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CHAPTER I — INTRODUCTION

Introduction~Report Objectives

The objective of this state~of-the-art report on evaluation litera-
ture and techniqueS'is to synthesize relevant information.on the mathe-
matical techniques and philpsophical apﬁroaches being taken at the
research and operating level with respect to evaluation and implementa-
tion of ground transpértation systems., Many, if not all, of these ap-
proaches(have parallel problem structurés to air transportation_problems
which require major private and public works investments, and have
far—reaching consequences on many components of society. The synthesis
will be developed by devoting the remainder of this introductory chapter
to basic viewpoints held with respect'to transportation system decision
prodesses. Subsequently, relevant research and operational
algorithmic structures will be discussed in some depth. For each of
thém, generic mafhematical techniques, their strengths and weaknesses,
and selected bibliographic annotations and listingswill be presented.
Comments will be offered as to the general status and approaches used
in the current nationally documented citizen participation studies
underway, and their use of the research techniques under study,
Ultimate;y, conclusions will be offered as to general status and
relevance of the approaches to air transportation and the further use
of formal evaluation models in the context of the present research

activity.

Aspects of Transportation System Location and Design Decisions

The modern transportation system decision process requirés-the
generation of a location and design alternative for the facility,

-1 -



predicting the consequences, evaluating-these consequences, and accept-
ing, modifying or rejecting the alternative. As such, prediction and
~ evaluation is required for the following:

1.) Construction and right-of-way costs.

2.) TUser costs of fuel, oil, wear and tear on vehicle.

3.) Safety costs——accident rate; costs of accidents,

4.) Maintenance costs of the facility.

'5.) Environmental and social impacts as listed in Table 1.

Obviously, the decision surrounding such a wide and interacting
set of consequences is complgx, and evaluvation is difficult. Some
weightiﬁg technique of part or all of the above consequences may be
degirable. Thus, theAprocess should be actively involved within a
framework_containing the following elements, as shown in Pigure i.

Objectives: The trahsportation gystem decision should be a step
toward accomplishing relevant local, state or federal goals which |
improved transporfation systems can enhance, such as increased safety,
iower travel time, lower commodity rates‘and prices, increased cultural
and social mobiiity, incieased trade between régions, etc.

Criteria: Where possible, yardsticks for measurement of attaining
the above objectives, termed criteria, should be employed., Relating
to the above, some examples include: for increased safety-accident
rate/mvm; lower travel time-trip time in minutes from point A to point
Bs increased tréde-tons of.commodity x shipped from A to B after

facility opening as compared to before,
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TABLE 1 - Impact Elements

1. EFFECTS ON THE STATIONARY ENVIRONMENT

Aesthetics

Agriculture

Aquatic 1life protection

Coastal areas, estuaries, waterfowl refuges and beaches
Farms, forests. and outdoor recreation areas

"Flood plains and watersheds

Minearl land reclamation

Navigable airways.

Navigable waterways : ‘

Raw material production -

Scenic enhancement

Soil, plant life, erosion and hydrological conditions
Wildlife protection

Other topographic factors

2. EFFECTS ON THE TRANSIENT ENVIRONMENT

Air quality and air pollution control
Chemical contamination and food production
Climatological features

Disease and rodent control

Health hazards and other dangers
Herbicides and pesticides

Human ecology

Noise control and abatement

Radiation and radiological health
Sanitation and waste systems

Water guality and water pollution control

3. NEIGHBORHOOD AND COMMUNITY IMPACTS

Activity patterns

Community pride

Cultural and recreational opportunities
Community protection services
Domestic privacy

Economic stability of the community
Educational systems

Employment opportunities

Energy generation and supply
Historical and archeological sites
Housing and building displacement
Impacts on other institutions

Land values and uses

Neighborhood disruption

Personal and community identity

(Continued)
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TABLE 1 (Continued)

Population distribution
Preservation of open space -
Property tax base

Relocation assistance

Special impacts on low-income areas
Utility services

Visual quality of the environment
Zoning regulations

4. TRADITIONAL FACTORS IN IMPROVEMENT ANALYSIS -

Business and trade

Congestion in urban areas

Construction material availability
Disruption during construction

Existing highway systems

Facility appearance _
Transportation system costs and economics
International implications

Land access

Low travel costs

Modal choice and compatibility
Multiple=~use of highway rlghts-of-way
National defense

Regional comprehensive planning

Special impact on regional jurisdictions
Tourism

Transport system reliability
Transportation and handling of hazardous materials
Transportation safety

Travel convenience and efflclency



FIGURE 1

GENERAL SYSTEMS ANALYSIS IN THE DECISION PROCESS
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Alternatives: The reasonable set of possible locations and designs

to be considered in fulfilling the objectives of improved transportation.
That is, the composites of aligﬁment, profile, right-of-way, cross-section,
drainage, interchange and intersection configurations, and control types
and devices that synfhesize‘into a.design and/or location;

Resources and Constraints: Usually, money, time, soil type, original

topography and surrounding land use, manpower, engineering designs, and
local political pressures and viewpoints can be considered resources or
constraints for a location and design problem, depending on the degree
of positiveness or negativeness of each of them as they relate to the local
problem under consideration.

Model: An evaluation techniqﬁe, termed a "model™ should attempt
to integrate the aspects of the decision within the above framework of
objectives, criteria, élternatives, resources and constraints and
yieid a set of feasible alternative locations or designs, or if possible,
a "best" location or design alternative.

Although many evaluation methods, ranging from conceptual to fully
tested and operational, are currently in use or proposed, the utility
of these methods depends greatly upon the knowledge, experience and
personal values of the evaluator(s). In addition, many of the methods
available have application to only limited factors (i.e;, user costs
and benefits as in benefit-cost analysis) or project situations., The
use of an evaluation method does not replace the elements of discussion
and compromise which are needed to achie§e a solution which optimizes

the public interest.



The Concept of Cost=Effectiveness

The most constructive and representative continuing trend in
evaluation research for the appropriate employment of all techni-
ques exists within the general context of an approach termed cost
effectiveness., In this approgch, the applied and theoretical evalua-
tion techniques being discussed herein are used to allow posi-
tive and negative aspects of a transportation systems décision to be
worked out for-each interested subgroup, ultimately allowing them to
trade off levels of consequences for each alternative, subsequently
yielding a best location and/or design for their preference structure.
For exampie:

Assume a hypothetical situation where three alternatives for
realignment and upgrading of an obsolete highway facility are presented.

A simple table of their crucial impacts might be as follows:

Typical Cost-Effectiveness Analysis of Alternatives

Construction Decrease Predicted Business

& R-0-W Cost in Corridor Accident Establisn-
Alter~ Net Present Travel Time Rate .- Residences ments
native Value to CED Acc/mvm - Taken Taken
1 81,500,000 12 min, 1.0 - 100 - 25
R o - Acc/mvm L
2 $1,000,000 10 min. 1.5 . 60 20
, o g - Acc/mvm ‘ ,
3 '$700,000 5 min. 4.0 15 14

~ Acc/mvm
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Each impact, graphed against a capital and right-of-way cost axis,

looké as follows: .

3 Constf.
& R/V Cost

1,500,000 1
1,000,000 2
700,000 | *3

5 10. 15 20
Travel time decrease

in corridor-in min,

$ Constr.

. & R/W Cost

1,500,000 | "
1,000,000 2
700,000 '3

50 40 60 80 100
Residences Taken ..

N

700,000 |3

% Constr.
& R/ Cost -
1,500,000 °1

1,000,000 - °2

700,000 | *3

1 2 3 45 6 7 -
Predicted Acc.Rate/mvm

~$ Constr.

& R/W Cost

1,500,000 [*1

1,000,000"2

30 40 60 80 100
Business Establish-—
ments Taken

Alternatively, residences taken could be shown in dollars tax

loss to the commnity, and businesses takén could have been expressed

in total dollar volume of business loss to the area.

However, community subgroup A may put the following weightings

or interpretations of effectiveness or levels of desirability on

these alternatives as shown on the axes below:



5 Constr.
& R/W Cost

1,500,000
1,000,000

700,000

$ Constr. -

‘1
°2

rA.3

0O 20 40 60 80 100
Effectiveness or Desir-
ability Scale, Travel Time
Decrease in Corxrxridor

& R/ Cost

1,500,000
1,000,000

700,000

‘1
"2
°3 -

0 20 40 60 80 100
Effectiveness or
Desirability Scale,
Residences Taken

$ Cbnstr.
& R/V Cost

1,500,000
1,000,000

700,000

‘3

$ Constr.
& R/W Cost

1,500,000
1,000,000
700,000

0 20 40 60 80 100
Bffectiveness or Desir-
ability Scale, Predicted
Accident Rate/mvm

0 20 40 60 80 100
Effectiveness ox
Desirability Scale,
Business Establish-
ments Taken

In light of these, they may continue to investigate the alternatives,

trading off between alternatives 1, 2, and 3 within their subgroup value

-

structure, to ultimately decide on a location and design. It is important'

to be aware another subgroup will probably attach substantially different

weightings or levels of desirability to these impacts.

The values and

decisions on alternatives by each subgroup are carried forth into political

activity for implementation (council meetings, public hearings, zoning

boards, etc.), and there, the tradeoffs are re-examined within and across

each group's values, yielding rejection, acceptance or modification of

the location and design alternatives.
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Overview of Possible Mbdelling Processes

The general approaches to all techniques relating to cost—effegtiveness
anélysis are those generalized in Figures 2 and 3, termga "backward
seeking" and "forward seeking," for their different approaches to the
alternative genefation and decision process.l’2 One notes that in the
forward-seeking approach, an alternative is generated, cohsequences are
predicted and evaluated, and compared againét some criterion of effeqtive—
ness, and either the alternative is accepted, or the process is re-
initiated,.with the subéequent generation of .a new alternative, In
cbntrast, the backward-seeking models begin by prescribiné levels of'
effectiveness at the outset, which are to be méf as-constraints, énd
seek_only the minimum cost solution for attaining these stated leVels.
This approach, where applicable, is usually made possible through the
existence of some well-defined formal algorithms from the fields of
mathematical programming and/or statistiéal decision theory.

In either the forward- or backward-seeking formats, the criteria
on rates, the information on costs, and the standard engineering
economic evaluation techniques of net benefits, benefit cost ratio,
etc., reviewed in Chapter II, can all be incorporated as levels of
effectiveness, objectives, or consequences. One should remain aware
of this as the various research techhiques are individually reviewed

throughout the text.

lEdward K. Morlok, A Goal-Directed Transportation Planning Model,
Research Report, The Transportation Center, Northwestern University,
Evanston, Illinois, January, 1969,

2H. W. Bruck, "Problems of Planning for the Future: The Marriage
of the White Queen and Tiresias," 1966 National Transportation Symposium,
American Society of Mechanical Engineers, New York, pp. 79-82.




 FIGURE 2

FORWARD-SEEKING PROCESS
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FIGURE 3

BACKWARD-SEEKING MODELS

: Artieulate Goals and Ob-
— 9“ jectives-translate into

levels of effectiveness
-to be met as constraints,

]

Solution Algoﬂthm

Minimum Cost Solution:
generate only optimum
alternative.
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CHAPTER II - TRADITIONAL ENGINEERTING ECONOMIC EVALUATION TECHNIQUES

Introduction

The engineering-economic evaluation techniques are noted in several
staﬁdard texts, and have become traditional instruments of evaluation in
several ‘public works and private investment decisions. They typically
work with mutually exclusivé alternatives, and the primary choice vari-
able is monetary cost or benefit or some function thereof, developed
through the several criteria discussed below, Several private airline
vehicle supply and maintenance programs have been assembled through
such techniques, and initial decisions prior to environmental legisla-
tion with respect to airport location used such criteria in arriving at

an economically sound choice among site location and design alternatives.

Minimum Average Annual Cost

The choice variable is TC. = below, where:

Jst
TC. = = (crf. C 4+ 0, =4+ U, =+ A, =
Jst ( 19n) Jst Js Jst

14

ot

350

where (erf, _)C
Js7

annualized capital costs

Oj = annualized operating and maintenance costs in average year t
?
Uj = annualized vehicle and user operating costs in average year T
9 : .
Aj T= annualized accident costs in average year t
H

n = service life
i = interest rate
crf = cabital recovery factor
j = design altérnative J for a site.
In this method, all benefits are assumed eq@ai, and the minimum
cost design is chosen for execution. Obviously the assumption of equal
benefits of all design alternatives is quéstionable in most cases.

- 13 -
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Benefit-Cost Ratio

This method develops a ratio from the dollar savings in user costs
resulting from the improvement, divided by the difference between the
- total annual costs of the proposed alternative and the present configura-

tion. That is:

Rr -~ R.

’ T i3
B./C. = =53 T
T3 Tey - T
where R{ = total annual user costs for the present facility
Rj T= total annual user costs for the proposed facility
?
TC! = = (cxf, C. ,+ 0, =%
Jst ( 19n) Js0 Jet
TC% = O% )

Some problems associated with this method include the inability to
quantify some benefits, such as comfort and convenience, environmental
and regional impacts, and the difficulty of the decision-maker in under-

standing this method and its further incremental analysis.

Rate of Return

This method solves the following equation for the interest.rate

i, which equates total amount of benefits and total annual costs:
| I, 1) = - -
(ch,t TCt) (R¥ Rj,t)

where TC', R, and Rj are as defined above. Project design alternatives
are.fanked in order of interest rate.

This method is also difficulf for the decision-maker to understand,
and presents the same quantification problems discussed in the section

on the benefit-cost ratio method. Further the philosophical viewpoint



- 15 -

of the evaluation team must come in to play here, as this approach per—
ceives the problem cast in a profit-maximizer context typical of the
private investment sector. Such a viewpoint may not be relevant to the
emerging societal welfare viewpoint with respect to public works decisions,

This will be dealt with in detail in the section on Welfare Economics.

Net Benefits
This method takes the difference of the sum of the discounted
benefits for each year of the project life minus the sum of discounted

costs for each year of the project life:

n , n
B, = fo (put; )(R, = R, ,) - fo (pwfi,t.)(TcJ!,.t)
where pri,t = present worth factor for iﬁterest i in year t; and
R, Rj and TC' as defined before. The altérnative with fheAhigh;éﬁ
poéitive net benefits is chosen.

This method is most pleasing of all forms, due to its ease in
being readily understood, and the ability to include any elements that

can be monetized, and no rigid requirements of comparing entities with

identical project lives.

Conclusions~Further General Comments on Evaluation

It is. appropriate to conclude this chapter with some general comments
which are relevant to the direction of our future research efforts, when
viewed from the perspective of the present state of-engineeringhecdnomic
evaluation techniques available, versus the issues in Chapter I. In
essence, these comments may be viewed as an informal discussion of require-
ments fér broadening the evaluation format through the'research and examples

of the remaining chapters.
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l.) The present techniqﬁes all evaluate for a given state~of-the-world,
i.e., 2 unique and supposed certain‘combination of traffic, environment,
community reséonse, costs and savings. It is appropriafé fo point out
that fhe true state-of-the-world may be uncerfain. ‘However, for planning
purposes, it is necessary to predict some, or all of the operational
» factérs which are rele&ant to tﬁe evaluation process. Thé necessary
knowledge for such predictions may be incomplete, particularly in thg
case of complex oceurrencés. Hence, any modelling effort should have
the ability to deal with uncertainty, and to incorporate varying amounts
$of information into the decision-making process.

2.)' Any capital improvement will have certain multi—dimenéional
cost and effectiveness outputs, and nét ali of these can be evaluated
quantitatively. In particular, the concept of evaluating a process in
purely monetary terms can be disputed on several grounds, a few of which
are: |

“a.) The concepf of placing a dollar value on.certain aspects
of the decision such as human life, cultural and amenity attrifutes, is
‘ erroneous, from the points of .view of worth to society, and complei life-
style relationships, bofh of which are themselveé milti-dimensional, -and
require an analytic approach properly tempered with humanism,

Given such complex multi-dimensional decision characteristies, it
is worthwhile to:consider further aspects:of our analysis on the basis
of incorporating present criteria and evaluation techniques into struc-

tures which deal with mulfi—dimensionél considerations,
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This will be explored and developed in future chapters, in conjunc-
tion with the consideration of methodologies for further generation and

evaluation of alternatives.



CHAPTER IIT - COMPLEX COST-EFFECTIVENESS EVALUATION APPROACHES'

Introduction

"This chapter presents thévcore of on-going algorithmic research
techniques likely to get continued attention at the theoretical level
for improving the capability to structure and manipulate transportation
system degisions. The discussion deals with the mathematical formats,‘
a critique of their cépabilities and commentary on their general relevance
to transportation decision processes. The contents ihclude the classical
optimization approaches, statistical decision theory, and a brief over-
view of simulation procedures. With the exception of the simulation pro-
cess, the entirety of these techniques can be conceived of as "bgckward
seeking or goal directed" models, in that, through their mechanics, they
'structure the problem so as. to iterate to a "best" or optimum deciSidn,

or packet of interrelated decisions.

Optimization Approaches-Linear Programming

Linear programming is a goal-directed evaluation tool which deals
with the problem of allocating limited resources among competing activities
in an optimal manner. _Mathematically, the general form of.the problem is
the following: Find X x2,.....,xn(xi 2’0) which maximizes, or minimizes
the objective function Zx =,c1xl'+ CoXy +eset C X subject to the

restrictions:

allxl + a12x2 4+ eevee + a'lnxn Z bl

22151 * 8%

4+ eeeee F azn.xn sz

. . . .
. . ‘e .

amlxl + am2x2 ¥ eeeee + amnxn 2 b

ZO,X ZO IXEEE] anO

1 2

- 18 -
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In this formulation, there are n competing activities for the

resources. The variables X 9%y eoe X are choice variables represent-

2
ing the levels of each of the n activities to be allocated., Z is the
chosen overall measure of effectiveness. cj is the unit increase in
effectiveness that would result from a unit increase in xj. The nﬁmber
of relevant scarce resources is m, so that each of the fifst m linear
inequalities above represents a restriction on the availability of one
of these resources, bi is the amount of resource i évailable to the
n activities. aij is the amount of resource i consumed by each uﬁit
of éctivity je Therefore, the left side of these inequalities is the
total usage of the respective résources. Tﬁe restrictionS'szztbzrule
out negative activity levels.

An alternative and extremely useful formulation of linear programm-—
ing is that of the dual. The dual is formed by transposing the TowsS
and columns of constraint'coefficients, transposing the coefficients
of the objective function and the righthand side of the constraints,
reversing the inequalities and minimizing (maximizing) instead of
maximizing (minimizing). Mathematically, the dual takes the following

form: Find y), ¥, oo ¥, (y&'E:CD in order to minimize (maximize)
U= bly1 + b2y2 + ees + bmyh
subjgct to the restrictions
8117 * By Vo F eee + AT 2 Cy
a15¥7 + a5V, + oees + I L%

L] L] L ] L 3
L L] - .

alnyl + a2ny2 + ee. + amnymz Cn
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From the resource allocation standpoint, all constants aij’ bi’ and cj
are defined as before., The new decision variable Yi» termed the dual
variable is interpreted as a unit opportunity cost, of price associated with
a particular activity level X It is the true implicit value of the resource
to the user, expressed in.a margingl cost or benefit context.

The system of equations formed through the application of linear
programming can be solved through means of the "gimplex method." . This
method is an algebraic technique which progressively approaches the
optimal solution through a well~defined iterative process over the m
dimensional convex set formed by the constraint equations. The techni-
que is best performed through a computer software library routine.

Many applications of the above technique to capital planning and
scheduling have been developed in transportation planning. It has been
effectively used,. through some modifications as a capital planning tool,
where minimum cost packages of project investment levels have been cast
together as the objective function, subject to meeting aggregate service
and impact levels (noise, safety, property values, etc.) expressed the
constraining equations. Further, the process can be used as a network
assignment approach, where xg is the level of traffic flow a;lowable on
a link, | costed out over all links in the network, subject to
constraining equations on meeting travel demand and impact restrictions.
Finally, the process can be used to delineate public program levels of
activity, wherein each X, is a Ievel of effort towards R and D or
specific'program opeiating activities, with an objective function to
maximize the comprehensive program effectiveness, resulting from such
activity, subject to program constraints on cost, safety and reliability

or failure rate.
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In order to use linear programming effectively, the objective
function and every constraint function must be linear. In the real

world, linearity may often only be approximated.

Another restriction on linear programming is that frécéional 6f n
continuous levels 6f the decision‘variableé X5 be permissible. Requiring
the xs to exist as integer numbers, or O-1 combinationé is possible, but
renders the computation process, termed integer or mixed-integer pro-
gramming, much more difficult. It is further assumed in linear programm-—
ing that all the ccefficients (aij, bi and cj) are known constants, most
often fepresentative as indicators of some future condition. In reality,
these coefficients are more accurately représentgd as random variables.
Depending on the complexity of the problem, the opportunity costs, or
dual variables may be difficult to interpret in a real-world sense. The
items being maximized or minimizéd in the primal formaf may be such that
novmeéningful dual variable iﬁterpretation as to marginal cost or benefit
"may be developed.

Linear programming lends itself well to sensitivity analysis.' All
cbnstraint and coefficient parameters can be altered efficiently to re-
flect foreseeable consequences.  This allows the analyst to efficiently
combare the impact of several levels ofball of the decision variables

and the range of effectiveness levels ultimately generated.

Non-Linear Programming

Non-linear programming is a particular application of the linear

programming format for allocating scarce resources, In this case, the
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linearity restrictions are dropped allowing for more realistic expres-
sions of objective functions and constraints. The general formulation
is as follows:

Find x1x2 sosee xn so as to

maximize (minimize)
Z = f(Xl,X2 'a'o. Xn)
subject to
<
‘ gl(xl’xz vee Xn) - bl

gy (xs%y «ov %) £ By

%ﬁxyxz.n %J <.b,
ijO for j=1,2 «oo n

The functions f and g can all be non-linear higher order functions
of the decision variables xi; Solution procedures for non-linear pro-
.gramming have not been deveioped to levels of computational efficiency
comparable to linear programming. Typically, gradient search approaches,
or transformatioﬁ to a structure which simulatesthe linear programming
procéss, termed "serarable pfogramming" are employed, However, it is
useful to note the conditions that must hold in order for an'optimal
solution to be recognized, these are termed the Kuhn-Tucker conditions:

Assume that f(xlxé ces xn), gi(x1x2 eie xn)'(i = 1,2 ... m) are

differentiable functions, then (xl*,x2*.... xn*) can be an optimal
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solution to the non~linear programming problem only if there exists m

number UpgUnyeee,Up such that all of the following conditions are
satisfied:
3 z Bg- |
f i
L* - —t .
(1) 1f Xy >0, then;—— axi 0

.at x.=x.% for j=1,2 ..o n
J J '

(2) Ifx*—O theng—f Zlu é——<o

at x, = x_ ¥
J J

(3) 1f u, > 0, then gi(xl*,xz"_‘ xn*) - b, =0

fori=1, 2 ... m

(4) If u; = 0, then g, (x* X% ... xn*) - b, <0

for i=1,2 ... m

(5) xj*zo for j = 1,2 seoe Il
(6) ‘u, 20 for j=1,2 ... m

xj is fhe set of'decision variables as in the linear case. The
uy correspond to dual variables referred to in the previous section,
and can bé interpreted as such in-a cost-effectiveness analysis.
'Non-linéér programming is discussed herein due to its relevancy
. to particular aspecfs of transportation system ihpacts. :Certain user
~cost Optimizafion problems have non-linear objective functions which

lend themselves to study using non-linear prégramming. Functions

with respect to system safety, using accident rates, and accident
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costs with respect to optimal provision of system facilities can be
cast as non-linear programming problems. It is important to note that
the capability to capture the true mathematical nature of the function
under study is critical, and non-linear programming can yield some
computational and functionél structures which are quite difficult to
deal with efficiently.

Unfortunately,the Kuhn-Tucker conditions onliy give clues as to
the adequacy of a possible solution. It is impossible to directly
derive an optimal result from the Kuhn-Tucker conditions, and éomputa-
tional and structural complexity previously referred to can render
solufions difficult to achieve. In some cases, the dynamic programming
solution procedures (discussed at another point in the text) can be used
to enumerate combinations of the decision variables X5y to ultimately
solﬁé non-linear problems.

The obvious advantage of non-linear programming, if it can be
computationally accommodated, is the capability of dealing ﬁith a
broad range of phenomena which are not linear in a more adequate manner.
Thus, more realism can be developed by
non~linear programming structures which capture the true non-linearity.

of the system cosf or impact phenomena under study.

Goal Programming

‘Goal programming is also an extension of linear programming. The
goal programming approach allows a simultaneous solution of a system
of complex objectives rather than a single objective. Goal programmiﬁg
is a'techniquevthat is'capable of handling decision problems that deal

with a single goal having multiple subgoals, as well as problems with
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multiple goals having multiple subgoals; In addition, the objective
function gf a goal programming model may be composed of non-homogeneous
units of measure, rather than a single dimension of effectiveness.

Often multiple goals of management and public works achievement
are in conflict, énd are each achievable only at the expense of some
other goals., Furthermore, these goals often appear incbmmensurable.‘
Thus, solution requires establishment of é hierafchy of ihportance
among these seemingly incompatible goals so that lower order goals are
considered only after the higher order goals are satisfied or have
reached the point béyond which no further improvements are desired.

The solution of linear prqgramming is limited by quantification
capabilities. Unless the decision maker can accurately quantify the
relationship of the decision variables in cardinal numbers, true valua-
tion is impossible. Thus, the distinguishing characteristic of goal
programming is that it allows for an ordinal solution. That is, manage—
ment may not be able to specify the exact cost or utility of a goal or
subgoal, but often upper or lower bounds on such may be stated for each
subgoal., The decision maker then assigns a priority scheme to each
subgoal, based on the availability of the resources. The advantage of
goal programming is therefore the capability of solution of problems
involvihg multiple conflicting goals according to an established
priority scheme, | |

In mathematical terms, the goal programming structure is as follows:



- 26 -

. . . Z = - + - -+
Minimize d1 + d2 + d3 + dl + eccoe

subject to allxll + a12x12 + 313x15 + eee alnxln = bl

Ll *

. L. .
a X .+ a.X .+4a.X _ + a X
nl nl n2 n?2 n3n3 °°° “nn nn n

Al x..d,a7 o
13 1

where d; ’ d; are a goal's negative and positive deviations. The xii's
represent a collection of subgoals. a;; and bj represent constraints.
The solution procedure for goal programming is similar to that
used in linear programming. The simplex method with only minor addi-
tions is used so that the solution proceduré is an iterative one and
most efficiently solved by employing computer capabilities. Goal pro-
gramming has value in transportation analysis, as bositive impact of
trénsportation investment levels with respect to one goal, such as
metropolitan revenue, often has conflicting and negative impacts on
another goal, such as minimal air pollution. The capability to

adequately represént the judgment and sorting process on goals and

determining optimal invesiments in transportation against a cdnsisteht
view of such goal structures is a critical real-world decision-making
need.

. Goal programming has all the inherent.liabilities previously dis-
cussed with respect to linear programming., However, in gbal programming,
no longer must the objective function be undimensional in character. |
This extension i; very useful. Goal programming can also be used when .

it has been determined that the model coefficients are random variables
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"~ having unique probability distributions for the value they take on when
.the solution is implemented.

The process of establishing a priority schgme on goals can be
difficult and appear unrealistic. Adequate judgment amongst all deci-
‘sion makers must be exercised in order to arrive at a reasonable

priority structure.

Dynamic Programming

Another type of backward-seeking model is dynamic programming,
which seeks minimum cost or maximum effectiveness solutions.1 It is
a staged, recursive analysis which may be conceptualized thus as shown

in Figure 4, where

n = number of stages, 1,4..,n.
Xn = state of system at n.

Dn = decision at stage n.

r, = return at stage n.

The objective is to use the following recursion equatioris:2

fn(xn)g ;:.x Q,n(xn‘, Dn), . n=1,,,.4 N
Qn(xn, Dn) = rn(Xn’ Dn)’ n=1

2,01., N

QX D)) = r (X, D) of (¢ (X, D)) n

George L. Nemhauser, Introductlon to ngamlc Proggammlgg
John Wiley and Sons, Inc., 1966.

2O is the composition operator which may mean addition, multiplica-
tion, or any other compatible operation for the condition.
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to develop a staged policy of N decisions, which are optimal, and of
which any subset of décisioﬁs for appropriate coiponent stages are

also optima.l.1 Dynamic programming.is important in a computational
context, because it may offer a solution to integer programming problems
which is extremely more efficient than a total enumeration appfoach.

Further; dynamic programming is relevant to itransportation
decisions, as it allows one to capture the optimal manner, of synthesis
over time, of a series of individual "building block" decisions on in-
vestment, system operafion,.decay levels and compounded impacts, which
must, or preferably-shouid be dealt with, in some optimal minimum
: cost or maximum effectiveness expansion patﬁ type of planning and
operating piograms. |

One liability is the size of the dynamic programming problem. As
the number of states of the problem increase, the calculation procedures
become extremely‘more complex.and costly.

An important strength of the dynamic programming solutipn proce-
dure 'is its applicability to Ciassical éptimization situatipns. It can
be used to solve éome complex non-linear p:ogramming'problems, and
integer and mixed integer linear programming problems. Although the
problem structure can accommodate constraints, dynamic programming
works most-effectiVely when used as an unconstrained optimization
approach, incorporating these constraint functions into the problem
as penalty components of the objective function one is attempting to

minimize or maximize.

lThis is Bellman's "Principle of Optimality," Djnamic Programming,
Princeton University Press, Princeton, New Jersey, 1957.
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Statistical Decision Theory

Simple Decision Theory

It is relevant to briefly review aspects of simple decision theory
as an introduction to the use of statistical decision techniques in
transportation systems evaluation.

Simple decision theory can be divided into two generél areas, Qith
several distinct techniques under study within each:

1. Decisions Under Risk

a, Expected Value Concept.
b, Satisficing Concepts.
c. Bayesian Decision Theory.

2; Decisions Under Uncertainty

a. Egual Value.

b. MinMax
c. MaxMin
d. MaxMax

e. Savage Regret.
A1l of the above techniques in each area will be dealt with except
Bayesian Decision Theory. It is felt that Bayesian Decision Theory
is a separate subject of great depth, and with alternative algorithmic
approaches that have ﬁany applications. As such, it will be covered
in the subsequent section, and combined with a discussion of sequential
sampling. To conceptualize the use of decision theory, we make use of

the following matrix:



s

J-> P(s))  B(5y)  B(s5)  B(sy)
\yl 5, Sy S3 54
2 V12 V12 V13 Y14
2y | Vo1 Va2 Vo3 V24
25 V51 V32 V33 ¥34

where:
Sl...S4 =‘The states of the world, or J possible environments
under which the decision will obtain.
al...a3 = the i decision alternatives possible, one of which must
be chosen,
P(Sl)...P(S 4) = the J probabilities associated with the existence

of the corresponding states of the world.

= P(Si) = 1.0
i

A, Decisions Under Risk:
Definition: A decision under risk is defined as one in which
P(Si) is known for all S,.

Decision Criteria and Techniques.

l, Maximize Expected Value:

Here Z.P.V, is computed for all a,
3 J iJ i

then: The alternative a;, which Max :E'Pjvij
a, J
is selected, that is, the alternati¥e is chosen which

maximizes expected wvalue.
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2. Satisficing Criteriac:
Satisficing is choosing an alternative which maximizes the

probability of Vi > G, where G is some lower bound on

J

acceptable gain, or upper bound on acceptable loss.
Therefore, we proceed as follows:
1. Choose G, the bound of acceptable gain or loss.

2. TFor each a;, develop JZP(UJ), where U; = V,; 2 G, if

=Vi; S G

~bound is a gain, or ELP(UJ) where Uy
J

where G is acceptable loss,

3. Then select Max ZP(UJ).
a. J
i

B. Decisions Under Uncertainty:

Definitions A decision under uncertainty is one where the
probability distribution over SJ_is unknown., We
then operate with the following decision criteria:

1., MinMax:

a., for each a,, select Max V,
i iJ

b. select the minimum of these maximum V. g0
i,e., Min Max V,
iog ¥

This is normally used where Vi represents a loss, and the objective-

J

is to render a decision rule or "hedge", which minimizes the maximum
loss possible.
‘2. MaxMin:

a. for each a,, select min V,
i ‘ iJ

b. select the maximum of these minimum ViJ’
i.e., Max Min Vi

i J J
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This is uséd where the Vi represents a profit or gain, and the

J

objective of a conservative decision maker is to maximize his
" minimum profits possible,
%, MaxMax:

a. for each.ai, select Max ViJ

b. select the maximum of the Max ViJ

i.e.y, MaxiMax Vi
i J

The above is termed the "plunger", or gambler technique, and is

J

always the highest ViJ in the matrix.
4. Eavage Regret:

will exist,

a. Assume a particular state of the world, SJ

call this state Su’

b. For each a;, calculate Ry = (ViJ - Su) to develop the
relative gain or loss for choosing a; under a state of
the world other than assumed,

c. Use the MinMax criteria to choose the optimum'ai,
which now minimizes the maximum relative loss.

5. Laplace Equal Value:
a. Assume P(Si) are the same for all S.
1
b, Then E(ai) =§-£ Vig o J=15se0m

c. Choose a, which is Max E(ai).
a

i
A self-explanatory set of examples is shown in Table 2.

Bayesian Decision Theory

The basic structure of a Bayesian Decision problem is imposed

through the following:
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1.) Oie 9, a series of possible conditions of the system uﬁder
study, defined as "states of the world" that could occur.

2.) e € E, a group»of experimeﬁts, of which one or several
could be run, in order to yield more information about the
true state of the world Oi; above. |

3.) zj € 7, all possible outcomes associated with an experiment.

4.) %Z € A, a set of alternatives,'one or more of which may be
chosen in a decision situation.

5.) U(e, z, 2, &), a utility, which is a scalar measure represenf-
ing the relative valqe to the decision maker of a particular
combination of an experiment, an outcome, choosing a particular
alternative and having a particular state of the world obtain.'

In essence, the evaluation scheme may be looked upon as a game, .
played over a decision tree, as shown in Figure 5, with the folléwing
components:

1.) Decision to perform particular experiment.

2.) Experiment, prediction, outcome, -

3.) Decision to choose é particular_alternative.

4.) Realized utility, é random variable due to 8.

Note a decision is made to employ a particular experiment, s
which results in an outcome zj that is a randém variable. On the
basis of the added knowledge about the state of the world and an
original assessment, an alternative ap is chosen, and is executed in
the face of Oi, the’resulting state of the wofld, which is also a
random variable., The above random outcomes and deterministic choices

result in a utility accruing to the decision maker.



(etetzfa)n -

wopued OT]STUTUWLISLOP wopue

e3¢ VD ® 2> 2

SSH004d ZOHmHomQ NVISHAVE WAL 40 SIOEASY

SINSTH

OT]STUTWX838p

e

80TOUY

- 36 -



- 37 -

- A, Stochastic Inputs in Bayésian Decision Theory
| The following information on stochastic aspects of the problem
is used in the evaluation: |
1.) 'P'(Gi) = the prior, or ﬁarginal measure on the probability
of a state of the world i. This measure is assessed on the basis of
a subjective knowledge, or "feel" for the problem, and isbprior to the
experimentation phase., _ _ |
2.) P(zj] e ,Oi) = the conditional probability of an outcome j
from experiment €t given the true state of the world is i. This is
also assessed prior to undertaking the experimentation. »
.3.) The joint probability, P(Oi’zj lek), which = P'(éi) x P(zjlek,Oi),
and is the probability of occurrence of a particular combination of
Gi and zj wifh_experiment ).
4.) P(z le ) = §LP(O 2% . |e ), which is the marginal probability
of an outcome zJ u81ng experiment e,» over all states of the world.
5.) P"(Gi'zj,ek) = the revised or posterior probability of
state of the world i, after obtaining outcome Zj from experiment e
This is obtained thiough the use of Bayes' Rule, where P"(Oi'zj,ek) -

P(Qi,zjlek)
§i_ P(Qi’zj' ep

B. Information Required for Beginning Comgutatioﬁ

‘Three basic methods exist for fulfilling approﬁriate computationss
based on the possible stochastic information, they are:

1.) Joint measures on © x Z are given, and the marginals and
conditional for & and Z are computed from if, reéulting in information

to sﬁbsequently compute the posterior probabilities.
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2.) Marginal, or prior measures for all @ are given, and a condi—
tional on Z for every Oi in G-is likewise given., The joint measures,
marginals on Z, and posteriors oan are computed,

3,) Marginals on Z are given, and posterior probabilities on &
afe given. The joints are subsequently computed, and ultimately the
priors on 8 and conditionals on Z.

C. Alternative Evaluation Schemes

Two alternative types of evaluation may be developed in Bayesian
Decision Theory, termed the extensive form, and the normal form. These
will be described separately, and subsequently discussed. Description
will make use of the decision tree in Figure 6;1’2’5

l. Extensive Form

Referring to the decision tree in Figure-é, the following steps
are taken.
1.) The expected utility given the selection of any alternative
52' (presuming a particular experiment and outcome precedes selection
of this alternative is):
U*(ek!Zanﬂ) =Ei. (U(GKQZj’a—e ,Ol)) X (P"(QJJZJ’ek))
in Figure ¢,referring to point D, for (el,zl,al), U*(el,zl,al) =

94(.891) + 7(.109) = 85.

1Howard Raiffa, and Robert Schlaifer, op. cit., pp. 1-22.
" Morris H. DeGroot, op. cit., pp. 69-155.

’E, X. Morlok, and H. Haack, "Discussion Topic 1, Statistical
Decision Theory," class notes from DOl-Transportation Systems Evaluation,
Winter, 1969.
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2.) The optimal alternative for each experimental outcome is

then selected:

¥* = ¥*
U (ek,zj) Max (U (ek’zj’aﬂ,)) .
2L
There is one such value for each z edge of the decision tree, and is
recorded at point C in Figure 6.

3.) The expected value of each,expetiment is now computed and

placed at point B on the tree,

U*(e, ) =§(U*(ek,zj)) * P(zsle) .
4.) The optimal experiment is thus U* = max U*(ek), the maximum
expected valué'corresponds to point A in the tree.

2. Normal Form Analysis

To make use of the normal form of analysis, we introduce the

concept of a deciéion rule, which associates an optimal alternative a
with eaqh possible outcome zZ., In the normal form, every deéision rule
for experiment e is éonsidered; and the optimum rule'is selected.
Each expefiment is then evaluated, and the best e is sélected.

| As an example of decision rules, returning to Figure 6:

1.) The optimal decision rule dO for experiment & iss
d,, where dll(zl) = a, and dll(z2) =a, .

2.) Non-optimal decision rules for experiment s, are:

d,, where dll(zl)' 2, and'd12(22) =2,

12

d. . where d

13 13(z1) = a; and d13(22) = e

1

d14 where d14(zl)

a, and dl4(zl) =a, .
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A formalized procedure for finding an optimum e and d(zj) is-as
follows:

1.) Assume that e and d are given and that we hold @ fixed.

2,) Take the expectation of U(e,%,d(Z),0) with respect to the
conditional measure P , - ..
z|e,8
3,) The result is

U(e,%,d4(z2),0) .

U*(e,d{G) = Ezlé,@

Call this the conditional utility of (e,d) for the given state 8.

4.) Now expect over g with respect to the unconditional measure,

Pé to obtain:
U, (e,d) = EéU*(e,d,‘b') .

Call this the unconditional utility of (e,d).

5.) Next, given any particular experiment e,.choose the decision
rule d whose expected utility is greatest; the utility of any experiment

being:
U, (e) = mgx U.(e,d) .

6.) Compute the utility of every experiment e in E. Then choose

the experiment with the greatest utility.

U, = maex T(e) = m:x mzx EéEé‘e,GU(e,'{,_d(z),'é) .

3. Discussion of Normal and Extensive Forms

A comparison of the two forms yields some_interesting information.
Of primary importance is that the extensive and normal form both yield

identical answers as to choice of experiment and action., Ultimately,
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both require the same information, however, the normal form allows one
to put off subjective analysis of P'(Qi) until the end of the evaluation,
and at the outset, makes use of P(zjlek,Gi), which is a measure that can
frequently be assigned from past expefience. Alternatively, where it
appears best to introduce subjective judgment early in the process, the
extensive form can be used. | |

D. Sequential Sampling

A fihal characteristic of Bayesiah Deéision Theory is its ability
to allow further information about the problem to be generated, if
deemed valuable, prior to action. Such a concept is termed sequential
sampling, or sequential experimentation. Its features bear some resembl-
anée to the optimal path problem in network ahélysis.

As stafed before, the analyst has the option of performing one of
several experiments, and those experiments can be replicated at any
subsequent stage in the process. The assumption is made that each
experiment has the same fixed monetary or opportunity cost, which
equals C, PFurther, N stages exist at the end of whiéh an alternativé
a must be selected., At any stage the decision-maker has the option bf
experimenting further, of to use the alternétive specified by the deci-
sion fule corresponding to the present experimental o_u.tcome.1 This
process may be conceptualized as in Figure T, which shows a network of
possible choices fhroughout the N stages.

The theorem underlying the selection of the optimal process over

N stages is as follows:2 For j = 1,...,N - 1, suppose experiment

lMorris H. DeGroot, op, cit., pp. 267-387 and pp. 429-433.

2Para.phrased in part from DeGroot, op. cit., p. 288.
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E) = e,...,B; = e have been run, If U%< [(U65+1) - C] , the additional
optimal experiment shall be run at stage j + 1. If the inequalities
are reﬁersed, the action prescribed at j should be taken. U§+l is
computed using the revised probabilities fiom Jj as prior probabilities
in j+1. At stage N, the action prescribed must be taken.

Looking at Figure 7, one sees that the optimal experiment is
selected at stage 1, and by use of the above rule, the optimal choice
of action or further experimentation is traced_through each succeeding

stage, with the network terminating in the action node, at the latest,

by stage N.

Markovian Decision Theory

In an analysis of an existing or proposed system from a Markovian
framework, the basic concern lies with  the trajeetory of the procees,
the sequence of system states,rather than in the time interval betWeen
successive states (although this sequence of time intervals can also be
considered a random variable). More directly, a system can be described
in terms of its state transitions given discrete time intervals. The
state variables, such as velocity, rate of flow, etc., themselves capture
the dynamics of the system.

The basic assumption of a Markov process lies in the relationships

between successive states of the system. With the following notation

s(n) state at time interval n, n = 1,2, ...

iyjskyess m any sequence of states 1,2,...N.

The assumption has the following formulation:
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pis(n+l) = jls(n) = i,é(n-l):k,...s(o) = m}- P{s(ml); ils(n) = 4§

where P is a probability measure.

In effect, the system Being in state j at time n + 1 has only to do
with the previous state i and not all previous states of the system
from time zero.

The state transifion probabilities are the probabilities_pij of a
system in state i going to state j in the next time interval.
Several assumptions are made to maintain accuracy,but to remove some
of the complexity of thé model. There is a finite set of states
1,2,...N of the system which may be occujied at any time. The time
interval spacing is assumed constant. Also, the pij measufes are
independent of time and therefore do not change with time or the state
of the system, Aé a probability measure there are tﬁo constraints. |

First, for all i,jJ,

0<p;; <1

Second, the probabilities are normalized,

x | |
p.. =1 i=1,2,...8 .
=1 9 .

As a result, the matrix of the transition probabilities, N x N, is
referred to as a stochastic matrix,

In studying the dynamics of a transportafion system, our concern
is with fhe future state of the system given its present state., The
multistage transition piobability is the probability of a system being

in state jat time n if it is in state i at time ¥ = O, Notationally,

we have



o, (n+l) = Zl ¢ik(h)pgj n=0,1,2,4..
wherg

0 iAj l"‘

These multistage transition probabilities are also a probability measure -

¢. .(0) = {1 = = S‘ . (kroneker delta) .

and are subject to the previously mentioned constraints. For an N state

Mé,rkov process applicable to a transportation syétem we have

%

IO MO NS
¢, (m) ... b, ()

@ (n) = ¢ij('n) = for n = 0;1,2"”.

by () .- gy

Mathematically, the following relationship exists

where P equals the N x N probability matrix p; 5

From the 4)13.(0) = Sij ‘relationship
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where I equals the N x N identity matrix.

Therefore,
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@(n) = P® where 0= 1.



- 47 -

. As n becomes large the é(n) rows approach constants. Therefore, as n
(the number of state transitions) becomes large the probability the
system will bé in state J becomes independent of the initial sfarting
state i. This matrix of limiting values does not mean that as n be-

comes -large, the system permanently rests. in any state i.

A more complete evaluation-picture is developed when.the rewards,
rij’ of a state transition from i to j are considered in conjunction
with the probability structure. The units of the rewards may be any
value structure relevant to the problem. The matrix of rewards generated
by the Markov process is a random variable with the same probabilistic
relations of the Markov process.

vi(n).is the expeéted total earnings of -the next n transitions
given the system now in state i. The mathematical relation is as fol-

~ lows where the terms have been previously explained.

N .
.vi(n) = ;ii le(rij + vj(n-})) i=1,2,...N
N
=q; + f:l pijvj(n - 1)

where
N
Q. = 2 p..r..

is’the expected immediate reward for staté i.

‘Alternatives under study may induce different rewards and pro-
pensity of state transitioné due to the uniqueness of each of the
alternatives. Thus, it is typical to have k matrices of transition
probabilities, each réferred to as Pk, and k reward matrices, Rk, eacﬁ

" agssociated with the kth alternative. The above equation on q; is
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manipulated through a simultaneous equation solution technique termed

the Policy Iteration Technique to find:

N
max qik+ A AR
K 31

for each state i. Thus an optimum alternative k* can be chosen for
each state i the system is in, yielding a composite of them, termed

the optimal decision or policy vector

ax =

.Ni l—’§

5‘10 s e

'delineating a complete stirategy for all states of the system possible,

Relevance of Statistical Decision Concepts

These simple,Bayesian and Markovian Decision tools areihighly
relevant in emerging transportation systems evaluation research. They
allow an optimum seeking approaéh to be pursued in light of the inherent
uncertainty of real-world processes, and in the evené ehvironments
under which the decisions may be obtained, termed states. -Past history,
studies, or experimentation may allow the probability distributions of
the states and their transitions to be built, along with cétaloging the re—
ﬁards with respect to the impacts of an alternative on a particular
state, If one reads the above closely, it is apparent these algorithms
closely simulate the’real-wbrld process of placing transportation

system alternatives in an uncertain set of environments, and probablistically
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accruing several societal, envirommental and user impacts, each with
associated costs, gains and the propensity for altering the state

structure.

Game Theory

Game theory is a decision process by which some interaction, a
game, takes place and is solved between participants who have articulafed
their strategies ﬁrior to the playing of the game. Before a formal
description, there are several general terms té be developed., The églg:
tion space is dimensioned by the number of unknown variables, These
unknown variables can be considered as the participahts in the game.

The requirements space is determined by the number of constraint equa-

tions representing the relationship between the variables., If th;
dimensions of the solution space are greater than the dimensions of
the requirements space, which ié generally the case, then there exists
a potentially infinite number of solutions, The potential best solu-
tion then becomes a problem of maximizing or minimizing some function
representing the solution.

There are three principle types of games that are of relevance here.
The first is the twp;person zero sum game where the benefits accruing
to one participant are the exact disbenefits to the other. Two-person
open sum games relax this constraiht and fhe game takes on some coopera-
tive'aspects. The n~person open sum games are a further eitension,

The potential bésf golution to a two-person zero sum game depends
on the function (previously mentioﬁed) to be maximized or minimized.
The minimax theorum develops this solution. Geneiically, by the minimax

theorem, a value V is assigned to every finite game (that is, it will
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come t6 a solution in finite numbers of steps) where V is the average
amount player A can win from B if both follow their strategies. Implicit
with this theorem are several assumptions. First, player A will Vnot
>sett1e for less than V while second, player B will not lose more than
V. Next, what B loses, A gains (zero sum property). Finally, A is
associated with maximizing his gains (X) while B is associated with
minizing his loses (Y).

In a more mathematical context, let 4) represent the payoff function

of (X,Y). Then define ¢m(y) and ém(x) such that

$a(s) = max §(x,y) o
¢m(x) = min @(x,y) .
y
Then the minimax theorem states
minimax ¢ = minimum &m(y) (minimax)
maximin ¢ = maximm ¢_(x)  (maximin)

The significa.ncé of these statements will be made clear in a subsequent
example.

The game solution consists of determining a saddle point (xo,yo)
of the payoff function d). If for ¢(x,y) there exists some (xo,yo)

such that
¢(x01y)'2 ¢(X9y0) for all x€X, y EY
then (xo,yo) is the s6lution., If the game has a solution then

minimax d) = maximin d) .
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Inherent in the concept of game theory ére two additional assumptions?
First, the first player to move cannot Qiﬁ the game on the initial
move without the second playertd participation.Second, the first player
will not be forced to lose initially.

An example of the implementation of a two-person zero sum game
can be seen in the following matrix in Figure 8. Player A knows B's
wish to minimize his loss., Therefore, A looks for the maxima of row

minima, maximin, Player B, on the other hand, knowing A's strategy, 

B B Row
s 1 s 2 Minimum
A
st |Fc=3 | Ep-2
A
sA2 3y = 2 3y =1 1
Column
¥*
Maximum 5 ' 2
4L B B

where s ", 8 , 8, 8, are the various player strategies
(pure strategies)

2999 alz,.a21, a,, are the values associated with the
respective strategy selections

Figure 8, PAYOFF MATRIX

wants the minimum of column maxima, minimax. The solution payoff is

equal to the game value, which is two in this case. This saddle point

ig the solution payoff, which equals the game value.

When no saddle point exists, the game outcome is dé%ermined through
_mixed strategies. Mixed strategies are a combination of pure strategies
with a given~frequency. It can be considered as a stretegy selec-

tion through a random process,
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The game is coﬁsidefed to éXist in a normal form when the entire
sequence of decisions for the game is made at one time when a choice
of strategy is made, The extensive form is where decisioné are made
one at a time during the course of the game.

The first refinement of this game is the two-person non-zero sum
game, In this case, the outcome is determined by a set éomposed ené
tirely of competitive elements. A second refinement, the cqoperative gane,
‘is solved by coordination of player efforts in order to achieve the common
interests, Here, the concern is with the degree of cooperation between
player A and B where mixed motives of action are involved. -
| Similar to the firét example, the following is a payoff matrix,

'Figure 9, where both receive some benefit. Here, the first payoff

B
B) B,
s S
4
s (0,0) (10,5)
A A2
s (5,10) (0,0)

Figure 9. PAYOFF MATRIX

in parenthesis is the payoff to A while the éecond is the péyoff to_
B, Both players have a common ihterest in averting the zero value
payoff. The conflict arises ovér who receives the 5 and 10 payoffs.
The extent of player communication could have a profound effect upon
the game,

Another extension of the basic two-~person game is the n persoﬁ,

open sum game, In this game format, cooperation among several individuals
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or groups of players exist. Here, the power of players exists through
coalition. The minimum payoff a player can feceive is that minimum he
will get if the others do not éooperate. The concept-of-potential
power is introduced where a player may participate in a coalition to
furtherrraise his benefits.

The three actor examplé, pictured in Figure 10, is a simple

/ A
$6000 \$8000 '

N

Be——— $1Q000 ————5C

Figure 10. THREE ACTOR SAMPLE

' representation of an n-person game. In this situation, there are a
number of possible.coalifions and alternatives available. At first
glaﬁce, B and C would join since they have the most to gain.‘ Reéliz—
ing this, one or the other may fry to join with A by extracting a
. higher proportioﬁ of the benefits from A. Player A obviously would rather
join a coalition than stand alone and get nothing. |

A solution to this game is achievable by the application of the
Aumahn—Maschler theory. This theory does noﬁ predict what,if any,
coalition will form,but rather what a player can expect if a coalition
forms. This predicted value is based upon player Strength.and is inde-
pendent of the actual coalition formed. The condepts of équity also

do not apply. In the above example, the expected returns are
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A $2000
‘B - $4000
c $6000 .

The determination of the payoffs is an iterative process where all
one-person coalitions are assumed to have zero value, the sum of bene-
fits equals the value of the coalition, and no player shall réceive a
negative ﬁayoff.

The above competitive decision models,popularly termed "game
theory," are conceptually relevant attempts to capture the structure
of conflict and citizen values inherent in the transportation éjstem
location and design process; and the struggle between subgroups to
promote the alteration of locations and designs when they are affected
adversely by them., It is presented here for its underlying logic fit in
the transport decision process, and for its insight in structuring
groups' and community strategies on projecis having a significant set
of public impacts.

In the above context, each group assesses several location alterna-
tives and pressures-for accéptance of them to a greater or lesser extent,
dépending on their value structure, and pressure being exerted for each
of the alternatives by the other groups of the community. Conceptual
solutions to the structures where possible, yield a relative measure of
pressure or suppoft each group involved in the location process should
attach to each altern#tive’to minimize their losées, in light of similar
maneuvering of emphasis by other groups. Under the current planning
process, such offering of support or pressure occurs through the public

hearing process, appropriate planning or public works commission meetings,
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or in informal articulation of the group's point of view to responsible
professional and public officials.‘

The one imménsely significant advantage of this technique, in
spite of its mathemagtical and cbmputational complexity, is its ability
to adequately structure the citizen's group political and public hear-
ing process, and the underlYing community'power struggle in 1ocation
decisionsjsas well as in the final implementation and construction
phases. It élone captures the group interaction, compromise, accept-—
ance and/or rejection of plans in the public hearing process, and the
emphasis which groups attach to various trangportation  proposals.

As a practical_logic framework for the fesolution of locational con-
flicts and insight to forces behind implementation of system -construc—~

tion, it can be an excellent tool.

Forward-Seeking Models

It is not possible to discuss forward-~seeking models with the
degree of:specification existent when discussing the several definite
algorithmic forms available in backward-seeking approaches. In es-
sence, any generaligzed procedure which predicts consequencés_of an
alternative,develops a figure of merit, uses this to evaluate the
alternative, and compares the results to that desired in the real
world is a forward-seeking model, Aspects of engineering-economic
models in Chapter II are forward seeking. In addition, the logic
routine incorporated in typical simulation processes is forward seeking.
The accompanying Figuresil and 12 show an excellent example of a
forward-seeking structure in a transportation safety problem, and the

simulation modelling logic built to accommodate it. Figure 1l shows
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Figure 12

_ USE OF SIMULATION
IN MODELLING HIGHWAY SAFETY PROCESSES
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the general forward—seeking context qf description of the alternative,
forecasting of its consequences, comparison to décision criteria, and
the potential for.reiteration. Figure 12 gssimilates this in a simula~
tion modelling context of data, transformation, development of relevanf
frequencies and examinat;on of differences between simulated and actual
performance of the system. |

Simulation is an important tool in transportation systems‘where
thevprocess is so complex it caﬁnot be adequatel& patterned through -
goal-directed algorithms. It is‘typically used to study systems opera-
"tion, or to examine certain system attributes which cannot be expeditiously
conéeived on the real system, such as safety or reliabilitylfailures. ‘Its

inherent disadvantage is itssomewhat structureless format, and the modell-

ing and software development and execution costs.



CHAPTER IV - SIMPLE AND HUERISTIC COST-EFFECTIVENESS APPROACHES

Introduction

The techniques discussed in this chapter are extremely rudimentary
non-monetary evaluation techniques which could be currently operational
for use by current agencies, With the exception of the desirability
rating approach, they attempt to capturc inherent, obvious facts about
the specific evaluatioh problem, and organize those facts in a pragmatic
short-cut decision context, >Desirability rotings (utility theory);gthough
truly more complicated than the rest, is included herein as a oatural ex-

tension of the accompanying approaches.

Ranking Method

The simpiest of the numerical techniques which can be used to
compare alternate transportation system modifications is the ranking
method. In using this procedure, each alternative is ranked with respect
fo its ability to satisfy the social, enviromnmental and economic factors
under consideratioh. As shown in Table 3, the effects of the improvement

TABLE 3: Example Ranking of Altermatives
vs. Dwelling Units Destroyed

Alternative Dwelling Units Destroyed Rank
v o 0 1
W 2 2
X _ 20 3
Y 24 4
are -rank-ordered, . . a rank of 1 is assigned to the alternative

which best satisfied a particular factor, and a rank of n (where n

- 59 -
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equals the number of alternati&es) is assigned to the alfernativé
which is least desirable with respect to the factor.

For impacts which are quantifiable (e.g., number of dwelling
units destroyed) the procedure is éasily applied. For nonquantifiable
factors (e.g., effects on wildlife protection), a rank is assigned by
applying judgment on the basis of a pairwise comparison of‘the alterna-
tives. In either case, the data requireménts correspond to the minimum-
level required for other numerical methods, and only consistency rather
than precision of the data is necessary.

The most prominent disadvantage of the ranking method is its
nonlinéarity, which fails to distinguish incremental differences among
alternatives. This nonlinearity, coupled with the fact that the factors
under consideration may not all be of equal'imporfance, generally pre-
cludes the analyst from reaching a decision on the basis of rank summa-

tion, In the typical case, as shown in Table 4, no alternative will

TABLE 4: Ranking Example for Five Alternatives
and Seven Factoxs '

N . o . Altoraatives
SOc;o-Environmgntal a ' 2 2 &5 4 75
Faotor _ -

A 5 3 1, 2 4
B 1 3 4.5 4.5 2
Y 4 3 | 2 5
D 2 3 5 4 i
E 3 3 1 5 3
b 5 3 4 1
¢ 1 3 5 2

SN
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- show a clear superiority to all others. This is.a reflection of the
fact that each alternative was chosen for consideration in the decision-
-making process because it is superior to other.alternatives with respect
to at least one of the factors under consideration. As a result, it is
frequently not possible to select the best alternative by the ranking
method. |

The ranking-method is useful in the evaluation of minor projects
where the null alternative is environmentally undesirable, and in the
screening of an unusually large number of projects for the purpose of
deleting from consideration those projects which consistently rank

poorly.

Rating Methods

Two of the inherent deficiencies of the ranking procedure, the-v
nonlinearity of the scale and the varying levels of importance of the
factors under consideration can be remedied, either individually or
collectively, through thé use of a weighting scheme. Such schemes,
in which the alternatives and/or the impact factors are related to an
arbitrary weighting scale, are referred to as rating methods. Specific-
ally, one of the following methodologies is employed: |

1.) The impact factors are weighted according to their relative

'importancé to the community, for example,noise abatement
may be considered of more importance than preservation of
cpen spaces, |

2.), An arbitrary rating scale is establishéd whereby the

impacts may be compared in a consistent and linear manner.
With respect to land values, a possible rating scheme

would be:



- 62 -

50% increase in value rating = 1
10% increase in value 4
30% decrease in value T

These methods solve two of the principal disadvantages of the

ranking procedure. If both weighting schemes are used, as shown in

Table 5, it is possible to reach a decision by summing the ratings for.
each alternative. (The highest or the lowest summation will be the
most desirable, depending upon the weighting convention used). 4n
additional benefit is that impacts of coﬁparatively minor importance

can be appropriately weightéd, and included in the analysis.

TABIE 5:; Bating Example

‘ Alterantives |
no e B M 7

Factor . ' , .
A 9 5 1l 4 1
B 2 5 K 6 3
¢ 6 o 3 1 2 7
D 3 - 6 -9 8 i
E 4 4 1 7 4
7 9 - 5 6 3 4
G 2 .- 4 7T 3 6
Swummation 3 - 3 3 3B 32

‘The increase in realism achieved with these; methods comes at the
expenée of time and money. This expense is reflected in the increased
Jevel of effort which mist be expended to insure that the data 1s
accurate and the additional steps required in the analysis phases.

Achieving homogeneity of scales used in the rating of alternatives
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adds a minor complication. On the other hand, a consensus with respect
to value<judgments employed in factor rating is frequently difficult to
obtain. A universal factor rating scheme cannot be'deveioped because
of differences in community values.

The additional effort required by the réting methods is usually

worthwhile on major projects, and has been shown to work satisfadtorily

when a representative citizen's advisory group is consulted in establish-—

ment of the rating system.

Rank-Based Expected Value

An interesting modification of the ranking method results in the
rank-based expected value technique. Both tﬁe factors to be considered
in the location and design, and the alternative locations or designs
are ranked., The former are ranked according %o their relativé deéree
of importance, while the alternatives are ranked in the order of their
effect on the factors. Application of this method in Wisconsin, il=-

lustrated in Table 6, involved the following steps:1

| 1.) The ranking of all plan objectives (or faactors),“n‘in
rumber, in order of importance and assignment of values
‘of By N =1, N = 200000y 1O [e~(n=1)] in descending
rank order. ‘ '
2,) The rank ordering of plans (or alternatives), m in
| number under each objective (or factor) and assignment

of a value mym=1y MW= 2500000y to [m-(m-lﬂ .

1Southeastern Wisconsin Regional Plénning Commission, Forecasts
and Alternative Plans 1990, Vol, II.




TABLE 6: Rank-Baged Expoctod Valuo Exampnlo

Plcen
R 2. 3 4 5
Probability of | | '
. Implemontation 07 06 8 09 .5_ ‘
Rarl: Order Value
of Eoch Plan
Objective
A. tlarket Aocess 5 3 4 2 1
Rank order = 7 o .
B, Icvol of Sexvice 4 3 .5 2 1
Bapk order = 3 . -
S Provision of Pudlic 4 3 5 .2 1
Sexvicos o _
Lonkk oxdexr = 2
D, Disraption i 3 4 .2 5
"Ronkk oxrdex = 4 - _ ‘ _
3. Tcor Cosis 1 5. 2 3 5
Rank ordor = 5 o :
F, Hoiso Pollution 5 '3 3 4 - 1
: Rank order = 1 . : L ,
Ge Others ' 4 '3 5 1 e
Rank oxder = 6 : o
~ Plan Value 65.1 50.4 | 89.6 | 513 | 35.0

implementation for each alternative.

- 3.) The estimation and assignment of a probability of

4.) The score or value of each alternative is obtained by .

miltiplying the rank of the objective (factor) times

the rank of the alternative (and multiplying times
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the probability, if used) and summing the products for
each alternative. For example, the score of altermative

i, can be expressed as follows:

Vi = By(mmenpmyteeonm )

»where Vi = score of alternmative i

P, = probability of implementing alternative i

n, = the rank for factor number one | |

o = the rank for plan m for factor number one

One of the major advantages of the rank-based expected value method

of _ considering social and environmental factors in evaluating transporta-
tion system location and design éltematives is its ease in application.
The o’baect:.ves must be rank: ordered and the rank value of each a.lternap-
tive for each objectlve must be determined. However, this is easier
to do on a relative basis than on an absolute value scale. For small
scale decision situatidns (i.e., comparison of project alternatives),
changes in ranking to test for sensitivity would be feasible. Om the
other hand, system-widé alternatives would be too large for this to be
practical and‘ the deveiopment and use of a computer pmogrém for
sensitivity analysis would be necesééry. This technique has been
well Ad‘iscussed in the lzi.tex:avl;ure.]"2’3 o4

lGendell, D. S., "Evaluation of Alternative Transportation Systems,"
unpublished lecture notes from FAWA Urban Transportation Planning Course,

ZHillega.ss, Te Joy Ce c. Schimpler and W. L. Grecco, "Community De-
- cision Structure and Urban Planning Process,” American Society of Civil

Engineers, Journal of Urban Planning and Development, Vol. 96, No. 1,
Mal‘ch, 1970, pp' 17-2 [

3Schla.,ge:r:, K., "The Bank—Based Expected Value Method of Plan Dva.luation,
Highway Besearch Board, Reseaxch Record 258, Ppe 153=156, ‘

4Strmn, B. D., "Disoussion of the Community Structure and Values Approach,
Hidway Reaearch Boa.rd, Research Record 238, Pp. 156-158.
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~Plan 3 has the highest value and is thus the best plan. In this
example the probability of implementation was axrbitrarily established,
but in practice it should be established on the basis of the likeiihood
of the plan or project actually being accomplished.

Va.lﬁe Matrix

A technique similar to the rank-based expected value method is one
that has been used by Jessiman, et. gl_.l and by Schimpler and (.'}:recco,2
vhich is categorized as the value matrix method. Instead of raﬁk:l.ngthe
. factors according to their -degree of importance, they are weighed with
the most important receiving the highést weight. Then the previously
described rating technique (or a relative rating scale or uility curve)
is used to rate the altermatives to show their effect on the factors.
The value or score of an alternative is obtained by multiplying the
_weighf; of each factor timevs the rating of the alternative for that
factor and summing, |

As presented by Jessiman, et. al., and illustrated in Table 7, this
technique involves the following steps:

1.) Define and itemize the community objectives in provision

of the trangportation facility being considered.

1Jesas:tma.n, We, et.- al., "A Rational Decision=-Making Techmque for
Transportation Pla.nning Highway Research Board, Research Record 180,
pp. 71-80.

ZScl'u.mpler, C. C. and W. L., Grecco, "Systems Evaluation: An
Approach Based on Community Structure and Values," Highway Research

Board, Research Record 238, pp. 123-152.
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2.) Determine the parameter which beét measures each objec-
tive. Some suggested measures are indicated for the
objectives listed for the ranking method.

3,) Assign a weight (or utility §alué) to each objective to

| reflect community values (which might vary from one local
commnity to another).

4.) Study the parameter chosen to measure eaéh objective
and determine the value for each alternative. If this
is done on a weighting basis, the alternative that
best meets that objective would receiv§ the highest
‘weight (or- full number of points), the alternative
that is next best in meeting the objective would re-
ceive the second highest weight and so on until the
worst alternative (with respect to that‘objectiva)
would receive the least weight (possibly no points).

5.) ~ Select the best alternative—This technique would select
the alternative with th§ highest value as best meeting
that‘particular combined set ofbobjeotives shown in
Table 7 as alternative 3.

‘Jessiman, et. _é,_l'.l also discuss the use of utility curves or

the combination of utility ourves and relative rating (the former for

some objectives and the latter for others) in steps 3 and 4 above.

. lJQBBim’ 2::_0 Ll.o" ﬂ. 9.1-'2'
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" In fact, one sighifiognt advantage of this technique is its ability, -

in a systematic framework, to handle a mixture of both subjective

- measures and values from rigorous mathematical techmiques.

Schimpler and Grecco suggest some modifications in using the

. value matrix technique. The major ohange is in esta.blishmg weighted

community decision oriteria by community decision makers and pro-

fessional planners aoting as the criteria evaluation group or commit-

tee. The procedures involved are :1

1.)

Professional plannors establich a tenative set of

ooamunity goals, oxplioitly stated,

2.) AThe oriteria evaluation group moet for general dig=

3e)

4e)

cussion and modification of each ;tgm in the commnity
goals statements, rezmiting in a oowmplaie gtatement of

commmnity objocti.vos,' modifiod in view of the commonts

. of tho decis:!.on makers or criteria avaluation group.

Bach member of the criteria evaluation group .
individually weighs the various gets of- critoria by
oither ranking or _ra.ting. | S

The criteria evaluation group meots and axve asked to
ro=-gvaluate theae initial wezghting of each criteria

element.

ISchimpler, g_g. eite. o o0
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Desirability Ratings ‘Utilin -Theogl _

The general results of é.tta:lning a value of an alternative will
continue to 'be. manipulated throughout this document in a variety of
evaluation formats, This section seeks to underly theé_e through a
gomewhat formal discussion of arriving at & "desirability level®
valuation of an alternative. In so doing, it makes use of some of
the formal mathematicai attributesb of Mutility theory," which attempts
to measure the worth or value of a set of alternatives or objects to an
individual or a group. - |

Simply speaking, the desirability of a transportation sys‘ﬁem design V
or location is one's measure of its worth to him. That is, for location
and design alternative X, we associate a vélue, Vx, which may be in dollars,
a value or a scal‘e from O-;-lOO, or an& other arbitrary scale consistent with
the individual's point of viéw. This method, as an input to other evaluation
techniques, seeks to deécri‘be such possibilities of arrival at reasonable

~scales, which are: |

1.) Loé;z;tion X has sovexal impaots 1,....;,3 (sich as oapacity

'b.ltOratioﬁ, change in acoidont rate, homos ta.lﬁon,
tasinossos taken, ﬁollutiozi cmiosions, otc.). Tho de-
- cision maker associates a sot of consistenl values
Ve Ve

peesessVy With theso n impacts.  Thon tho
wiility or worth of location X, U(X) = Vg + Vop Feeeest Voo
wialch is ho mim of the individusl valuss. That is, he
wtility otructure is additive, yielding a final value
for the 'p'ioject. | |
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3)

4.)

5.)
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Toing the same oxzemple, U(X) = xl . sz ° '(I‘2 ®yececey® Vm’ :

uhich is the product of the several individusl valucs

~ asgoolated with the several impacts. That is, tho
- wtility stracture is ml’ciplicq.ti#e,‘ compounding over
- the sevoral values attached to individual inrpécts.

If the gevoral l;...,n impé.cts are uncortaln, and

there exists Pl’ 2,...,P 9 Whoxs Pi i1s the porcontage

| oh.unoe that a parhicular individual impaot i will ocoux,

tho utility struoture may be U(X) = PV

1::1# 222'0'.00..‘5'PV
yielding a final "expected value® of location,

Finally, in genoral, U(X) = £(V_19eeesV )y that is,

U(X) may be some complex mathematical function of tho

aeveral individual values, involving a.ddition, subtrac—

tion, mltiplica.tion, division or powers.

Goneral transitivity of the n’tilitiea of sovora.l
alterna.tives is assumed, that is, if the value of
location X 18 greater than the value of location

Y, and the velus of location Y is greater than tho

value of location Z, then the value of location X
is greater than the value of location Z. '
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Adwvan 083

1.)

2,)

3.)

4 .)

It has tho ability to dovelop cu aboinvact measuxow

- mont goale which ig rolevant to iho couccrrsd group's

points of view; and in so doing allows the combining
of the valuation of sevoral independont rosulis of
location, into simple or complex :t.‘unctioné.l matho=-

matical forms, ca required.

As suoh, it broadens and movos away from'the tradi-
tional strict monotary evalua‘éion_ Process.

It allows the combination and inolusion of informa=
tion sbout uncertainty of impacts into the evalua~
tion procass. |
It forms a usable and common input into ‘goveral .
currently wsed evaluation techniques. - |

Shortcomings s

lo)

2,)

Agsessment of the values of the impaocis -associ@téd
with a location (ioe.’.vzl’ooooogvm) 18 often

diffioult for each concerned group.

Likewise, assessment of the chances of each
Aimpa.ct ocourring, (Pl,.....,Pn) is often diffi-
oult,. . |
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3.) Finally, most difficult if (1) and (2) bhave bson

overcome, is to approximate the ai)propriata' valns
or utility function of the alicrnative; that is,-
ig it additive, an expeoted value, multiplicativo,

S or .aome complex funotional form, and what are its
miits, ©.8so dollars, lives loat, or ‘some final
loevel on a preselected scale whose values xange
from a lower bound to an upper bound,

In oonclusion, the technique :Ln determining basioc value, or
dosirability of a location has much merit in discovering the nnde:n-_
lying value structure and broadening the evaluation format. Howover,
officient use in light of its shortcomings should emphasize simple,

zoadily identifiable functional forns of V(X), logically relatsble

%o ..he points of view of the ooncerned groupa. Cc‘mplex' functional

forms should only be ueed vhere a very great amount of certainty
cxista that the ma.thematical statement is in fact correct and mean=-

m;mi in relation to the location process and the groups concerned.



CHAPTER V - APPROACHES EMPLOYING WELFARE ECONOMICS

Introduction-Transportation and Equity

Activities that need efficient linkage with other activities col-
lect in cities. Therefore, it is fhe nature of urban residents to both
cluster together in neighborhoods and to travel rather continuously
about and between their cities. The objectives of any type of planning
are to improve the enﬁironmental quélities of a city's individual neigh-
borhoods and to improve all aspects of their efficiéncy of their trans-
portation supply.

While all urban public investments have the singular goal of improv—
ing the quality Qf the city and the region, within that goal are multiple
objectives differently valued by different neighborhoods and by different
- sectors of the pubiic. Therefore all public investhent decisions are
political by definition.

Public investment decisions must be politic - and for other reasons -
they must also be "fair". Therefore technological solutions worthy of
consideration should only be those which establish a Pareto Optimality
of sorts, where the pfoposed solution harms no neighborhood or other
interest group and helps all to achieve one or several objectives, That
this synthetic optimum can be approached but never attained does not
compromise its importénce.

"Public investment decisions that aim for such Optimality must be
approached from two directions:

1.) Alllinterest groups and their objectives on which

alternative investments will impinge must be identified;

- 74 -
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all systems performénce criteria (or standards) must be
identified and the extent to which each alternative
satisfies such criteria will be described; the importance
of each set of criteria to each interest group will be
assessed.

2.) The costs to society of each alternative will bé determined.‘

Some conceptual analysis of the above two points reveals several
pertinent patterns of behavior in current public works decision making:

As stated in the previous chapter in dealing with desirability
ratings, a "value structure" for each individuél interest group exists,
representing various weights they put on objectives likely to be af-
fected by the implementation of a facility or technology. This value.
structure may incorporate some dimensions which are costed in ménetary
terms, however it.normally>weights other "intangible" measures of value
or cost which have no such identifiable measurement output. The
result of this is, theoretically, to develop an n dimensional utility
or preference function which represents the group's appropriately
weighted reaction to the facility presented. The weiéhtings, though
subtle and complicated, are authentic, and are articulated across the
forums of discuésion; conflict, hearings, compromises and tradeoffs
which are the bargaining efforts of the groups to settle on a facility
or tgchnology which allow Pareto Optimalify to exist.

A serious problem for the technical analyst here is that good
operational analytical methods are not frequently employed for
similtaneously examining these preference functions and the dynamics
of conflict which occur in the negotiation towards settling on a

technology or facility satisfying requirements of Pareto Optimality,
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Emerging research tecuniques of game theory and desirabilit& ratings
have been referenced in previous chaptefs. The setting for public
participation in transportation investment decisions should be geared
towards reaching a quasi-Pareto Optimality,and it is the function of
technicians to provide whatever insights'they can for all interest

groups in these negotiations.

Concepts from Welfare-Economics

The realm of elementary welfare economics lends itself well to an
all encompassing analysis approach>to benefits and costs due to transporta~
tion gystems modification. We shall articulate some,of'the basic con-
cepts of welfare economics, and discuss how they are to be formulated
in a modelling context.

Several basic criteria exist in welfare economics for judging the
méfits of an improvement.1 They are: |

Pareto Criterion: which states, a change which harms no one and

which makes some people better off must be considered to be an improve-
ment.

Kaldor Criterion: The criterion asks how much one group is willing

to pay to be better off. If that amount is greater than the amouﬁt
another grouy loses,_then the move is considered an improvement. Thus
the gainer can compensate this latter group, and still have a surplus.
Kaldor does not actually require that the group incurring losses be
compensafed, only that the gainer be potentially able.to make such
compensation. In short, the Kaldor criterion states gains must outweigh

losses.

1Baumol, W. J., Economic Theory and Operations'Analysis,

pp. 375-381.
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Scitovsky Criterion: This criterionvstates that:

a.) One should use the Kaldor Criterion to.see if the move is
initially an improvement.

b.) TUse the Kaldof Criterion to see if the move back from the
changed state is not an improvement. The éhange of statefmust pass

both tests to be classed as an improvement.

Example Problem

For the sake of illustrating this somewhat elusive but significant
technique, a detailed exémplé with respect to simple rural highway design
is presented as a concluding section of this chapter.

Formal Assumptiions

The problem is formally stated as follows: given, an original
road network with eight nodes and travel conditions as éhown in Figure 13,
A freeway is overlaid over one of the central routes, reducing travel
time and accident potential as shown in Figure 14, Two interchanges are
located at A and D. This analysis centers on the question of what co-
figurations of freeway and crossroad intercbnnection benefit or incon~
vehience groups of'users or non-users.,

The following assumptions are made, as éeen in Figure 14.

1;) Excess capacity exists at the interchanges.,

2.) The system is uncongested.

'3,) A 30 MPH uniform speed limit over all local roads exists.

4.) A 60 MPH freeway speed limit exists.

'5.) The following volumes - by node - originate and terminate daily:



ompl toaval g « 00Y (1Y) dunTopd,
Juravy uogrooy () A,omo.mv owodul Tenuuy uedy :puddvy
8 0sz | 00y 1y () € 00€ |2
VAN - { \Y AJ
000l Y (0°9) Y (oo VY 9°'¢ Y
(s°¢) "
Y V] L
(s) (1)
I, (€) 6 (2) 9 €
: /\ | (€) ¢ /\
v
(€) (€) (%) (D
S 9 V]
mr m 4. \.w»
st ¢ 4 0oL Y ¢ (2) z ooy T 1
(0'o1) (z°¢) (L’6) A (9°0)

SUOT3ITPUO) [OABRIL YIOMION PeOY [BUTITI0

¢T @andtd -




Jwrt], ao>mub -8

00% - (Iav) ounfop

: pualdan

SUOIJIpuUOC) [oABIL Aemadalg

¢H 2an31d

Sutivy ucuv%ou< (%) L/.mo.D awodoul [enuuy uesdy )
. A () et A M a A (D ¢ N
0001 1 8 0sz | 9 , 0oy [ ¥ 00c | ¢
(s° D) (079 (0°om) (9°9)
7 y .
) : -
I N NI el
T~ — ¢ I (O 1T o~ =
2 ‘
-, . -
(€) (€ . () (?)
S o y
- o 4 —0 O—
0ST [t () ¢ 00S | S (») 8 0oL | € (2) ¢ 007 1
. (0°01) (z°9) | (o)) (9-0f




- 80 =~

Table &

ADT and Income Data

Mean Annual

. : . Income . .
Node - ADT . (Thousands of §) - T
1 - 400 : 7.6 ’ :
"2 300 5.6
3 -700 - - 9.7
4 - 400 - . 10.0- .
5 .- 500 L. 3.2 .
6 - . . 250 . 6.0
7 .. .- 150 . 10.0
8§ _.,.-. 1000 - 13

6.)

7.)

9.)

The travel times between links are as shown in Figure 14.
The roadways have highly varying geometrics (curves, grades,
etc.), so that travel time is varied on the links, partially
due to their configuration.

Due to éuch geometrics, and pavement conditions, accident
potential is variable on each link. Therefore each link is
given an accident potential rating between 1 and 5, as seen
in Figure 14, |

The settlement nodes 1-8 have different mean annual incomes
of their inhabitants, as shown in Table 14, These result in
different propensities to travel, as will be discussed below.
The number and pattern of trips of the local travelers
remainé constant on the system after the installation of

the facility., For purposes of the analysis, freeway bene-

fits to local users will be considered very small, or

negligible,
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10.) Traffic growth on the freeway occurs with an elastic demand
function, with growth increasing the same percent that per-
ceived travel cost decreases.

Travel has a perceived cost implicit to it. A highly judgmental
equation of perceived travel cost for each node was constructed for
this study. It was postulafed that perceived cost of travel varies
directly with travel time, accident potential, and vehicle opérating
costs due to different geometrics,'and indirectly with mean annual
income., As such, a very crude equation of perceived travel cost was
constructed as follows:

Effect of © Accident : Operating Costs
Roadway Geometrics =~ Potential . of Vehicle

(Travel Tlmq) + Accident Rating + .75 (Travel Tlme)
Mean Annual Income in Thousands of $

-2

Cost = X10

Solution Method

The method of solution is to calculate the minimum time path of
travel from each node to every other node in the network, given that
all crossroads are open. The same type of calculation is tﬁen made
for the alternative configurations of both crossroads closed;.and
one open and one closed. The latter two configurations have less
local accessibility, and therefore total minimum perceived costs of
travel will be higher. |

As stated in the assumptions, traffic demand on the rural free~

way is assumed to have a unitary elasticity. The benefit of travel
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l on the high type of facility is the increase in consumer surplus due
to lower operating costs, and increased travel. This amount is

represented by area ABC in the diagrém below.

—1increase in consumer surplus

2

, -:: qf;':'_; :f'7Qi Qz .

The é;pital aﬁd maintéﬁancemé§st3have been célcﬁlated for each
of the improvement configurations, the first one having four struc-
-tures, and the succeeding having two and three, respectively. 1In
addition, the pérceived'cost has been calculated fér all three cané
figarations. This information is combined into two types of design
criteria for diséussion and comparison: |

A.) The minimum cost criterion, which considers the discounted
construction and maintenance costs plus perceived travel costs.

These costs are discounted for a six percent interest rate and 20
year désign life.

B.) A "Welfare Optimum" criferion, wherein the loss to those in |
the system who suffer an increase in perceived costs is compensated by
those users of the freewéy who receive increased benefits or consumer
surplus due to the presenbe of a higher type facility for travel.

~The Solution - Discussion

‘The solution to the problem is shown in the following tables.

Table q shows the minimum perceived cost paths for all trips in the
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system, with both facilities open. -Tables 10, 11 and 12 show the mini-~
mum perceived cost ﬁatricés for the alternative configurations. Table 13
shows the discounted_capitél and maintenance costs for each freeway
configuration, and Tablel4 gives the discounted perceived costs for

each facility type. Table ngifes the increase in consumer surplus,

, of benefits to through travelers from freeway construction., Tables 16 .
and 17 show the éalculatiéns for analysis by the minimum cost method,

and the welfare optimum method, respectiﬁely.

The installation of a freeway over the old, high cost alignment
resulted in é>traffic growth of 9,100 vehicles per day, and an increase
in consumer surplus of $733 for freeway users. | | |

With both crossréads left open and bridged, the total capital
plus perceived cost equals $7,432,275, having the highest capital,
but lowest perceived cost. With both crossroads ciosed, the total
cost is 37,248,395, while with one open and one closed thé total cost
is $7,312,445.

In terms of minimum qost criteria, project No; 2 would be Suilt,
because of its being the minimum cost solution. By being the minimum
cost solution, it costs society less, but costs the loﬁal tripmakers
most. Is this truly an optimum design? In deference to the local
tripmakers need of accessibility, the problem may be approéched from
a modified welfare point of view as follows: .

Assume Désign 1 will not be built because it has the highest
total cost. Then which design alternative will be built, 2 or 3? By
the Kaldor Criterion it may be arguéd that the design to be used is

that which allows the gains to compensate the losses and still
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Perceived Cost Paths for All Trips¥*
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Table 9

-+ Routing

Cell one to two

Cell

Cell

Cell

“ Cell

Cell

Cell

_Cgll'

Cell

 Cell

Cell

‘one

one

one

one

one -

one

‘two

two

‘two

two

to

to

to

to

to

to

to

to

to

to

three

four

£ive

six

seven

eight -

one-

fhree ;

four: -

five -

' path
1-2
1-3
1-2-4
1-3-4
1-3-5
| 1-2-4-6

1=3=4=6 -

1-3-5-6

1-FW-7

le2-be6-8
 1-3-4-6-8 f

ll-5;5f6-8-“;f:F

1-3-5-?-8:::E¢f 5

CLeFW-8 ¢ - -

2-1

2-1-3 .

2-4=3
C2=4

v . 2e1-3-5

 2-4-3-5
2-4-6-5

.Cost

.68

*The underlined figure represents the optimum, or

minimum of all paths from a

destination.

i

given origin to a given
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Table 9. (Continued)

Cell two to six

" Cell two to seven

_Ce11 

Cell

Cell

Cell
Cell

Cell

Cell

‘Celi

Cell

 Cell

Cell

two to eight

three

three-

three

three

three‘

three

three

four to one

four to three |

Y

to

to

to
to

to

to

to

one .

.'CWO .

four
five

six

‘seven

eight -

four to two

Path
2-6

2=1=3=5x7

2-4-3-557'

:2-4-6-5-7

2-FW-8 N

2-4-6-8=7

2-FW=6

2-8

- 3-1

3-1-2A~".

342

3=5

3=4-6

3-5-6

3.7

3-4-6-8
3-5-6-8
3-5-7-8
4=3-1

421

42
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Table9. (Continued)

Routing

Cell four to five

Cell four

Cell four

N
7z

.

Cell four

Cell five

© Cell five
. Cell. five
Cell five

Cell fivé

Cell five

Cell five

Cell six to.ome .~

to

to

to

to

to

to.

to
to

to

six .

seven

eight

one

two

three

" four

-81ix

seven

eight =

Cell six to two -

Path
4-6-5
4~3-5

4-6

4-6-8-7

l=6=5=7
4=3=5=7
4-8
5-1

5-1-2

5-3=4-2

5-6-4=2
- 23
" 5e34
© o 5e6mb
- 56
R 5-7 .
. 5-7-8
. 5-6-8

6-5=3-1

 Gele3al

| 6=bm2e1

6-2

Cost

27

- .15

S 1.13

.38
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Table 9 (Continued)

Routing - : - Path . Cost

Cell six to three . 6e5e3 . 43

6-4=3 .57

N
()

|

Cell six to four - 6=4 : .

(o)
S

Cell six to five ‘. ' 6=5 - .

-

pu
o

Cell six to seven ) ) 6=5=-7 : .
| 6-8-7 ;/f.A' .75
Cell six to eightv.. . 6~8 a .26
Cell seven to one C7ar | ' _1_9_
.4 | 7wl 32

-Cel} seven co o - 7-5-3-1-2 1£jj- :'f.6o
" Rt
7;5-6;4-2';fx7:;f1 .51
, 7-8-6-4-2'i;i f1.54

£

o | eF-2 b .6l
Cell"‘sevén' to three . 7"3. - _ﬁ
Cell',se\}en. to 'f'our o 7»-3-4 : : -, ._g.l.
o | 7564 - .38
7-8-6-4 © 1.00

‘Cell seven to five. ; 75 ST .02

Cell seven to six ; _ 7-5-6 . .06
7-8-6 .- W4T

Cell seven to eight S 7.8 B _- .10



" Table 9 (Continued)

- Routing L | Path . - Cost
e f% Cell eight to_ one , 8=7<5=3~1" .69
o . 8-6-4-2-1" 1,92

| 8-6=5-3-1 .95

8-6-4-3-1. . l.41
‘ 8-FW-1 .28
Cell gightito.£§0' ‘ B '.8-2 A'- 1.01
: : 8-FW-2 .55
e " Cell eight to three -  ge7ese3 .57
| o T ge6ebe3 L2
© 8=6=5=3 ,.-_ iLS4
Cell.eight to four . 8-4
Cell eight to five _ﬂ' o 8eTs
| s
- Cell eight té six g o  -8-61":  .5‘L :k 21

Cell eight to seven . - 87 - . .13
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Table 13

Capital and Maintenance Cost Estimates

Unit Capital and Maintenance Costs:

Seven miles of freeway at $1,000,000/mile

Interchange A $9,000,000
Interchange D $7,250,000
- Bridging at B $250,000

Bridging at C $340,000

.- Costs of each Alternative:

Alternative 1: Both Bridged @~ =~ $7,000,000
‘ . _ ' o 9,000,000
PWF at 6% interest=-20 year S 7,250,000
design life: .3118 _ 250,000

‘ . : 340,000 -

. $23,840,000

23,840,000 x .3118 = $7,430,000 discounted cost

‘Alternative 2: Both Terminated $ 7,000,000 °

9,000,000
..+ _7,250,000

$23,250,000

23,250,000 x..3118 = $7,245,000 discounted cost

Alternative 3: B-bridged - " $7,000,000
S . C-terminated - 9,000,000

7,250,000

250,000

$23,500, 000

© 123,500,000 x .3118 = $7,310,000 discounted cost
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Table 14

Discounted PerceiVed Costs of Each Alternative

1.) Both Open: : . $7291.49
- © PWF o .3118 _
Discounted Cost = $2275.00 = $2275.00

O ———————

2.)  Both Closed: | $10907.19

- PWF .3118
© "Discounted Cost = § 3395.00 = $3395.00

0y

- 3) OﬁeZOPen -

! One Closed: $7845.59
L PWF ' ©.3118 o
' Discounted Cost = $2445.00 = §2445190

l-’:
'\
- -
o !
A .



Table 15

Freeway Benefits

Original Road - . Freeway - Difference

apT . 10,000 19,100 - - 9,100

|
Perceived Travel

Cost . .568 .051 .517

Discounted Benefits = Discounted increase in consumer surplus, which equals

| Q-P-—’z‘—A-Q x .3118

=217 %9100 o 311

= $733
-Pl' _ ' _ .
- \¢—increase in consumer surplus
:Pé _ -
»v, ’ X T



«®

.

-95-

Table 16,

Minimum Cost Analysis Method

Design 1 (Both Opgn)‘1

Design 2 (Both.CIOSed)

ey

‘Design 3 (One Open - One Closed)

$7,430,000
2,275
$7,432,275

$7,245,000
3,395
$7,248,395%

$7,310,000
' 2,445
$7,312,445

Capital and Maintenance Costs
Perceived Cost S
Total

Capital and Maintenance Costs
Perceived Cost :
Lowest Total Cost

‘Capital and Maintenance Costs

Perceived Cost
Total
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Table 17

Welfare Criteria Analysis

- Eliminate Design 1 -from Consideration
For Design 2:
A$1,120 Differential perceived cost increase of 1 to 2
=733 Freeway benefits applied in compensatlon
§ 387 Deficit remaining -
For Design 3:
$ 170 Differential_perceived cost increégg of 1 to 3
=733 Freeway benefits applied in compensation
$ =563 Surplus left after compensation for‘losses
‘Design 3 is preferred under welfare criteria
{
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" maintain a surplus. Considering only the system of local travelers

and freeway users, in the changg from design alternative 1 to alter-

native 2, the loss to local travelers is an increased perceived cost

of 31;120.. The gain to freeway users is $733. This is not an improve-

ment. However, in comparing design 1 to design 3, the increase in

perceived costs, and loss to local travelers is $170. Now the free-

way user gains of $733 balance this and leave $563 left over. By

Kaldor and Pareto criteria ~- this is an improvement. Since it is

unrealistic, and would cost to dismantlé the neﬁ freeway and return

the $170 to the freeway users, thereby returning to the original design

state, the Scitovsky criterion is also satisfied., Design alternative

3 ié clearly the optimum, in terms of the welfare economics criteria.
It is pertinent at this time to consider all groups that signi-

ficantly benefit or lose in tﬂe improvement program. They are:

The freeway user, who gains through lower operating costs,

lowered travel time and decreased accident potential., This group's
gains are the consumer surplus generated as travel demand increases,
and cost of travel decreases, on the new facilifty.

The local traveler who is'not affected. The traveler who makes

trips from node 1 to node 3, node 3 to 5, node 5 to 7 or node 1 to 2,
etc., whose travel time, safety and cost are not affected.

The local traveler whose accessibility is decreased. It is de=-

creased due to the closing of the intermediate crossroads. Given his
desire to make the same number of trips locally tq the same destina-

tions, his perceived cost of travel is increased, and he incurs a loss,

Society in General, or non-local-non-users of the specific

facility, who have incurred a capital cost to pay for the freeway
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that is built., They experience a loss, the money being used for the
specific freeway improvement. However, they receive a gain in the
form of indirect benefits-such as lower prices, increased cultural
mobility, generation of construétion income, and other benefits,
vhich balances their investment in the highway. In this form, the

welfare optimum is also met, and design 3 is still optimum.

Conclusions

Insights of welfare economics have not been employed in normal
transportation systems benefit-cost analysis when applied to design.’
The use of such insights to the degree possible would be a step towards
more sophisticated and all encompassing benefit-cost analysis. The
improvement would depend on optimality criteria which operate for the
wélfare of all groups affected.. The difficulty lies in identifying
those groups, and measuring the gains or losses inputed to them.

Theré are several needed refinements of the assumptions made
for this problem at this stage:

A.) 1In this case, traffic.was assumed to stay constant for the
loéal travelers after the location of the freeway. A ﬁoie realistic
assumption would have been an increase in travel of those nodés not
ad&ersely affected, and a deéfease of those nodes advefsely affected
by the closing of local roads.

-B.j Tantamount to the above, no community reofganization was-
assumed due to the presence of the freeway. Normally, after the
installation of a high type facility, regional and local dominance of

centers is shifted, and local travel patterns show a decided shift,
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C;) Future research on the problem should construct a more
realistic geographic distribution of incqme, and develop a more Tre-
fined perceived cost formulation. Much researéh is needed by trans-
pqrtation economists.and'mansporteﬁgineers into the value of time to
people, and fhe perceived costs éf travel, It should be noted that
the concept of compensation of loss by those gaining has been used
'in the sense of all individuals having the same ﬁtility on money.
This is not so, and a benefit-cost analysis using welfare criteria

should ultimately address this question.

Farther Research

Further research should be directed to experimentation with a
model which includes the refinement of assumptions spoken of above,

The long-run objective, however, should ultimately be enough relaxa~

tion of assumptions so that a general operational model of transportation

benefit-cost analysis, using welfare economic criteria can be con-
structed. Should this not be possible, the application of welfare

economic thinking totransport problems results in valuable insights

which act as aids when considering aspects of systems and design problems,

and their effect on users and non-users.,



CHAPTER VI - EMERGING CITIZEN PARTICIPATION PROGRAMS

Introduction

Throughout this text, there has been an emphasis on development
of algorithmic techniques which allow a better capture of value struc-
ture of subgroups who are impacted by transportation decisiors, and the
use of these techniques in a logical public works evaluation format.

A few major case studies attempting comprehensive use of citizeh
participation and a range of analytic techniques in evaluation are
underway. They will be briefly described herein, and a concluding
section on synthesizing formal modelling, citizen participation and

the planning process will be developed.

The Boston Transportation Planning Review

The Boston Transportation Planning Review (BTPR) was established
by the Governor of-Messachusetts as a-task force of representative
- citizens early in 1970 due to pubiic controversy over growing negative
consequences resulting from increased highway construction. Highway
construction was stopped persuant to the creation of BTPR, and the governor
instructed the task force to advise him on transportation controversies
and directed that they be reviewed together as part of a balanced
tranSportatioﬁ program responding to the full range of metropolitan
.Values., | |

Trensportation controvereies were identified in three subregional
locations in Boston, the southwest, northwest, and north shore areas.
The decision process involved interaction between the governor's office,

and the above mentioned task force, composed of local elected officials,
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No attempts were made to convert non-monetary evaluation impacts
to dollar equivalents, or to weight criteria in terms of a common pre-
ference scheme or index. Rather, irreducible criteria were expressed
in terms appropriate fof their own individual evaluation, and weighed
alongside those consequences which could be expressed in dollar terms,
in the final decision-making approach.

West Prince George's County Transportation Alternatives Study—-
Maryland Department of Transportation

The Maryland Department of Transportation (MDOT) had determined
from fhe beginning of a Transportation Alternatives Study that N
citizen participation was essential in the selection of possible
alternétives as well as final designrfacilities. The citizen partici-~
»pation process took the form of a Steering Committee composed of com-
munity representatives, locél elected qfficials, and local, regional;
state and federal agencies. |

The critical point to be noted is_thatvthe Steering Committee per-~
formed an active planning role as obposed to a more passive'publié
hearing format. Local area transportation goals and objectives served
as a basis for generating é broader set of goals and objectives deemed
relevant for the particular geographic study area. This broader.éet
dealt with problem areas in transportation, énvironment, social and
neighborhood effects, economic costs, and land development ghd growth.

In a rather unique function, the Steering Committee also adoptéd
a set of ériteria to apply in the evaluation of proposed alternatives.
.These criteria were.measurable'quantities pertaining to the previously
mentioﬁed goals and objectives, -An exgmple is the environmental set of

goals and objectives:
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Goal I: Protect the environment from transportation-oriented
damages and improve the quality of the environment
where present standards of health and welfare are
exceededf

Goal II: Transportation progiam packages and their qomponents
should be planned to ﬁrevent environmental damage and
must not contribute to the genesis of problems relating
to health and safety of the populace. Impacts must
meet with health and safety standards provided by
federal, state and county governments,

These goals and objectives are evaluated by the following criteria:

1.) Air quality measures such as pollutién concentrations by

individual pollutant.'

2.) Water quality measures such as resultant soil erosion and

sedimentation.

3.) Noise levels generated by transportation vehicles and

equipment, and their economic impact on adjacent land uses.

4.,) Visual quality associated with transportation improvements.

5.) Effects on parks and open space.

6.) Impacts on fish and wildlife.

7.) Consideration of soils and géologic conditions,

8.) Effects on historic sites.

9.) Fuel consumption.

The‘Phgse II'Report was an assembly of data pertinent to the

evaluation criteria relative to the possible alternatives developed
in the Phase I Report. The use of this information is imperative to

the construction of a viable framework to make specific modal decisions,
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Discussion and Comparison

A joint discussion of the BTPR and the Prince Georges, Maryland
study is quite illumirating. .It is apparent the BTPR is an attempt
to restore order to the decision process after assessing growing |
negative citizen value feedback. The Prince Georges stu@y, on the
other hand, is a preventative study design, attempiing to incorporate
orderly citizen participation throughouf the duration of the technical
and public planning activity.  In ETPR the interactive format of the task
force 1is with the technical transportation planniﬁg personnel, with
the primary responsibility of the task force being to act as a viable
extension of the community valué structure, and responsible to its
components. |

In the Prince Georges study, a more massive, representatively
interactive approach appears to have been employed. Relevant neigh-
borhood and community groups were identified, and through a series of
"town hall meetings" a rather large steering committee was formed to
generate alternatives, present them to the technical consultant and
the community groups, and act as the synthesizing agent for the selec-
tion process. The consultant, it would appear, acted as a technical
clearinghouse, to commeﬁt on technicai, physical and scientific
feasibilitylof alternati%es generated, and supply, to the extent
possible, quantitatively sound forecasts of resultant impacts.

As one reviews these studies in light of the planning process,
the following points emerge:

1.) The value issue of the citizen is addressed in a plausible

manner.
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2.) The citizens have their questions answered.

3.) Through rejection and modiféation, new alternatives and
_compromises are possible,

4.) The process, from a philosophical and.operational-viewpoint;
operates as a case study or scenario mechanism which addresses
all of the ™urban systems" theory and modelling questions
shown in Figure 15, |

6.) However, in addressing them, no structure or theory per se;
is actually'processed within the studies. The forthcoming
BART Impact Study, howevef, attempts to structure the study
.activities, processes and results, at a'theoretical and |
modelling evaluation level, doing so by proceeding.along :

case-étudy and before and after comparative formats,

Bart Impact Study

The BABT Impact Study could validly be termed the next generation
of case study activities away from BTPR and Mar&land—Prince Georges
efforts. In this forthcoming study attempt has been made to capture
perishable pre—BART data on a variety of envirommental, traffic,
citizen preference and regional economic issues. Through a sefies
of theoretical formats to be undertaken in the next 2% years, ongging
with the completion and tétal operation Qith BART, an evaluation
rationale will be developed consistent with the real world case study'
of actual BART operations. ‘Specific impact studies to be employed with
respect to the above include:

. Travél behavior - using disaggregate travel ﬁodelling techniques,
investigating travelers'! response, and investigating

travel needs,



ST sanstd

106

A
A
l
UOT 3ONAISUODME UOTIEOTITIAS)D Sut8eag pue S9TITJIOTAd { sjusuodwo) MJIoMisyN JO |
SoT3TTTORI 9 MUTT pue Butpung uo uoTSTIOS( 90TOYD PUBR UOTIENTRAT
T~ A\ 7 Y
. Y -t
Ny — II.“-A“‘ m
_ IS -UoN

| . SSATIRPUASITY NIOMIBN
v . yo syoedug[™

| o8

i ;& A N 4 . . . /N
- —

2Jan3onals JemMog %PﬂnﬁEEOQ ,
. - —l.ll Do J — A S Aeen —— Ax — I..—||
_ Y |
/ _ 117ds _ |
2JAN3IONALIS SNTEA %PmcﬂEEoo - { TepoR _ _
[ A .
A 4 4 : Y

uoTjeasusy dray

juewudTSSy OTIFed] ) uoT3INqIaisiq dra

,mQOﬂmﬁomm uoTiejaodsueaj Jo %ﬁomﬁa swelSAS -ueqan



- 107 =

The environment with respect to:
land usé and urban development.
impacts on regional tax base and financial health.
distribution of retail sales in selected areas.
impacts on residential environments and life styles, includ-
ing perceptions of neighborhood‘quality, and relationship
of such to BART.
The data to be collected, and the analysis and interpretation, ére de-
signed to answer one or more of the following:
The questions are of three kinds:
WHAT are the impacts of BART on travel conditions, economic
activity, lapd use, public policies, and other aspects of life
in the metropolitan region?
WHY do these impacts occur? Of equal interest, why d§ some
anticipated impacts not occur, or occur in a lesser or dif-
ferent way thén:expecfed?
HOW can the fullest possible benefits be obtained from the
VBay Area's investment in rapid transit, by complementary actions
such as provision of feéder sérvice, marketing transif service,
and zoning for intensive development around the stations?
Equally impoftant, how can the lessons of the BART experience
be transferred to other metropolitan areass where investments

in transportation improvement are being considered? .

Conclusions-Trajectory of Case Study Activities

Some limited conclusions can be drawn with iespect_fo the trajectory

ofAcase study activities and development of the state of the
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art with respect to citizen participation and formal evﬁluatiqn modell-
ing. Briefly:

1.) The citizen task force is being viewed as a viable and
active aid to broadening and enlightening the decision
process.

2.) Irregardless of 1, above, the framework of technical solutions
and evaluation formats have definite technical bounds, and
the procedures of partiéipation and evaluation must deal
with these fechnical bounds in a realistic, interactive
manner.,

3.) The BART studies representfthe'initiation of the use of theoretically
rigorous evaluation approaches in public works. The theoretic
approaches, developed in conjunction with a participation for-
mat typical of those discussed here, represent the most en- |
lightened approach in the futurezto transpbrtation systems
~evaluation programs.

The concluding chapter will attempt to synthesize the above points,

in light of the technical and mathematical material presented in this

report.



CHAPTER VII -~ CONCLUSIONS -~ SYNTHESIS OF RESEARCH AND

ENGINEERING OPERATIONAL ISSUES

From the material presented in this report, it should be obvious
that no general transportation evaluation model currently exists which
can accurately and rationally deal with the subtlefies of all of the
- impacts of any transportation technology on the entirety of groups
affected by it. Further, the gap is great between currently available
operational techniques and the theoretical questions which must be
answered iﬁ a rigorous and comprehensive manner to render operationality
of evaiuation at a mdre accurz:2 and sophisticated level, TIncreased
effort to this end must be achieved through activities which pursue
the following research goals simultaneously: a.) vigorous theoretical
modelling workvon relevant decision and capitél investment processes,
as discussed in previous sections, b.) interpretation of such results
- into a nontechnical library of evaluation techniques for operating
engineering and planning personnel, and c.) effective communication
and interchange of ideas concerning the problem structure with these
~operating engineers,and planning personhel, and the layman community
at large affected by transportation s&stem decisions.,

In the context of the immediatély above remarks, this state of the
art report has focused on a broad array of topies, including the
philosophy of public sector expenditures, individuals' preference
structure in community planning, public participation, actual case
studies, and several limited, but conceptually sound evaluation
modelling algorithms., In a seﬁse, it is a progréss report, as fe—
search is continually working towards more refined assessment of

- 109 -
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transportation alternatives, and more cdmpiehensive, dynamic modelling
approaches. One significant final concluding point is that in studying
transportation systems, one should attempt to build theoretical analyses
vwhich closely parallel the real-world behavior related to the decisions
for investment., 1In order to do so, in addition to adequate use of
modelling theory, the analyst must be pragmatic about alternatives

open to the real world under study, and must deeply consider the
philosophy of plamning or social structure which the technology is to
support. Oniy in the integration of these items is evaluation and

analysis meaningful.
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Engineering—Economic Techniques~Minimum Average Annual Cost

Engineering-Bconomic Systems Analysis for Transport Planning in
Dahomey, West Africa

‘Tillo B. Kuhn, York University, Toronto, and

Norman D. Lea, N. D. Lea and Associates Ltd,, Toronto

This paper reports on methodological advances achieved by the
Dahomey Land Transport Study, recently carried out by a Canadian
group under the auspices of the United Nations Development Program
and the World Bank. The study employed an engineering-economic
systems analysis aimed at the accomplishment of desirable future
transport tasks at minimum true costs to society.

There was full integration between transport planning per se, and
socioeconomic developments, especially in the crucial agricultural
sector, to the target year 1990, Given population estimates, produc-
tion and consumption quantities, both present and future, for each
node, the "TRANS" Model calculated individual commodity surpluses
and deficiencies throughout the country. It thensimulated freight X
and passenger movements through the land transport network by apply-
ing a "minimum cost path" criterion. These calculated traffic flows
for the current year were then compared with actual movements, obtained
through 0-D studies and counts, and the TRANS Model calibrated.

The TRANS Model output, link inventory information, and new proposal
costs were all fed into the "OPT" Model. Its chief purpose was to
confront various traffic loads generated by the TRANS Model with dif-
ferent technical network designs. It selected from those the one
combination that promised to handle the total logistics task at
minimum total cosits, also expressed in annual terms, the cost " streams
being discounted at relevant trial interest rates over the planning
period 1969 to 1990. Inherent in the OPT Model were economic-—
technical interactions between vehicle and road, as analyzed by
Robley Winfrey and Jan de Weillej tax content and foreign exchange
adjustments; and convergent iterative traffic assignment versus net-
work design calculations. ’ :

Evaluation of New Urban Transportation Systems
Robert U, Ayres, Richard McKenna, and M, Lucius Walker, International
Research and Technology Corporation

The large number of new urban transport systems can usefully be
evaluated from an economic standpoint in terms of capital and operating
costs per unit traffic flow. In this paper, we have considered a
number of systems in a typical urban situation with a peak flow in
-either direction of 10,000 passengers per hour. It is convenient to
distinguish three basic classes: continuous, network, and unconfined
vehicle systems. These are embodied in eight abstract systems varying
in their fundamental components or operational modes, Effective
capacity of each class was found to deviate from design capacity by
a factor that depends on characteristics such as headway, average
velocity, and area per passenger. The physical requirements for
each of the eight types of systems to meet the standard 10,000 per
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" hour demand have been specified in terms of this effective capacity.
By using a number of cost equations, basic operating and capital costs
have been developed for each type of system, Cavpital costs were
amortized over typical lifetimes to provide total annual costs for
each system,

Economic Analysis for Highways

Robley Winfrey. International Textbook Co. (Scranton, Penn, 18515), 1969.
The universal aspects of highways, the accumulation of highway :

needs, the limits on construction funds, and the widespread concern

of almost every citizen give highway transportation a natural and

compelling position in transportation. This position demands close

and expert atiention to the economy and to the general social and

economic consequences of highways. This book is designed to serve

these purposes through making available to the practicing engineers,

economists, and analysts a source of theory, procedures, and applied

data. It is the aim of this book to contribute toward a better

understanding and application of economic analysis as a decision-making

tool., Although this book stresses economic analysis on a project basis,

the same principles, methods, concepts, and cost and benefit data

apply equally well to analyses of highway systems. The main differences

lie in the selection of input data.

Investment Appraisal Using Discounted Cash Flow Techg;gues
J. Bolton, Freeman Fox, Wilbur Smith & Associates.

Different flow levels over a one year period in design and base
years are examined, and the cost of travel at the different flow
levels for both a base situation and a test situation are estimated.
This yields enough observations to enable a relationship between net-
work flow and network benefit to be derived for a wide range of
flows, Flows in an intervening year may be interpolated, and using
the derived network flow and network benefit relationship,the correspond—
ing benefits at this flow may be estimated. Repeating the process for
each year of the project life enables the application of discounted
cash flow techniques to give an estimate of the net present value of
the scheme,

Economic Assessment of Road Projects

Iundin, C. and Wahlborg, S., National Road Board, Sweden, Planning Division.
An economic model for highway investment is being developed.

The system chosen for the calculation is the capital value method. TFor

every project of interest several alternatives are specified differing

from each other only by the time of execution within the plamning

period. The economic consequences of the projects are solved by a

computer program taking into account costs of construction, maintenance,

accidents, motor vehicle operating, etc. The evaluation results in an

investment plan showing the highest total capital value for a given

rate of interest, and within the 1imits of the funds available each year.

Grant, Eugene L., Ireson, W. Grant, Principles of Englneerlng Economy,
the Ronald Press Co., 1970.
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Isard, Walter, etc. al., Methods of Regional Analysis: An Introduction
to Regional Science, The MIT Press, Cambridge, Mass., 1960.

Martin, Brian V., A Model for the Evaluation of Transport Alternatives,
Harvard Transportation and Economic Development Seminar, Discussion
Paper No. 15, June 1965.

Kuhn, Tillo E. and Lea, Norman D., Engineering Economic Systems
Analysis for Transport Planmning in Dahomey, West Africa, Highway
Research Board, No. 285, 1969,

Ayres, Robert U., McKenna, Richard, and Walker, Lucius M., Evaluation
of New Urban Transportation Systems, Highway Research Board, No, 337,
1971. .

The Derivation and Analysis of Transit Costs, The International
Research and Technology Corporation, IRT-R-29/6, July 28, 1970.

Goodman, Joseph M., McDorman, Littleton, C. and Weiner, Edward,
Bvaluation of a Bus Transit Sysvem in a Selected Urban Area, Highway
Research Record No. 314, 1970.

Winfrey Robley, Economic Analysis for Highways, International Textbook
Co., Scranton, 1969.

Creasy, L. R., Economics and Engineering Organization Institute of
Civil Engineers, Proc. Supplement (i), 1970.

Kahn, A. M., Evaluation of Transportation Demonstration Projiects,
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‘Bolton, J., Investment Appraisal Using Discounted Cash Flow Techniques,
Department of the Environment, United Kingdom (current research).

Wahlborg, S., Lundin, C., Economic Assessment of Road Projects,
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Benefit~Cost Ratio

Benefit-Cost Analysis and the Location of Urban Highways
Eleanor B. Steinberg, Brookings Institution,

The location of urban highways has become a major source of un-
rest in American cities and a bone of contention between highway
planners and urban populations. The argument developed in this paper
igs that some of the problems associated with route-location decisions’
are inherent in benefit-cost analysis as it is commonly practiced,
but that a more fundamental weakness lies in the governmental framework
in which benefit~cost analysis is conducted and the consequent burdens
that are placed on it as a decision-making tool.,
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Before and After Benefit-Cost Analysis in Urban Transportation
E., Peterson and F., G. Mittelbach. Graduate School of Management,
University of California, Los Angeles. Sept. 1972,

Expected benefits and costs associated with particular transporta-
tion projects were compared with actual results. Benefit-cost analysis
.is described in detail along with conceptual and practical problems.
The Santa Ana Freeway in Los Angeles was a selected case study to
compare ex ante-ex post benefits and costs with reference to time
value savings for freeway users and highway commodity savings. The
analysis revealed significant differences between the benefits .and
costs anticipated and those that were observed. The report concludes
with recommendations to improve the effectiveness of benefit-cost
studies in urban transportation decision-making.

Numerator-Deonominator Issue in the Calculation of Benefit-Cost Ratios
Gerald A., Fleischer, Deparitment of Industrial and Systems Engineering,
University of Southern California,.

The application of the benefit-cost ratio method to the evaluation
of alternative highway designs and programs is of substantial interest.
Several important reference works in this area point out that the
magnitude of the ratio will be affected by the category to which a
specific consequence is assigned, that is, whether an economic gain
will be considered as a benefit (added to the numerator) or as a
negative cost (subtracted from the denominator). The writers of these
references proceed to justify the specific classification of certain
consequences such as roadway maintenance costs and user costs., However,
inasmuch as the only relevant issue is whether the ratio exceeds unity,
the numerator-versus-denominator issue is without interest. A ratio
cannot be altered from greater than unity to less than unity merely by
adding (or subtracting) a constant from both numerator and denominator.

Generalized Costs and the Estimation of Movement Costs and Benefits in
Transport Planning .

P. T. McIntosh, Strategic Planning Directorate, Department of the
Environment, Londonj and D.  A. Quarmby, London Transport Office,

‘The object of the paper is to provide guidance to transport planners
and analysts by describing procedures in two areas: (a) the evaluation
of movement costs and benefits consequent to changes in networks and
management policies and (b) the estimation of the generalized be-
havioral and resource cost functions for links and origin-destination
pairs that are necessary for this evaluation process and for forecasts
of behavior. The procedures are designed for use in situations where
the change in network or policy is thought to have strong effects on
the trip pattern and individual 1link loadings., This will generally be
the case in the consideration of urban schemes and may be the case for
major interurban schemes; in both situations there may be considerable
changes in the trip matrices, modal spiif, and routes used. The
emphasis is on operational methods. The precise way in which the
benefit expression and generalized costs are caleulated will depend
on the level of detail and form of particular studies; considerable
guidance is given to aid the transfer from concepts to computation.
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Problems, Misconceptions, and Errors in Benefit-Cost Analyses of
Transit Systems
Dan G. Haney, Stanford Research Institute

This paper is addressed to the process of evaluating transit
systems alternatives in metropolitan areas. The conclusions are de-
rived from the author's experience in conducting such studies and
from a review of a number of recent reports. Some 15 separate issues
are discussed, and conclusions are drawn.as to appropriate research
methods for each subject. First, the alternative of not conducting a
benefit—cost analysis is discussed, and reasons are described why
other methods, (e.g., professional judgment, cost of service, and
financial feasibility) may lead to incorrect decisions., Conclusions
are then drawn concerning the use of rating systems versus dollar-based
evaluations, discounting, the choice of an interest rate, financing
considerations, inflation, reflection of all public costs, the use of
benefit~cost analysis only as justification for a single recommended
system, the structuring of alternatives, analyzing benefits only to
existing itravelers, modal split and traveler benefit inconsistencies,
measurement of motor vehicle running costs, factoring from daily
savings to yearly savings, economic valuation of noneconomic factors,
treatment of uncertainty, and interpretation of benefit-cost ratios.

Application of Cost-—Benefit Analysis to Transport Investment Projects
in Britain
D. W. F. Barrell and P, J. Hills, Transportation (Elsevier Pub. Co.,
Box 211, Amsterdam, Netherlands), Vol., 1, No. 1, pp. 29-54, May 1972.
This paper explains the need for the application of cosit=benefit
analysis to the evaluation of alternative projects for investment in
the transport field and outlines briefly the historical development
of the technique, The results of a comparative survey of a number
of cost=benefit studies carried out in Britain and some conclusions
as to their thoroughness and comprehensiveness (or otherwise) are
presented. The article concludes with a number of specific and deé-
-tailed recommendations, including use of discounted cash flow techniques,
to remedy apparent methodological weaknesses.

Cost-Benefit Analysis: Bastard Science? And/or Insidious Poison in

the Body Politick?

Alan Williams. Journal of Public Economics (North-Holland Pub Co.,

Box 211, Amsterdam, Netherlands), Vol. 1, No. 2, pp. 199-225, August 1972,
Cost-benefit analysis is one of the techniques most prone to mis-

understanding and misapplication in the hands of the uninitiated, CBA

is shown to be a natural and logical extension of systems analysis,

operations research, and cost-effectiveness analysis but more ambitious

than them in evaluative scope and technique and hence rather more

vulnerable at certain well-recognized points. "Criticisms of CBA are

reviewed from the economist's viewpoint, and the role and activities

of the Roskill Commission on the Third London Airport are discussed.
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A Break-Even Analysis of Alternative Express Transit Systems
D. Sawicki, Wisconsin University, Milwaukee, September 1972,

A number of alternative bus systems were studied using benefit-cost
analysis; freeway flyer, a flyer over a dedicated lane, a priority
access system complete with s freeway control system, 'and an indepen-
dent busway. The major objective was to determine the break-even
demand point where the benefit-cost ratio of one system becomes better
than the others, for the evaluation a point to point express system
was assumed for all three alternatives, as an actual route will be
used from the freeway flyer's current route schedule. A computer
program was generated which allowed demand to be input and yielded the .
various evaluative measures as output for all three systems. This
allowed the use of sensitivity analysis in the final phases of the
project. '

Urban Public Transportation Capital Alternatives
Institute for Defense Analysis, November 1972,

The objective of this study is to determine the relative costs
and benefits of urban public transportation (including taxicabs), and
capital alternatives under various travel demand conditions, and then

to evaluate these alternatives over a wider range of criteria and
evaluate their feasibility. The study consists of four major tasks:

update data base on urban public transit and taxicabs (using data from
the American Transit Association and the International Taxicab Associa~
tion); identify criteria to use in evaluating alternatives; identify
alternatives consisting of bus, rail and taxicabs, evaluate the alterna-
tives, and assess their feasibility; and, prepare a final report.

Duncombe, Bruce F. and Davie, Bruce F, Public Finance, Holt, Rinehart
and Winston, Inc., 1972.

Russell, B. C., Assessment of the Cost/Benefit Ratio for Road
Improvements in Developing Countries, Journal of Institution of
Highway Engineers, Vol., 17, No. 6, London, England, June 1970.

Wilson, A.G., and Kirwan, R. M., Measures of Benefit in the Evaluation
of Urban Transport Improvements, Centre for Environmental Studies,
London, England, August 1969.

Barrell, D. W. and Hills P. J., Application of Cost Benefit Analysis
to Transport Investment Projects in Britain, Transportation, Vol., 1,
No. 1, Amsterdam, Netherlands, May 1972.

Vam der Tak, Herman G., and Anandarup, Ray, Economic Benefits of Road
Transport Projects, International Bank for Reconstruction and Develop- -
ment, Johns Hopkins Press, 1971. :

Wilgan, M. R., Benefit Assessment for Network Traffic Modéls and
Application to Road Pricing,_Road Research Laboratory, Rpt. LR417, 1971,
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Poison in the Body Politick?, Vol, 1, No. 2, North-Holland Publishing
Co., Amsterdam, Netherlands, August 1972.

Peterson, E. and Mittelbach, F. G., Before and After Benefit Cost
Analysis in Urban Transportation, Graduate School of Management,
University of California, Los Angeles, September 1972,

Steinberg, Eleanor B., Benefit-Cost Analysis and the Location of Urban
Highways, Highway Research Board, Highway Research Record No. 348, 1971.

Fleischer, Gerald A., Numerator-Denominator Issue on the Calculation of
Benefit-Cost Ratiog, Highway Research Board, Highway Research Record
No. 383, 1972,

McIntosh, P, T. and Quarmdy, D. A., Generalized Costs and the Estimation
of Movement Costs and Benefits in Transport Planning, Highway Research
Board, Highway Research Record No. 383, 1972.

Haney, Dan G., Problems, Misconceptions, and Errors in Benefit Cost
Analyses of Transit Systems, Highway Research Record No. 314, 1970.

Sawicki, D., A Break Even Analysis of Alternative Express Transit
Systems, UMTA, September 1972.

Institute for Defense Analysis, Urban Public Transportation Capital
Alternatives, Dept. of Transportation, Office of Policy and Interna-
tional Affairs, November 1972,

Briston, M. R., and Rodriguez, F., Manchester-Buxton Railway Cost-
Benefit Study, Center for Urban and Regional Research, U.K., July 1973,

Rate of Return

Davie, Bruce F. and Duncombe, Brude F.,, Public Flnance, Holt Rinehart
and Winston, 1972,

Hi hwa Engineerin Economlc, nghway Research Board Special Report
No. 108, January 1968.

Kraft, Gerald, Economic Aspects of Urban Passenger Transportation,
Highway Research Board, Highway Research Record No..285, 1969.

Kuhn, Tillo E. and Lea,Norman D., Engineering-Economic Systems Analysis
for Transport Planning in Dahomey, West Afrlca, Highway Research Board,
Highway Research Record No. 285, 1969.
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Al {ternative Multimodal Passenger Transportation Systems: Comparative
Economic Analysis, National Cooperative Highway Research Program Report
146, 1973.

Net=-Benefits

Economic. Benefits of Road Transport Projects
Herman G, van der Tak and Anandarup Ray, World Bank Staff Occasional
Papers No. 13, International Bank for Reconstruction and Development, 1971.
The economic evaluation of a project in any sector entails. the
measurement and comparison of cost and benefit streams expected from
alternative investments. This paper presents an exposition of the
social surplus method of measuring benefits. In this method, benefits
are measured in terms of the concepts of consumers' and producers!
luses, The exposition is intended to shed light on the nature of
benefits to be expected from road transport projects, both with and
without various types of market imperfections and, in particular, to
show how these benefits relate to changes in the supply and demand
of transported commodities. The method is designed for analyzing road
projects in isolation from other investments. In some cases the
benefits from a road transport project in any year can simply be
measured by the product of the project-induced decrease in unit
road-user costs and the normal volume of traffic. This measure will
be valid only when the volume of traffic on the improved road is not
responsive to changes in the unit transport cost. In general, however,
traffic volume will increase with road improvement (as when a new road
opens up an isolated region); measuring benefits only in terms of
normal traffic will underestimate the benefits.,

Measures of Benefit- in the Evaluation of Urban Transport Improvements
A. G. Wilson and R. M. Kirwan, Centre for Env1ronmental Studies,
August 1969.

The paper discusses various alternative measures of user benefit
applicable to the evaluation of urban transport schemes. It is assumed
that benefit can be measured in terms of reductions in costs, where
cost is a generalized function of financial outlay, time, comfort, and
other factors. Four methods of estimating user benefit are dlscussed'
the London Transportation Study formula, consumers' surplus, equivalent
income variations, and cardinal utility functions. It is shown that
under certain assumptions the first three measures yield the same result.
The importance of the notion of constant marginal utility of money and
the difference between cardinal and ordinal measures of utility are
discussed. '

Egtimation of User Benefits. from Alternative Urban Transportation Sysiems
T. N. Harvey, Drexel University, April 1971.

It is hypothesized that the estimation of user beneflts from trans-—
portation systems, especially urban systems, can be improved considerably
by using consumers! surplus measurements and certain concepts developed
in welfare economics. A consumers' surplus measure of user benefit
is put in perspective with regard to other measures of effectiveness
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that have been proposed and/or applied. Values that are measured by
consumers' surplus are rigorously defined in terms of economic theory.
The evidence contained in trip generation, trip distribution, and
modal split models is examined for clues to the sensitivity of demand
to changes in the transportation system.

Evaluation of User Benefits Arising from Changes in Transportation Systems
Martin J. Beckmann and James P. Wallace III, Transportation Science,

November 1969,

This paper investigates the welfare implication of changes in the
transportation system in two special areas., The first is when the
origin-destination demand for transportation may be assumed to be
fixed and the second case is when, considering only work trips,
origins may vary but destinations may not. A fechnique is described
that could be used to forecast the new origin-destination demand result-
ing from a change in the transportation system. The technique also
provides an appropriate measure of the welfare implications. ‘A particular
objective of the paper is to point out the pitfalls of using transportation
{(generalized) cost saving as a welfare measure whenever origin-destination
demand may not be assumed to be fixed. In this situation it is shown
that the welfare measure must take into consideration the benefit de-
rived from the increased choice in available housing sites.

Davie, Bruce F. and Duncombe, Bruce F., Publlc Finance, Holt, Rinehart
and Winston, Inc., 1972

Beckmann, Martin J. and Wallace, James P. III, Evaluation of User
Benefits Arising from Changes in Transportation Systems, Transportation
Science, Vol, 3, No. 4, November 1969.

Benefits of Interstate Highways, Federal Highway Administration,
U.S. Department of Transportation, June 1970.

Harvey, T. N., Estimation of User Benefits from Alternative Urban
Transportation Systems, Drexel University, April 1971.

Lansdowne, Z. F., Analysis of Intercity Transport Improvements:
Forecasting Demand and Evaluating User Benefits, Rand Corporation,
May 1970. :

Neuburger, H., User Benefit in the E@aluation of'Transport and Land
Use Plans, Journal of Transport Economics and Policy, Vol. 5, No, 1,
London, January 1971.

Goldberg, Michael A, and Heaver, Trevor D., A Cost-Benefit Evaluation
of Transportation Corridors, Highway Research Board, Highway Research
Record No. 305, 1970,
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Complex Cost-Effectiveness Approaches-linear Programming

Railroad Freight Train Scheduling: A Mathematical Programming Formulation
E. K. Morlok and R. B. Peterson.

The problem of scheduling railroad freight trains is one that is
of continual interest to the railroad industry. Presently, there is
argument as to whether short, fast trains or long, slow trains are
the most efficient and profitable way of hauling various traffic in
differing geographic and competitive situations. The combinations of
train size, speed, power, departure times, scheduled stops, traffic
carried, and other variables make the determination. of train schedules
for even the most simple networks complicated. It seems appropriate,
then, to attempt to develop efficient models for assisting decision-
makers in the scheduling of freight trains through a railroad network.

The examination of a specific real-life problem led to the develop-
ment of a general model, which was then tested on an actual, but simple
rail network, The model was first formulated as a mathematical pro-
gramming problem which turned out to be a solvable mixed-integer linear
programing problem. The model is constructed so as to answer four
important railroad operating questions: +the route and intermediate
stops of the trains run, their departure times, the cars per train,
and the speed of the trains run. Total cost (train operating cost
plus intermediate yard cost plus car-time and service cost) is minimized
in the model, while a minimum level of service is provided.

The general model yields answers in terms of trains (defined by
horsepower—to-tonnage ratio, car limit, route, and departure time),
cars per train, and total car-hours used, The model is applied to a
specific real-life problem, and results are obtained and compared with
existing schedules. Finally, extensions of the model which will allow
it to represent much larger networks and represent networks more
realistically are described.

Hillier, Fredrick S, and Lieberman, Gerald J., Introduction to Operations
Research, John Wiley & Sons, Inc., 1964.

Churchman, C, West, Ackoff, Russell L, and Arnoff Leonard E,,
Introduction to Operations Research, John Wiley & Sons, Inc., 1964.

Morlok, Edward K. and Peterson Richard B., Railroad Freight Train.

Scheduling: A Mathematical Programming Formulation, The Transportation
Center, Northwestern University, May 1970.

Schaleger, land Use Planning Design Models, Journal of the Highway
Division, American Society of Civil Engineers, November, 1967.

Quandt, Richard E., Models of Transportation and Optimal Network
Construction, Journal of Regional Science, Vol, 2, No., 1, 1960.

Garrison, William L. and Marble, Duane F,, Analysis of Highway Networks:
A Linear Programming Formmlation, nghway Research Board Proceedings,
Vol. 37, 1958
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Non~Linear Programming

Non~Linear Programming and Duality Applications in Public Utility Firms
Kapur, Kailash C., Wayne State University, College of Engineering,

For public utility firms, the objective is not the maximization of
profits of the firm, but the maximization of social satisfaction and
benefits. One of the ways in which the net benefits can be measured
quantitatively is by the help of concepts of consumer's surplus and
producer's surplus. 4 constrainedoptimization problem is formulated
with the objective of maximization of net benefits subject to various
constraints on the system parameters, such as capacity constraints
regarding the size of facilities, regulatory profit constraints,
typical network constraints, etc. A duality theorem is proved for
such general non-linear optimization problems. The results are applied
to the problem considered here. Many times, the computational aspects
of the dual are easier as compared to primal and the dual may have nice
economic interpretations.

Hillier, Frederick Se, Lieberman; Gerald J., Introduction to Operations
Research, Holden-Day, Inc., 1970.

Hadley, G., Non-Linear and Dynamic Programming, Addison-Wesley Pub, Co.,
1964.

McCormick, Garth P. and Bracken, Jerome; Selected Applications of
Non-Linear Programming, John Wiley & Sons, Inc., 1968,

McCormick, Garth P. and Fiacco, Anthony U., Non-Linear Programming:
Sequential Unconstrained Mlnlmlzatlon Technlques, John Wlley & Sons,
Inc., 1968.

Kapur, Kailash, C., Non-Linear Programming and Duality Applications in
Public Utility Firms, Wayme State University, College of Engineering.

Goal Programming

Mathematical Methods of Optimization for Multl-ObJectlve Transportation
Systems
X. C. Kapur, Socio~Economic Planning Sciences, Pergamon Press, December 1970.
Transportation systems have multi-objective functions and there
are multi~-factor decision situations. A general mathematical optimiza-
tion model for such systems is developed that has broad applications
for the planning, system design and evaluation of many transportation
systems. Three types of solution techniques are discussed. For
multi-objective linear programs, a solution is obtained that satisfies
the decision maker's preferences, and optimization from the decision
maker's point of view is considered. A Goal Programming solution
technique is given when goals for the system can be defined. If this
is not possible, an overall utility function is defined on the various
objective functions. A concept of additive utilities is also explored,
and a parametric programming solution is given.
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- Kapur, K. C., Mathematical Methods of Optimization for Multi-Objective
Transportation Systems, Socio-Economic Planning Sciences, Vol. 4, No. 4,
Pergamon Press, December 1970.

Lee, Sang M., Goal Programming for Decision Analysis, Auerbach
Publishers, 1972,

Dynamic Prqgrémmigg

A Goal-Directed Transportation Planning Model ‘
Morlok, Edward K., Northwestern University, The Transportation Center,
January 1969. ‘

A goal-directed or backward-seeking approach to planning has many
characteristics in common with the general methodology of mathematical
programming, In particular, it is very similar in conception to the
general characteristics of dynamic programming., Dynamic programming
treats problems as sequential decision problems, in which the search
for an optimal solution proceeds from the end stage of the problem
back toward the initial stage. If these stages correspond to period
of time, then the program proceeds backward in time. The method sug-
gested in this paper involves a merging of the general area of mathe-
matical programming and in particular, dyramic programming and linear
programming with graph theory as it is applied to the description and
analysis of itransportation networks.

For this application, each stage of the dynamic-program corresponds
to one time period, in which there exists a certain fixed network for
the transportation system. The alternatives to be considered by the
dynamic program at each stage correspond to different sets of this
transportation fixed plant. 'For each such fixed network, there exists
a large number of choices of service variables and other transport
system variables which are continuous in nature, and this choice is
made with the use of a linear program, A distinct linear program is
run for each transportation fixed plant alternative.

Hillier, Frederick S. and Lieberman, Gerald J., Introduction to
Operations Research, Holden-Day, Inc., 1970,

Kaufmann, A, and Cruon, R., Dynamic Programming: Sequential Scientific
‘Management, Academic Press, 1967.

Churchman, C. West, Ackoff, Russell L., and Arnoff, Leonard E.,
Introduction to Operations Research, John Wiley & Sons, Inc., 1964.

'Kaufmann, A., Graphs Dynamlc Programming, and Finite Games, Academic
Press, 1967. -

Hadley, G., Non~Linear and Dynamic Programming, Addison-Wesley Pub.
Co., Inc., 1964. : .
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Bayesian Decision Theory

A Bayesian Decision Theory Approach to the Investigation of cest stand-
ard Deviations: An Empiric Study
Sinclair, Kenneth Paul.
This model is developed to evaluate quantlty deviations from a
standard of efficiency for a labor task. A standard for the labor
task needed first to be established. Two alternatives (investigate,
not inVestigate) were examined with respect to the task. Three states
of nature are hypothesized to exist; performance of the work tasks may be:
1. In control - standard measure -plus control allowance.
2. Unfavorably out of control - below in control state.
3 Favorably out of control - above in control state.
With a payoff table for the above alternatives and the probabilities
of various states, the expected costs of the alternatives are developed.
The model was implemented on a large New England manufacturing company
for one work task,

Western Prince Georges County Transportation Alternative Study
Maryland Department of Transportation.

The study group applied the Bayesian Decision Theory approach to
-dominant interest groups in the I-95 expansion proposal., This theory
allowed the treatment of a2 wide range of choice selection, including
deterministic and random decision elements.
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Benjamin, Jack R., C, Allen Cornell, Probability, Statistics and
Decision for Civil Engineers, McGraw Hlll Book Co., New York, 1970,
Ppo 526"‘40 .

DeGroot, Morris H., Optimal Statlstlcal Decisions, McGraw Hill,
New Ybrk 1970.

Hoel, Paul G., Introduction to Mathematical Statistics, John Wiley &
Sons, Inc., New York, 1947.

Schlaifer, Robert, Analysis of Decision Under Uncertainty, McGraw Hill
Book Co., New York, 1969, pp. 140-200.

Sinclair, Kenneth Paui, A Bayesian Decision Theory Approach to the
Investigation of Standard Cost Deviation: An Empiric Study, Doctoral
Thesis, University of Massachusetts, August 1972.

Maryland Department of Transportation, Western Prince Georges County
Transportation Alternatives Study, January 1973.

Markovian Decision Theory

Study of Traffic Flow on a Restricted Facility Interim Report: Phase I
Carter, Everett E. and Sulur P, Palaneswamy. '

There was a threefold objective pursued by this report: study the
traffic flow on a restricted facility, develope a model to describe
this traffic flow, and make recommendations for improvements. A finite
state discrete time Markov model was used to explain the state space
of the system. The state variables chosen were velocity, rate of flow,
and density of vehicles operating on the roadway. The restricted
facility chosen was the Baltimore Harbor Tunnel.

Carter, Everett C. and Sulur P. Palaneswamy, "Study of Traffic Flow on
~a Restricted Facility Interim Report: Phase I," Department of Civil
Eneingeering, University of Maryland, College Park, Maryland, June 1973.

Howard, Ronald A., Dynamic Programming and Markov Process, MIT
Press, Cambridge, 1960. , :

Howard, Ronald A., Dynamic Probabalistic Systems Volume I: Markov
Models, John Wiley & Sons, inc., New York, 1971,

Game Theory

Maintenance Station Location Through Operations Research at the
Wyoming State Highway Department '
Hayman, Robert W. and Clyde A. Howard.

This article dealt with the location of required maintenance sta-
-tions by minimizing the sum of operational and depreciation costs.
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This minimization was balanced by maximization of service benefits.

The operational constraints of the critical maintenance facilities

were also developed. The model was established for sanding as well
" as plowing operations.

A Capacity Analysis Technique for Highway Junctions
Wattleworth, Joseph A, and Jerry W. Ingram,

An objective function of a weighted set of variables (volumes
entering the interchange) is maximized/minimized subject to the con-
straint equations. These constraint equations represent the capacities
of each of the elements and the definition of movements through the
intersection., The analysis can be used for a 24-hour count, although
a diamond interchange during the peak hour was used.

Bennion, Edward G., BElementary Mathematics of Linear Programming and
Game Theory, Michigan State University, 1960.

Davis, Morton D., Game Theory, Basic Books, Inc., New York, 1970.

Gale, David, The Theory of Matrix Games and Linear Economic Models,
Brown University, Providence, Rhode Island, June 1957,

Hayman, Robert W., Clyde A, Howard, '"Maintenance Station Location
Through Operations Research at the Wyoming State Highway Department,"
Highway Research Record, Highway Research Board, No. 391, pp. 17-29.

Hughes, Ann J., Dennis E, Guwaig, Linear Programming and Emphasis on
Decision Making, Addison Wesley Publishing Co., Reading, Mass., 1973,

Wattleworth, Joseph A., Jerry W. Ingram, "A Capacity Analysis Technique
for Highway Interchanges, Highway Research Record, Highway Research
Board, N’Oo 398, ppo 31-360

Simple and Hueristic Cost-Effectiveness Approaches

Ranking Technigues

Research Board, Paper No. 438, 1968.
This paper describes and analyzes techniques for incorporat~
% ~ ing community value considerations and recommends a rating system
i ~ for comparing alternative highway proposals on the basis of com-
‘ munity value criteria, ' .

\ Flint, A. G., "Commmity Values in Highway Planning," Australian Road
i
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Barkan, B. G., "Latest Methods of Determining Urban Highway Routes,"
American Society of Civil Engineers, Journal of Urban Planning

and Development Division, Vol. 93, No. UP4, December, 1967, pp. 5~18.

Though the overall principles of urban area route location
are generally sound, inadequate weight frequently has been given
to the less tangible and intangible factors involved. As an aid
to policymakers, rating methods have recently been applied in
several urban areas to evaluate the impact of alternate urban
freeway routes on community, social and aesthetic values.
There is a rapidly growing awareness of urban highway aesthetics,
including consideration of both the view from the road and the
view of the road. These emerging concepts will require new
approaches including an interdisciplinary effort in the fields
of urban highway planning and design. It is important to
recognize that urban highways must help to enhance rather than
destroy the urban setting.

Pikarsky, M., "Comprehensive Planning for the Chicago Crosstown Ex-
pressway," Highway Research Board, Research Record 180, 1967,
pP. 35~51. '

Primarily a case study type of report, with discussion
directed towards levels of analysis (General, Intermediate, and
Detailed) and a weighting procedure used in a rating method,
The procedures described appear to be most applicable to major

+ facilities in urban areas, where existing network capacity
deficiencies are of primary concern.

| American Society of Civil Engineers, "Criteria for Locating Major

‘ Streets and Urban Freeways," Report by the Committee on Urban
Transportation," Journal of the Highway Division, American
Society of Civil Engineers, June, 1968,

Bureau of Public Roads, "A Proposed Program for Roads and Parkways,"
U. S. Department of Commerce, June,_1966, Pe 254.

Gardnér, E. H., "The Congestion Approach to Rational Programming,"
Highway Research Board Bulletin 244, 1960, pp. 1-23.

"latest Methods of Determining Urban Highway Routes," Journal of the
.-~ Drban Planning and Development Division," American Society of
Civil Engineers, December, 1967, pp. 5=18., : '

Pikarsky, M., "Comprehensive Planning for the Chicago Crosstown
Expressway," Highway Research Board, Research Record 180, 1967,

ppP. 35-51. -

Real Estate Research Corporation, "A Study of Airspace Utilization,"
1968, p. 91.

Schimpler, C. C. and W. L. Grecco, "Systems Evaluation: An Approach
Based on Community Structure and Values," Highway Research Board,

Research Record 238, 1968, pp. 123~143, and Appendix B.
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. Bating Techniques

Hill, M., "A Method for the Evaluation of Transportation Plans,"
Highway Research Board, Research Record 180, 1967, pp. 21-34.

A much cited report on the applications and use of the
Goals~Achievement Matrix, Numerous ideals, objectives and
policies which are relevant in the analysis of transportation
system impact are presented, and suggestions are made for their
evaluation and weighting. . '

Article would be of interest to those trying to develop‘a
broad understanding of available methods of analysis, specifically
the'Goals-Achievement-method.

Manheim, M., "The Impacts of Highways on Environmental Values,"
- Highway Research Board, Research Record 305, 1970, pp. 26-27.
A study was conducted to design a research program to

evaluate the effects of different types of highways, and of
various design features, on environmental values., The impacts
of highways on environmental values are many and complex and
evaluation must deal with seemingly immeasureable quantities
such as construction costs, lost tax base or park land, effects
of the highway on neighborhood stability, and displacements of
families or jobs. Short-term impacts must be considered as
well as long-term effects., An evaluation method to be practic~
able should be adaptable to different contexts, including varia=-
tions in the significant issues involved in environmental values
in different cities and variations in project scope and resources.
4n evaluation method must identify crucial trade-offs. The basic
objective is to achieve an equitable, substantial agreement on
a course of action. To achieve this, the proposed evaluation
method has two components: evaluation technique and evaluation
gtrategy. An impact matrix display was presented for each alterna-
tive action and for the impacts on each interest group. The evalua-
tion technique consists of a set of operations that can be applied
to the impact matrix., Evaluation strategy includes the develop- = -
ment of alternatives, the identification of actors, and the pre-
diction of the impact on them, the gathering of information about
the values of the different actors, and the use of the evaluation
technique to produce a ranking. A research program is described

- to develop the proposed evaluation method., The major activities
to be conducted include case studies, the development of the evalua-
tion technique, information display techniques, community inter-
action techniques, check lists and location team strategy as first

- priority areas, and the development of impact prediction models

(gcfiggational data as second priority areas. A field test will

_ onducted to assist in evaluating and refining the techniques,
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Smith, K. V., "Ranking and Selecting Methods for Capital Investment
Decisions in Private and Public Sectors," Rand Corporation,
Paper P. 4060, May, 1969,

This paper surveys and illustrates various analytical methods
for assisting the capital investment decision process. Attention
- 18 limited to capital investments made by firms-—referred to col- -
lectively as the private sector——and those made by governmental

organizations within the public sector. Even though such a
dichotomization is not complete--as witnessed by the govern-
mental regulation, and sometimes control, or private entities—-

it does serve as a usable framework for the scope of private
investment decisions includes new fixed assets. Replacement of
exigting fixed assets, make or buy decisions, buy or lease deci-
sions, new product lines, and changes in distribution systems.
Mlternatively, governmental investment decisions could involve
such public areas as health, education, transportation, recrea-
tion, and even space. »

Dorman, A. A., "Environmental Values and the Freeway Planning Process,"
Public Works, September, 1963, pp. 99-101.

. Engelen, R, E. and D. G. Stuart, "Transport Technologies and Urban

- Structure: A Framework for Evaluation," presented at the ASCE-
ASME National Meeting on Transportation Engineering, Seattle,
~July, 1971, Slp. :

 Hill, M., A Method for Evaluating Alternative Plans: The Goals-—

Achievement Matrix Applied to Transportation Plans, Ph.D. Disserta-
. tion, Department of City Planning, University of Pennsylvania,
Philadelphia, 1966. '

‘McHarg, I. L., "A Comprehensive Highway Route Selection Method,"
Highway Research Board, Highway Research Record 246, 1968,
pp. 1-15. :

! Potter, G. A, and I, C. Lloyd, Environmental Resource Analysis, for
[ Oregon State Highway Division, 1970.

Wallace, McHarg, Roberts, and Todd, The Least Social Cost Corridor
for Richmond Parkway, Department of Parks, City of New York, 1968.
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Expected Value Techniques

Schimpler, C. C. and W, L. Grecco, "The Community-Systems Evaluation:
An Approach Based on Community Structure and Values," Highway
Research Board, Research Record 238, 1968, pp. 123-152.

©  This paper presents a procedure for the evaluation of
alternative transportation system design concepts based on a
comprehensive, weighted hierarchy of community development
criteria. Existing techniques for alternative plan evaluation
are discussed, along with several potentially powerful normative
procedures for system design, The basic decision model relates
to the evaluation of alternative design concepts by a single
group of professional planners on the basis of a single set of
weighted community decision criteria statements. Extensions of
the basic model relating to a possible stratification of state-
ments of value by socio-~economic groups and a possible stratifica-
tion of planners are indicated. Necessary discussion of community
decision structure, formulation of community decision criteria,
and weighting of those criteria are summarized. The decision
model procedure is applied to three alternative systems design
concepts for the transportation plan in the Louisville Metro-
politan Area. Obvious extensions of the research are identified
and applications of the procedures in land-use form and plan
analysis, transportation corridor analysis, and detailed
transportation system evaluation are discussed.

Gendell, D. S., "Evaluation of Alternative Transportation Systems,"
unpubllshed lecture notes from FHWA Urban Transportatlon Planning
Course.,

Hillegass, T: J., C. C. Schimpler and W. L. Grecco, "Community Decision
Structure and Urban Planning Process," American Society of Civil
Engineers, Journal of Urban Planning and Development, Vol, 96,

No, 1, March, 1970, pp. 17-26
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Value Matrix Techniques

Strum, B. D., ''Discussion of the Rank-Based Expected Value Method of
Plan Evaluatnon and Systems Evaluation,'' Highway Research Board
Research Record 238, 1968, pp. 156-158.

The rank-based expected value method of plan evaluation-
described by Mr. Schlager is discussed. |t was pointed out
that the common practice of cost-benefit analyses cannot take
all factors into account because of the difficulty of quantify-
ing intangible criteria. A ranking of alternative plans with
regard to the manner in which they need a rank set of regional
planning objectives was proposed. A factor was added to the
decision-making process called the probability of implementation
which tends to temper optimistic or unrealistic plans with an
appropriate air of certainty. Policy sessions help to identify
the goals and standards and alternate transportation and land-use
plans, to rank goals and objectives in order of preference, and
to rank plans according to their ability to satisfy specific
goals appear invaluable. This procedure should provide a dynamic
‘and successful transportation planning process in the southeastern
Wisconsin area. The paper presented by Messrs. Schimpler and
Grecco is another approach directed toward the same problem.
However, the techniques for ranking the regional goals and

| objectives and determining the effectiveness of the various

. plan alternatives were developed through the application of

i decision-making theory and operations research, Through

| ranking and/or rating techniques, a utility value is
determined relative to the importance of each goal to the
region. Total plan effectiveness is measured for each plan
through a decision model by summing all products of each
plan effectiveness value times the utility value for each
regional goal or objective, It is emphasized that the
policy-maker must understand the plan evaluation procedure
and take an active part in the development of an application
of the plan evaluation procedure to determine the best
transportation-land use plan for the region,

Hill, M., A Method for Evaluating Alternative Plans: The Goals-
Achievement Matrix Applied to Transportation Plans,' Ph.D.
~Dissertation, University of Pennsylvania, 1966.

Loeks, C. D., '"Community Values, Goals and Objectives for Metropolitan
Areas and Local Jurlsdlctlons,“ Twin Cities Metropolitan Planning
Commission.

Oglesby, C. H., et. al., "A Method for Decisions Among Freeway Location
Alternatives Based on User and Community Consequences,'' Highway
Research Board, Highway Research Record 305, 1970, pp. 1-14,

Schlager K., "The Rank-Based Expected Value Method of Plan Evaluation,"
Highway Research Board, Research Record 238, 1968, pp. 153-156.

Southeastern Wisconsin Regional Planning Commission, Forecasts and
Alternative Plans 1990, Vol. !l.
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Desirability Rating Technigues

Craik, K. H., "Transportation and the Person,"” Journal of High Speed
Ground Transportation, Vol. 3, No. 1, January, 1969, pp. 86=91.
This paper emphasizes the role of environmental psychology

in transport system alternative decisions,

Falk, E. L., "Measurement of Community Values: The Spokane Experiment,"
Highway Research Board, Research Record 229, 1968, pp. 53-64.
This paper describes a desirability rating technique for
comparing alternatives and considering socio—envirommental factors, -
to arrive at transportation decisions. ‘

Fielding, G. J., "Locating Urban Freeways, Methods for Resolving
Community Conflict, Attitude Study II," University of California,
Irvine, for California Division of Highways, 1971.

Improved methods are being developed and tested for encourag-
ing and incorporating cross-section community participation in
freeway route selection process. The project will apply value
analysis theory and attitude change measurements in an actual
route location situation.

Fishburn, P, C.y, "Intransitive Indifference in Preference Theory: A
Survey, " Operations Research, March-April, 1970, Vol. 18, No. 2,
pp. 207=228,

This paper presents a survey of results in preference theory
with intransitive indifference and discusses them for the areas
of basic preference theory, consumer preference, additive utility,
qualitative probability, expected utility, and social choice.

Mason, J. B. and C. T. Moore, "Development of Guides for Community
Acceptance of Highway Location, Development, and Construction,"
Highway Research Board, Research Record 356, 1971, pp. 43-54.

This paper addresses a conceptual framework and the
mothodology for involving citizens and citizen groups in
planning for and in establishing objectives of transportation.

Moore, C. T. and J. B. Mason, "Locatlon Criterla for nghway and School
Planners~Part A Findings, Conclusions, and Recommendations,"
"Part B, Theoretical and Methodological Framework," Alabama State
Highway Department, HPR Reports No. 45-4(94P.) and 45-13(220?.),
August, 1970.

The first report used quantitative association techniques

to determine the internal and mutual consistency of highway i
location goals and criteria. Overcoming the lack of a substantive :
framework for considering conflicts is recommended. Part B cone
sists of appendices, including a model for resolving planning
conflicts.,

Weiner, P. and E, J. Deak, "Nonuser Effects in Highway Planning,"
Highway Research Board, Research Record 356, 1971, pp. 55-68.
This paper discusses the use of questionnaires, completed
-by individual citizens and by citizen groups, to rank impacts of
highways, both beneficial and detrimental. This can then be used
in decision making. *
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Bishop, A. B.,, C. H. Oglesby, and C. E., Willeke, "Socio-Economic and
Community Factors in Planning Urban Freeways," Stanford University
for California Division of Highways, 1971.

The purpose of the study was to examine the urban freeway
route location process in terms of (1) describing freeway planning
route location as a process of social change, (2) showing the
interactions of interest groups and their attitudes toward the
planning process, (3) identifying the social and economic factors
involved in route locationand (4) developing a method for comparing
and evaluating user and community consequences.for decision making
among alternatives. 'An analysis of the disadvantages of several
planning strategies and approaches is presented, along with the
results of a survey of attitudes of community officials and
citizens toward the current California procedures for route
location., The results of the analyses of possible approaches
and the attitudinal survey show that (1) the coordinator-catalyst
approach seems most appropriate and (2) considerable improvement
in the decision-making process can be gained by involving local
communities early through compensation of disbenefits, community
participation, and getting the community to define its goals. A
method is proposed that separates the direct economic effects
and the community effects, the latter being analyzed through a
graphical factor profile procedure. In addition, tentative
numerical measures for quantification of community factors are
suggested, along with an indication of the effect of the factor
over time. The method of decision making is a series of paired
comparisons, using engineering economic analysis and factor profiles.

McHarg, I. L., "A Comprehensive Highway Route Selection Method,"
Highway Research Board, Research Record 246, 1968, pp. 1-15.

The major deflclency in prevailing highway route selection
methods has been the inability to include social values, including
natural resources and aesthetic values, within the criteria
utilized. In this study, an attempt has been made to identify
components of social value, natural resources, and scenic quality,
and to locate these geographically. It is presumed that the
area of lowest social value, if transected by a highway, incurs
the least social cost., The normal deterninants of highway route
selection, topography, soils, etc., have been expanded to include
management or impairment of ground ~nd surface water resources,
susceptibility to erosion, etc. when highway corridors of
minimum social cost and minimum physiographic obstruction were
revealed, they were tested against their effect on scenic values.
The objective of providing an excellent scenic experience was
considered as a social value created by the highway. The corridor
of least social cost was next tested against the degree to which

“it could create new and productive land uses where these would
be necessary and welcome. The sum of least social cost and
highest benefit alignment was identified. It is described as
the rate of maximum social benefit.
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Oglesby, C. H., et. al., "A Method for Decisions Among Freeway Location
Alternatives Based on User and Community Consequences," Highway
Research Board, Research Record 305, 1970, pp. 1=15.

A method is proposed that can be used in decision making
among fréeway location alternatives in urban areas and that in-
corporates both user and community consequences. It also pro-
poses a step~-by-step procedure that can both systematize and
simplify the decision-making process. The proposed method pre-
sents a list of user and commnity factors as a basis for analysis.
These are separated into (1) the direct economic effects, and (2)
the commnity effects. In order to make the community effects
more understandable, a graphical procedure called the factor
profile is offered as a tool for analyzing them. In addition,
tentative numerical measures for quantification of community
factors and an indication of the effect of the factors over time
are suggested. The method of decision making is a series of
paired comparisons and uses engineering economic analysis and
factor profiles. .

Reidesel, G. A, and J. C, Cook, "Desirability Rating and Route Selection,"

Highway Research Board, Research Record 305, pp. 16=25.
Develops what could be called a model, but the main value

of the article appears to be in its itemization of factors to be
considered in an analysis procedure. Consideration is given to
the weighting of impacts for various future time periods
(0;? yrs, 6-25 yrs, 26-50 yrs). Concludes with a desirability/cost
ra o. '

Vedder, Jr., "Planning Problems with Multidimensional Consequences,"
Journal, American Institute of Planners, March, 1970, Vol. 36,
No. 2, pp. 112-119, '

The multiple cost and benefit consequences stemming from
program selection and implementation of a planning process are
discussed., Planning decisions involve multi-dimensional con-
sequences, which may include both explicit program goals and
direct costs as well as spillover effects, Multi-dimensionality
_presents a problem in decision making because choice of a best
program alternative implies ability to compare consequences in
light of some decision criterion. An approach is presented con-
sisting of a sequence of increasing levels of measurement., This
approach can simplify the final decision problem by dropping out
some alternatives at early stages in the analysis and making
finer me surements on the remaining alternatives. The following
general points are outlined: (1) successively higher levels of
utility valuation may be made on multi-dimensional decision con-
sequences, (2) successively higher measurement levels should pro-
duce an economy of total effort since some alternatives are
eliminated at early stages of analysis and finer measurements
are made on fewer alternatives, (3) the problem analysis is
reduced largely to paired comparisons of consequences rather
“than direct comparisons among the many consequences and alterna-
tives, (4) all levels of utility measurement described can handle
consequences involving both benefits and costs, both qualitative
and quantitative scales, and mixed natural units.
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Howard, R. A., "Proximal Decision Anélysis," Management Science, May,
1971, Vol. 17, No. 9, pp. 507~541.

 Keeney, R. L., "Utility Independence and Preferences for Multi-attributed
Consequences," Operations Research, July-August, 1971, Vol. 19,
No. 4, pp. 875-893.

Kirby, R. F., "A Preferencing Model for Trip Distribution," Transporta-
tion Science, February, 1970, Vol. 4, No. 1, pp. 1-35. '

Oglesby, C. H., and G. E, Willeke, "A Search for Means of Identification
and Quantification of Socio-=Economic and Community Factors in
Urban Freeway lLocations," Stanford University for the California
Division of Highways, 1969.

Raiffa, H., Decision Analysis, Introductory Lectureg Choice Undex
Uncertainty, California, Addison-Wesley Publishing Co., 1968.

Spier, L., "A Suggested Behavioral Approach to Cost-Benefit Analysis,"
ﬂggggement Science, June, 1971, Vol, 17, No. 10, pp. B-672-B-693.

Turban, E. and M. L. Metersky, "Utillty Theory Applled to Multivariable
System Effectiveness Evaluation," Management Science, August, 1971,
VOl. 17, No. 12’ ppa B‘-817"B—8290

Washington State University, A Study of the Social, Economic and Environ-
mental Impact of Highway Transportation Facilities on Urban Come
munities, Pullman, Washington, 1968.




- 135 =~

Approaches Employing Welfare Economics

A General Center City Transportation BEvaluation Model
Haefner, Lonnie E, and Passonneau, Joseph R.

An evaluation model assessing the effect of various internal
distribution systems on a dowritown area is presented. The model uses
decision theory to evaluate the interaction between transport systems
and the center city neighborhoods they serve and between the center
city systems and the urban region of which they are a part. Downtown
Washington, D,C., is used as a case study to develop and to test the
approach. One alternative which appears to be particularly efficient
is examined in detail. ’

- Baumol, W. J., Economic Theory and Operations Analysis, Englewood
Cliffs, New Jersey, Prentice-Hall, 1965.
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Bmerging Citizen Participation Programs

A Description of the BART Impact Program, The Metropolitan Transportation
Commigsion, July 1972.
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