§3399ggv5:annuqli;‘_r_

‘hiéh}is'a ﬁampnﬁaﬁt of the Loz Angales area atre-.



pavt conplex, cuvrently handles 1.5 1 1ion bassangérs ﬁnnually. How=
avar, the limitations on maxinum capacity for Ontario Alvport, which is
~ estimated ultimataly to be about 15 to 20 million passengers annually,
15 expected to be datermfnéd by aiv space limitations (because of the
: ﬁproximity of March and Norton Air Force Basea) ~As 2 weans of axpand-
ing the current capacity of Ontavio Airport. A New runway and new
tavminal-complax facilities are planned for construction.

o Inctevms of the conceptual medel discussed in Appendix C, it can be
seen that the major source of increased capacity s that of providing
A additiannl cnnﬂuit% on the ground (primarity additional runways)., Hows
avar, in the case of Ontario Atrport, whan the atrspace reaches satura-

. tion, the only way to furthar increase pas;nnger flow rate will be to
1jginuraaba the wodule. capacity.. The cvituriuu of minimn a‘]owabla haadway_
waa not a \1miting factor for any of tha above mentioned aivpnrt\.'

} é&séd-@n'the'numbéﬁs'bveééﬁté&"abdées’tagath&»:with stmilar estimates
for other facitities in the Loy Angeles area afvport complex, we wight
A AAestimata A maxtmun capacity on the nrdev of 1@0 to 150 mil\ion na
 yengers annually in the year 2030, o

. Based on the 3% exponential growth rate used in the previous axample,
1t was estimated that in the ysar 2030 the numher ur passenger kilo-
- Wetars flown on the LA/SF-Tink would be 10,4 x 10" annually. Using
this value to caloulate the earrespanding ‘number of passengers pas-
2 sing. through aach terminal ?aei\ity annually qives‘

Vvﬁii“b tlﬁ(%?g)lo_) » .lﬂ millinn Lﬂf\Fwiink pnssanqarx annuallv |

per terminal,

This 1nv91 af'n@ad; for the LA/SF-link alone, amounts to about 145 af
Lo the total availabl& a*rpnvt capacity estinated for the year 2030
7 (disoussed above), In order to make this 14 Figure correspand with
the current value af 5218 (tha curtent percentage of LAX area pass
&éﬁﬁﬁéﬁgﬁﬁhﬁf&?ﬁ?&?ftpstbe $&&%$vaﬂ¢ﬁsaa,gnaa)g.wa;wauld-requir¢;an,.:-




aleport capacity of 364 million annual passengers -- a capacity 2.7
times the currently estimated maximum capacity, in the year 2030,

It appears that this flow-rate cannot be handled realistically by

presently planned expansions. Therefore, if the level of passenger

~ flow-vate is really nearing the maximum capacity of the airport sys-
~tem complex, and if the demand for high speed transportation continues

~_to grow, a great deal needs to be done prior to this date in order to

' .prnvide the system that will furnish the additional needed capacity.

- D563 Exponential~Extrapu1at1ans
_The above example demonstrates one of the possible pitfalls of axpo-

ential ettrapolatiun‘ White in real systems theve may be a portion
of the growth cycle during which the growth is exponential, inevitably,

' one-or mere constraints. begin to operate to tip the axponential curve

“towards the horizontal as it approaches sone asymptotic value.

Thé'pn{nt of this exaﬁpié s to show that even with anticipated expan-
sions and construyction of new facilities for handling air traffic,

. it is to be expected that at sowe date a saturation level will be
approached. And it is gvident that even before this point is reached,
~there will be manifested a demand for a new high-speed transportation
‘system*ﬁhaﬁ will embody, or improve upon, the desirable charactevistics
of air travel «- both for passengers and freight.
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