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PREFACE

This memorandum is the third of three volumes [lj summarizing the

L1

second phase of The Rand Corporation's research for the Transport Sys:

tems Planning Division, Office of High Speed Ground Transportation,

U.S. Department of Transportation. These, in turn, are part of a larger

series [2-10] whose overall objective is development of a comprehensive

and systematic methodology for evaluating alternative transportation

proposals. Emphasis in this second phase is on evaluation of alterna:
tive mixes of transportation modes, operating over a network of links

and nodes, and embedded in a regional environment.

This third volume is a companion piece to Vol. II [1]. It illus-
trates the application of the methodology developed during both phases
of the research with particular attention to comprehensive comparison
and evaluation of alternative investments in transportation service
for a given region.

For further discussion on the purpose, context, and possible uses

(D

of the study, the reader is referred to the Preface ofyXPi..II [1] wh

the methodology is described more fully.

re
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SUMMARY |
|

The objective of this volume is to illustrate tﬁe application of
a detailed methodology for evaluating alternative proposed changes to
an existing mix of transportation modes. The setting for the example
is a geographical region that is part of the Northeast Corridor of
the United States. Two alternative environments and three alternativ?
transportation mixes are specified for the region over the 1970 to 2000
time period. Populations in the region's cities and distributions
within these cities are assumed for each environment.

Two separate evaluations are performed to determine region-wide
user benefits. ‘The first is performed without extensive computer as-—
sistance. It determines worth information in an aggregated manner
for the transportation network as a whole. The second is a computer-
oriented method that determines worth information for each possible

trip in a network, using a shortest path algorithm to specify the

trip--including access, egress, and transfer links. Both evaluations
produce a variety of summary information and, if desired, will generaﬁe
a single measure of worth combining a large number of user attributes%

Two comprehensive evaluations are also performed to determine so-
cietal benefits. In the more extensive of these, the region is par-
titioned so that effects can be measured that are related to the trané—
portation links, to the cities in the network, and to the rural areaé
of the region. 1In each specified area, a worth estimate is made for g
each attribute, and the number of residents affected by each attributé
is estimated. A computer performs the accounting necessary to produc%
various summaries of aggregate worth. i

In addition to the comprehensive societal evaluation, more de- |
tailed analyses of selected individual societal attributes are presen%ed.
An evaluation of air pollutlon is made to show the details of spat1a1|
structuilﬁg Several of the range of methods described in Vol. II [1]
are compared briefly through application to the noise attribute. A
qualitative analysis is suggested for the housing attribute to measure

its dimensions and show how it is indirectly influenced by transportar

tion changes.
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In a concluding section, user, operator, and societal evaluations
3

t
are aggregated. Various sensitivity analyses are performed on the inT

cremental benefits obtained by implementing transportation proposals.l
|
Benefit and cost information are matched, and the relation between th?

effectiveness of transportation proposals and desired policy options

are explored and illustrated.

|
!
|
|
\
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‘ GLOSSARY OF SYMBOLS

i —
1 <n <N Nodes
1 <m <M Modes
1l < £ <L Links
1 <z <72 Zones
1 < r» <R Regional environment
1l <g <G Groups
1 i_t < T Time periods
1 < a4 Attributes
1 <4 <J System improvement

i = Travel origin X = Travel routing

k = Travel destination F = Weighted worth

H = Physical attribute measure B = System benefit

U = User worth C = System cost

V = Societal worth I = Link flow

E = Societal worth for an attribute K = Calibration constant

P = Population - S 8 = Policy weight

D = Travel deménd a = User and societal weights
€ = Travel incidence Y = Benefit cost ratio

W = Attribute weight m = Probability

A bar over a symbol indicates a matrix or vector. Subscripts,
superscripts, and arguments in parentheses for a particular symbol are
used to explain its precise context in the discussion. The super-

script O refers to the base case transportation mix.
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T. INTRODUCTION

This volume provides a detailed discussion of the examples that
have been generated during the second phase of our project to develop
transportation evaluation methodology. These examples illustrate the
methods described in Vol. II [1] of this series. As a result, the vol-

ume is organized in a manner similar to the flowchart of steps in the

methodolggy, which appears in Vol. II [1] and is repeated here as Figl 1.

The region chosen as the setting for the examples is a portion
of the Northeast Corridor. 1In Sec. II, two different sets of assump-
tions on population growth in the region are postulated to define two
alternative regional environments reflected in the transportation

analysis. Associated with these patterns of population growth is a

model showing the distribution by residential and employment location;

in each city in the region, both geographically and by income group. i
The transportation modes in a base case as well as two alternative
mixes of modes are identified, and the performance characteristics of
each are measured. The availability or. time phasing of each trans-
portation improvement within the total plamnning horizon is indicated.
Section IIT presents an abbreviated technique for analyzing user

benefits for each mix of modes in each regional environment. The

technique involves calculating both user demand and estimated worth

)

on the basis of passenger miles. The calculations are primarily man-,

ual, and the summary results are suggested as an approximation of

‘creasing numbers of the variables relevant in evaluating transportation

those that would be produced using the more comprehensive methodology
suggested in the next section. The procedure does not involve calcu-:
lations for specific links or origin-destination pairs, but instead
focuses on major sections of the overall network or region. :
Section IV explores the steps in a more detailed, network—orientéd
analysis of user benefits. Evolution of the methodology is described

in terms of a series of successive computer routines incorporating in-

alternatives. The first routine starts simply and is of a single user

attribute and a single travel mode. The second analysis is of a single

user attribute and a mix of transportation modes. The third analysis




Relieve city center population

congestion ?

Specify alternative policies

Specify region and network J

1

Specify groups & other actors l

i

Specify attribute hierachy

Specify bose cose mix |
| of modes for eoch period|

sininin

Specify base case costs
for each period
Specify base case schedule
and capacity

i

Perform user analysis for
base case

Societal analysis

Specify societal attribute weights
for each group and period

Measure societal attributes for
each zone, group, & period

Compute total worth for each
zone, group, ond period

Measure incidence for each
zone, group, and period

Compute weighted worth for each
zone, group, and period

Compute aggregate societal benefit
for each group and period

1

Perform societal analysis for
bose case

i

Begin analysis of alternative
transportation system

i

Specify system improvements
for each period

i

Specify schedule & copacity for
olternative system

Provide improved attribute

values to users ?

[T decirabl

environmental effects ?

Meet demand increases ?

Relieve congestion on

links and in nodes ?

Improve intercity-intracity

travel interface ?

Provide investment
opportunities to suppliers

N

Perform user analysis for
alternative system

Compute incremental user benefit
for each group and period

Perform societal analysis for
alternative system

i

Compute incremental societal
benefit for each group & period

Compute incremental
impact distribution

Specify alternative system
costs for each period

i

][]

Compute incremental costs
for each period

L

Last
clternative system ?

| m—

Note: Dashed lines represent final

stages and feedback

User analysis

Specify user attribute weights
for each group ond period

Measure user attributes for each
fink, group, and period

Measure user attributes for each
chain-of-links, group, & period

Compute input matrix for
each group and period

Compute optimal route & weighted
worth for each OD pair, group, & period

Compute travel demand for each
OD pair, group, and period

Compute weighted worth for each
OD pair, group, and period

\\

Compute aggregate user benefit
for each group and period

Compute network impact distribution
for each group & period

L. LA,

Final CHOICE of a
transportation system

I

Rank correlation analysis of desired
vs actual policy accomplishment

|

Sensitivity ond trade-off analysis of
major parameters and interest groups

-

Benefit cost analysis for each
group over total horizon

Provide inputs to transportation
decisionmaker
& Costs of transportation systems
A Incremental benefits to users

A Incremental benefits to society

At opportunities to suppliers

Fig. 1--Flow chart analysis of transportation system effectiveness

mix-of-modes/network methodology
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includes the entire hierarchy of user attributes, as well as the enfi?e
mix of transportation services. For the latter analysis, a careful |
description is made of link-associated attributes, chain-of-link attri-
butes, and the access-egress portions of total trips. These variables
are carefully quantified so that a shortest—path algorithm can be used
to determine the optimal routing over links and nodes for each origin-
destination pair. Results of that algorithm are used to estimate the
demand for all possible trips. Demand and worth information are then
combined into aggregate measures of user benefit for each user group
and time period.

Section V illustrates more detailed analyses of individual soci-
etal effects. Evaluations of air pollution and noise are used to il-
lustrate how each societal attribute can be measured and assessed in
a complete analysis. Also included is a detailed listing of possible

qualitative and quantitative measures for the housing attribute, with

preliminary attention given to tracing indirect or second-order influ-
ences of transportation on housing.

This is followed in Sec. VI by two analyses of societal benefits
for the entire network. First, an overall direct worth evaluation is

illustrated. Then the total network is partitioned geographically so

that a location~-specific analysis of societal beﬁefits, paralleling t?e
user benefit analysis of Sec. IV, can be made. Societal attribute g

worths are estimated for different nodes (cities) and links of the net-
work and appropriate aggregations are made. The number of people af-
fected is also calculated so that overall societal worths can be esti-

mated accordingly.

Results of the societal analysis can then be combined with those

!
of the user analysis into a total evaluation of transportation alterna-
tives within a network and under various assumptions about the regional
environment, Section VII illustrates how the detailed information of {the

;
user and societal studies can be brought together in such a total anal-

ysis. Sensitivity analyses that the transportation planner may perform,
{
using such information, are described.

Sections 1I, III, VI, . and VII, in combination, present a complete

;
i
.
f
i
i
i
!

compare

example resulting in aggregate measures that can bgupggg_ﬁgh
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the alternative mixes of transportation modes. Section IV is 1nc1uded
to illustrate methodology, which is still exploratory, for more reali?—
tically incorporating the network dimension into the analysis, while
Sec. V illustrates the possible application of alternative measurement
methods to the obviously very difficult problem of properly capturing
societal inputs. It particularly emphasizes quantification of impact§
in physical, as contrasted with worth, units. Cross-references to ]

Vol IT [l] for further d1scuss1on of the methodology belng 111ustratLd:

throughout thlS volume are prov1ded at the begimning of each section.




IT. REGIONAL ENVIRONMENTS, POPULATION DISTRIBUTIONS,
AND TRANSPORTATION ALTERNATIVES*

 THE TWO REGIONAL ENVIRONMENTS

iin one of our alternative regional environments.
I -

| As a setting for our examples, we have chosen a portion of the
INortheast Corridor between New York and Washington. Figure 2 shows

the boundaries of the region and the twenty-four cities assumed to
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N /4
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14-NEW TOWN E e L [
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—_—— — i
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I

’d

-

s

[ ] A
8-FREDERICK
\\ 6-BALTIMORE

~

~—

N ' |

7-WASHINGTO

W
T :

—— - o o e —————

; Fig. 2--Cities in the network

form the nodes in our transportation network. Eighteen of these cities
i

lexist today; the other six are hypothetical new cities to be introduc?d

|
i
|
i
)
i
|

\Methodological implications of the material in this section are

 found in Sec. II of Vol. IIm[1].



Two sets of population projections have been produced for these
cities extending over the time period 1970-2000. The first set is
an extrapolatioﬁ of current trends, which assumes that neither the
transportation system itself nor external technological or social
events radically influence movements of the population. The second
projection is the result of a planned development of the western por
tion of the region, where transportation changes and other governmen
actions are used to shift population away from the crowded cities in

the East and into the western portion of the region.

The basic data for both sets of population projections are shown

in Table 1. Each metropolitan area has an assumed growth rate per
year. Unless otherwise indicated by footnote, the growth rates are
derived by comparing Bureau of the Census population estimates for
Standard Metropolitan Statistical Areas (SMSAs) on July-1, 1965 with
the Census figures on April 1, 1960. Applying these rates to the SM
or area populations in 1960, we get the estimated 1970 populations.

Future new cities, of course, are omitted from this table.

Table 2 shows the 1970-2000 forecasts assuming the extrapolation

of current trends--this is referred to as Regional Environment A.

Starting with the 1970 base, each city is projected at a standard

growth rate. The cities of the central portion of the region (citie
1-7) are assumed to continue to grow at a rate of 1.5 percent per ye
(similar to the current rate for New York, Philadelphia, and Baltimo
with Washington as an exception with a significantly higher rate be-
cause of its unique role as the center of government. The Washingto

rate, although assumed to be 2.5 percent, is down somewhat from its

ﬂl960 1970 rate on the assumptlon that growth of the Federal Govern—i
ment will slow down. -All western portion cities are assumed to grow
at a rate of 1.0 percent, which is typical of the 1960-1970 time
period. We have also assumed a popuiation in 1970 of one million in

the rural areas, growing at 1 percent per year.

Table 2 also shows the 1970-2000 forecast assumlng planned deveﬂ—l$7:2ﬂ2nu

opment of the Western Reglon. This we refer to as Regional Environ-

ment B. The scenarioc for Regional Environment B is as follows: 1In

1970-80, tax_incentives._and governmental inwvestments_in.the western .

tal

SA

ar

re),

}

-
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Iable 1

POPULATION TREND PROJECTIONS TO 1970

_1_SMSA 1960-1970 . 1970 SMSA
or Area Growth Rate - or Area Pop.
Node Pop. 1960 Assumed , (est.)
No. Gity or Area (millions) per Year (%) | (millions)

1 New York-Northeastern
New Jersey? 14.182 1.3 16.137
2  New Brunswick .180P 2.1¢ .222
3 Trenton .266 2.1 .327
4  Philadelphia 4.2144 1.4 4.843
5 Wilmington 415 2.3 .521
6 Baltimore 1.804 1.4 2.073
7 Washington . 2.064 3.7 2.968
8  Frederick .072¢ 1.0f -~ .080
9 Hagerstown .091e 1.0% .101
10 Chambersburg ) .088e 1..0f .097,
12 Harrisburg .372 1.0 <411
15 Allentown/Bethlehem .3298 0.9 . 360
16 Easton/Philipsburg 1638 0.9 .178
19 Pottstown _ ;:EE&H 1.0% 142
20 Reading .275 0.6 ".292
21 Lebanon .091¢ 1.0 .101
22 York .290 1.1 .324
24 Lancaster .278. 0.7 . .298
Central portion cities (1-7) 23.125 - gzlp91§
Western portion cities (8-24) 2,177 -

7 2.384

8Contains the New York, Newark, Jersey City, and Paterson-Clifton,
Passaic SMSAs.

bAllocated 1/2 of Somerset County and 1/4 of Middlesex County popu
lationm.

c . ,
Assumed the New Brunswick growth rate is the same as Trenton's.

dSubtracted 1/4 of Montgomery County population from the Philadel-
phia SMSA; this population is allocated to Pottstown.

e . o . . .

Population of county containing the city in question.

f . .
Assumed 1 percent growth rate for small cities of the Western Reg

€Allentown-Bethlehem: Allocated Lehigh County and 1/2 of Northamp;
ton County population. Easton~Philipsburg: Allocated Warren County
and 1/2 of Northampton County population. '

hAllocated 1/4 of Montgomery County population.

10n.
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. Table 21
| T L

| POPULATION PROJECTIONS, 1970-2000 :

s et N NS TTTTTTTTTTIITT T TR L [
_’| Regional Environment A [ ‘ i Regional Environment B/ '
Assumed <(_A T _,__-_._-* IR Assumed Assum_ed 1 ""f e -7
Yearly ' ' Yearly Yearly / .
Growth ‘ . Growth Growth " !
Node 1970-2000 SMSA or Area Population (millions) 1970-1980 1980-2000 SMSA or Avea Population (millions) : |
No. (%) 1970a 1975 1980 1985 1990 1995 2000, (%) (%) ,1970a {1975 [-1980 1285 - 1990 1995 2000
1 New York Area 1.5 16.14 17.39 [18.73 20.18 21.74 23.42 25.23 . 1 " -0.5 16.14 16.96'17.83 17.39 16.96 16.54 16.14
2 New Brunswick 1.5 .22 .24 .26 .28 ".30 .32 .34 1 -0.5 .22 .23 24, .23 . .23 .22 .22
3 Trenton : 1.5 .33 .35 .38 .41 b 47 .52 1 -0.5 .33 .34 .36 .35 7 .34 .33 .33
4 Philadelphia 1.5 4,84 5.21 5.62 6.05 6.52 7.02 7.57 1 -0.5 4,48 4.71 5.35 5.22 - 5.09 4.96  4.84
5 Wilmington 1.5 .52 .56 .60 .65 .70 .75 .81 1 -0.5 .52 .54 .57 .56 - .54 .53 .52
6 Baltimore 1.5 2.07 2.23 2,40 2.59 2.79 3.01  3.24 1 -0.5 2.02 2.18 2,29 2,23 2.18 2.12 2.07.
7 Washington 2.5 2.97 3.27 3.80 4,30 4.87 5.51 6.23 2 +.5 2.97 3.28 3,62 3.71 3.81 3.91 4.00
8 Frederick 1.0 .08 .08 .09 .09 .10 .10 A1 6 10 .08 .11 .14 .23 .37 .60 .96
9 Hagerstown 1.0 .10 - .10 .11 .11 .12 .12 .13 6 10 .10 .13 .18 .29 46 75 1.20
10 Chambersburg 1.0 .10 .10 11 .11 .12 .12 .13 6 10 © .10 - .13 .18 .29 46 .75 1.20
11 New Town C : — ——— —— - - alale - - L = 20 - - - .02 .05 .12 C 031
12 Harrisburg " 1.0 JA41- 0 .43 .45 A7 .50 .52 .55 4 8 A .50 .61 .90 1.32  1.94 2.84
13 New Town D —— (- —— - - _— - —-—= —_— 20 -— === - .02 .05 .12 . .31
14 New Town E o - - ——- - —-— - e — -— 20 -—_ = - .02 .05 12,0 .31
15 Allentown/Bethlehem | 1.0 .36 .38 .40 W42 b .46 .49 4 8 .36 A4 53 .78  1.14 1.68 2.47 I
16 Easton/Philipsburg 1.0 .18 .19 .20 .21 .22 .23 .24 6 10 .18 .24 .32 .52 .83 1.34 2.15 ?o
17 New Town F : - mmmmmm memmmmeem e e 20 -—- - --—— 02 .05 .12- .31
18 New Town B . ——— - - - - - - - —_— 20 —-— - .02 .05.- .12 31 Y 7
19 Pottstown 1.0 .14 .15 15 - .16 17 .18 .19 6 ' 10 14, .19 .25 .40 .65 1.04 1.68
20 Reading 1.0 .29 .30 .32 .33 .35 .37 .39 4 8 .29 - .35 .43 .63 .93  1.36 2.00
21 Lebanon 1.0 .10 .10 11 11 12 .12 .13 6 10 .10 .13 .18 .29 L46 .75 1.20
22 York . 1.0 .32 .33 .35 0 .37 .39 A1 .43 ) 4 8 .32 .39 47 69 . 1.01  1.49 2.19
23 New Town A ' —— —— —— —— — - - - ' - 20 - —_- .02 -.05 . .12 .31 .77
24 Lancaster 1.0 - .30 .31 .33 .35 .37 .38 40 - 4 8 .30 .36 L4 .65 .95 1.40 2.05
Central Portion Cities (1-7) 27.09 29.25 31,65 34.46 37.18 40.50 43.71 27.09 28.24 30.69 29.69 29.15 28.61 28.01
Western Portion Cities (8-24) . 2.38  .2.47 2,62 2,73 2,90 3.01 . 3.19 2.38 2.97 3.77 5.85 9.02 14.20 22.72
Rural Areas 1.0 1,00 1.05 1.11 1.17 1.22 1.28 1.35 2 2 1.00 1.10 1.22 1.35 1.49 .1.64 1.81
Total 30.47 32.77 35.38 38.36 41.30 44.79 48.25 30.47 32.31 35.25 36.89 39.66 44.45 52.54
8pstimated, *
I




portlon of the reglon produce a rapld increase in populatlon there,
and a slowing of the increases in the larger cities of the East. Theg

larger western cities grow at & percent per year, and the smaller oneé

tion of Washington, whose unique role keeps it at a 2 percent growth
lrate. |

In 1980, New Towns A and B are established with populations of
20,000, on routes to be served by new ground modes within five years. |
Due to massire investment and subsidy, the New Towns grow at a rate o%
20 percent per year from their inception to the year 2000. Similarly
in 1985, New Towns C, D, E, and F are established on routes to be
served by new ground modes within five years.

From 1980 to 2000, the rates of growth in the Western\citiee:are
further accelerated, as the development plan goes into high gear. The
larger cities now grow at a rate of 8 percent, .and the .smaller cities
at a rate of 10 percent per year. Due to the new attractiveness of |
the western portion, the eastern cities experience a small out—migra—!

tion of\fp.S percent per year, with the exception of Washington which

continues to grow at +0.5 percent.

We assume as before aj rural populatlon of l mllllon in 1970

which in this case grows at a rate of 2 percent per year as an 1nduced
|
result of the growth of western cities. |
Figure 3 presents a pictorial representation of the current popu-

lation distribution in 1970 and for each of thehzne-futnre\regional

environments in 2000.

POPULATION DISTRIBUTIONS WITHIN THE CITIES

| !

A classification by size has been made of the metropolitan areasl
(cities) in the region, based on their populations. A city may change
its size class over time as it changes in population. For each city
type there is a postulated spatial distribution, by income group, of
residences and places of employment. The model is designed for the

measurement of both user access characteristics and soc1etal 1mpacts.

at 6 percent. The eastern cities slow to one percent, with the excep—

/'//
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*
of the city.

Table 3 gives the population limits for the six assumed city sizes

and the outer radii of the three rings that characterize different parts

-Table 3 -

CITY SIZE DESCRIPTION’

Metropolitan Area h_QthP,Fadius in Miles 7;ﬁ

City Population : —
Type (millions) RinglT. Ring 2 Ring 3
1 > 10 5.0 15 30
2 S 4 <10 3.33 10 20
3 31 <4 2.5 7.5 15
4 > .25 <1 1.67 B 10
5 > .08 <.25 1.33 4 8 ‘
6 < .08 1.0 3 "6

The inner ring represents the commercial core plus the hedvily populat

the suburbanized area of primarily 81ngle famlly homes. The outer rin

ed

residential area immediately surrounding it. The middle ring represents

8

represents a mix of partly ‘rural and partly exurban uses. Industrles

employment pattern which we shalirae;crlbe. The ratlos of the ring
radii are the same for all city types, so we can assume that the rela-
tive population distributions of all cities are the same.
The population is further divided into <ncome groups, assuming th

following percentage distribution of people by annual family income:\-

*

in various income groups, fractions of each income group located in ea
city ring, and other similar information required throughout this volu
in order to illustrate the methodology are the result of reviewing

readily available statistics--the Stat@stzcal Abstract of the United
'tates, and other sourcesf:general ‘reading, and the application of jud

ment. The estimates are thought to be reasonable, but are not based o

formal studles K » v T e L e : — - .

F— - " t

‘+In this example, constant dollars are_§§sumed throughout. We
havé ot allowed for eithér growth in real per capita income or for
any redistribution among income groups over time. These types of vari
tions can be introduced if desired by inserting new assumptions and

iterating the model.

are scattered mostly through the\lnner two rings, contributlng to an \

Approximate radii for the city rings, fractions of the‘pobuletio\i

n&j

a— -
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Income Group Percent -

($ thousands) “of People |

e i
Poverty - <4 | 10
Lower z_4¥<10 1 - 50
Middle > 10g20 32
Upper > 20 | 8

These groups are allocated to the rings in residential and in

employment or job locations according to Table 4.

Table 4

RESIDENTIAL AND EMPLOYMENT DISTRIBUTIONS
OF INCOME GROUPS AMONG RINGS

(percent)
Residential Emp loyment
Income Group Ring Ring Ring Ring Ring Ring
($ thousands) . 11y 2 3 1 2 3
ST l65- 15 20 60 20 - 20
>4<10 W0 20 40 45 45 10
>10<20 25. 60 15 60 ° 35 5

>20 25 50 25 75 23 2

To examine this distribution in another way, we construct Table 3,
which gives the percent of the total city population in a given ring
and a given income group. The sums across income groups give the total

‘percentages of residence and employment by ring.

Table 5

DISTRIBUTION OF CITY POPULATION BY INCOME AND RING

——

\(ﬁeréeﬁt) -
\Residential ; . Brployment
Ring <84K >$4<10K° >$10<20K >$20K Total <$4k  >$4<10K; >$10<20K >$20K Total )
o1 6.5  20.0 , 8.0 . 2.0 36.5, . .6.0 22.5 19.2 6.0 || 53.70
T2 1.5  10.0 19.2. 4.0 3k,7| 2.0  22.5 11,2 1.84 37.54
3 2.0 20.0 . _4.8"7 7720 . 28.8 ° 2.0 5.0 1.6 .16, - 8.76"

Total 10.0  50.0. ' 32.0 8.0 100.0  10.0  50.0 32.0  8.00| 100.00



| U31ng these flgures we can construct a table of residence and JOb
)

densities in each city type for each ring.
population for a city in each type.
| .

density are made using the indicated total populations, the ring sizes
1 t

%
March 1969.

a

| \Aggumeq f
City Population

Table 6

E@sidénfial
(No. /sq mi)

Table 6 shows the results.i*'

\Type '~ (in millions) Ring 1 Ring 2 Ring 3

!area.
{

1 17.00 79,000
2 6.00 62,800
3 2.50 46,500
4 .60 25,100
5 .16 10,500
6 .04 4,700

9,400
7,500
5,600
3,000
1,200

600

2,300
1,800
1,400
700
300

100,

shown in Table 3, and the ring percentages from Table 5.

RESIDENTIAL AND EMPLOYMENT DENSITIES

Employment
(No./sq mi)
Ring 1. H@ngr_j Ring |3
44,000 3,800
35,000 3,100
25,900 2,300
14,000 1,200
5,900 500
2,600 200

populace and the employment by income group for each ring.

The'computations of residential

We first assumed a typlcaL

!

The c:omputa—l

tions of employment density are made in the same way except that we

assume 37.8 percent of the population is employed, the figure for

Finally, Table 7 gives the percentage breakdown of the residential

These can
be used along with the residential densities to give the number of

people by income class affected by a societal attribute within a known

vary by income’ level

time period.

A reflnement leading to greater accuracy would have this fraction

In the overall

300
200
200
100

t

This density information is used in Sec. V in calculating seleé-

ted societal eff ects in physical quantitative terms. B
societal model described in Sec. VI, however, projected population
information was.incorperated for each individual city and varied by

~
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Table 7

INCOME BREAKDOWN BY RESIDENCE AND EMPLOYMENT IN EACH RING

(percent)
 Residence Emp Loyment
Ring  <§4K >$4<10k >870<20K >$20K  <$4K >$4<d10K >$10<20K >$20K
1 18 55 22 5 11 42 36 11
2 4 29 55 12 5 60 30 5
3 7 69 17 7 23 57 18 2

THE ALTERNATIVE MIXES OF MODES

Three alternative mixes of modes are considered in the example.

The first, the base mix, is an evolutionary development of the current

= ~--

system, with no new modes added. Figure 4 shows the basic.network of
highways which serves the auto and the bus modes, plus the indicated
alr and rail service that was assumed to exist for scheduled passenger

travel in 1970. . ) : .

N
The two new mixes of modes assume a construction schedule for link- ‘?-
'improvementsvas follows, and is shown in Fig.QS: K N
+1975-1980. New |service is conmstructed on the New York to o SN
Wasﬁington chain of links; that is, the chains ‘ \"2\
1-2-3-4-5-6-7, where a chain is indicated by | w 3

the sequence of nodes connected. ' Y
1980-1985. New service is constructed on Western extensions ‘ [
of high traffic potential; namely, the chains _
6-23-22-12, 4-19-20-21-12, and 4-18-15. :

1

—
1985—49 g. New service is constructed on the remainder of a

seflpf links in our network; namely, the chains
"1-17-16-15-20-24-22+-9, 15-14-13-12, 7-8-9-10-11-12,
~ and 6-8=
The second mix of modes adds tracked air cushion vehicles (TACV)

and short take-off and landingléirc@éfgl(STOL) service to the current

mix, and is shown in Fig. 5B. In 1980 TACV is inaugurated on the New

York to Washington chain. In 1985, TACV service is extended to the

Philadelphia to Harrisburg chain, and the other two western extensions

—
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have STOL service. In 1990, TACV service replaces STOL on these extél—
sions and STOL serves the remaining links. In addition, conventlonali
rail is phaéed out as soon as TACV service hasistarfé& parallel to it4
The third mix of modes adds dual-mode (DMy—;;;;EZé to the currené
mix, and isfshown in Fig. 5C. 1In - -this case, conventional rail continﬁes
to operate at a low level. Since the technical concept of the dual- I
mode system is highly variable from one planning group to &dnother, we |
should explain briefly the design we are using here.

Our objective for the dual-mode system is complete and rapld acces-—
sibility for areas of highly varying traffic demsities. The system is
composed of individual 2 to 4 ﬁerson electric vehicles and a fixed tréck
where the vehicles are computer-controlled for high speed flow. The
vehicles can operate on the track or on today's surfaée streets. The
track could replace some lanes of existing freeways or be independent,
of them. The vehicle speed would average 125 mph station—to—station

on the track, and when operated on surface roads would have a\max1mumL
of 70 mph (however, they would go no faster than today's cars on ordi-=
nary city streets because of congestion). |

The user's cost or fare per passenger mile would be 8 cents for
the individual electric cars; the 8 cents is based on an assumption og
2.5 passengers per vehicle. Thus the operating costfjof 20-cents per
mile would be twice the 10-cents per mile of today's gasoline car. !
The safety would be comparable to today's automobiles, except that the
individual car would be safer on its track than today's automobile on
a freeway because of its automatic guidance. A

Public ownership of individual cars would exist if necessary to
achieve required safety standards. Possible options for the cars Wou%d
be to buy one's own vehicle and get freqeunt (e.g., weekly) maintenance

*
checks, or to rent the vehicles by the trip, day or week.

*

Our original plan was to include electric buses in the dual-mode
service. Although not incorporated in our calculations, they might ;
reasonably be added to provide more complete accessibility for all in=
come groups. In such a case, possible options are the dial-a-bus system
where a bus is routed along surface streets to pick up people who call
and then uses the high-speed track when sufficiently loaded. Alterna—

tively, a system of scheduled collection and distribution _may_be usedl,

current intercity bus fare of 4 cents per mile.

Also, we might assume bus fare would be 50 percent greater than the I /k
!
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" Table 8 gives some sample passenger attributes for the different;

systemstgggggsigghthe mixes of modes. The speeds and costs are aver-

l
ages between line-haul stations; they do not include the access and i

egress portions of the trip. . A complete list of performance values
|

for the TACV mode, to illustrate the standard format that was used for

R =2 —_—_ e — ; e

the passenger attributes description, is glven sﬂ)the appendix as Table 65.

il

. — V.
,huch a descrlptlon was used in Secs. IIT and IV in computing user bene— \_:

i
fits. o

Table 8

ILLUSTRATIVE DESCRIPTIVE INFORMATION ON EACH MODE

‘ Safety
Average Speed Cost (probg of death _
System (mph) (¢ per pass. mi) per 10" pass. . mi)] |
Auto 50 42 1.1b
Bus 50 4 0.2
Rail 70 o 6 0.1
Air (conventional) 100- 250F 10 0.2
TACV 250 9 0.3
STOL 75-1504 11 0.4
Dual Mode 125 8a 0.4

8gased on 2.5 passengers per car.
bAccidents on limited-access highways only.
CStage length 50-225 miles.

dStage length 25-75 miles. .
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III. A SUMMARY OF REGION—WIDE USER BENEFITS

INTRODUGTION

This section describes a manual, or noncomputer—oriented, exercis

: 1n flndlng aggregate measures of user benefit over the network, over

tlme, and for each mix of modes. The exercise provides rough estimate

of worth or benefit in advance of the availability of a computer progr

|

basis.

The approach is, first, to derive the regional demand by mode in

passenger—miles over each time period. This is done by extrapolating

hassenger-mile on each mode. Thus, the total regional benefit for a

iven modal mix is estimated, and incremental calculations between pai

— 09T —Q—h—

of mixes are performed.

DERIVING REGIONAL DEMAND INFORMATION

that will produce greater accuracy by calculating worth on a link-by-1

rom the known demand on one travel corridor using a highly simplified

emand model.  This demand is then multiplied by an estimated worth pe

am

lnk

|

mand information may ‘either be fed in exogenously or calculated dlrectly

%sing the body of worth information developed in the method. In this

1

first manual exercise, we actually would have preferred to take advan—l

tage of externally generated data but found no regional long-term demand

|

|
projections available in appropriate form. It was, therefore, essentiel

khat we develop our own. The resulting crude demand package is basedl

. . . er o]
on what we believed were a set of reasonable assumptions. Since it is

probable that other analysts may at times find themselves in a similar

'
i

\_(‘_
' P01nts of reference in Vol. II for thls section are (1) Sec. VI |

|

i L

or a discussion of the analytic framework toward which we are striving——

although in the discussion here we have avoided the complexity of anal:
y21ng individual network links; (2) Sec. IV for a discussion of identij

ﬂflcatlon hierarchical structuring, and definition of attributes to b&
evaluated and (3) Sec. V for methods of measurement and derivation of

worth curves, as well as appropriate weighting of the attributes so that

their values may be combined®

TKS we stated in Vol. II [l], our methodology is de51gned s0 that}de—i
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p051t10n, we now include a description of these assumptions ‘and cal-

culatlons. If the reader is only marginally concerned with how the de

come group .

data for New York-Washington through trips (by each mode in the current

|

mand information is to be derived. we suggest he proceed directly to
the next subsection.

Our need was for estimates of region-wide demand for intercity

Fransportatlon expressed in mllllons of passenger—mlles for each reglonal

environment R, 5-year time perlod t mlx—of—modes M, mode m, and in- ] \

ﬁix) as a base point. We prepared the estimates using

I

i
}nformatlon was produced in millions of passenger-miles for each 5-ye

Population projections for the cities in the région.

A percentage breakdown of the population by income.groups.
Network mileage by mode in each of three regional sections
during each time period.

Sets of travel propensity factors by mode, assuming given mo-—
dal mixes, income groups, and time periods.

A link flow factor to modify the information for New York-
Washington through trips to total travel for all origin—des-
tination pairs in the New'York—‘Washington chain, and, hence,

to the network as a whole.

.t Manual calculation was facilitated by developing a series of ap—j
b |
!

propriate estimating ratios based on the above-mentioned data. Again,|

To derive these estimates, we used 1965-70 annual demadd

I
'
i

ec—

i
period. The calculations are described precisely in Eq. (1). ;
! |
I !
| ) T |
| | [Pty i)

. — Rt miR't

' . D \:\\ 5= x — x hig) x p- /-wx K (1}

! Pagmt: = %’ Pri0,0 " dpi0,0| gn'% x‘ |

| L -

where Rl = a reglonal or network section--e.g., the Eastern Chain,
the Western Extension, or the Western Chain,

D . . "

IR't/PR?QtO = relative population--i.e., the ratio of the population s
tion in a given regional environment and time period to
the population in the base section--i.e., the Eastern

Chain in 1970, ‘
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Info ation requ1red in the calculation is detailed below.
Relative population data, R& " /P ,OtO, are derlved u31ng the m1d—

|
i
l
|
ﬁeriod population projections of Table 9, and are prov1ded in Table 10
|

in Table 12.\

|
i
i
.

h(g). =

p gm\,'vi‘;Q/‘:/=

ative population data in the form of a passenger/miles generator

i

e e e

the mileage in a network section,

the relative mileage—-i.e., theﬁrgtidiof the mileage for,
a given mode in a given mix of modes, network section,
and time period, to the mileage in the base section in
1970,

the fraction of the population in each income group,

a travel propensity factor indicating the number of trips
an individual will make by a given mode ﬁ?iwithin a given
modal mix during one year f?ﬁ these factors were derivei
using estimated 1970 New York-Washington through trips by

each mode as a base,

a constant incorporating a link_ flow factor of 5, a timﬂ

period of 5 - years, the mileage in the base section of

220 miles, and 106 to reflect the fact that population
statistics used in deriving relative population were in
millions (5 x 5 x 220 x 10® = 5500 x 10%). Demand from |

other regions flowing into and out of the region is as-

sumed to be included in the link flow-factor.
_—

m

|

10,0’

Data on relative mileage\d vﬂ t/d 00 0 are derived from ‘the bn;i%

mileage information presented in Table ll ] It is combined with the rei—
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Table 9
POPULATION AT MID-PERIOD
(In millions)
City™ "1970-75 ~1975-80 - 1980-85 -1985-90 - 1990-95" 1995-2000~ ‘City ~-1970-75 - 1975-80 1980-85 1985-90 1990-95 1985-2000 - -
Environment A Environment B .
1 16.74 18.04 19.44 20.94 22.55 24,23 1 16.56 17.41 17.61 17.18 16.75 16.34
2 .23 .25 .27 .29 .31 .33 2 .22 W24 .24 .23 .23 .22
3 .34 .37 .40 .43 46 .50 3 .34 .35 .35 .34 .33 .33
4 5.02 5.41 5.83 6.28 6.77 7.29 4 4.97  5.22 5.28 5.16 5.03 4.90
5 .53 .58 .63 .68 .73 .78 5 .53 .56 .56 .55 .54 .53
6 2.15 2.31 2.49 2.69 2.89 3.12 6 2.12 2.23 2.26 2.20 2.15 2.09
7 3.16 3.57 4.04 4.58 5.18 5.86 7 3.13 3.46 3.66 3.76 3.86 3.96
8 .08 .09 .09 .10 .10 .11 8 .09 12 .18 .30 .49 .78
9 .10 .11 .11 .12 .13 .13 9 .12 .16 .23 .37 .61 .98
10 .10 .11 11 .12 .13 .13 10 12 .16 .23 .37 .61 .98
11 — —_— — — -— — 11 — -— -— .04 .09 .22
12 .42 .45 .46 .49 .51 .54 12 46 .56 .76 1.11 1.63 2.39
13 —-— - -— — — - 13 -— -— -— .04 .09 .22
14 — —_— — -— — -— 14 — -— - .04 .09 .22
15 .37 .40 41 .43 .45 .47 15 .40 .48 .66 .96 1.41 2,08
16 .18 .19 .20 .21 .22 .24 16 .18 .19 .20 .21 .22 .24
17 -— -— — -— -— — 17 -— - — -— -— -—
18 -— — -— -— -— -_— 18 — — -— -— — -—
19 .14 .15 .16 .17 .18 .18 19 W14 .15 .16 .17 .18 .18
20 .30 .31 .33 .35 .36 .38 20 .30 .31 .33 .35 .36 .38
21 .10 11 .11 12 .13 .13 21 .10 1 .11 .12 .13 .13
22 .33 .35 .36 -.38 .40 .42 22 .33 .35 .36 .38 .40 .42 -
23 - — — -— -— - 23 —_— -— -— -— -— —— o
. 24 .31 .32 .34 .36 .38 .39 - 2 .3 .32 .3 .36 .38 .39,
TTotvTT253 0 C1703 0 1.08 0 °1L13 1719 T 1.25 0 1.32° 7 258 71,03 ° 1.08 1.13 © 1.19 1.25 1.32
ji _ , Lo
N
Rural areas. \
T T o e - B S LT T 1o T
Table.10, o
S e P
Rt )
RELATTIVE .POPULATION FACTORS -
! P \10 0,
i
| ‘Time Perzod , R,
1970 75 V3975—80 1980~ 85'ﬂ1985 90 :1990-95 1995—2000
Regional Envi- F e . F- T
i ronment A:
Eastern Chain 1.040 1.130 1.230 1.340 1.450 1.560
Western Ext .047 .050 .053 .056 .059 .062
Western Chain .042 044 .047 ° .050 .052 .055
Regional Env1—Y
ronment B: '
Eastern Chain 1.030 1.090 1.110 1.090 1.070 1.050
i Western Ext .052 .080 .110 .150 .200 .310
Western Chain .042 .050 .080 .120 .200 .310

qror any readers who may be bothered by the apparently overlapping
time periods shown in many of the tables in this volume, the 5-year
periods are in terms of Federal fiscal years, for example, the period
1970-1975 runs from July 1, 1970 to "June 30, 1975.
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Table 11 T

NETWORK MILEAGE BY MODE AND TIME PERIOD

1970-75 1975-80 1980-85 1985-90 1990-95 1995-2000
Mode E Ext W E Ext W E Ext W E Ext W E Ezxt W E Ext W

Mix 1 (base mix)
Bus and auto 220 221 514 220 221 514 220 221 514 220 221 514 220 221 514 220 221 514
Rail 220 101 0 220 101 0 220 101 0 220 101 0 220 101 0 220 101 0
Alx 100 50 0 100 50 0 100 50 0 100 50 0 100 50 0 100 50 0
Mix 2 (TACV/STOL added) .
Bus and auto 220 221 514 220 221 514 220 221 514 220 221 514 220 221 514 220 221 Sl4

Rail 220 101 0 220 101 0 0 101 0 0 0 0 0 0 0 0 0 0
Alr 100 50 0 100 50 0 100 50 0 100 50 0 100 50 0 100 50 0
TACV 0 0 0 0 0 0 220 0 0 220 101 0 220 221 0 220 221 0
STOL 0 0 0 0 0 0 0 0 ] 0 120 0 0 0 514 0 0 514

Mix 3 (dval-mode added)
Bus and auto 220 221 514 220 221 514 220 221 514 220 221 514 220 221 514 220 221 514

Rail 220 101 0 220 101 0 220 101 0 220 101 0 220 101 0 220 101 00
CAlr 100 50 0 100 50 0 100 50 0 100 50 0 100 50 0 100 SO 0
Dual mode 0 0 0 0 0 0 220 0 0 220 221 0 220 221 S14 220 221 514

- NOTE: "Air" implies conventional jet transport; "STOL" implies a small plane that requires a short runway
and 1s intended for short, low-density routes; E = "Eastern Chain'; Ext = '"Western Extension"; W = "Western Chain"

>

Table 12

1
\PASSENGER MILES GENERATOR' RﬂL

}

e R S

Environment A . Environment B
1970-75 1975-80 1980-85 1985-90 1890-95 1995-2000 1970-75 1975-80 1980-85 1985-90 1990-95 1995-2000

Mix 1
Bus and auto 1.19 1.28 1.39 1.51 . 1.63 1.75 1.17 1.28 1.44 1.61 1.84 2,09
Rail 1.06 1.15 1.25 1.37 “1.48 1.59 1.04 1.12 1.19 1.25 1.26 1.19
Alr .49 .53 .58 .63 .68 .73 48 .52 .55 .58 .59 .55
Mix 2
Bus and auto 1.19 1.28 1.39 1.51 1.63 1.75 1.17 1.28 1.44 1.61 1.84 2.09
Rail 1.06 1.15 .02 0 0 0 1.04 1.12 .05 0 0 0
Afr .49 .53 .58 .63 .68 .73 .48 .52 .55 .58 .59 .55
TACV 0 0 1.23 1.37 1.51 1.62 0 )] 1.14 1.25 1.37 1.36
STOL 0 0 0 .03 .12 .13 0 0 0 .08 .47 .73
Mix 3
Bus and auto 1.19 1.28 1.39 1.51 1.63 1.75 1.17 1.28 1.44 1.61 1.84 2.09
Rail 1.96 1.15 1.25 1.37 1.48 1.59 1.04 1.12 1.19 1.25 1.26 1.19
Air .49 .53 .58 .63 .68 .73 .48 .52 .55 .58 .59 .55

Dual mode 0 0 1.23 1.40 1.63 1.75 0 0 1.14 1.33 1.84 2.09
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Fractions of the population in each income group, %(g), were pro-

vided in Sec. II as follows:

Annual

Family hig)

Income  (fraction)
Poverty  <$4K .10
Lower >$4-$10K .50
Middle  >$10-$20K .32
Upper >$20K .08

within three different mixes of modes and for the four income groups.

The factors are illustrative but satisfy our intuition concerning the

are calibrated so that

Ej["gmt@ x h(ﬁ

Table 13 |
I —

TRAVEL PROPENSITY FACTORS

Factors
Income o TACY/ Dual-
Group Auto Bus  Rail Air STOL Mode

Mix 1 (base mix), 1970-2000;

Travel propensities are given in Table'lﬁ}\ They are for each mode

attractiveness of the different modes to each income group. Also, the

also Mixes 2 and 3, 1970-80

P .84 .84 .27 0

L 2.24 .57 .42 .27

M 2.24 .42 .84  2.52

U .84 0 .84 4.47

Mix 2 (TACV/STOL added), 1980-2000

P .88 .88 0 .19

L 2.18 .55 .09 .73
‘ M 1.64 .36 .91 3.63

U .55 0 2.54 3.63

Mix 3 (dual-mode added), 1980-2000

M 1.09 42 .36 1.36 4.09
U .36 0 .27

L 8 ————

3.27 3.63

|
|
|
!
|
I
;
| P 73 .84 .19 0 .27 |
b Lo o LWAS 570 0360 .19 1,18 | -
|
|
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Tor the current mix generates the follow1ng estimated 1970 annual pas-

senger demand between New York and Washington:

Millions

1
'

of trips
Rail 0.6
) Auto 2.0
f Bus 0.5
Air 1.3
Total A !

lp —

v

S |
. - l
i The total 5-year passenger mileages predicted by the above method

|
for each time period, group, and mode, assuming each regional environ-

\ \ R |
ment and modal mix|are shown in Table 14.. It is obvious that these de-

mands were obtained by a crude procedure;'hence, little emphasis should
%o illustrate a methodology in which demand calculations are an inputi
or subroutine to be derived in the best possible way, given limited

time and resources.

COMPUTATION OF WORTH

The next step in the methodology is to obtain basic worth informa-

|

of attributes, (b) physical measures of each attribute for each of the
transportation modes being evaluated, and (c) either generalized wortﬂ

curves relating physical values with worth values or direct worth es—

L}

timates for each attribute of each mode.

-

Worth curves used in this exercise are specified in the appendlx

Physical performance values are illustrated for the TACV
mode only in Table165 To reduce the computational complexity of the
»—K_J_

exercise, we assumed that all worth curves could be defined in linear

fashion as follows:

e o
Derivation of these steps is described in Secs. IV and V of Vol.

be given to outputs based on these numbers. What is intended here is |}
|

tion. Doing this assumes the availability of (a) a structured hierarchy

ITI and also was the primary’ emphas1s of the first phase of our research

Hocumented in Ref. 10. - i e

4

?

Q\
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‘ Table 14 \

. e — e\

: 5-YEAR DEMAND IN MILLIONS OF PASSENGER MILES |

' e ——

J— \

Regional Environment A Regional Environment B

Income
Mode Group  1970-75 1975-80 1980-85 1985-90 1990-95 1995-2000 1970-75 1975-80 1980-85 1985-90 1990-95 1995-2000

Mix 1
Auto P 500 500 500 700 800 800 500 600 700 700 800 1000
L 7300 7900 8600 9300 10,000 10,800 7200 7900 8900 9900 11,300 12,800
M 4700 5000 5500 5900 6400 6900 4600 5000 5670 6350 7250 8220
U 400 500 500 600 700 700 400 500 600 600 700 800
Bus P 500 600 600 700 800 800 500 600 700 700 800 1000
L 1800 2000 2200 2300 2500 2700 1800 2000 2200 2500 2900 3200
M 900 900 1000 1100 1200 1300 900 900 1100 1200 1400 1500
U 0 0 0 0 0 0 0 0 0 0 0 0
Rail P 200 200 200 200 200 300 200 200 200 200 200 200
L 1200 1300 1400 1600 1700 1800 1200 1300 1400 1400 1400 1300
M 1600 1700 1800 2000 2200 2300 1500 1600 1800 1800 1800 1800
U 400 400 500 600 600 700 500 500 500 500 500 500
Alr P 0 0 0 0 0 0 0 4] 0 0o 0 0
L 400 400 400 500 500 500 400 400 400 400 400 400
M 2200 2400 2600 2800 3000 3200 2100 2300 2400 2600 2600 2400
u 1000 1000 1100 1200 1300 1400 1000 1000 1100 1100 1200 1100
Mix 2
Auto P 500 500 700 700 800 800 540 590 690 770 880 1000
L 7300 7900 8300 9100 9800 10,500 7200 7870 8640 9660 11,040 12,540
M 4700 5000 4000 4400 4700 5000 4610 5040 4150 4640 5360 6020
U 400 500 300 400 400 400 430 470 350 390 440 500
Bus P 500 600 700 700 800 800 540 590 690 770 880 1000
L 1800 2000 2100 2300 2500 2600 - 1820 1980 2160 2420 2760 3140
M 900 900 900 1000 1000 1100 860 940 920 1030 1180 1340
U 0 0 0 0 .0 0 0 0 0 0 0
Rail P 200 200 0 0 0 0 160 170 0 0 0 0
L 1200 1300 0 0 0 0 1200 1250 o] o] 0 0
M 1600 1600 0 0 0 0 1530 1650 0 0 0 0
U 400 400 0 0 0 0 380 410 0 0 0 0
Alr P 0 0 0 4] 0 0 0 o] 0 0 0 0
L 400 400 100 200 200 200 360 390 140 140 150 140
M 2200 2400 900 1000 1100 1200 2130 2310 880 930 940 880
i 1000 1000 600 700 800 800 940 1020 620 650 660 620
TACV P 0 0 100 100 190 190 0 0 110 120 130 140
L 0 0 2500 2740 3060 3240 0 0 2280 2500 2710 2720
M 0 0 7900 8800 9610 10,400 ] 0 7300 8000 8770 8710
U 0 [} 2000 2150 2410 2600 0 0 1820 2750 2190 2170
STOL P 0 0 0 0 10 10 0 0 0 10 50 70
L 0 0 0 60 240 260 0 0 0 160 970 1460
M 0 0 0 190 790 830 0 0 0 510 3010 48670
U 0 0 0 50 190 200 0 0 0 180 750 1170
Mix 3
Auto P 500 500 600 600 700 700 540 590 580 640 740 840
L 7300 7900 5600 6000 6500 7000 7200 7870 5760 6440 7360 8360
M 4700 5000 2700 2900 3100 - 3400 4610 5040 2760 3090 3530 4010
U 400 500 200 200 300 300 430 470 230 260 290 330
Bus P 500 600 600 700 800 800 540 590 660 740 -850 960
L 1800 2000 2200 2300 2500 2700 1820 1980 2230 2500 2850 3240
M 900 900 1000 1100 1200 1300 860 990 1060 1180 1340 1540
U 0 o] 0 0 0 0 0 0 0 0 0 0
Rail P 200 200 100 100 100 200 160 170 120 130 130 120
L 1200 1300 1300 1400 1500 1600 1200 1290 1190 1250 1260 1190
M 1600 1700 800 900 900 1000 1530 1650 760 800 810 760
U 400 400 200 200 200 300 380 410 140 150 150 140
Air P 0 0 0 0 0 0 0 0 0 0 0 0
L 400 400 300 300 300 400 360 390 280 290 300 280
M 2200 2400 1400 1500 1600 1800 2130 2310 1320 1390 1420 1320
U 1000 1000 800 900 1000 1100 940 1020 790 840 850 790
Dual- P 0 0 200 200 200 300 0 0 170 200 280 310
Mode L 0 0 4000 4600 5300 5700 0 0 3710 4330 5980 6800
M ] 0 8900 10,100 11,800 12,600 0 0 8200 9580 13,250 15,050
U ] 0 2000 2200 2600 2800 0 0 1820 2130 2940 3340
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(Time made useless in one day, hr)

e
SO

#see Tabléf66;j

. ﬁlso, the curves are specified such that worth values have been mﬁltij

i
blied by the relative attribute weights for middle income persons traﬁ—
eling on business. The weights are so specified that they add to 1.0.
" As a Base-ﬁéint“ﬁé chose to calculate summar§-worth_infbrmétidﬁ

for the line-haul portion of a New York to Washington trip. Time and |

%
cost inputs for this calculation were - 1

| U

' Dual-
4uto  Bus Rail  Air TACV  STOL Mode.

Time, hr 4.5 4.2 3.0 1.17 0.9 [1.25 1.68a
Cost, $ 8.50% 8.25 12.75 18.00 18.00 123.10 16.80

e

8 Assumes 2-1/2 persons per vehicle.

Other phy51cal performance information Wasllnput u51ng formats simi-

ety

lar to Table&65 for each of the modes. The results of the calculatlon
are shown in Table 15 |summarized to the level of five major user attri-

butes: travel cost travel time, safety and security, convenience,

and jcomfort. ‘
As explained in Sec. VI of Volume II, it is most natural to con-

struct most worth curves for user attributes on a O'to -1.0 scale-- v

i.e., it is natural for a traveler to assess alternative modes 1n terms

of minimizing travel time, cost, safety hazards, inconvenience, and dis-

comfort. On the other hand, interpreting the results is easier if vay—

1
ues are in positive terms, especially since this information is to be

[
I
I
!

%
Derlvatlon of worth curves for travel time and travel cost is dﬁs—
TV~ — - -
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SUMMARY WORTH INFORMATION OF A NEW YORK TO WASHINGTON TRIP FOR
A MIDDLE INCOME PERSON TRAVELING ON BUSINESS

Line-haul Portion

, 1

Attribute Auto  Bus Rail Ay TACY STOL Dual-Mode
Cost -.170 -.165 -.255 -.360 -.360 -.462 -.326
Time |-.665 =-.630 -.400 -.175 -.135| =-.187 -.252
Safety & T ST

i Security -.215 -.261 -.201 -.142 -.135 -.153 -.083

| Convenience -.406 -.248 =-.355 ~ -.421' -.355 -.421 -,025

. Comfort -.068 -.465 -.147 ~-.183 +.0652 -.183 +.039a

i Total -1.524 -1.769 -1.358 -1.281 ~.920 -1.406 -.647 ,

. ay ... . 1. P .
; Positive numbers indicate that positive factors slightly out-
weighed negative factors for.these entries. !

used in several subsequent calculations. Therefore, we next transformed

}
the scales by adding +1.0 to each major attribute value in Table 15; I

——

. *
?or example, the worth value for cost of the bus ‘mode becamgl+:§35,_{

l ‘ Now, it is reasonable to assume that other groups of users have

aifferent relative weights on the five major attributes. Using the d%—
%erministic weighting scheme discussed in Sec. V of Vol. II we divided
ﬁOOO points among these attributes for the different groups. These

%eights represent the authors' judgment oijS&ldifferent groups feel,

|
since sufficient resources to design and implement a sample survey were

iacking. Then, for each of our four groups, the worth score on each
#ajor attribute (e.g., convenience) was multiplied by an "adjustment |
factor" which was the ratio of the weight for this group to the weight
For the reference group, namely, middle income persons traveling on
Pusiness. '

business and pleasure purposes, and for the reference group. It also

|
' Tab1e>l6Yéhows the weights for four income groups, averaged over!
|
!
resents the adjustment factors.

*

g

In a more detailed calculation, it would have been more accurat

:o add +1.0 at the level of each individual attribute. |

t
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Table‘l6

i MAJOR ATTRIBUTE WEIGHTS |
‘ Middle Average Business - _Vl

| Income or and Pleasure | FAdJustment Factors
fttribute Business P L M v | P L M U
Cost 100 350 225 150 100 3.5 2.25 1.5 1.0
Time 200 50 125 150 188 .25 .625 .75 .937
Safety 500 500 500 500 500 1.0 1.0 1.0 1.0 |
Convenience 125 50 100 125 137 4 _§J7 1.0 1.1
1.0 1.0 !

Comfort 75 50 50 75 75 .667 .667

}

l NOTE: P = Poverty group (<$4K); L = Lower group (>$4<$10K);
M= Mlddle\group (>$10<$20K); U = Upper group (>$20K).
|

i

T - -
Tableilzﬁgives the results of these adjustment factors applied to

the worths of Table_lS: as modified by the positive transformation. For

l

example, the cost worth of bus travel for the poverty group is obtained

by adding 1 to —-.165 from Table 15, g1v1ng . 835, and then mulfrplylng \
Fy 3.5 from Table\l6p the result is 2.923.

Dividing the worth scores of the New York-Washington trip by its

distance of 220 miles (from Table 11) gives a per-mile worth [score for!
! P ! -
Fach mode and each user group. |
i
|

When this per-mile worth information is multiplied by the passen-

ger-mile demand 1nformat10n given in Table 14, we obtain an estimate of

the total llne—haul user benefit. This benefit is summarized by in-
come group, for each regional environment and mix in each time period,

in Table 18 A more detailed listing of line-haul user beneflts, by

—= - = R

mode and major attrlbute, is available in alcomputer generated table aF
S

illustrated in Table 19 for a single mode w1th1n a given modal mix. Af "

sample deta1led output for all six cases is provided in the appendix '
as Table_ 97.[__

Ry :
/?GﬁEETbUIldlng blocks of this sort have been constructed a few
tlmes and tested for reasonableness, it should be feas1ble to use_ thes

T
|
|

lower level attribute calculations on every occasion. The more detalled
procedures continue to be 1mportant however, 1f 1nteract10n with the !
engineering design process is an objective. T T
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Attribute

Poverty group
(<$4,000)
Cost
Time
Safety
Convenience
Comfort
i Total
Lower income group
i ($4,000-%10,000)
' Cost
Time
Safety
Convenience
Comfort

Total
Middle income group
($10,000-%20,000)
Cost
Time
Safety
Convenience
Comfort

Total
Upper income group
(>%$20,000)
Cost
Time
Safety
Convenience
Comfort

Total

{
}
i

Auto

2.905
.084
. 785
.238
.622

4,634

1.868
.209
.785
<475
.622

3.959

1.245
.251
.785
594
.932

3.807

.830
.314
.785
.653
.932
3.514

[table 7,

WORTH INFORMATION FOR THE NEW YORK TO WASHINGTON

Line-haul Portion

Bus Rail Aip

2.923 2.608 2.240

.093 150 .206
.739 .799  .858
.301  .258  .232
.357 ".569 = .545
4.413 4,384 4.081
- _MA\

1.879  1.676 !1.440
.231  .375 / .516
.739 + .,799 | .858
.602 | .516 | .463
357 . .569 | .545

3.808 3.935 |3.822

\ {ﬁ

1.253 /1.118 | .960
.278 . 450 |} .619
.739 ¢ .799 | °.858
752 | 645 .579
.535!1 .853.] .817

3.557 1, 3.865 1|3.833

i
.835)| .745 | .640
34711 562 | .773
739\ .799 | .858
8270 .710 | .637
.535t .853 | .817
3.283(3.669 :3.725

= B
\

TRIP BY INCOME GROUP

TACV

2.240
.056
.865
.258
.710

4.129

1.440
.540
.865
.516
.710

4.071

.960
.649
.865
.645
1.065
4.184

.640
811
.865
.710
.065
.091

&~

STOL

1.883
.203
.847
.232
.545

3.710

1.211
.508
. 847
<463
.545

3.574

.807
_.610
- . 847
- .579
- .817
3.660

.538
. 762
. 847
637
.817
3.601

o

. 359
.187
.917
.390
.693
. 546

.517
.468
917
.780
.693
.375

.011
561
.917
.975
.039
.503

674
.701
.917
.073
.039
. 404




Re

Re

31—,

Tablegigjj*

TOTAL WORTH SCORES (5-YEAR BENEFIT INDICES)

i Line-haul ' Portion of Trips Only
! -

i

|

39
282
237

605

37
302
337

72

747,

45
316
240

40
641

45
357
384

78
864

46
368
439

|
I
|
i
!
|
!

i
i
i

|
|
i
|
I

. . Year
11970-75 1975-80 1980-85 1985-90 1990-95 1995-2000

gional Environment A '
Mix 1 (base)

P 25 27 27 33 37

L j191] 207 225 245 262
| M 162 173 188 204 232
| U 30 32 35 40 43

Total 408 439 475 521 574

Mix 2 (TACV/STOL added)
! P 25 27 31 31 37
i L 191 207 234 259 284
: M 162 173 250 280 313
} U 30 32 52 59 _68
| Total 408 439 567 629 T70L
Mix 3 (Dual-mode added)
| P 25 27 31 .33 37
| L 191 207 247 270 298
} M 162 173 284 317 358
| U 30 32 60 66 77
+ Total 408 439 622 686 770
gional Environment B
Mix 1
i P 25 28 33 33 37
| L 189 206 230 253 286

M 158 172 189 206 225
| U 29 32 37 37 40
| Total 401 438 489 529 588
Mix 2
j P 25 28 30 34 39
| L 189 206 238 267 315

M 158 172 241 274 345

U 29 32 50 71 71

Total 401 438 559 646 770

Mix 3 '

P 25 28 31 35 41

L 189 206 242 273 329
, M 158 172 269 307 393
: U 29 32 56 64 80

Total 401 438 598 679 843

88
941




I  Table 19

LINE-HAUL WORTH: REGIONAL ENVIRONMENT B, MIX 2
| Detailing Mode, Income Group, and Major Attribute

. In Millions of Worth Points
; 1970-756 1975-80 1980-85 1985-90 1990-95 1995-2000

AUTO

Poverty ($ 0 - uK)
Safety/Secur 1.9 2.1 2.5 2,7 3.1 3.6
Convenience .6 o6 o7 .8 1.0 1.1
Comfort 1.5 1,7 2,0 2,2 2,5 2.8
Subtotal 4,0 4. u 562 5.8 6.6 7.5
Time o2 2 3 o3 o3 oH
Cost 7.1 7.8 9.1 10.2 11.6 13,2
Subtotal 7.3 8.0 9.4 10,5 12,0 13.6
Total 11,4 12,4 14,5 16,2 18.5 21.1
Lower ($ uK - 10K)
Safety/Secur 25,7 28,1 30.8 34,5 39.4 44,8 -
Convenience 15,86 17.0 18,7 20,9 23.8 27.1
Comfort 20.4 22,3 24,5 27.3 31,2 35,5
Subtotal 61,6 67.4 74.0 82.7 4.5 107.3
Time 6.8 7.5 8.2 9,2 10.5 11.9
Cost 61.1 66.8 73.4 82,0 93.7 106,5
Subtotal 68,0 74,3 81.6 91,2 104,2 118.4
Total 129.6 41,7 155.5 173.9 198,7 225,7
Middle ($ 10K - 20K)
Safety/Secur 16,5 18.0 14.8 16.6 19,1 21,5
Convenience 12.4 13.6 11,2 12,5 14,5 16.3
Comfort 19,5 21,4 17,6 19.7 22,7 25,5
Subtotal 48,5 53.0 43.6 48.8 56,3 63.3
Time 5.3 5.7 4,7 5.3 6.1 6.9
Cost 26.1 28.5 23.5 26,3 30.3 34,1
Subtotal 31.3 34,3 28,2 31.6 36.4 40,9
Total 79.8 87.2 71.8 80,3 92,8 04,2
Upper (>$20K)
Safety/Secur 1.5 1.7 1.2 1.4 1.6 1.8
Convenience 1.3 1.4 1,0 1.2 1.3 1,5
Comfort 1.8 2.0 1.5 1.7 1,9 2,1
Subtotal 4,6 5.1 3.8 4,2 4,7 5.4
Time <6 o7 ) o6 N o7
Cost 1.6 1.8 1.3 1.5 1.7 1.9
Subtotal 2,2 2.4 1.8 2,0 2.3 2,6
Total 6.9 7.5 5.6 6.2 7.0 8.0

TOTAL 227,6 2u8,.8 27,5 276.6 317.1 359.0
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From the data in Table 18 d1fferences can be found in the bene-

J

in the benefits from a given modal mix assuming different regional en-

THETTHR

|
|
its from different modal mixes in a given regional environment, and I
i
|
i

vironments. These benefit differences can be decomposed by mode, in-
come group and major attribute, using the more detailed tables. Sensir-

tivity analyses involving these benefit differences are illustrated inl -,,
ec. VI of this volume.

UMMARY

- CfJ"_‘__C/T'~ I‘f'_ -

|
A region-wide computation of user benefits has been described, anﬂ
the results given for our basic example. This computation was performed
Wlthout computer assistance except for the final steps of multlplylng;

two data files. A potentially more accurate computerized and networkﬂ
riented method is described in the next section. Access-egress con-— |

(

. |
iderations are also addressed at that point.

————y- O~
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IV. A NETWORK-ORIENTED MIX OF MODES ANALYSIS OF USER BENEFITS

INTRODUCTION

This section describes how a series of evolving computer routines
can be used in a detailed, network-oriented analysis of user benefits

N ]
The first routine starts simply and analyzes a single user attribute-+

travel time--over a transportation network involving a single travel
mode. Second, the capability is extended to consider a network with
more than one mode. Third, the methodology is further extended to con-
sider multiple user attributes as well as a mix of modes on individuai
origin-destination pairs in a network. We demonstrate how both link !
attributes and chain-of-link attributes can be measured and incorpora?ed
into the analysis. A method for handling the access and egress portiéns
of overall trips also is illustrated. Next, optimal paths through a 5
network are determined incorporating both multiple attributes and mixés
of modes. Then link flows and demand are estimated. Finally, demandg
information is combined with worth information for an aggregate measu%e
of user benefit. !
Obviously, introducing the network dimension explicitly into the!
benefit evaluation process considerably increases its complexity. Thé
procedures illustrated in this section attempt to sort out the variou$
steps involved and suggest logical ways of proceeding toward a workabie
model. The entire discussion should be viewed in the light in which it
was developed--i.e., as a series of exploratory excursions into a ver?

complex methodological problem area. !

SINGLE ATTRIBUTE--SINGLE MODE

The first routine is devoted to developing a useful format for
specifying a transportation network and beginning a preliminary anal-
ysis of that network. To accomplish this, 24 network nodes shown in
Fig. 4 are assumed. TableMEbTidentifies the nodes, indicates their

——

H
I
1
|
|
i
i
|
|
|
|
1
: : !

I » . . ‘
geographical coordinates, and categorizes each node into one of six city
’ i
]

|
i
|

%
Further discussion of the methodology illustrated in this secti$n
is—Ffound—in-Sec.VI--of- Vol TT oo oo
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Table 20|
NODE SPECIFICATION |
‘ City
Number Name Latitude ILongitude Type
1 New York/Newark. 40° 457 73° 59! 1
2 New Brunswick 40° 30? 74° 27! 5
3 Trenton 40° 13 74° 46" 4
4 Philadelphia 39° 56" 75° 09' 2
5 Wilmington 39° 44! 75° 33! 4 |
6 Baltimore 39° 17° 76° 37! 3
7 Washington 38° 53! 77° 02! 3
8 Frederick 39° 25! 77° 25? 5
9 Hagerstown 39° 39° 77° 43' 5
10 Chambersburg 39° 56" 77° 39! 5
11 New Town C 40° 10! 77° 24" 6
12 Harrisburg 40° 15° 76° 53! 4 |
13 New Town D 40° 33! 76° 23! 6 ‘
14 New Town E 40° 35° 76° 01! 6 i
15 Allentown/Bethlehem 40° 36' 75° 25! 4 !
16 Easton/Phillipsburg 40° 41° 75° 12 5 }
17  New Town F 40° 40" 74° 45" 6 !
18  New Town B ~40° 20" 75° 12' 6 !
19 Pottstown 40° 15° 75° 40! 5 :
20 Reading 40° 20" 75° 55! 4
21 Lebanon 40° 21! 76° 257 5
22 York 39° 58’ 76° 43° 4
23 New Town A 39° 42! 76° 38! 6
24 Lancaster 40° 03! 76° 18' 4
types based on population size. The city types were descrlbed 1n Table

\é.\ Travel service is conflned in thlS routlne to a track—type——e .

%allroad——mode operatlng on the same 31 links as shown for the hlghwayiig

mode in Fig. 4. ‘The links also are classified into elght 1ink types |
based on estimates of travel density (high, H; medium, M; or low, L),;
construction complexity (mountainous, CM; level, CL; or urban, com, a%d
scenic beauty along each link (scenic, S; average, A; or ugly, U) as g
fOllOWS:* %

Iink Travel  Construction Scenic
Type Density Complexity  Beauty

1 H CU U i
2 M M S
3 H CU A

~w—___AJthough,we had_intended._additional uses. for this classification,
thus far we have used only portions of it specifically in estimating
link circuity and in analyzing societal impacts. Possible combinations

(r/' __',



Link Travel Construction Scenic
Type Density  Complexity Beauty

4

CU
5 cM
6 CL
7 CL
8 CL

 mRHHER
>wmwmnn b

Origin and destination nodes for each link, the length of each link,;

\
and the link type classifications are all shown in Table_Zlf\

The first analysis of the network was to compute the total trip
time for travel between any pair of nodes. Several additional assumpi
tions had to be made. The railroad was assumed to average 60 miles
per hour along all links except in the vicinity of a city. An accel-
erate/decelerate function was devised to account for the fact that a
train must normally slow down when passing through each node in a total
trip. The accelerate/decelerate function simply specified an additioéal
increment of travel time for each intermediéte city as a function of its
node type. That function was as follows:

Node Accelerate/Decelerate

Type Time Increment (min.)

30
25
20 |
15 !
10 }
5 |

E

AU~ WN

Obviously, the larger the city, the longer it takes to slow down and

then speed up to the average velocity. One might well argue that the!
accelerate/decelerate function was not very exact. For the purpose E
of the exercise, however, it was felt that the function reflected cit§

size, and the function could always be replaced with a more sophisti-;

cated version based on the technology of particular modes.

of the descriptors other than the eight listed were considered unlikely
for the specific network involved. In principle, the travel density
component of the link description should change over time. For sim-
plicity, in this example, we assumed the density at the mid-point of
our analysis-~-i.e., in about 1985.

* !

As used here, the terms origin and destination refer to two-way '
‘traffic.—On-a-trip-one-way,—the first-eity -in-the pair-is the-origin;
going the other way, the same city obviously is the destination.




-37-

Table 21 - : .

JE——

LINK SPECIFICATION FOR THE RAILROAD NETWORK

Origin Destination Length Link Circuity

Number  Node Node (mi) Type Factor
1 1 2 29 1 1.05
2 1 17 40 3 1.05
3 2 3 25 1 1.05
4 3 4 28 1 1.05
5 4 5 25 1 1.05
6 4 18 27 8 1.00
7 4 19 35 8 1.00
8 5 6 64 1 1.05
9 6 7 35 3 1.05

10 6 8 43 4 1.05
11 6 23 28 4 1.05
12 7 8 42 4 1.05
13 8 9 22 5 1.10
14 9 10 19 6 1.00
15 9 22 57 2 1.10
16 10 11 20 5 1.10
17 11 12 27 2 1.10
18 12 13 33 2 1.10
19 12 21 25 7 1.00
20 12 22 21 7 1.00
21 13 14 19 5 1.10
22 14 15 31 2 1.10
23 15 16 12 4 1.05
24 15 18 21 7 1.00
25 15 20 32 2 1.10
26 16 17 23 5 1.10
27 19 20 14 7 1.00
28 20 21 26 7 1.00
29 20 24 28 7 1.00
30 22 23 18 6 1.00
31 22 24 22 7 1.00

The exact travel distance between nodes 7 and k is given by
=R cos™  [sin 6, sin 6, + 8 0 (
Yip = & cos [sin ; sin O, cos 6, cos 8, cos ¢i - ¢k)]

%
where B = 3963.34, the radius of the earth in miles, and where 0

:
|
|

|
|
(2)
|
|

and ¢ represent the latitude and longitude of the particular node ex—

.-
.oz

* 55 o
ressed in radians. In addition, a link circuity function was :
P : ‘ =

"

.

* . - %
The special purpose notations, y and R , are used only in Eq. (2).

e

.
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postulated to account for the different types of terraln over Whlch_the
T
i railroad has to operate. A link winding through the mountains cannot!

!

be expected to take the same time as a link of the same distance on

B — I

flat ground. The procedure used was to increase the length of a link
when the terrain was something other than the best. The link circuit&
function indicates a factor > 1 to be multiplied by the straight line
length of the link. It has a value of 1.00 for level, nonurban terra&n,
1.05 for urban terrain, and 1.10 for mountainous terrain. The c1rcu1ty

|

! factors for each link in the network also are identified in Table 21. \

These assumptions and functions were used to build an input matrlx,

'F = [F. k] of link travel times for the representative network, which !
fcould be used as input to a shortest-path algorithm. Solution of that
salgorlthm is the optimal route, and hence minimum travel time, for ‘
railroad travel between all pairs of cities in the network. The ex-—
pre351on for total trip time, H. ik between origin ¢ and destination k

| was given by

. H., =)H,+)H, (3)
ik 7 b o,

lwhere Hz is the travel time along link 4 and reflects the link circuity

|

|

|

I

|

I

i

!
function, and H is the increment of time added for deceleration and ,
|

*
acceleration in node n. Travel times ranged from a low of 30 minute

(2]

ifrom New Town D to New Town E to a high of 343 minutes from New York/
iNewark to Hagerstown. TablewEEYincludes the optimal routing and travel
time for selected trips within the network.

Additional refinement of the single attribute, single mode case
was made by considering the schedule of service that is offered through—
out the network. As opposed to the above unrealistic situation where

instantaneous service is assumed, two added dimensions were included:

(1) initial waiting time at the origin'station and (2) additional

'
ywaiting time if transfers had to be made at interim cities. These i

tadded dimensions depend on the timetable or schedule of service avail-
! ]

f The symbol H is used in this discussion since travel tlme in
‘minutes—is—a—physical -measure—for- an—attribute; ~— - —
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Table 22 1

OPTIMAL ROUTINGS AND TRAVEL TIMES OF SELECTED TRIPS,
WITH A SINGLE MODE AND INSTANTANEOUS SERViCE

Travel Time

Origin-Destination and Routing (min.)
New York/Newark to New Brunswick :
(1-2) 70 i
Trenton to Wilmington i
(3-4-5) 100 !
New Town D to Pottstown :
(13-14-15-20-19) 154 ;
New Town F to New Town A .

(17-16-15-20-24-22-23) 221
New York/Newark to Chambersburg :
(1-17-16-15~-14-13-12-11-10) 323 i

' able in each city for the railroad mode and also the type of service |
i class that was assumed.

Although our objective in writing these routines was to develop
'ways of handlingiworth\information in a network context, using the

gphysical measure travel time did seem like a logical way to get started.

This was fortuitous in that it allowed us to briefly introduce éched&ling
:considerations into the analysis. On the other hand, the details of |
. scheduling constitute a difficult subject of its own and pursuing thils
fto any great extent here probably would result in a serious digressidn.
. Therefore, the discussion that follows on waiting and transfer time |
| serves only to illustrate the nature of the considerations involved.
First, a schedule time function was postulated: It reflected the

maximum wait time for the next train as a function of city type as

follows:

City Maximum Wait Time
Type (min.)

60

90
135
195
270 i
360 |

SVt~ WN R




|
!

!Where HL is link time for link 4, Hb is average wait time in the origin
| .

—=40=_

Rl

This means that a train leaves New York every hour, but from a New To%n,

there is a 6-hour maximum wait. The average wait time was assumed to

be one-half of the maximum wait time.

Second, three distinct service classes were identified:

I
|
|
|
|
f

expressf

local, and transfer. An express train does not slow down as it passes

passenger uses express service class was

Hik(express) = % H£ + Hw + (Hi + Hk)’

! through interim cities. The expression for total travel time when a

i station, and Hi and Hk are accelerate time in ¢ and decelerate time in

i
[
v

i

i
!stops in each intermediate city. The expression for total travel ti

|
l
I
i

i

|

{

k, respectively.

Local service class is the same as express except that the.train

when a passenger uses local service class was

Hik(local) = % Hﬂ + Hw + ; Hm’

(5)

1
)
t

m

i
|
|
!
1

where Hm is the appropriate time for acceleration and/or deceleration

in all cities along the route of the total trip. With the exception of

'Hb, which has been added, Eq. (5) is similar to Eq. (3).

Conversely, transfer service class means that the passeng

er must

transfer to another train at each intermediate node. This is not par

ticularly realistic, but it serves as an upper bound on travel
- %
the railroad mode. The analogous expression for calculating

time for this class became

H., (transfer) = z H +H + z H + z H ,
ik ) 2 wl momo

‘where Hf is the average wait time in intermediate node r.

%
Some smaller number of transfers might also be assumed, .
ample, one transfer for each two or three intermediate nodes.

time £

travel

i

or

for ex-
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One might argue that e;press and local service classes should be

analyzed as two separate modes and also that wait times should depeni
not only on city size but also on location in the network. For examﬁle,
New Brunswick and Trenton are smaller cities but service between theée
two nodes is relatively frequent because of their location on the chain-
:of—links between New York and Philadelphia. g

| For each service class, the shortest-path algorithm was used to

solve the network-—that is, to determine the optimal routing and travel

. time for each possible trip. Tablgzgilincludes the results for the ;

. same representative trips as in Tableégg;N The wide range of travel
time emphasizes the possible variances resulting from the way in whiéh
scheduling is handled. Results also indicate that trip routing is mare

' important than mere distance between origin and destination.

Tableiig\_

OPTIMAL ROUTINGS AND TRAVEL TIMES FOR THREE
SERVICE CLASSES, SINGLE MODE

] (minutes) i
|
Service Class
' !
| Origin-Destination and Routing Express Local Transfer %
New York/Newark to New Brunswick i
(1-2) 80 80 80 |
Trenton to Wilmington
(3-4-5) . 200 225 270 5
! New Town D to Pottstown
' (13-14-15-20-19) 291 326 701 !
New Town F to New Town A :
(17-16-15-20-24-22-23) 326 396 921 i
New York/Newark to Chambersburg
(1-17-16-15-14-13-12-11-10) 273 333 ~ 1383 |

SINGLE ATTRIBUTE--MIX OF MODES

1
i i
:
|

In order to extend the analysis to more than a singlé mode, an air

'network of seven links was added to the railroad network. Air trans-

' portation was assumed to average 200 miles per hour. Figure 6 indicates
' both the rail and air links that comprise a representative mix~of-modes

‘network. Details of the air links are presented as Table 24.\ The main
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\l 1-NEW YORK
/ NEWARK
- EASTON-PHI
16 E\S/ L|PSBUG 17. NEW TOWN F // .
15-ALLENTOWN -BETHLEHEM y ’ //
14-NEW TOWN E L -
—
13 -NEW TOWN D J-NEW BRUNSWICK =3 —
1 &
( 18- NEw TOWN B \

'20-READING _

b \
12-HARRISBURG S 21-LEBANO 3-TRENTON
1- WN N
11-NEW TOWN C \ 19-POTTSTOWN
/ S, '24-LANCASTER

4-PHILADELPHIA Y7
10-CHAMBERSBURG,

22-YORK

5-WILMINGTO
/

9-HAGERSTOWN 23-NEW TOWN A

Railroad links
— — Alir links

Fig. 6--Illustrative network of railroad and air links

Table 24
LINK SPECIFICATION FOR THE AIR NETWORK

Origin Destination Length

Number  Node Node (mi)
1 1 (25) 4 (28) 84
2 4 (28) 6 (30) 90
3 6 (30) 7 (31) 35
4 4 (28) 7 (31) 124
5 1 (25) 7 (31) 207
6 1 (25) 12 (36) 156
7 7 (31) 12 (36) 95

NOTE: Air node identifications are
shown in parenthesis.

overlap of service with rail is seen to be along the eastern portion of
the total network from New York/Newark to Washington.
In order to keep tabs on exactly what mode is used at each. point

of a total trip, it was necessary to create additional node identifi-



v

_=43-

—— ———— ———— —— ————

cations. A convenient way of conceptualizing multlple modes is to
think in terms of terﬁlnals within a city, rather than nodes. In
the representativeﬂpeéwork, railroad terminals were numbered (as be-
}fore) from 1 to Zﬁ_uwhile air'terﬁinals‘were numbered from 25 to 48.#
Within node <, the rail terminal was identified as %, and the air

termlnal was . referred to as (2 + 24). Only five cities are seen 1ﬁ o

'Flg. 6 to have air terminals (25, 28, 30, 31, and 36), however, so
!many of the second group of terminal numbers were not actually used.i
iAlteoﬁgh the two-mode network is almost as unrealistic as a single-
imode network, it can be used to illustrate the importance of modal
'choice.

I If a passenger switches from one mode to another within a given
'node, then assumptions must be made about the transfer process. For

th1s preliminary exercise, a standardized transfer mode, called "taxi'

:cab,' was used for all transferring. It was assumed that the taxicabl
!mode averaged 15 miles per hour within all nodes. The distance be-

| tween air and railroad terminals was postulated to be a function of
inode size and hence of node type. The following intra-node transfer

|
]function was used:

Node Distance Between Rail and

Type Air Terminals (mi) :
1 15 i
2 10 |

3 8
‘ 4 6 i
| 5 4 |
6 2 i

Using these distances and the constant taxicab speed, the transfer time

increments were easily calculated. No allowance was made for the timé

"

PR . . . !
spent waiting for a taxicab--i.e., an assumption of "instant service"

was made. Service classes and scheduling also were not included in this

subroutine. :

*This numbering system emerged in adding on to the computer pro-
igram for the first routine. In redoing this, it probably would be
clearer if a system of nesting were used as suggested in Vol. II--i.el,
"1-1 and 1-2 instead of 1 and 25 to represent terminals for different
modes -wi-thin—the-same- city- —
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Tt "THé_SqTZEY?'iﬁpﬁt_ iriét—fix_'f_? [F 7/7: 1 for the multi—~mode cas é_ié‘lﬁTiger
(potentially 48 x 48) than before (24 x 24) because it is based on tei—

minals rather than nodes. The optimal routing for any origin—destina;
tion pair includes the terminals used in the total trip. The termina;s
identify the modes, links, and transfers necessary to get from origin
to destination. .

To illustrate the type of solution that results, consider the pa}-

ticular trip from New York/Newark to York. If the trip were made ex—
|

Iclusively by railroad, the optimal route would be i
|
! 1-17-16-15-20-24-22, |

Ewhich takes the passenger through New Town F, Easton/Phillipsburg,
tAllentown/Bethlehem, Reading, and Lancaster as intermediate stops.

iWhen air service is available, however, the optimal route became
|
' 1-25-36-12-22,

éwhich has a somewhat different interpretation. The traveler starts at

|

. the railroad terminal (1) in New York/Newark and takes a taxicab to the

!then takes another taxi to the railroad terminal in that city (12);

!air terminal (25); he flies to the air terminal at Harrisburg (3) and
!
Ifinally, he takes the train to York (22) which is his destination. }

;Travel time for the latter trip was 151 minutes. Tablel%@_includes

optimal routings and travel times for representative trips in the single
t

attribute, mix of modes case.

|
|
]
{
!

i

|

OPTIMAL ROUTING AND TRAVEL TIME OF SELECTED TRIPS, |
WITH A MIX OF MODES AND INSTANTANEOUS SERVICE '

' Travel Time

Origin-Destination and Routing (min. )
New York/Newark to Baltimore
i (1-25-28-30-6) 144
Trenton to Harrisburg
(3-4-28-31-36) 134
Trenton to Harrisburg
| (3-4-19-20-21-12) 129
; Washington to Allentown/Bethlehem ;
’ (7-31-28-4-18-15) o257

New Town F to Baltimore
(17-16-15-18-4-28-30) 153
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MULTIPLE ATTRIBUTES——INDIVIDUAL MODAL LINKS

e

|
]
;
j
The next step in the computer model was to combine numerous user
|
i
i

attributes on an individual network link, to give a weighted worth

]

!score for the link. Because a link is defined as a mode connecting a
:palr of cities in the network, a weighted worth score for the link has
ito do with the reaction of a specific group to travel over a spec1fle
;mode connecting a specific pair of network terminals. The general apL
Eproach to the construction of worth functions for this example 'was dis-
cussed briefly in Sec. III and is expanded here. First, we made all|

individual worth functions Zimear in their physical measure variable

and passing through the origin. This is helpful later because it in-
isures that the sum of worth experienced over two successive links with
ildentical mode properties——i.e., average speed, fare per mile, comparf—
:ment humidity, etc.--is the same as the worth over a single link w1th

|

i the same overall properties as the two links together. The ability to
;add worth scores in this manner greatly eases selection of the shortegt
lpath through the network. Second, we combined worth values for 1nd1—
lvidual lower-level attributes with their respective weights. This sim—
plified the weighting step considerably. Third, basic worth function%
were considered the same for all user groups, with group differences
%being reflected only in differences among the five major attribute
weights.

The user worth functions which resulted are shown in an appendix

as Tableﬁ66: There are two types of attributes. The majority have
linear worth functions of a continuous phy51cal measure variable of the
form U = KA, and we indicate in Tab1e€66‘the value H, of the phy51cal

0
{variable for which U(HO) = . The other attributes have either a

ldirect worth estimate or a binary state variable as a physical measure

table lists the value of H,; for the second type it lists the permis-—

(e.g., is a movie shown or not?). For the first attribute type, the
|
[
I

1s1b1e ranges or choices for a worth score, in parentheses.

i These worth curves and assessments are so calibrated that a user|
'in the middle income category traveling on business has on the higherr
{ : : .

'levei:bttributes weights summing to 1. Thus, this particular user's

'totai—WOrthﬁfor—a—trip“comes—from“simply-adding;the"worth~scoreS“of--
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the individual attrlbutes. The worth curves were callbrated on the

Washington to New York trip as described in Sec. III. Note that the

|
[
|
curves for time and cost are calculated so that one hour is worth $7.50
I
and one worth unit is worth $50. The $7.50 value was determined by f

idividing annual salary for a middle income person by annual working

|
hours. The dollar value of a worth unit was set through an indifference

or willingness-to-pay exercise in which the analysts involved estimated

|
what they thought it was worth to avoid experiencing a -1.0 level of

i
|
disutility on various safety, convenience, and comfort attributes. !
!

!From these results, an average value was obtained. This step was nec+
3essary in order to treat travel cost and travel time comsistently Witﬁ

‘the other user attributes.

The next step was to extend this worth assessment to all user

|
|
I 0

'groups. In this case, we assumed the full complement of ten user groups

,1dentified in Vol. ITI. These are listed and numbered in Table:26}

Table 26‘ |
_.‘r,_!)_ |
PASSENGER USER GROUP !

s Tmp Purpose
! Income Business Pleasure Commutation
1
j l_< $4K 4 .
( > $4K < $10K 1 5 8
"= $10K < $20K 2 6 9
"= $20K 3 7 10

\We assume that the poverty group does not travel intercity except for

pleasure; all other combinations are possible. '

|
g In a role-playing exercise, we systematically considered the pre*
:

iferences of each of these different groups and assigned a set of welghts

x|
to the five major attributes indicating their relative importance. l
i i
iThe weights for a given group divided by the weights for group 2 (the{
ireference group) gave the multiplying factors to be used on the major:

i
i
1

i
; As stated in Sec. III, a survey of sample users probably could
ibe designed which would improve upon these weights, if time and re-
'sources were available for such an effort.



|
attrlbute worth scores to construct a total Worth for that group. These

factors are given in Table 27q

e
v

Tablejé7y

i USER GROUP WEIGHTING FACTORS

H;ZZ;? User Group

Attribute 1 2 3 4 5 6 7 8 9 110

' Time 0.875 1.0 1.25 0.25 0.375 0.5 0.625 0.87 1.0 1.25
| Cost 1.75 1.0 0.5 3.5 2.75 2.0 L.3[7) 2.0 1.5 1.0
Safety & T !

! Security 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
:Conve— :

| nience 0.8 1.0 1.0 0.4 0.8 1.0 1.2 0.6 0.8 0.8
iComfort 0.667 1.0 1.0 0.667 0.667 1.0 1.0 0.667 0.667 0.667

For example, if the worth scores on a given link for group 2 are .3 !
for time, .2 for cost, .l for safety, .2 for convenience, and .1 for
comfort, the total worth for group 2 is their sum of .9, * while the

total worth for group 4 is (.25)(.3) + (3.5)(.2) + (l)( 1) + (.4)(. 2)‘
+ (.667)(.1) = 1.022. i

In order to later extend the worth assessment over a network of !

|
|

links and nodes, one additional point should be made. Many of the at-
tributes are a function of time spent or distance traveled on a given
link, and since time can be expressed through our mode characteristics
as a function of distance, we can sum over all these attributes to giye
a total worth per link for that particular mode. Other attributes, h?w—
lever, are constants for a mode, and it would be unfair to add this con-
'stant to each link, because the result would then depend on the numbe%
Iof links contained in the total trip. TFor such cases, the worth scoré
ishould be added only once for the entire chain of links, assuming the
traveler remained on the same mode. I
A simple program was constructed to calculate, for a given net-

iwork and set of mode characteristics, the total worth on each line-haul
| !

%

For ease of interpretation, we assume the worth scales-have been
itransferred from negative to positive values by adding +1.0 to each major
‘attribute “as discussed in “Seci—IIT, — = ——-"= -- - -
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link for a member of user group 2, with respect ‘to t1me, cost, safetyl
and security, convenience, and comfort. A sample output of the higher-
level worth scores is presented in Tabléi%S.hiThe scores incorporate
two important steps. In.the table, the lower-level attribute worth
scores have been added, and +1.0 also has been added to each subtotal,
The origin and destination cities are identified by node numbers as

shown in Eig;'4i\ The modes have identifying numbers as follows:

Number Mode
1 Rail
2 Bus i
3 Auto :
4 Conventional Aircraft
(CTOL) i
1 5 Short Take-off and Landing !
Aircraft (STOL)
6 Tracked Air Cushion f
Vehicle (TAGV) |
7 Dual-Mode Vehicle (DM) |
8 Taxi |

The network here is the base case network of rail, air, auto, and bus
as illustrated in Fig.TZ?ELThe links are numbered consecutively, as-
suming separate links‘gofﬁéach mode connecting the qrigianestination
pairs. The values shown are for user group 2 and summarize link-
associated attributes for the line-haul portions of trips.

The same program also calculated the constant worth values to be
added for chain of link—associated attributes. For example, the worth
scores for user group 2 are presented as Table 29 R i

Finally, Tablexga_is a summary of worth ség;;; for user group 2
including the chain-of-link attributes. The Worth scores of Tableﬁgg

were added to the appropriate scores in Table 28 as follows: It was

estimated by reviewing computer listings of p0551b1e trip paths that

the typical or average trip over the entire network consisted of thre

1

different modes, and each mode was used for two links in the total trip.

|
Since the chain-of-link attribute scores are added only once for each

mode, 1t would be inappropriate to simply add the values in Tables\ 8(

;and 2 Instead, we approximated the cha1n~of—11nk contribution to |

7

total Worth by adding one-half the score in Table 9 to the correspondlng

+

celi~1n—Table»28.&~We~made—this-approxmmat10n«so~that—all—welghted—Worth

D
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Tab e?ﬂgm

|

|
LINK WORTH SCORES FOR HIGHER LEVEL USER ATTRIBUTES, USER GROUP 2

|

I
i
i
|

Link Origin Dest. Mode Travel Travel Safety &

it

Nolr Node Node, Number Time , Cost Security Convenience Comfort
|1 1! 20 l 1| [0.0647|0.0384|[C.0162] |00 10,025
2 2] (_3l 1l 10.055600.0330)10.0139: 0.0 .| [0.0222
30 ] 3 4 1] |0.06CS8||0.03611|0.0152 0. 0. De 0244
4l |4 |_s5 1] |D.0547|[0.0325] 0.0137] (0.0 0.0219)
5! 51 | 6 |0.1365|| 0. C831| |0.0350 0.0 . 100560
6] 6 T 0.0768(|0.08456; (60192 [0.0 | (0.0307
7 41 19 10.0720(10.0427|10. €180 0. 0 0.0288
8l 119 |26 0e0256(|0.0176] |0 0074 0. G 0.0118]
9 |20 21 0.0542|[6.02221 06,0135 0.0 0.0217 "
10 L2112 100526100312/ 10,0131 |0.0 _ | [0.0210],
11 1 4 10.0737|{0.167C |0.0214 0.0 0. G697
12 |4 6 [0e0795|(0.1803) |0.8231| (D0 _ | [0.0753]"
13 1 7 | 4| [0.1828|/Cs4143,{0.0532 0.0 0.1729] |
4] L6 a1 4] |0.0314/|0.0711][G..£091 0.0 0.0297]
15| | 4 7 4l 10.1095/|0.2482|(0.0319] [0.0 l0.1036| -
16 7 12 | 4] [0.0837/|0.1896)|0.0243 | |00 10.0792] .
17| 1 121 4| |0.1380|[Ce3128| 040402 Ge 0 |0.1306|
18| |1 2 |31 10.0944][C.0252! (00390 [0.0249] |0.0779]:
19 2 R 3] [0.0812/{0,0216,(0.0335 0.0214| 0.0670
20 3 4 31 10.0889]|0.0237;/0.0367 e 0235 0.0734| "
21 4 5/ 113) 0.0799(|C.G213](|0.0330 0. 0211 0. 0659
2 5 6 3! 062043040545 00843 [0.0540, 01686
23 6 T, 3] 10e41121|[0.0299] [De0462 00296  :0.,0925]
24 7 L8]+ ||3] 10e1229/10.0355]/{0.0549| |0.0351] 10.1097|
25 6 8/ |13 |0.1378/|0.0368||6.8569| (0.0364] 10,1138/
26| |_6 23 3] 18.0908||0.0242|(0,0375 106 0240 10.0750]"
27 4 15 3| 10.1051|{0.0280| /00434 | [0.0278| [0.0867]]
28, | 4| 18 | 3 |0.0834/|0.0222] 00344 0.0220| 10.0688].
29| 1y 17 3] |0.1275||C.0341 0.0528 G. 0338 (0.1056)|/
30| {17 16| |3 [0.0781[[0.02C8] 060322 [0.0206|  0.0644]]
31 16 15} |3 |0.0421||G.0112]|0sCLl74 0.,0111| [0.0347]
22 18 15 31 |0.0650|0.0173)|C. 0268 0.0172| 1040537
33 19 120 | 3| |0.0432}|G.0115||0.0178 0. 0114 0.0356]
34, 115, 20, |3 |8.1060 0.€283] [0.0438 | 0.0280] 0.0875)
35 14 15, 1[3] [0.1041[(0.0277||0.0429 0.0275 |0.0859
36| 13| |14 3] 10.0640/|G.0171:|0.0264 | [0.0169 |0.0529/,
37 20 21 3 |0.0791||C.0211]|0.0326 | . |6.0209 0.0653
38 12 13" |3 18.1167/{0,0295] [0..0457 | [0.0293| |0.0914
29 12 z1; 3] [0.0768||[C.0205 |0.0317 0.0203| 10.0634].
49 20 24, |3 10.0846]|0.0226)|0.0349 | [0.0224] [0.0698
41 22 241, 3| [0e0684/|0.0182| |0.0282 0,018l [0.0565
420 (121 122 |[3] [0.0644[|0.0172] 10,0266 0.0170| 0.0532
43 (22 23 3 10.0565||0.0152! 0.0235 0.0150| 10,0469
44 |11 121 13 10.0920/10.0245] '0.0380 | 0.0243| 0.0759




! Table 28 (Cont )

Link Origin Dest Mode  Travel Travel Safety & i
NQL Node Node Number Time  Cost Securtty Convenience Comfbrt .
L — - = — —_— o
W‘as 100 |11 13| 76,0688 [0.0184 |C. 0284 0.0182] 0.0568]
46 ol |10]  |3] l0.0598] [c.D160] 0.0247 |0.0158] 00494
47, | 9] |22 3| [0.1857] |[0.05C6] [0.0783 0.0501, [0.1566]|
\lag] | 8 9, 3| 0.0750 |€.0200] |0, 0310 00198 [0.0619
49 1 2| 2| |0.0944] U.0239] [0.0244 0o 0 0.0734
50 _ 2] 3 12 |0.0812 [0.0206] [8.0210 0o D.0631
51 3 4 2| 6.0889{0.0225| [0.0230 0u 0 0. 0691
52 4 5 2] 60759 |0.0202] [0.0206 0.0 | [GeD621!
53/ | 5 6 2| |0e2043 |[C.0518| [0.0528 0.0 0.1589
54 4] 7 : 2 _Q_o_l_l_z_l C".’CZSQ’ C-,@Z&Q LEP (R -G_O_G 872
IEE 7 8| i 2| [0e1329 |C.0337| [0.0344 0.0 0.1034
156 6 8 | 2] (021378 0.0349] e 0356 18 O _ 01072
157 6 23| 2| lc.05C8 |Ce0230C]| |0.0235 0.0 0e 0706
58] |4 19 | 2| 10.1051| [00266] [0.0272 0.0 .| |0.0817
1159 4 18 | 2 Qw0834 C.G211 0.@215 O.G ' 90{3648 ‘
60| L 17,1 |2) |0.1279 |C.0324) 0. 0331 0.0, . .0.0995
61 17 16| |2 10.0781]|0.0158]| |0.0202 0.0 | '0.9607
162 16 15 2] [0.0421| [0.0107| [6.0168 0.0 . ,0.0327
63 18 15 2| |D.0650 |[0.0165| [6.0168 0,0 Da 0506 |
64| 119 20 2| |D.03432 |CeU1CS Ae «0112 0e0_. .| 10.0336
65 15 20 2! |Ce1060|[0e$269] (00274 0. 0 . D.0825
66| |14 11511 (2] |6.,1041! [0.02¢4 0.,,02_69. 0.0 __| ,0.06809
67 13 14} 2| [G.0640{0.0162] 10,0166 0.0 00498
|68 20 21 2! [0.0791,(0.0200| [0.0204] [0.0_. | 10.0615
69 12 13! 2| 10,1107 |C.0280| |0.G286 Q. 0 i 0a D861
70, 12 21" 2] |0.0768 [0.0195| 0.0198 0s0__ | 1040597
71 26 124 2| |0e0846 00214 |Ca0219! 0.0 | 100658
721 12| (22 2! . oa44| 0.0163] 0.0167, [0,0  _| |0.0501
73 22 23 2| |0.0566 [Ce01l44] [Ca0147 De 0 10.9442
74| (22 24| 2] |D.0D684| |CaCLT3| [0.01TT Ge O 00532
75 11 12 2| |0.0920 (C.0233] |0,0238 0.0 '0.0715
76| |16 11 2| |0.0688 [0.0174| |0.0178 GeO___| 1040535
771 | S| 10| 2| |0.0598]|0+0152| 00155 0. 0 | 0.0465
78] 9. 22 1 12 1061857 10.0480] 10,0490 o0 | 0414751
79] 18] 9] 2! /0.0750]/0.0190] |0.0194] 0.0  0.0583 |

values can be associated with individual links. Thus, we now have
estimates of the worth of single trips over each modal line-haul link

by an individual in user group 2. This data, presented in Tablg 30,?

will be used later in computing link and network benefit.

They are not
used in calculatlng either the optimal path or link flows through the

| network for a given group and time period.
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CONSTANT WORTH INCREMENTS FOR A CHAIN OF LINKS

Mode

3

O~ N

Safety &
Time  Cost  Security Convenience
.0000 .0000 .0439 .3356
.0000 .0000 .0439 .2511
.0000 .0000 .0000 .2150
.0000 .0000 .0439 .3720
.0000 .0000 .0439 .3720
.0000 - .0000 .0439 .3053
.0000 .0000 .0000 .0250
.0000 .0000 .0000 .1250
Table égjj

LINK WORTH SCORES FOR HIGHER LEVEL USER ATTRIBUTES,
INCLUDING CHAIN-OF-LINK ATTRIBUTES

i Origin Dest. Mode Travel Travel Safety &
No Nodé Node  Number  Time Cost
. — ) -
T 2] 1] e.cear 0. 0384ﬁp.6381
.2 2 L3 11l 100556 0,0330 10,0358
3 3 4 1| [0«0609 0.0361] [0.0372
4 4. 5 1| 00547 0.0325] 0,0356
5 5 6 1| 041399 0.0831| /0,056
L6/ |6 7l 1] |0.0768 0D.0456 {00411
¥ I I 19 " v|1; 00720 -0.0427|0.0399
o8l (19 20 1] |0.0296 0.0176| 0,0293
9 |20 | 21 | 1] |0e0542 0.0322|0.0355
L1021 12 ‘11] |0e0526 0.0312][0,0351
11 1 4 "4 [0WDT3T  0.1670) (6. 0434
12 4 .6 4] |0 0795 DN.1803|0.0451
113 1 7 4| 10,1828 0.4143| 10,0751
14 6 T 4] 1040214 0.CG711] 0.0311
15 4 7 4| |041095 N.2482 |0.0538
16 i 12} 41 16,0837 0.1866! 10,0463
17 1 12 4| |0.1380 043128 |0, 0621
18 1 2| 3] [0.0944  ,0252 (0.0390
i9 ‘ 2 ER 3 0.0812 0.0216| Na335
20 3 4‘ 3| |0e0889 0.0237/|0.0367
21 4 5[ 3] |0.0799 0.0213|0.0330
22 5 6 3] 02043 0.0545|0.0843
|23 6 7 "31 641121 ©.0299]|0.0462
124 7 .8 13| 101329 040255 040549
25 6 8 3| D.1378 0,0368||[0.0569
|26 6 23| 31 (0.0908 0.0242]0.0375
27 4 19 3] |0.1051 0.0280||0.0434
|28 4] 18 3] 10.0834_.0.0222(|0.0344
29 1 17|~ 131 |0.1279 0.0341'0.0528
130] 7. 16 3] 10,0781 0.0208/160.0322]

Comfort

.0270
.0560
.1320
.0225
.1025
.0920
.0720
.1010

USER GROUP 2,

Securzty Cbnvenzence

0.1678

ﬁ,1678
i Ce
'0- 1678
Ga1678
0.1678
De 1678
G.1678
UelbT8
G. 1860
C.1869
0e 1860
Ce 1860
0.1860
0.1860
0e1860
|0e1324
0,1289
001310
G.1285
Be1615
0.1371

0o 1439
Ge1315
0. 1353
0.1295
1001413

1Ce 1281

1678

| 0. 0423

1.0 0904 |

i GeDO1T
| De0DOT4

1 Be1026
| Ba G265

Co 1426 | D437

=0.0016

|
I
|
|
|

amﬁbrt

TS

1 0. 0394
0. 0357
e 0379
.. 0354
N6 D695
Oe 0442

0s 0253
040352
| 0..0345
0,0810
0. 0865
0.1842
0. 0409
| 0.1148

0.1418
. Ge0119

-0 0001

e 0478
0. 0090
Ca D207
. 0.0028)]
0.0396




Link Origin Dest. Mode  Travel
o, Node  Node  Number  Time
31 16| 15 i31 $e0421
32 18 | 115 3, 040650
23 19) 20 3 0.0432
34 151 'zu 3j D. 1060
35 14 15. 3. 01041
36 131 14| 3! 0.0640
37 20 21 131 G.0791
138 12 13 3 15,1107
139 12 210 I3 00768
|40 200 124] 31 .0.0846
41 22, ‘24 3 .0684
42 12 22 13 L0644
43 22 23 13 0.0569
44 |11 12 '3 0.0920
~45 10 11t ¥37 ‘0L.oess
laer 9 10 '3 0.0598
la7i | 9 220 3] 0.1897
481 8 | 9' 3 0L0750
491 1 ‘ ‘20 0.0944
500 2] 2 2 olosis
51, 1 3 4h 2| 0.0889
52 4, 5 2] 0.0799
53 Si 6! 2] 0.2043
54 61 7l 20 1g.1121
55, 7 8’ 2| 0.1329
56 6 8, 2| 0.1378
570 5i 23], 2| 10.0908
jsal 4! 19 2| 041051
59 4 18, 2] 0.0834
60 1 17 2 D.1279
61 171 16| 12 G.0781
62 16, 15, 2 00421
63| 18 15| 2, U.0650
64 19| 20, u2| 040432
65| 115 20 21 D.1060
&6 14 15 2] 0.1041
67 13| 4 .2' 040640
68 20 211 ﬁZ, 0.0791
69 12 13‘ 20 041107
700 12 21 0.0768
71 20 \24\ 27 D L0846
72 12 221 2 040644
73 22 23 2 0.0569
T4 22 |24' 120 10.0684
750 11 2. 21 D.0920
76| 10 11 2 0.0688
77, 9 plsy 2 '0.0598
78] ‘9! 122" 2 0.1897
70 gl g 2 0.0750

~52-

—~ Tz,

Table 30-—continued

4

Travel
Cost

Oa0112

80173

Def115
1e01283:
N.N277
DeN1171.
00211
1411295
C.0205
(0226
140182
Ne172
C.0152
n (6245

20184
J.UléC
CefI506
0eN200
0.0239
$.N206
De03225
0.02G2
(ie0518
(.0284
(1.0337
740349
Ja0230
N,0266
N.0211
U.0N3224
0.0198
G.O107
N.03165
Be(109
0.0269
D.0264
0.0162
e 0200
e )28
DeD195
0.0214
0.N163
GeGl4a4
0.,0173
$e0233
00174
0.0152
ﬂ 0480

»0190

Safety &
Security

Da G174
(. 1268
Do 3178
Ge (438
e 3429
(e 264
0,0326
(aG457
NeN317

e 034G

G.G282
e 1266
0.0235
i50380

0284
:.0247
N 01783
Ne 3310
Go 046 4:
060429
0,0449'
GoC426
Ne 748!
Go 5509
Ne 0563
ﬁ ”576|
0. r45Al
0o 6491
Ge 2435
Co 0550
B.0421
0.0328
0.0338
De 6331
No 0494
0.0488]
f40385]
N.0424
0o 0506
Go 0418
0.0438]
Do 12386
(. 0367
3, 0396
£e D457
Gl.0397
(e 0374
0. 071G
0o 0413

|

T

Ne1255

Convenience Comfort
N,1186 |-0,0313]]
0.1247] =3, 0123
1141189 |=N,0304
(s 1355] NeN215
Cel350 | 00,0199
e1244) |=-0.0131
'0,1284] ~0.0007
61368, Do 0254
01299 ' 06,0038
Gel245] —0s0128;
0.1225) =0.0191
$e1318 N, 699!
e 1257 —o.nngz'
(e1576 | Be0906]
(01273 |~0aD041,
Gel255. CelOl4)
(1o 1255 | 0.0511 )
01255/ Ne NITL!
fel1255 u.09r1‘
Hel255] £el869
0.12551 | Ge1152!
01255 | 0el314
0e1255; , Be1352
0s1255| | Ge01986]
De1255! ' $41097'
(61255 G928
fel1255| . N.1275,
Nel255 | @ J-J887‘
N.1255" e 0AOT
061255 0.0786
0. 1255 Ne0616
61255 | | 0.1105
0s1255, | £a1089"
0.1255| | 0.0778
0.1255|  0.0895
0.1255 S De1141

212551 | 0. 0877
u.12551 o 2938
0e1255 Ne 5781
61255 . G, 0722,
(el255 Ge 13812
0.1255 | .0995
00 1255 13' 0815
51255 ‘0.07455
N.1255 | 341755

ﬂ.'863
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| AGCESS-EGRESS AND TRANSFER ASSESSMENT
i
|
|

‘into nine zones. This is accomplished by dividing each of the two outer

The access, egress and transfer portions of total trips are handled

by adding more nodes and links to the network. Each city may be divided

rings of the three ring city model, described earlier, into four equal
| sectors. Then terminals are assigned for each of the seven line-haul
‘modes we have identified. Terminals for different modes are assumed to
‘each be located in a separate zone. This assumption is arbitrary but
1does seem to suggest a balance of service thrpughout our generalized

representation onE’EIE§:45s shown in Fig. 7.

1 i

Freeway

: Zone exchange
; . 2 (auto)
f ..TAC.V@ STOL
: ® -
‘ Zone \\\fAIL Zone
5 4 -5 !
i ) ® |
L.
: |
|
; |

| T

Fig. 7--The city model

! The ring radii for each of the six city sizes were given in Table

WS. Distances between zone pairs are computed as straight-line distances

| E—

'between the centroids of the zones. These distances for a city of type
| o .

‘6 are given in Table 31. To obtain the distances for a city of another
;type, we need only multiply by the appropriate factor inferred from the

i ring radii of Tablé\3,

| -

*  An access or egress trip segment is represented as a trip between

an origin or destination zone and the terminal of the chosen mode, which
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1
|
1
|
I
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i

Origin Destination Inter-Zone

sone

NNyt~ WWN

may lie in the same zone or in another zone. A mode transfer is a trip
1

INTERCITY ZONE DISTANCES WITHIN CITY SIZE 6

Zone
1

WhHURWNEREMLONBOLODNDNREDNDE

) TaBleiElj

(in miles)

Distance

2.00
2.00
.83
.00
.83
.00
.00
.00
.83
.83
.50
.50
.92
.92
.50
.50
.92

ORRPNSAEDOSRNNENDSNN N

(%
o

Origin Destination Inter-Zone
Distance

Zone

WO WO \OWIWWOWWI\O 0 0000 0000 00 00 S~ ~J

Zone

o~NO UMW NRESyOOULIEEWN RO U

2.50
4.92
6.36
4.50
2.50
4.92
4.92
6.50
9.00
6.36
4.50
4.92
2.50
6.50
4.92
6.36
9.00
6.36

Y

|
|
|

segment within a city between one mode terminal (in one zone) and another
|

mode terminal (in another zone). For simplicity, we have assumed tha% all

access, egress, and_transfer segments are taken on the taxi mode, whi?h
has characteristics identical to the automobile except for.a'higher f%re
and a speed typiéal of city traffic instead of freeway traffic.*
stant and per-mile worths are computed in the same way as for the 1in£—
haul modes, and the summarized results for user-group 2-—-are' graphed ip
Fig. 8.

cess, egress, or transfer links for a total trip.

—

| MULTIPLE ATTRIBUTES: MIX OF MODES

To illustrate how the link worth scores can be used to determine
I

Con;—

These estimating relationships can then be applied to the ac

a4

the optimal path through the network, we return to the simplified netﬁork

example, from one airplane to another.

%
No provision has been made for handling transfers within mode, for

I

I



[safery & securlty,
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=55
4 ]
. COMPUTATIONAT ESTIMATING FORMULAS " ’ o
Time . 0075, X l
.3} Cost Y= omoxkdﬁ |
. S&S Y=.0018TX -
| P = Conv. Y =,1250 P I
VA =1 Conf. Y =.1010+ .00619 X _ ;
§.2 — |
g __Convenience_ |
: ' |
|
|
i

Fig. 8--Taxi characteristics for user group 2
of Fig. 6 consisting of 31 railroad links and 7 air links. The basic
idea is to build a suitable matrix F to which a shortest~path algoritpm
can be applied. The matrix is square and of size 48, since the maximﬁm
) i
number of terminals is n = 24 nodes times m = 2 nodes. Although we do

not include the access and egress links in this illustration, it is not

*
a difficult matter to extend the illustration to incorporate them.

The procedure for constructing the appropriate input matrix for

particular user group is as follows. First, the user attributes for

(Table 27), added to give a weighted worth value for each intercity

I

!
|
a
|
: |
each link (e.g., Tablei?é\) are multiplied by the appropriate weights'
Yoo ]
travel link in the network, and the results entered in the appropriat%
|

cells of the input matrix. Second, the estimating formulas (Fig. 8)

are used to calculate attribute measures corresponding to each transfer
link. These, in turn, are weighted (Table 27) and added giving a i
weighted worth value for each transfer link. A transfer link exists ﬁn
every city having more than a single terminal. Third, the chain-of-

| I—

link attribute worth scores (Table 29) are properly weighted (Table\27)
and summed, and then added to the appropriate cells for all transfer |
- I

A method is suggested in the network representation discussion 1n
i Sec. VI of Vol. II. . |

S, e - H

‘ +A9Epally, only s1m11ar ‘to Table 28, except that the orlglnal negative \
.worth “values underlying the table should be multiplied by -1.0 to obtain
;positive numbers instead of being transformed by adding +1.0. The
reasoning behind this is 1ncluded in the discussion of optimal trip

routing in Sec. VI of Vol. ‘II Ref. l?

—
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T
| 1inks. That 1s, the chain-of-link attributes are added in only ‘when

the traveler switches from one travel mode to another. Finally, all

|
cells in the input matrix that have not received weighted worth scoreg
in these steps are assigned prohibitively large values. i
By proceeding in this manner, the resulting input matrix has a
weighted worth score in each cell corresponding to an intercity or f
transfer link, and prohibitively large values elsewhere. The welghted
worth score represents a measure of disutility or impedance for each

link. The shortest-path algorithm finds the particular route, for eth

lorigin-destination combination, that minimizes the total trip impedanfe.

:The important point is that optimal routing is based on the total pack—

I
;age of user attributes, and the perceptions of a given group to those
{

| attributes, rather than just on travel time as was used earlier in thls
}sectlon. ;

To illustrate, we consider the trip from the railroad terminal ih
New York/Newark (1) to the railroad terminal in Chambersburg (10). Tbe

optimal routing for the trip is 1-25-36-12-11-10 which is interpreted

as first flying from New York/Newark to Harriéburg and then taking a

i
Irailroad to Chambersburg. In this simple two-mode model, all ten user

!groups identified in Table 26Véhoose the same sequence of travel servﬁces.

i The following list presents the total weighted worth score for indivih-

uals in each group, a series of values ranging from 2.944 (group 3) t%

5.111 (group 4):
User  Minimum Total
Group Weighted Worth
1 3.793
2 3.376
3 2.944
4 5.111
5 4.656
6 4,238
7 3.903
8 3.910
9 3.578
10 3.146

i

%
! Earlier, to determine link worth estimates, we made an assumptlon

lconcernlng the average number of transfers per trip and this was used
to assign chain-of-link attributes to individuals. ~The shortest-path
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We shall see presently that such values are a useful input to demand

forecasting.

LINK FLOWS

The next to final step in the computerized analysis is to deter-

i
!
?mine the link flows, which are the number of times each link is used |

!during some specified period. It may be thought of as a transforma- ;
1 f
. tion of total travel demand to particular links within the network.

§

|Two illustrations of this step are presented. The first is based on

iour simplified rail-air network, without access and egress, a single
1

user group, and with demand independent of trip parameters. The second

{more complicated illustration is based on total access-line haul—egre%s

!

| . .
|portation modes, two user groups, and demand dependent on trip param-

'eters .
1

For the first case, trip demand between cities was assumed to be,
|
D(i, k) = KP(2)P(k), ()
|

where P(Z) and P(k) are the forecasted populations of origin and des-
i

we also assumed that demand D(Z, k) is further divided evenly between
all ferminal combinations within the origin and destination cities.
When the optimal routing for each terminal combination in the network
is calculated, the use of each link in the optimal path is multiplied
by the number of travelers assumed to use the path. We assume, there}
fore, that each traveler in the user group selects the optimal routiné
which is based on the total package of user attributes and their cor-
responding worth scores.

Tablef32y&ncludes link flows for selected links in the rail-air

network of Fig. 6. Total demand was assumed the same for each group,

| s . . . . .
. fers. If desired, this information on transfers which is generated by

'the algorithm can be iterated in the routine to refine the resulting |
'worth values.

I
trips from origin zone to destination zone, the full spectrum of trans-—

i

1

1

‘algorithm determines preferred routes and, hence, also identifies trans-—

tination, respectively, and X is a calibration constant. For simplicity,
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LINK FLOWS BY LINK AND USER GROUP FOR A TWO-MODE NETWORK

| Link Defined by Terminal Numbers

64,473 43,636 22,027 54,258 36,375 199,519 29,295

User

Group I1and 2 6 and 7 11 and 12 4 and 18 22 and 24 25 and 28 31 a?d 36
1 14,104 29,500 22,007 53,783 48,719 250,348 29, 295
2 64,473 46,377 21,880 54,258 36,375 196,349 26, 406
$ 64,473 46,377 21,880 54,258 36,375 196,349 26, 406
4 14,104 32,277 24,292 49,716 45,918 257,351 41,%62
5 14,104 29,500 22,027 53,783 48,719 250,348 . 29,295
6 64,932 29,500 22,027 53,783 48,719 199,519 29,295
7 64,473 46,377 21,880 54,258 36,375 196,349 26,406
8 14,104 29,500 22,027 53,783 48,719 250,348 29;?95
9 64,932 27,003 22,027 53,783 48,719 199,519 29,295

10

iheﬁEZ?EGEHIEQAEEEﬁllnk flows across user groups is not a relevant cal—
lculatlon Instead, the data in Tablew32 lare useful in checking the

sensitivity of the respective user group weights when analyzed in a
inetwork context. We see that several numbers repeat within a given »
Ecolumn, which defines a particular link in the network. This means

that the optimal routings are the same for each group. As one might

expect, duplication, and hence group insensitivity, is more pronounced

for certain links where air service does not compete directly with ra}l
service. For example, link flows for the rail link from New Town C
(11) to Harrisburg (12) repeat across groups more so than for the airi
link from New York/Newark (25) to Philadelphia (28). A full distribu}
tion of link flows across the entire network reveals that the air lin#s
tend to be used where possible--that is, they contribute less disutility
to the worth measurement for total trips.

For the second case, a total trip originates at a particular zon

{D

in one city and terminates at a given zone in another city. All eight

modes are allowed. This particular application places severe storage

'requirements on the computer system being used. Since there were 24

~cities and 9 zones in each city, there were 24 x 9 = 216 network nodes

and (216)2 = 46,656 locations required for storage of the array of link
i

worths. Storing a table to record the optimal paths as computed in- .

creases core storage requirements. On an IBM 360 model 91 computer, :

S~
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the program requlred approx1mately 372K bytes of core for primary stor-

age in addition to program storage. Thus, a large core availability
|
. |

After computing the shortest paths, the next step is to compute

is necessary for a problem of this size.

|

| demand information along each of these paths between nodes in different

e . . . . - Lo

| cities (corresponding to intercity trips). We divide the groups into;
Ibusiness (g = 1, 2, 3) and pleasure (g = 4, 5, 6, 7), ignoring the com—
lmuters in this illustration. We assume that a pleasure trip starts at

l
|the traveler's home and ends at another's home, while a business trip
|

istarts at one's home and ends at another's business. Hence, the trip
i 1
|origins in each case are distributed, for a given group, proportionally

rto the residential dispersion of the group among the city zones. How-

| . ) ) , . i

|ever, in case of a business trip, we assume the trip destinations are

{distributed proportionally to the employment dispersion among the cit&

'

izones. We also assume that the destinations are distributed indepen-

1 '

[dently of the traveler's income, that is, dependent only on whether his
|

| purpose is business or pleasure. Return trips are assumed to be sym-

|

]metric i
! To be more specific, let n! = city type, with the assumed averagé
populatlons P(n ) as glven in Table‘_ix Let z = city zone and g = gropp.
Then we define the origin sector populatlon as

|

P.(n", 2, g) = P(n)B(z, 9), (8)

and the destination sector population as |

Pk(?l: 2, 9) = P(?I)Y(z:_ g)s (9)

where B(z, g) is a residential percentage for zone z and group g and

v(z, g) is a destination percentage. Values of B(z, g) and y(z, g)
iare included in Tables 33 aﬁdVBQ;Xtespectively, as derived from the

idistribution by income and ring in Table'S.R Following Lansdowne [BH,

! the demand for trips in this second case is

1
I

E
DG ) = K@ B P (A A DF ,  (10)
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 Table(33"
RESTDENTIAL DISTRIBUTION PER ZONE 8(z, g)

(fractions)

User Group, g

Business Pleasure
City City ILower Middle Upper Poverty Lower Middle Upper
Ring Zone z 1 2 3 4 5 6 7
) 1 1 .20 .08 .02 .065 .20 .08 .02
j 2 2-5 .025 .048 .01 .004 .025 .048 .01
\ 3 6-9 .05 .012 .005 .005 .05 .012 .005
5 Table |34 ,

DESTINATIONS-FRACTION PER ZONE yv(z, g)

User Group, g

Employment  Residential

City City
Ring Zone, 3 1, 2, & 3 4, 5, 6, & 7
5 1 1 .537 .365
2 2-5 094 .087
3 6-9 ’ .022 .072

|
where F* is the total weighted worth for the optimal route between <
and k, F is a negative exponent showing the elasticity of demand with
respect to worth, and X(g) is an appropriate calibration constant for
group 4.

We further assumed a value of ¥ = -1.0, and calibrated the formu
using an estimate of one million annual round trips by people of grou

2 between New York and Washington. Using that number for X(2), we as
Y(g) raised to a power," as follows:

|

K(g) = [7(g)1""%%, | (11

suming the annual incomes as $3000 for the poverty group, $7000 for

Lk S
The symbol Y is used only in this equatiomn.

sumed that a user's propensity to travel is proportional to his incomF

iwhere the particular exponent comes from a Mathematica report’[ll]j\As—

|
|
|
|

i
|
i
|

la
P

D

!
!
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User Calibration
Group  Constant

|

| 7
; 1 .45 x 10_7
! 2 1.2 x10_
| 3. 2.9 x1077
| 4 .15 x 10_,
| 5 .45 x 10_7
| 6 1.2 x10_,
| 7 2.9 x10

: The computer program transformed or assigned the zone pair demands
fto the line-haul links in each optimal path between zone pairs and

| * _

tsummed in order to get link flows. Using this procedure, link flows

gcan be determined. Unlike the first case, the results are based on

1

ticated network and choice of modes.

Table'BS#i

No. Node Node Number  Group 2

1 1 2 1 757,175

2 2 3 1 1,306,984

3 3 4 1 994,368

4 4 5 1 496,616

5 5 6 1 436,079

6 6 7 1 152,266

| 7 4 19 1 249,978
; 8 19 20 1 233,062
9 20 21 1 126,387

10 21 12 1 79,022

11 1 4 4 106,678

12 T4 6 4 - 62,893

l 13 1 7 4 39,851

the lower income group, 815, 000 for the middle income group, and $30_

for the upper income group, we get calibration constants as follows:

demand forecasts related to the optimal>routing. Table 35§‘for user

groups 2 and 4, presents the resulting link flows for this more sophi

LINK FLOWS FOR USER GROUPS 2 AND 4, BASE MIX, 1970

Link Origin Destination Mode  Link Flow Link Flow

Group 4

39,692
55,230
45,230
21,948
20,945
9,461
10,113
9,463
3,903
2,594
681
247

24

*In order to compute demands efficiently, another large array (of
46K words) is required. However, by using two byte integer arlthmetlc,
the optimal path table and travel demand can be stored together without
i increasing total storage requirements. For computer systems without

two—byte—lnteger arithmetic; storage requirements—would-have-to-be in-

creased accordingly.
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s —n M,LT_able V35——continued;-

Link Origin Destination Mode  Link Flow Link Flow

oy

No. Node Node Number  Group 2 Group 4
14 6 7 4 2,681 56
15 4 7 4 16,226 65
16 7 12 4 4,053 19 |
17 1 12 4 15,793 30 :
18 1 2 3 21,786 4,351
19 2 3 3 24,223 4,112
20 3 4 3 18,981 4,217 |
21 4 5 3 8,736 2,311
22 5 6 3 7,178 1,597 : |
23 6 7 3 17,653 1,421 ;
24 7 8 3 5,560 361 5
25 6 8 3 20,394 831
26 6 23 3 37,922 3,033
27 4 19 3 29,221 1,594 !
28 4 18 3 34,929 2,263
29 1 17 3 77,126 4,358
30 17 16 3 77,695 4,786 |
31 16 15 3 74,530 4,496 ;
32 18 15 3 33,461 2,173 ;
33 19 20 3 29,312 1,620 !
34 15 20 3 34,227 2,012
35 14 15 3 5,354 328
36 13 14 3 2,636 145
37 20 21 3 7,520 652
38 12 13 3 3,484 127
39 12 21 3 7,030 596
40 20 24 3 73,397 4,759
41 22 24 3 38,409 3,278
42 12 22 3 34,795 1,339
43 22 23 3 36,992 3,142
44 11 12 3 16,273 584
45 10 11 3 12,833 410
46 9 10 3 5,318 310
47 9 22 3 4,038 213
48 8 9 3 13,329 670
49 1 2 2 100,489 3,312
50 2 3 2 145,036 8,240
51 3 4 2 115,326 5,199 |
52 4 5 2 65,190 3,843
53 5 6 2 59,627 3,356
54 6 7 2 33,387 2,001
55 7 8 2 1,636 35
56 6 8 2 5,395 283
57 6 23 2 23,591 807
58 4 19 2 17,782 584
59 4 18 2 10,694 240
60 1 17 2 63,568 4,531 |
61— 217 16 D 79-,486—— 5,345
62 16 15 2 75,399 5,206
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Table 35——cont1nued

Sy o=

Link Origin Destination  Mode LGk Flow Link Flow

|
!
|
No. Node Node Number  Group 2 Group 4 !

63 18 15 2 11,167 277 !

64 19 20 2 21,259 937 i

65 15 20 2 62,235 4,777 -.

66 14 15 2 2,324 156 i

67 13 14 2 1,204 130 |

68 20 21 2 17,533 1,402 |

69 12 13 2 799 26

70 12 21 2 13,174 949

71 20 24 2 63,487 3,793

72 12 22 2 7,485 193

73 22 23 2 26,712 1,013

74 22 24 2 49,408 2,737

75 11 12 2 7,150 560

76 10 11 2 5,320 462

77 9 10 2 1,706 42

78 9 22 2 6,189 490

79 8 9 2

|
4,202 106 |
!
!

LINK AND NETWORK BENEFIT ‘ g

:where Bg%,(Z) is the aggregate benefit for link 4 and Igt,(z) is the

In order to complete the example and derive an estimate of benefit

| for user group 2, the link flows of Table\35:must be combined with the

!1ink worth information in Table 30. The first step is to aggregate |

worth scores across the five higher-level attributes for each link.
Recalling that the relative weights for the higher-level attributes a&e
‘unity for user group 2 (Table 27), the five worth scores are simply
added for each 11nk ;
The second step is to weight each link worth value by its corres}

ponding link flow, and add over all links in the network as follows:

Bgt: = 2 th(.@) < Lgp (O, (12)

llnk flow. Table 36 illustrates this calculation and shéws how each

[
|
|
|
i
|
!
|

*
For other user groups, the f1ve hlgher level—attrlbute worth scores

adding to derive total llnk worth.

¢

-
E——

.\\

/



Link Link
No. Worth
1 $e.6817
2 (6720
41 Ce6740
Ei G.4828
61, Da8246
711 0.6353
B8l 0.73204
G|. Qa6752
10| 0.67€8
11| G.4sEsS
12|, 0e4226
13| 30424
14) | D.€354
115 | G.2877
L 16| | 024040
P17/ 1 Ga1592
S 18] | £.6571
19| | 0. 7338
20| | n.7124
21| 1 C.7374
221 0,328
23| | 0.6482
241 | Ce5S04)
'2E5| 1 0.57¢68
26| ' DLT0T1
2711 0.6€76
281 {0.7276
26| 1 0.6043
30| .T424
21 Ge8420|
32| n.77€5
23| $.83€9
34| 0.6E49
35 0.6704
36/ :G.7812
28| 1 0.€519
39| [ Gs7459
(64

LG 7243

e

~64—

Table 36

CALCULATION OF DEMAND-WEIGHTED BENEFIT
USER GROUP 2, 1970

Link Flow
157175
1306584
GG43£8
496616
436079
152266
246978
233062
126387
79822
106678
628393
36851
2681
16226
4453
15793
21786
24223
18681
8736
7178
17653
5560
2¢3¢4
37922
26221
3492793

| 77126
77665
74538
334451
29312
34227
5354
2636
7520
, 3484
[ 7030

Link
Benefit

493436
878342
656450
334740
210545
95098
158809
170226
85336
53637
47886
26578,
™1690)

1714

4668

1637

2513|
15184
17774
L 13522
' 6442
2819
11442

3282
11763
! 26813
| 19508
25416
46607
57677
62751
26049
24590
22757
3589
2059
5561
2271
5244]
53158

73397

Link  Link

No. Worth  Link Flow
41 TC.T€90 1 38406
42  UG.786G1) | 34755
43 G.8016 36592
44 |0.7L38 16273
45 |Ca7€79 12833
46" |(7929 ‘ 5318
47 |0.4333] | 4038
48, |0.1548 |13329
45 U684 1130485
50 |0.6387 ‘145@36
51 |€.6210] 1115326
52 |Ge €417 | 65190
53 |0.3567 @ 59627
(54 |0.567S| | 33337
55 |0.5201] | 1636
56 |Ca5989 5365
57 [Ce6166 23591
158 |Ce5839 17782
.59, 06336 10694
(601 Ca5316 | 63568
161 . 0.6458 75486
62, LL.728] 75366
631 (e6157 11167
€4 Ca7256 21259
1€5] 10.5€17| | 62235
lééiLO.EEéB 2324
T 06179 1264
!681 Ceb424 17533
65! (.5710 756
'70 T CL64ET7] | 13174
71  (.6308 63487
727 06770 7485
72 '0l.6643 26712
74| 0.6678 49408
75 10,6129 | 7150
'7e' [Cl.66€8 } 5321
77" |C.6875 | 178
378‘ €.3903| 6189
75 |0.6527 ' 42932
" Total] ‘

Benefit

Link

29538
27144

' 29631
11453
9854
4216
. 1749
| 10007
61133
| 92632
C 71617
| 41830
| 21272
18961
851
| 2745
14546
10383
6775
33795
5133{,
1549ﬂq
7545
15426
36203
1362
816
11280
456
8546
40048
5067
18545
32997
4389
3548
1173
2415
2743

4488404
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SUMMARY _ :
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link of the netwofk éshtriﬁﬁééévfo tﬁé_E;tél-aéﬁ;ﬁd—ﬁéighteawbéﬁgfgé

for user group 2 during year 1970.

The detailed computerized analysis of user benefit has been car-

rried through to a prediction of link flows in the network and an ag-

'gregate measure of user benefit over the entire network. The analysis

‘has been illustrated for a simple air-rail network and then more com—

‘pletely for the full network of intercity and transfer modes, including

the important access-egress segments of the total trip. For each link,

,the demand for travel was multiplied by an apportioned measure of worth

‘for that link. 1In this way, it was possible to see how each link, and

Ihence each travel mode, contributed to the total measure of user benefit

1
1
1
i
i
|
1
i
¥
1

for all links and modes.
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V. DETAILED ANALYSES OF SELECTED SOCIETAL ATTRIBUTES

INTRODUCTION

This section discusses some detailed work on the measurement of

individual societal attributes. First, we include a worth evaluation

ing and finding the number of people affected at various intensity
levels. Calculations are carried to the point of estimating impacts
- region-wide.

Next, we present an evaluation of noise effects showing that a

Efnge of alternative methods incorporating differing degrees of quanti
iﬁitation can be used. This illustration emphasizes quantification in
Ktérms of physical measures as well as worth units.

We also include a b¥ief discussion on structuring of the housing
attribute. Our purpose in including this is two-fold. We wanted to
illustrate the early stages in an exploratory effort searching for
appropriate measures for an attribute. In addition, it is important
to start deveioping mechanisms for tracing second-order effects, for

example, of transportation on housing via the intermediary step of

changing disposable personal income or land use patterns.

of air pollution, going through the various steps of spatial parEi%ioq:

| —

i

-

AN EVALUATION OF AIR POLLUTION

There are two main sources of air pollution resulting'directly
from transportation: automotive vehicles and airplanes. Statiomary
industrial pollution sources also may be relocated as a result of

transportation changes, but we shall not consider these here.

and then aggregate over the whole region. In both cases, we show the
effect of changing the intercity mix of modes, described in Sec. II,

from the base mikx to the mix with TACV/STOL additions, and to thg mix

is found in Sec. VII of Vol. II. In addition, several of the various
measurement methods described in Sec. V of Vol. II are illustrated in
this section in terms of the attribute noise.

We first evaluate the air pollution in a single metropolitan areay

o .
- Further discussion of the methodology illustrated in this section
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Wlth Dual-Mode additions. The evaluation year is 2000 after all

%
%lenned-addltlons for the new systems have been implemented.

4

i Let us startlby analyzing the pollution impact on a city of 81ze|

pre 3-—i.e. » with a. population of between one- and four-million peop%e.

We assume that automoblleFlnduced air pollution is generally worst in
|

Fhe center of the city and milder in the suburbs and outlying areas.
%lso, it is heaviest during working days, since the vehicle-miles
hriven by workers and shoppers probably are greater on working days
Fhan at other times. We next make the simplifying assumption that one
Fuffers automotive air pollution only at one's location during the wor

ing day.
|

i Assume for the base mix of modes that those in city ring 1 suffer

a —-.2 worth level, those in ring 2 suffer a -.1 worth level, and those

B

in ring 3 do not experience any significant discomfort. In this exer-

cise we also assume that these values reflect the impact of all auto-
motlve pollution generated by both intercity and intracity traffic.
: To QStabllsh\ffgifEE}YffeStlmateS whether in worth points or in dolla

per year, two pieces of information are needed: a function relating

subJectlve worth to the concentration of various pollutants and a pre—

glctlon of these concentrations., The first requires an emplrlcal stud
%he second, some technological forecasting and a "scenario" of future
urban conditions.

i Using Tablenzfand assuming .378 of the people are employed, we ca
flnd the number of people in the first and second rings during a Work1
day. Assuming an average population of 2.5 million we canxcalculat? t

1nformatlon in Table 37.

, _
i

|

%— ’ *A note of caution is raised concerning projection of future

impact of the automobile as a polluter. There is evidence to suggest
that current vehicle emission rates may change significantly over time
The internal combustion engine is expected to become significantly
cleaner to operate. Also, electric vehicles are a distinct possibilit
ﬁlthough;lt should be remembered that pollution-producing generating
plants are required to produce the electrical energy that would operat
Fhese vehicles. In spite of these possibilities, we have elected to

illustrate our methodology in terms of an extrapolation of current-day

automotive experience. Alternative assumptions could be introduced if

.k_

rs

Y5

ng
he

Y >

e I

gesired.
i

|~



J“I

inear the afrport. We assume an affected area of the dlmen81ons shown_

|

who live or work near heavily traveled roads. However, there is evi-
: . R |
dence that the excess concentration occurs. only within 50 feet of the
pavement. We can assume there are no residences or jobs this close to

a freeway.

»Tableiizg

DISTRIBUTION OF PEOPLE AFFECTED BY,AbTOMQTIVEtAIR POLLUTION
ON A WORKING DAY: CITY TYPE 3

-

ang;lr Ring 2

Income  Nonworking Working Norworking Working
Class®  Population Population Total Population Population Total

"~ An additional burden from automotive emissions is 1mposed on those

< $4K 101,000 56,700 157,700 23,300 18,900 42, 200
$4-$10K 310,900 212,700 523,600 155,500 212,800 }§§§A300
$10-$20K 124,400 181,600 306,000 298,500 105,800 404, 300
> $20K 31,100 56,700 87,800 . 62,200 17,400 79, 600

i

aAnnual family income.

T 4

includes the a1rport and assoc1ated 1ndustr1al and commerc1al

areas; no residences are W1th1n this rectangle. Re31dent1a1 areee:ere
affected for a mile on either side, and to two miles at either end of
this core. Hence, the total area affected is 7igi3.5 = 24,5 sq mi, of
which 20 sq mi is residential. We shall assume an incremental worth

of -.1 within this total area.

tial density is 5600 persons per]sq mi from Table 6.

Assumlng

suffer whether employed or not Hence, 5600 x 20 = 112 000 re51dents

affected In addltlon, there are 20 000 emplofees at the alrport

|U—

and in the surroundlng 1ndustr1al areas. Suppose 15, 000 of these 11v

i
Total 567,400 507,700 1,075,100 539,500 354,900 894,4P0

- Airplane-caused air pollution is localized around the landing path

in Fig. 9. The shaded area at the center of a rectangle of 3 l 5 mi

The airport is located at the outer edge of rlng 2, so the re51d=n—

that airplane-caused smog is constant throughout the Week, all residents
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butside the affected residential area; these people are also assigned|

ian incremental worth of -.1.

7;599_$ab1e:7,;wg get the numbers of people affected;.as shown'!in
Table 38,

] T Mi

W 1 Mi

1 Mi

] 2Mi =g o 2 Mi |

Fig. 9--Area affected by air pollution
near an airport

. Using the income breakdown in ring 2 by residence and employment

1

Table 38

PEOPLE AFFECTED BY ATRPLANE AIR POLLUTION

Income Residential  Employment Total
Group Population Population Total

|
j ‘< $4K 4,480 750 5,230
’ $4-810K 32,480 9,000 41,480
$10-$20K 61,600 4,500 66,100
> $20K 13,440 750 14,190
Total 112,000 15,000 127,000

Since all of -these people have a background automotive air pollut

\

tion worth of F.l,\their total worth is -~.2, Assuming that there is

no significant air pollution from the railroad and that automotive

pollution 'is the combined impact of automobiles and buses, we determine
that a type 3 city with one airport has a distribution of air pollution

worth units, by income group, as shown in Table 39.

wNo assumption has been made concerning possible redistribution
of the residential population out of the airport area in a fashion
so that overall density statisties, such as those shown in Table 6,
would be maintained. : S
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_Table 39

THE DISTRIBUTION OF ATR POLLUTION EFFECTS
’ BASE MIX OF MODES: CITY TYPE 3

Number of People

| Tneome At -2 At -1 |
‘ Group Worth Level Worth Level ;
< $4K 162,900 37,000 !
$4-$10K 565,100 326, 800 |
$10-$20K 372,100 ‘ 338,200 .
| > $20K 102,000 65,400 |
' Total 1,202,100 767,400 j

1
|
This information may be condensed even further if we wish to assume

T T T T T T
ESETiE%JthlS addition, we get the follow1ng aggregate worths:

«that worth. units, like dollars, are additive across individuals. Pert

i

Income Aggregate f

Group Worth |

_— ' !

< $4K -36,300 | :

; $4-$10K -145,700
| $10-$20K 1-108,200_ |
! >$20K | '_-26,900 !
Total -317,100 E

We might expect the following changes in impact upon type 3 cities
‘if other modes are introduced. The addition of TACV and STOL serv1ce-T

whlle affecting intercity automobile use, would not have much effect on

‘use of the automobile on the short intracity trlps that generate most .
rof the concentrated smog problem., It would put alrports into 17 of the

24 cities instead of just the 5 assumed in the base mix. On the other

I,

hand, our hypothetical city already has an alrport, so the effect would

be virtually nil. )

Addition of a dual-mode system could be expected to cut the local

0

'smog problem, since many people would own the electric cars and would

use them when driving on city streets. Assuming competition between i

vagainst—the~gasoline~auto,~automotive~air—pollution_might be -cut in»hélff—

'the electric and the gasoline_automobiles and no restrictive legislation \

3

V\L/ d

”
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1 e, the rlng 1 level is reduced to -.1 and the ring 2 level to -.05.

o

Table 40 shows the distribution and the aggregate effects with these

assumptlons introduced.

i
1

e

Table 40

THE DISTRIBUTION OF AIR POLLUTION EFFECTS
DUAL-MODE MIX: C

ITY TYPE 3

Number of People

Income At -.15- At -.1_ At -.05 Aggregate
Group Worth Worth Woxrth Worth
< $4K 5,200 157,700 37,000  -18,400
$4-$10K 41,500 523,600 326,800 -74,900
$10-$20K 66,100 306,000 338,200 =57,400
> $20K 14,200 87,800 65,400 -14,200
Total . 127,000 1,075,100 767,400 -164,900

i
i
'

1

In extending this analysis region-wide, we need to estimate how -

|
Fhe air pollution worth values would vary among city types.

i
i
I
|
i
|
l
|
|
|
|
i
|
|
|
i
|
1
|
'
1

5
|
|
|
{
|

i
[
|

H

|

%

“

ifewer operations per hour.

levels by city type.

Table Zir

POLLUTION LEVELS BY CITY TYPE ~

[NV, I O UUR G

In a more detailed analysis, airport smog levels would actually

g
-.2
-.2
-.2

1

-{ Automotive

|
City Type | Rin

Ring 2 Airplane
-.1 -.1
-.1 -.1
-.1 =-.1
-.05 r",'\r05
Negligible

We Would'

than the larger ones because their population densities are lower.
In addition, they would have lower airplane smog levels because of

Table_Zi“presents some postulated pollut

expect that the smaller cities would have lower automotive smog levels

|

|

|

}
ion
]

i

|

|

!

|
1
!
|
|
|
|
i
{
I

be estimated in terms of the number of operations per hour, which could

be derived using link flow information from the Tser analysis.

\

[
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‘for the other city types. Table Zé_presents the number of people

faffected at various intensity levels by city size assuming each of th?

?three mixes of modes. Since New York City has three airports, we mul%i—
.ply the airport effects by three for city type 1.
and 3 always have one airport; cities of type 4 may or may not have an

‘airport, depending on whether STOL service exists.
Lo . ' —

; NUMBER OF PEOPLE PER CITY AFFECTED BY AIR POLLUTION
‘ (In thou§§3§§)

Wiy
lCity Size 1
L < $4K
i $4-$10K
i S10K-$20K
§ > $20K
| __Total
City Size 2
< $4K

$4-510K
. $10-$20K
. > $20K

Total

|

lcity size 3

i < 84K
$4-$10K
$10-$20K
2 $20K

; J‘—Totar

[EEtijize 4

| (Airport)

i < $4K

| $4-$10K

| $10-$20K
> $20K

:IV Total

iCity Size 4

‘(No Airport)
< $4K

. $4-$10K

. $10-$20K

> 820K ,
Total

i

Using these levels, tables similar to 39 and 40 can be generated

'
T
I

Cities of types 2

Table 42/

Base Miz and

TACV/STOL Mix
-.2 Worth - .1 Worth

1096
3749
2401

666
7912

385
1308
821
230
2744

163
565
372
102
1202

263
2316
2429

472
5480

94
832
883
172

1981

37
327
338
_65
767

-1 Worth ~.05 Worth

41
152
111
29
333

38
126
73
21
258

62
59
1
139

10
88
97
19
214

24
189
321
_69
603

52
87
19
165

42
66
14
127

__ WA Dual-Mode Mix
—.15_Worth‘_—.1 Worth -.05 Worth.

1072
3560
2080

7309

378
1256
734
211
2579

158
524
306
88
1076

263
2316
2429

472
5480

94
832
883
172

1981

37
327
338
172

1981

26
38

75

a
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Table 43 summarizes the air pollution effects over the entire i
fregion, The summary is for Regional Environment A, the mix of modes
ﬁhcluding TACV/STOL, in the year 2000. 1In Table 42, the number of pedple

Vv?ffectgﬁ is multiplied by the number of cities of each size. Values i

1

i
lare presented for the number of people "seriously annoyed--i.e., at the

.2 worth level only, and then for the total worth units. }

Tableﬁ??' | 7 o B |

t

1

| NETWORK-WIDE AIR POLLUTION SUMMARY

| (Regional Environment A, TACV/STOL Mix, Year 2000)

i Number of People '

Seriously Annoyed  Total Worth Uniits
' (-.2 Worth Level)  (Negative Numbers)

i (thousands) (thousands)
! Number of Region- Regi'on-
‘ Group o Cities  Per City Wide Per City Wide
|Poverty (<$4K) S o
' City Size 1 1 1{100 i,100 246 " 2ke6
, City Size 2 2 390 780 86 172
| city Size 3_ 1 160 160 36 36
, City Size 4b 5 0 4 20
. City Size 4 -3 ; 0 4 12
| Total | | 2,040 486
Lower Income»ﬂ$4f$lOK) :
| City Size 1 = 1 3,750 3,750 981 981
| City Size 2 2 1,310 2,620 345 690
| City Size 3 1 570 570 146 146
| City Size 4 5 0 18 90
! City Size 4 3 0 17 5
; Total 6,940 1,958
|Middle Income ($10-$20K) |
| City Size 1 1 2,400 2,400 723 723
. City Size 2 2 820 1,640 253 506
City Size 3a 1 370 370 108 108
| City Size 4 5 0 14 70
¢ City Size 4 3 0 12 36
Total 4,410 1,443
{Upper Income (> $20K)
| City Size 1 1 670 670 180 180
City Size 2 2 230 460 63 126
| City Size 3a 1 30 30 27 27
| City Size 4 5 0 3 15
City Size 4 3 0 3 E
. Total 1,160 357
i i
T GRAND TOTAL ‘ 14,550 T T 4,244

i |
i *With airport. ‘
i PNo airport. !
|

| |
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fvu Tablej44 carries tﬁe-worthAsummary one step further. Here the |

| three mixes are compared, over the 1970-2000 time horizon, assuming

Iaverage population number. Thus, a c1ty may grow in populatlon, but

these figures. The use of a computer would make this approx1mat10n
]

unnecessary.

Tﬁﬂg@?

ATR POLLUTION WORTH SUMMARY

(Regional Environment A)

5-Year Accunulations of Worth Units (Negative Numbers

Regional Environment A. The step- —funection appearance of these numbers

if it remains in the same city size class, this growth is not shown in

|
|

|
over time results from our approximation of each c1ty type by a single

(in thousands)

Miw | 1970-75 1975-80 1980-85 1985- 90 1990-95 1995-2000"

Base Mix 18,830 18,830 19,010 21,160 21,160 21,160
TACV/STOL Mix 18,830 18,830 19,010 21,190 21,220 21,220
Dual-Mode Mix 18,830 18,830 9,950 9,235 9,055 9,055

The slight increase in negative worth units for the TACV/STOL md
over the base mix is caused by the addition of numerous STOL airports
to the network. Tﬁe sharp decrease displayed by the dual-mode mix is
caused by partial replacement of gasoline autos by the electric autos

of the dual-mode system.

NOISE: A CONTINUUM FROM QUALITATIVE TO QUANTITATIVE MEASUREMENT

We turn now to analyzing societal impacts in terms of the attri-

bute noise.| Our purpose in this subsection is to apply a range of

measurement methods to a common example. These methods are discussed

ation, direct worth estimation, quantification in physical units and

a complete worth estimation procedure based on a spatial partition of

services added and assuming Regional Environment A,

the region. The example we use is the mix of modes with TACV and STOL

X

in Sec. V of Vol. II and are as follows: systematic qualitative evalu-



5Systematic Qualitative Evaluation :

The method of systematic qualitative evaluation is, simply, to

isurvey, by whatever means avallable;:i -e., reading of detailed studles

-observation, discussion with experts, etc., all the noise effects of
[ |

ot
the mix of modes and; to summarize in a sentence or two the significant

'differences from the base mix. The significant additions to noise ;

glevels from the_TACV/STQL;additions impact on those who live near new!

iTACV links and new STOL airports. This impact starts with the inaugu-

Eration of service in 1980 and increases thereafter. Hence, a brief

lsummary statement could be as follows:

I

- New TACV links and STOL airports add a consideration incre- |

| ment to the number of people affected by noise. This in- ;

g crement starts in 1980 and increases as service is extended

; to additional links in the network. .
]

: In an overall evaluation, brief summaries of this type would be g

prepared, in terms of each societal attribute, for each of the alter—f

natives being compared. This 1nformation could be presented 1n a form

suitable for easy analysis as 1llustrated in Sec. V of Vol \

|
Direct Worth Estimation
i
| The method of direct worth estimation can be used to assess the

impact of noise throughout the region. This can be done in terms of
interests of society as a whole as interpreted by regional planners
b

and decisionmakers. The worth score produces a single subjective judé—

ment regarding the effect of the alternative mix of modes in terms of'

the attribute. Worth scores of this form are given for all attributes
|
in the illustration of region-wide direct worth analysis included in g

Sec. VI. 1In that analysis we use a 0 to 1.0 worth scale. This removes

|

i

the confusion:that may arise in Working with negative values. LThus,‘

a larger p051t1ve number\lsjalways better and, in this instance, indi-

cates/AQrger levels of undesirable n01se. In the analy51s in Sec. VI!

estimates of the region-wide impact of noise in the year 2000 for the]
) !
?ACV/STOL mix as compared with the other mixes are as follows: |
P |
| !
| |

\
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. Weighted

; Mix Worth Worth

| Base mix extrapolated} .6 42 !
i TACV/STOL mix ! .5 35 !
! Dual-mode mix o .8 56 |

where noise is assigned a weight of 70 out of 1000 points available for
' [

division among all societal attributes.
i This method is useful in producing a qualitative evaluation quickly,
espec1ally if the systematic qualitative evaluation described above has
peen performed and there is a need for assessing the relative s1gn1f17
cance of the brief qualitative summaries on each attribute. T

i When performed in this aggregate fashion, however, the direct worth
method does not produce any information on how many people are affected

on where within the region the effects might occur, or on the range of \ { —

serlousness or intensity of the effects. It is simply a quick way of
assembllng judgments in a quantitative fashion. TIf we were concerned

With analyzing the societal impacts of adding a single new mode in a

l
|
|
Slngle city, for example, building a STOL port, then the lack of avall

ablllty of information on distribution of the effects would be less
Serious than it probably is in assessing the region-wide impact of ani

entire mix.

Quantification in Physical Units

i

Quantification in physical units requires specific engineering
information about the noise generated by the modes involved. Let us
assume that in our period of analysis, 1980-1985, the three important |

intercity mode sources of noise will be freeways, airports, and TACV

" The following noise evaluation model for freeways was constructe67

using a basic reference on freeway noise [12]. We assumed an 8- landli
freeway passing at ground level through a residential area, with a ‘w

trafflc flow of 6000 vehicles per hour, which is heavy--but not rush—~

—_— %
hour——trafflc, and an average speed of 60 mph. Agssuming the

v

i Eventually, this data should be derlvable from the link flow 1n—
'formatlon generated in user analyses

e |
| .

1
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trafflc stream was composed Wholly of automobiles, we estimated a mean
- 1}

_l [

501se level of 71 dBA at 100-ft distance from the stream. Traffic %

i .
Wlth 10% diesel trucks increased this to 75 dBA.

; It was found empirically that the noise changed by =15 1oglO d/d;
dec1bels when the distance changed from d to d. The distance is i
'measured from a hypothetlcal one—lane trafflc stream that is equlvalent

‘to the whole freeway and located 2.8-lanewwidths beyond the center line
_—
iof the nearest lane. This means that for 12-ft-wide lanes, the effec—

tive location of the noise is 40 ft in from the edge of the nearest

trafflc lane.

The resulting noise levels at various distances from the edge of,

;the nearest traffic lane are as follows:

, Distance from Distance from 5
| Freeway Equivalent Edge of Near :
: Source (ft) Lane (ft)  WWeon da

90 50 76
: 100 60 75 '
, 140 100 73
' 240 200 69

i

440 400 65
.i o s
Surveys discussed in Ref. 12 show that practlcally no one lives closer

than 50 ft from the edge\ef a freeway. We shall assume that the re81—
.dential densities in Table 6 apply over the 50- to 400-ft distance on,
elther side of the freeway, and that this distance is a reasonable
‘estimate of the range in which freeway noise is annoying.

Thus, each freeway has annoying noise effects in a 700(ft—w1de %
band. Using Table "3 we can calculate how many square mlles are affected

in each city type and ring, and the information in Tables 4 and;6]

I

|

'lallows us to estimate how many people are affected in these cities by!

lincome group. The results are given in Tables 45 and 46,. %

.: - S |

‘ : % |
i The dBA is a standard measure of noise that averages over the

noise frequency spectrum. It is highly correlated with people's per-

Felved loudness. Data is taken from Fig. 3 of Ref. 12.

T
i
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gA_m“ . . — Table 45

.SQUABE MILES PER CITY AFFECTED BY FREEWAY NOISE

|
. @2 Type Ring J_‘ Ring 2 Ring 3 |
i .

1 1.32 2.65 3.98
2 .88 1.76 2.65
3 .66 1.32 1.98
5 4 b4 .88 1.32
| 5 .353 .71 1.06 .
6 .265 .53 .80 !
T o : T |
| Table, 46! !

NUMBER OF PEOPLE PER CITY AFFECTED BY FREEWAY NOISE

Grougf, .

City Type <gax  >$a <ghox  >$10[<do0x  <go0k |

— i - —_ |

YET, 20,450 71,040 38,250 8,860 .

; 2 10,820 37,560 20,240 4,690 ;
g 3 6,020 20,960 11,300 2,620 ;
; 4 2,150 7,430 4,000 930 i
; 5 720 2,500 1,360 310 ;
6 240 820 450 100 ;

| In addition, there are 543 rural miles of the freeway system,

?which, at an assumed trural density of 100 persons per square mile ané

~a ring 3 distribution, result in the following numbers of people |

Iaffected: :
| |
Z No. of !
Income Group People ‘
Y3 500 i
>$4 <$10K 5000 |
: >310m<$ 20K 1250 |
| >$20K 400

T

In 1980-85 for Regional Environment A, there are the following

numbers of cities of different types and all of these are assumed to

have freeways:



Vo

Number of
City Type Cities

U~ wWwh=
NN

Therefore, we can find the total number of people affected by income
group. Of these, the data show that about one-seventh experience
mean noise levels of 73-76 dBA, two-sevenths experience 69-73 dBA,
and four—-sevenths experience 65-69 dBA. Table 47 gives the total
number of people influenced at these levels, by income group. This
~is a final quantitative summary of freeway noise in physical umnits,

in the 1980-85 time period.

Table 47

TOTAL NUMBER OF PEOPLE AFFECTED BY FREEWAY NOISE AT
DIFFERENT LEVELS (1980-85)

o -
Mean Noise Distance >$4K  >$4<$10K >$10<$20K  >$20K  Total

Level (ft) (in thousands)
73-76 dBA 50-100 9.3 32.8 17.5 4.1 63.7
69-73 dBA  100-200  18.7 65.7 35.0 8.1 127.5
65-69 dBA  200-400  37.3 131.5 ~70.0 16.3  255.1
Total 65.3 230.0 S 122.5° 28.5 446.3

For airport noise, we used as a criterion the maximum perceived
noise level from an individual jet aircraft in takeoff or landing,
loaded for short and medium distance flights (< 1000 mi). WWeAhéve

assumed the conventional method of plotting noise contours. Although

one might expect STOL aircraft to have dlfferent noise contours, J

these(elrcraft which requlre greater power for a steeper gllde slope QAN
—_— — ——— Ty J
generate about the same noise levels on the ground as the more slowl§

ascending jets.

=

Such contours are given in Fig. 1 of/Ref 13 reprlnted from

Ref. Ef57

_
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We have assumed 90 PNdB as a lower limit of annoyance “for peak %

41nterm1ttent noise from aircraft. For s1mp11c1ty in illustration,

|
-aircraft peak noise legy_this level is ignored. Figure 10 adapts the

Ialrport model of Fig. 9 to the noise problem, using the noise contours
iprev1ously identified. The area inside this contour is estimated at |
l34 sq mi, and inside the 100 PNdB contour at 15 sq mi. 1In this 1llusi
tratlon, the shaded non-residential area in Fig. 10 occupies 4.5 sq ml,

iso the residential area affected is 29.5 sq mi, Out of this, the area

iinside the 105 PNdB contour is estimated as 4 sq mi, and the area from
, v

iL00 to 105 PNdB is 6.5 sq mi;+“

| !
i

— H

i
!
!

y- 1T

T +2mi

Non-regidential area 1l -2mi

w TN 105 PNdB
| yd Runwa 90 PNdB
| L

| Fig. 10--Noise contours around an airport

|
]
ETpE— \:Mmi |
: . i NNa S +5mi
-10mi T il J 1 T 1 1 1 1 N ;
i
%
|
|
{
{
|

| In the 1980 to 1985 time period, we have assumed there are seveni
alrports with scheduled commercial air service-—-three in New York C1t}
3(_c1ty type 1), one in Philadelphia (c1tyJEZBe;2), two in Baltimore- i
Washington (city type 3), and one in Harrisburg (city type 4). Assum-
" ing these airports are near the outer edge of Ring 2, we can use the i
residential densities in Table 6 and the income group breakdowns in *

Fable_zito find the number of people affected in the region. Table 48{

presents these numbers.

[
i

{

!

{

PNdB, i.e., perceived noise expressed in decibels, is a noise |
measure similar to dBA commonly used for aircraft measurements |

- A

1 Figure 10 is just an illustration. Obviously, for|larger air-

ports with multiple runways the overall contours might be more nearly
star-shaped or even circular.

1




Table 48 !
TOTAL NUMBER OF PEOPLE INFLUENCED BY AIRCRAFT NOISE AT
DIFFERENT LEVELS (1980-85)

Peak Area Near
Intermittent Airport Z%ousqndb oflf?ople )
Woise Level (sq mi) <84 = >$4<$fipx  >$10K<$20K >F20K | Total
> 105 PNdB 4.0 8.0 57.9 109.8 23.9 | 199.6
L00-105 PNdB 6.5 13.0 © 95.8 178.4 38.8 326.0
90-100 PNdB 19.0 34.0 246.0 466.3 1101.5 | 847.8
Total 29.5

55.0 399.7 754.5 1164.2- 33373.4

The noise analysis for the TACV,éystem is similar to the highway

1
[
analysis in being based on bands near the right-of-way. It is similar
to the airport analysis in being an intermittent noise source. The

.peak intermittent noise levels from TACV are assumed to be as follows:

Distance
(ft) PNdB
50 110
120 - 105
200 100
600 90

Assuming again that affected residences lie no closer than 50 ft

- ——

rom the source, the affected band will be 50 to 600 ft on either side

f the right-of-way (assuming the same 90 PNdB annoyance threshold as

n the airport case).

—— e O

Thus the areas and the number of people affected, for each city
type, given in Tables 46 and 47 are scaled up by the ratio of the TACY
band width of 1100 ft to the freeway band 'width|of 700 ft.

—

to New York chain of cities, with the following numbers of cities of

di fferent types:

City Number of
Type Cities
L 1 1
2 i
3 2
4 3

% ‘ - ——]
From Lago, Ref. 15, pp. 16, ZOL

N

*

In the 1980-1985 timerb;;E;EL the TACV system serves the Washington
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I"“_ ‘There are 45 rural mi of TACV routing in 1980-85, resulting in
the following number of people affected:

Income Number of
Group People

| <$4K 160

s >$4<$10K 650 :
>$10<$20K 160 {
>$20K 50 |

—_— - e e -

Hence, we can flnd the total number of people affected and 1den—
tify them by income group. Of these, the data show that 12.7 percent
experience noise levels > 105 PNdB, 15.5 percent experience noise lem
els of 100-105 PNdB, and 72.8 percent experience noise levels of 90- 100
PNdB. Table 49 gives the total number of people involved.

i Tablehzg !
- —— |
_ L o l
} X TOTAL NUMBER OF PEOPLE AFFECTED BY' TACV NOISE | i
‘ ~ — |
i AT DIFFERENT LEVELS (1980-85) ;
| |
Peak T
Intermittent  Distance ‘,<$4K >$4K<$10K >$ZO<$20K_ zﬁZOK ' Tcta%__
Noise Level (ft) y (%n thousands) Lo
g o -
F\lQéAPNdB 50-120  10.0 34.6 18.7 4.t 67].7
100-105 PNdB  120-200  11.4 39.6 21.2 4.9 '77.1
90-100 PNdB 200-600  [56.9 198.0 106.5 24,7 386.1
; Total 78.3,  272.2 146.4 34.0 )
\F

w
W
o
O

Tablesl47 48, and 49 comblned present an estimate of the total

1
1
f
)

1mpact of noise produced by the mix of modes which includes TACV and -

§TOL service. This information is presented in terms of the number of
beople affected by level of effect,‘expressedzin physical units, i.e.),
| (R | i

decibels. |

Worth Estimation Procedure

The worth estimation procedure illustrated next assigns worth

pumbers to the effects calculated above in physical units. In additiﬂn,

g welght may be assigned to noise relative to other attributes.
|

|
- B 1
: |

R



Worth levels of 2 .5 and 8 are a851gned to the three bands of
! |
!

each type of noise, as illustrated in Table: 50

'

Table 50

WORTH CORRESPONDENCE TO PHYSICAL UNITS

Noise Range
Worth Level Worth Range Freeway Airport-TACV

.2 .1 to .3 73-76 dBA > 105 PNdB
.5 .3 to .7 69-73 dBA 100-105 PNdB
.8 .7 to .9 65-69 dBA 90-100 PNdB -

A weight of 71 points out of 1000 is assigned to noise, as shown in

the illustration of comprehensive worth assessment in Sec. VI. 1In
R

addition to the affected people listed in Tables'47 48, and 49, ther

are a large number of people virtually unaffected by noise Who are
assigned a worth of 1.0. TFrom Table 2 we see that the total number.o
people in the region at mid-point in the 1980-85 time period is about
37.0 million, hence we can infer the number-of unaffected people.

Table, 51 shows the aggregate worth evaluation. 'Since worth scor

jare on a 0 to 1 scale, the unaffected people must be added to the oth

for a comparison with other mixes of modes. For an incremental compa

son, however, only changes in the number of unaffected people are

l
|

important.
Table!51
AGGREGATE WORTH EVALUATION BY TYPE OF NOISE
(in thousands)
L T _ , BN S
© Poverty Lower -Income Middle Income Upper Income Total |
Noise Type People Worth People Worth People . Worth People Worth People Worth |
Freeway 65 2,910 230 10,270 123 5,470 28 1,270 446 . 19,920
Airport 55 2,510 400 18,200 754 34,380 164 7,480 1,373 62, 570
TACV © 78 3,780 272 13,140 147 7,070 34 1,640 531 25, 630
Subtotal 198 9,200 902 41,610 1,024 46,920 226 10,390 2,350 108, 120’

Unaffected 3,474 246,650 17,458 1,239,520 10,726 761,550 2,712 192,550 34,370 2,440,270

. .
———




| STRUCTURING ‘THE HOUSING ATTRIBUTE '

This subsection has the purpose of examining a preliminary detailled

list of lower-level measures of housing quality and quantity, and of |
demonstrating the indirect effects of transportation on these measures
{

through mechanisms such as disposable personal income. |

- T

In measurlng and evaluatlng the effect of tramsporfation perfortL

©

]

‘lated onZy to hou51ng and effects that have their own measure of worth :

but can still exert an 1nf1uence on housing. Items such as air pollu-

Al

- \lmance on hou31ng, one must recognlze both effects that are clearly reTJ BN

tion, noise, displacement, property values, personal income, populatilon

redistribution, and government supplied servcies all have been con-
sidered as societal attributes separate from the‘éifrih;t21hbusing.
It should be recognized that a change in any of these attributes, as
caused by the transportation system, may exert an indirect influence
upon housing in addition to any direct effects of transportation. In
fact, the indirect or second order effects on housing probably are the
dominant ones.

As new transportation facilities are introduced into a community,
they will cause changes in land usage, residential patterns and indus-
trial developmeht, among others, and will have an influence on both
the local and the metropolitan economy. New housing construction wi%l
be undertaken and some existing homes will be demolished to make Wayl
for the new transportation facility.

The quality and quantity of housing may well be changed by>§lac;n

the new transportation system into operation. Before outlining'poséib

g

le

changes, two important relationships should be clarified, namely housing

as it relates to land values on the one hand, and to population density

on the other. Land in close proximity to a new transportation system

will increase in value as business districts and industrial complexes.

become more accessible, and as new land areas are opened for settlemen
and development. At the opposite end of this spectrum, other land wil
decrease in value because of undesirable aspects of noise and air pol-
lution and other physical damage. There will be a shift in population

since the new transportation system will have a direct effect on coms

-munity growth.._ Changes..in .income .resulting. from.accessibility of new

t
1
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job markets, and displacements by the new system will cause further |
population redistribution.

thé &uantity and quality of housing available to an individual
are largely a function of his personal income. Income considerations
are baramount in determining an individual's capacity to react to
transportation effects on housing, regardless of his attitude toward
the effect of other societal attributes on his housing situation. Per
sonal income can be increased because the new transportation system
Lpens new job markets thus increasing demand for labor, or by an indi-~
rect increase in reaql income because the transportation system makes
it cheaper to travel to work--because either the job is closer or the
cost of using the new system is less than that of older systems.

Once the transportation system has exerted its effects on persona

income, the question is to determine how incremental income may be use

basic con31derat10ns.

o Single-family vs. multi-family.

o Number of rooms and bedrooms.

o Type of facilities, e.g., plumbing, parking, heating.
o Style. ‘

o Landspace and landscaping.

0 Amount and quality of furnishings.

To determine how housing preferences are affected by income, one
must first enumerate thesexpreferences and establish some physical
measures for them at various income levels. The extent to which the

measured values change with level provides somé indication of the sen-

provides some 1n51ghts into hou31ng measures that mlght be con31dered

[ R,

and digested in determlnlng how any incremental income would be spent.

This list, of course, shows only those housing characteristics on

hlch.lncremental income might be spent. Neither this list nor the dis-

~ussion below provides any specific information on the priority ranking

?f the various characteristics. Ranking Would deperid on the housing

to improve the housing situation. An individual has varlous‘preferencee

with regard to housing, many of Whlch can be described by the folloW1Jg

Vgitivity-of preferences to income. The list of measurements 1n Table 52\

Y

§
\ee



Measures of Housing Quality

Number of rooms

Floor space

Inside toilet facilities

(indoor plumbing)
Number of bedrooms
Kitchens

Land space (size of lot)
Landscaping

Parking facilities
On street
Off street
Sheltered
Type of house
Brick
Frame (& stucco)
Combination
Household furnishing
Style
Ranch
Colonial
Multi-floor
Others
Basement; utility room;
recreation room; and
family room
Types of heating plants
0il
Gas
Electric
Coal
Apartment styles
Hi-rise
Garden
Age of dwelling unit
Types of dwelling units
Single-family (private)
Multi-family (private)
Single-family (public)
Multi-family (public)
Land space

Construction activity
(e.g., housing starts)
Standard vs. substandard

HOUSING MEASUREMENTS |

Table 52

nit bf Measurement

Individuals per room; rooms per
dwelling unit

Ratio of persoms to floor space;
floor space per dwelling

Fraction of dwelling units with
indoor plumbing

Individuals per bedroom

Fraction of dwelling units with
modern kitchens

Amount of land per dwelling unit

Fraction of dwelling units with
standard landscaping

Number of auto spaces per dwelling
unit or fractions of total housing
supplied with this kind of parking

Fractions of total housing supply

Value per dwelling unit
Fractions of total housing supply

Fractions of total housing supply

Fractions of total housing supply

Fractions of total housing supply

Distribution of ages
Number of persons per room per type
of dwelling unit

Number of persons per measurable
land space, e.g., acre
Rate of housing starts

Fraction of standard housing




and income level at which an individual starts, together with the

amount of incremental income provided. Given a certain housing condi-

tion, personal income, and various levels of incremental income, prob-
ability distributions could be developed indicating how the incrementa
income, if spént on improving housing conditioﬁs, would be allocated
among housing characteristics. Further research is needed on this
point and the following is only suggestive of the considerations incre
mental income can have on housing.

Increases in family income may be expected to elevate a family's
living pattern so the family seeks better living quarters. This in-

cludes both better quality and greater quantity in housing. Private

]

on new meaning with additional income. Home ownership instills pride

?nd a sense of accomplishment, although it is realized apartment (rentlal)

1iving is preferred by many persons capable of home ownership.

To trace the effect of incremental increases in family incomelliili]

relative to selected housing characteristics, Téb1e75§}illustrates%EE;t
22 ,-hac

The
%able is based on the 1960 Housing Census data for the Philadelphia,

an increase in income raises the quality and quantity of housing.

lashingten, D. C., and Los Angeles SMSA's; and it presents data for
|

only owner-occupied dwellings.

|

It should be noted that the number of

rooms per person in the lowest grouping appears large; however, a large

umber of senior citizens are included in this grouping and many senio
citizens live alone.
- ey 8
Table: 534 °
jBASIQ;MIX OF HOUSING CHARACTERISTICS: OWNER OCCUPIED DWELLINGS

L

romeownership, which is[considered by many Americans as a goal, takes | /B

iy

!

P . ' Family Income .
l - < 84,000 > 84, 000'-,{53;{'310, 000{>$10,000 < $20,000 . > 820,000
! Ring Riné Ring Ring| " Ring . Ring Ring Ring
“-Characteristic SMsA 1 2 ‘SMSA o 2 SmMsA 1 2 SMSA 1 2
Rooms /person, no. 1.85 1.90 1.4 1.85 1.84.1.7 | 1.97 1.88 2.0 2.3 ‘§.24 Z.g
Rooms/dwelling, no. 5.2 5.4 4.3 '6.0 - 6.0 - 5.1 ] 6.3 »6.4V 6.0 ;.g 3.7' 3.5
Bedrooms/dwelling, no 2.7 2.6 2.5 /[3.0 3.0.-2.6] 3.2 3.2 2.9 1.9 1.8 1.8
Bathrooms/dwelling, no. .9 1.0 1.0 } 1.2 1.1 1l.2'| 1.6 1.6 1.4 . . .
Condition of bathrooms- : .
d plumbi _ S
Sotz:?xd,pg/;u e . 80 .81 .70 .96 © .96 .92 .985 .99 .98 .99 .995 932
Deteriorating, % .20 .19 .30 .04 .04 .08/ .015 .01 .02 .01 .005 .0

Note:

SMSA's. |

i

. N ' !
Based on 1960 Housing Census Data for the Philadelphia,‘Washington,,D.C.,‘and Los Angeles




New modes of transportation may well exert an important influence

on housing through. changes in economic conditions, desirability of
living conditions, and individuals' preference patterns. The ability

of individuals to react is strongly related to the effect of the trans

portation system on their income, a similar process of analysis could

e undertaken to identify indirect mechanisms of effect on other socie

tal attributes. 1In each case the seérch'is for a few dominant inflﬁe%ces

of transportation on the attribute and a set of uééablé?measures of

PSRN e

tHese effects.
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VI. COMPREHENSIVE EVALUATIONS OF SOCIETAL BENEFIT

INTRODUCTION

ation of societal benefits. The first is a direct worth analysis,
Which provides a single subjective estimate of the region-wide worth
of each alternative in terms of each attribute. The second method is
a spatially-oriented evaluation, which estimates both the intensity
of the effect and the number of people affected in each link band,

city ring, and other segment of the regionm.

DIRECT WORTH EVALUATION

The direct worth evaluation consists of two major steps. In the
first step, we estimate worth by asking the question: '"From the point
of view of society, how good a result is achieved with respect to this
attribute (on a 0 to +1.0 scale) if a given mix of modes is introduced

and assuming a given regional environment and time period7” In the

¥l

this attribute relative to a worth of +1.0 for other attributes.

Table‘54}givesfthe results of this analysis. For Regional Envi-

ronments A and B, weé calculated the worth of the current mix in 1970

“Further discussion of the methodology used in this Section is
provided in Sec. VII of Vol. II. Section V of Vol. II may also be
useful as a reference on the reasoning underlying the measurement ap-
proaches utilized.,

The direct worth analysis of all societal attributes for the
three mixes of modes and the two regional environments took about one
man-day of work. The spatially-oriented evaluation took about a man—
month and required some computer assistance to facilitate the calcu-
[lations. This points up the real difference between the methods:
‘quick results versus increased reasonableness.

I
| —8caling and weighting conventions helpful in ensurlng consistency

fln performing these two steps are discussed in detail in Sec. VIII
{(including its appendix) of RM~5869-DOT (Ref\4'5) The estimates

1are furnished by informed analysts or decisionmakers applying judgment.

|Ult1mately, if they were available, the inputs might also be gathered
using-carefully-struetured-survey—methods-

See also_ the discussion on '"Direct Worth Estlmatlon under the |
subsection on»Nozse in Sec. V of thls\Volume ! i

secondgstep, weights are determlned by asklng another questlon "From

T
the point of view of society, how important is a worth of +1.0 for !

In this section we illustrate two methods for comprehensive evalu-

S



£ ¢ >
/“/" . = — = — .),,j/—f, [3}2 :/J
. DIRECT WORTH ANALYSIS OF SOCIETAL ATTRIBUTES . PrETT
) . iExtrapolated | - =
Current Mix, Cubrent Mix,  TACV/STOL Added, Dual-Mode Added,
1870 2000 2000 2000 '
Weighted Weighted Weighted Weighted

Weight Worih  Worth Horth  Worth Worth  Worth Worth  Worth
Regional Environment A

Human physiology 70 0.5 35 0.4 28 0.4 28 0.7 49
Air pollution 70 0.5 35 0.4 . 28 0.4 28. 0.7 49
Noise pollution 70 0.7 49 0.6° 42 0.5 35 0.8 56
Accidents to non-users 20 0.9 18 - 0.9 18 0.8 16 0.9 18

Right-of-way associated ’

Partitioning 20 0.8 156 0.6 12 0.7 14 0.8 16
Displacement 40 0.8 32 0.8 32 0.8 32 0.8 32
Construction inconvenience 20 0.2 18 0.9 18 0.9 18 6.9 18
Property values 30 0.8 24 0.6 18 0.5 15 0.8 24
Economic .
Employment ] 50 0.4 20 0.5 25 0.7 35 0.7 35
Personal income 90 0.6 ‘54 0.7 63 c.8 72 0.8 72
Industrial distribution 40 0.6 ° 24 0.5 20 0.7 28 0.5 20
Population distribution 40 0.4 16 0.2 8 0.2 8 0.2 8

Metropolitan form & design X ) .

Land use distribution 40 0.4 16 0.3 12 " 0.4 16 0.4 16
Housing ' 70 | 0.7 49 0.5 35 0.5 35 0.5 35
Metropolitan design 30 0.4 12 0.6 18 0.8 24 0.7 21
Sociological-political ' .
Individual life style . 70 0.7 49 016 42 0.8 56 0.9 63
Community involvemént 50 C.5 25 0.4 - 20 0.5 25 0.5 25
Governmental form 30 0.5 15 0.4 127 0.7 21 0.4 12
Tax policy ' 40 0.6 24 0.5 20 0.5 20 0.5 20
Gov't supplied services 50 0.6 3 0.5 25 0.5 25 0.5 25

Scarce resources
Radio reception - .20 0.9 18 0.9 18 0.7 14 0.8 16
Electric power capacity 40 1.0 .40 0.9 ‘36 0.7 28 0.7 28
Ecology . 70 0.7 _49 0.5 _35 0.6 42 0.6 _42

Total 1000 633 557 607 651
Regional Environment B

Human physiclogy . .

Air pollution 70 0.5 35 0.4 28 0.4 28 0.7 49
Noise polluticn 70 0.7 49 0.6 42 0.5 35 0.8 56
Accidents to non-users 20 0.9 18 0.9 18 0.8 16 0.9 18
Right-of-way acsociated ) )
Partitioning 20 0.8 16 0.6 12 0.7 14 0.8 16
Displacement ) 40 0.8 32 0.8 32 0.8 32 0.8 32
Construction inconvenience 20 0.3 18 0.9 18 0.9 18 0.9 18-
Property values 30 0.8 24 G.8 24 0.7. 21 0.5 27
Economic :
Employment 50 0.4 20 0.5 25 0.7 35 0.7 35
Personal income 20 0.6 54 0.7 63 0.8 72 0.8 72
Industrial distribution 40 2.6- 24 0.8 32 0.9 36 0.8 32
Population distribution 40 0.4 16 0.7 28 . 6.8 32 0.8 32

Metropolitan form & design-

Land use distribution 40 0.4 16 0.7 28 0.8 32 0.8 32
Housing - S .70 0.7 49 0.8 56 0.8 56 0.8 56
Metropolitan design 30 0.4 12 0.8 24 0.9 27 0.8 24

Sociological-political B
Individual life style 70 0.7 49 0.8 56 0.9 63 1.0 70
Community involvemeat 50 0.5 25 - 0.7 35 0.8 40 0.8 40

_Govermmental form 30 0.5 15 0.6 18 0.8 24 GC.6 18
Tax policy 40 0.6 24 0.7 28 . 0.7 28 0.7 28
Gov't supplied services 50 .6 30 0.7 35 0.7 35 0.7 35

Scarce resources ‘ :

Radio reception 20 0.9 18 0.9 18 0.7 14 0.8 16
Electric power capacity 40 1.0 40 0.9 36 0.7 28 0.7 28
Ecology _7¢ . 0.7 49 0.7 49 0.8 56 0.8 56

Total - Todo 633 : 705 741 790



and the worths of the three alternative future mixes in the yéar 2000.
These three sets of weighted worths in 2000 can be regarded as the
.end points of a worth assessment that changes over time. A rough es-
timate of values in intermediate time periods can be made by inter-
polation.

A major benefit of performing a direct worth assessment of this
kind is not so much the numbers that result, but the understanding
that accompanies the process of getting the numbers. Behind every
number is a set of assumptions often made quite explicitly. The docu-
mentation of these assumptions can be very helpful to a decisionmaker

in reaching his decision.

SPATTALLY-ORIENTED EVALUATION

The spatially-oriented evaluation illustrated in this example
involves four major steps. First, the region must be divided into
segments and modal service specified in a rational and systematic way.

Then a worth estimate is prepared for each of the attributes in each
or the number of people affected, at each worth level. Finally, the
products of worth and incidence estimates are summed over all regional

divisions and all attributes to give measures of aggregate worth.

Partitioning the Region and Specifying Modal Service

AT
In this method, the region is partitioned for three kinds of

effects., The first is aKiZ%ZT;ffect, that is, any effect such as nois

br displacement that occurs cidse to the network links. The link

|

effects are partitioned wusing three bands. Standard band widths for

-

each mode are as follows: .

_—
H Band Width |
(ft) - i
) . All Other

Band, Dual Mode - Modes
‘ 70 100
2 280 400
3 490 700

division of the region. The third step is calculation of the incidence

>
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Band 2 is always four times the width of Band 1, and Band 3 is seven
times the Band 1 width. We assume the same spatial partition for all
attributes, an approximation that simplifies the computation consider-
ably.*

The second effect is the citywide effect. This captures diffuse
effects likelpopulation and industrial distribution that vary across
the city but are not particularly link-related. We use the partition
of each city into three rings discussed in earlier sections. Each
city has a proportion of 1:3:6 for the radii of the three rings as
illustrated in Fig. lla. City size varies according to populations,
using the six city types specified in Table 37 The ratio of ring 1
radii for the six city types to the radius ;E_rlng 1 for city type 6
follows:

City Ring

City  Radius + Type 6 City
Type Ring Radius

1

oNUT BN
HFEREREREMNDWWL

The third effect is a rural area éffect, outside of the links
and outside of cities. This captures residual effects in the rural
area, which is the area in the region remaining after counting all
links and cities.

The purpose of this partition&ng is to appropriately locate and
measure the distribution of the effects. Using this schematic, a
total of 16 possible locations are identified, namely link-effects

R
for each of the three link bands within each of the three city rlngs

and in the rural area (a total of 12 locatlons), c1ty—w1de effectel

for each of the three rlngs, and the rural effect which is not link-
associated. Thls partltlonlng is illustrated graphically in Fig. 11b.

A given transportation alternative may have all three of these
types of effects on an individual|societal attribute. Frequently,
[ —
!

: *
L_m_rtThls_assumptlon,_oﬂ_courseT~could~be~mod1f1ed_¢f—the—reasons—£or
doing so were sufficiently compelling.

e



e

Jportion of each linkiwithin a type‘l or 2 city is aésigned a high
W e : AS S

11a—City rings 11b—-Link ring, and rural effects

Fig. 11--Partitioning of the region

however, there are citywide effects but no direct link-associated
effects. This is usually the case for the attributes of personal

income, industrial distribution, individual life style, community in-

H—

ices. Alss; an éttribﬁte may'have neither link nor citywide effects.
In this case, a regionwide assessment is made. This is done for the

attributes electric power capacity and ecology. Methods for handling
these various cases are described later in the discussion on worth

estimation.

plus the rural area, denoted as another city--number 25--for purposes
of computation. As mentioned, the 24 cities are divided into six
types as defined in Table?377 The links also are divided into three

types according to their traffic density--high, medium, or low. The

density; within a type 3 or 4 city, 'a medium density; and within a

'type 5 0r 6 city, a low density. ThErportion'of éaéhﬁlink outside

the cities is assigned a medium density.

and different time periods, we specify for each city and time period

nt’

‘ — _ i — .
volvement, [governmental form, tax policy, and ggvernment—suppli?d serv-

Continuing with our example, we use the 24 cities shown in Fig. 2,

In order to relate worth values to different parts of the network

t is the time period. This shows the combination of modes serving

-

\

s

a mode service combination|M’ , where n is the cit (node) number and
y
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each city in each time period. In our example, we used 12 mode serv-

ice combinations as follows:

‘Combination \
Number Modes
B -........ Hghiay
2 «vsvess.. Highway, Rail
3 ...0v.... Highway, Air@
4 iiiiiennn Highway,lRail:\Air
5 eeveee.. Highway, Air,3 TACV
6 .i.v0.... Highway, TACV
7 «ieeees.. Highway, STOL
8 vieven... Highway, TACV, STOL
9 ......... Highway, Air, Dual-Mode (DM)
10 ......... Highway, DM
11 ......... Highway, Rail, DM
12 ......... Highway, Rail, Air, DM

qrir is conventional take-off and
landing service (CTOL), but also includes
the addition of STOL to existing CTOL serv-
ice. For simplicity, it is assumed that
the effect of this addition is minor.

In addition, for each set of mode links in a city, there is a
bandwﬁdthizzgﬁyhich sums over the area affected. The bandwidth ex-
presses the total width, in hundreds of feet, of band 1 for all mode
links. Figure 12 illustrates the bandwidth concept in a hypothetical

city. Here the air mode has approximately two links of city radius

length, the highway mode has three such links, and the dual-mode has

—_——— T T T 5=

'
\

——— Air
I Highway

= Dual -mode

Fig. 1¢--Hypothetical city illustrating bandividth computation for band 1
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= ;
two links., Therefore, the calculation of the bandwidth of band 1 for

the modal service combination illustrated in Fig. 12 is 2 x 1 + 3 x
1+ 2 x .7 = 6.4 hundreds of feet. As indicated earlier, the width
of band 2 is assumed to @e four times the width of band 1, and the
width of band 3 is seven times the band 1 width.

Table '55 shows the mode service combinations and the band 1 band-
widths, fo;_ééch city »n and each of the five-year time periods ¢, for

the three mixes of modes.

Estimating Attribute Worth

Since we go to considerable length in this methed to carefully
isort out the societal impacts involved, it is worthwhile to begin the
discussion on preparing worth estimates with a series of guidelines.
Worth values are to be assigned on a scale from O tgj;i:@j;iggﬁzi
value representing the contribution toward achieving a given goal on
that attribute for an individual, by the given mix of modes in a given

regional segment. The values 0 and +1.0 have the following interpre-

tation:

4+1.0:* The mix of modes contributes as much as any mix could
conceivably contribute toward the attribute goal.

0: The mix of modes makes no contribution toward the at-
tribute goal.

WValues in between indicate the degree to which the goal is achieved.
Determining appropriate intermediate values may be facilitated
by constructing a set of qualitative modifiers relating to each point
along tHe scale. Such an adjective rating scale helps to insure con-
sistency when moving among regional subsectors, from one attribute to
another, and among different analysts prepariﬁg the estimates. Withou
such guidance, one may encounter a situation similar to the one we
experienced in an early exercise when one researcher had in mind a
scale which might be characterized roughly as .1-.3 for poor, .4-.6

for average, and .7-.9 for good, while another used an analog from

*
Note that we have assumed all modes have separate routes into
and out of the city. :

e

t
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the academic grading system assigning a value of .6 to poor, .7-.8 to
average, and .9 to good. More extensive qualitative modifiers are also
useful in many instances.

Recognize that in preparing estimates on a 0 to +1.0 scale, that
higher positive values are always better, i.e., the alternative does
a better job of achieving tHe attribute goal. Hence, in the case of
attributes customarily having a negative interpretation, for example,
air pollution, Zess pollution is better and would be assigned a higher
value.

We will say a bit more about attribute goals shortly. First,
however, we should emphasize the concept that the worth values which

are assigned should be oriented toward an individual member of society

One can think of values as representing the annual effect per individual.
In assigning values to the impact of the transportation alternative,
neither the number of individuals affected nor the importance of the
attribute in relation to other attributes is to be considered. The
value is to reflect only how the alternative will impact on an indi-
vidual in terms of the attribute being assessed.

In attempting to prepare these worth estimates, we found that some

attributes usually--but not always—-had a positive interprétation and
some usually had a negative interpretation. For others, the inter-
pretation was unclear because moving in one direction was better within
tertain ranges, or for some individuals, or if some objectives were
desired, while the other direction was to be preferred if other ranges,
individuals, or objectives were involved. To clarify this point, we
found it helpful to set up brief, onemsentence goals for each of the
attributes. Our purpose was to establish a skeletal framework of
societal goals against which to assess the alternatives——and more
particularly, to make explicit the direction which was to be preferred

in this example for each attribute.

One other point should be mentioned about the 0 to +1.0 scales.

Remember that +1.0 represents the "maximum that any mix could conceiv-
; P y

|
ably contribute toward the attribute goal.'" The interpretation was

phrased in this fashion to recognize that in most instances regional

hevelopment or other societal goals are not achieved wholly or even '

s
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primarily by transportation improvements. In some later study of pos-
sible regional futures it may well be desirable to assess transportati
as well as other regional development alternatives with regard to how
well they would do in an absolute sense in achieving an attribute
goal.* At this point, however, we are limiting ourselves to a com-
parison of transportation alternatives, so it appears more fruitful
to prepare worth values which rank the individual alternatives in re-
lation to the best conceivable transportation improvements. The one
sentence goals which we developed for each of the 22 societal attribut

in this exercise are as follows:

1. Human Physiology. Air Pollution: Reduce to a level accept-

able to practically all people. WNoise: Reduce to a level

acceptable to practicallx_iygjgggﬂfgx Accidents to non-users
Reduce to a bare minimum accidents and fear of accidents for
non-users.

2. Right-of-Way Associated. Partitioning: Avoid partitioning
of communities, especially in densely populated areas. Dis-
placement: Reduce displacement of residences and industries
by transportation to a level that is equal to the displace-

ment by other causes. Construction inconvenience: Reduce

to the inconveﬁience from other causes-—e.g., laying gas or
sewer pipes or cables: or repairing these. Property values:
Avoid rapid changes in property values, either as a direct
result of transportation changes (from right-of-way purchase)
or as an indirect result (from development of new business
and residential districts).

3. Economic. Employment: Increase opportunities for employment

especially in high unemployment neighborhoods. Personal in-

*
In such a future exercise it also would be interesting and po-

tentially useful to develop each attribute goal in considerably more
detail, as well as to specify more concretely possible physical meas-
ures which might be used in assessing the extent to which these goals
are achieved.

inconvenience- of transportation construction to a level equal

come: Aid the low income group to increase its income relati

on

es

-

ve



to other groups by creating employmgnt opportunities in low
income areas. Industrial distribution: Restore a "balance
of industry" by directing new industry into rings 1 and 3.
Population distribution: Provide the opportunity for popula-
tion to relocate from crowded to less crowded cities or other
areas.

Metropolitan Form and Design. Land use distribution: Creaté
an equitable division of land_éfEETémong residential, commer-
cial, industrial, agricultural, paﬁi and recreation, and othe
public and institutional uses. Also create a harmonious loca
tional blend of these uses. Housing: Create an adequate
supply of housing within the budget of each income group.
Design: Maintain an aesthetically pleasing and efficient de-
sign of the transportation structures, of buildings near the
transportation lines and tefminals, and of the city layout.
Sociological-Political. Individual life style: Provide ampl
leisure time for the individual and the opportunity to do a
variety of things in that time. Community involvement and
communication: Facilitate the participation by individuals
in community affairs, and their interaction with neighbors.
Government form and intergovermmental relations: Increase
the degree of cooperation among different levels of govern-
ment with each maintaining an appropriate division of respon-
sibility. Maintain responsiveness of government units to the
people. Tax policy: Strengthen the community tax base and
decrease the cost of government-supplied services. Also make
the incidence of construction costs on the population equitab
Government-supplied services: Increase the quantity and quall
ity of services such as police, fire control, refuse disposal
and education.

Scarce Resources. Radio reception: Maintain good quality
radio reception near electrified links and throughout the re-
gion. FElectric power capacity: Maintain capacity sufficient

that an electrified transportation system does not black out

other uses. Minimize adverse environmental effects from
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building this capacity. Fcology: Maintain a balance of life
forms and climatic conditions; minimize adverse technological

effects on this balance.

counting, the following guidélines are used. For attributes in which

there are link, citywide and rural effects, worth values assigned to

link bands are determined so as to include citywide effectsTassociatec

with the ring in which the band is located as well as the péculiarly

link-associated effects. Also, link effects in rural areas are to in-

clude ruralwéréawide effects within the link bands. F‘

For attributes in which no peculiarly link-assotiated effects are

involved, values assigned to the three city rings are also to be shown

for each link band included within the rings. Likewise, for links in
rural areas, the rural worth numbers are to be applied to link bands
within the rural area as well as to the rural-ggggTin general.

For attributes in which only region—wide:effects are identified,

the worth value is to be assigned to all regional subsections.

for the attribute Property Values. These worksheets reflect the di-

ensions that we considered most significant, with the columns showing

different mode service\combinatiOHS\and the rows showing variation by
S - - T

link density, link band, city type, city ring, and rural. Variation
over time of‘the mix of modes serving a given city is captured through
the mode service number and bandwidth inputs in Table‘§5;r

In this illustration where the goal was to avoid rapid changes
in property values as either a direct or indirect result of transpor-
tation changes, we expected all mode service combinations to do rela-
tively poorly in terms of link effects, particularly in bands 1 and 2,
and to have relatively modest impacts citywide. Also, although the

LT T
absolute dollar impact on property wvalues would undoubtedly be greater

—

in larger cities, the relative (percentage) chaﬁge probably would not;

itherefore, the numbers assigned show insensitivity among city sizes.

Some sensitivity to link traffic demnsity probably should have been

shown—to--reflect- differences—in—the-congestion-and-commerce—introduced;

Tojgensure that all effects are assessed but that there is no double

The actual process of preparingAEEEXworthrestimates is systemati%ed

by completing a worksheet on each attribdte, as illustrated in Tablex56\



-101-

Table 56 | O/
WORTH ESTIMATION PROCEDURE: WORTHS FOR THE PROPERTY VALUES ATTRIBUTE
Mode Service Combination
Ttem 1 2 3 ¢4 5 6 7 8 9B 10 11 12
Link effect
High density
Band 1 ’ 2 .1 .2 .21 .1 ,1 .2 .05 .1 .1 .05 .05
Band 2 5 .4 .5 4 4 4 5 L4 4 4 .3 2
Band 3 7 .6 .7 6 .6 .6 7 .6 6 6 .5 4
Medium density
Band 1 2,1 ,2 .21 .1 .1 .2 .05 .1 .1 .05 .05
Band 2 5 .4 .5 4 4 4 5 4 4 4 3 .2
Band 3 7 6 .7 6 .6 6 .7 6 6 6 5 A
Low density
Band 1 2.1 .2 r .1 .1 .2 .05 .1 .1 .05 .05
Band 2 5 .4 .5 4 4 4 5 .4 LA 4 .3 2
~ Band 3 7 .6 .7 6 .6 6 7 .6 .6 6 .5 4
Eéyywide effect” !
City-type I S T T —_ - - 1
Ring 1 8 .7 .8 .7 .7 .7 .7 6 .7 7 .6 6
Ring 2 8 .7 5 .5 .5 .7 .8 .7 5 .7 .6 4
Ring 3 8 .7 8 .7 .7 .7 .8 .7 7 .7 .6 6
City-type 2
Ring 1 8 .7 .8 .7 .7 .7 .7 .6 .7 .71 .6 6
Ring 2 8 .7 .5 .5 .5°.7 .8 .7 5 .7 .6 4
Ring 3 8 .7 .8 7 7 .7 .8 7 7 .7 .6 6
City-type 3
Ring 1 .8 .7 .8 .7 7 .7 .7 .6 7 .7 .6 6
Ring 2 .8 .7 .5 .5 .5 .7 .8 .7 5 .7 .6 4
Ring 3 ' 8 .7 8 .7 7 7 .8 7 7 .7 .6 6
City-type 4
Ring 1 8 .7 .8 .7 .7 .7 .7 6 .7 7 .6 6
.___Ring 2 . 8 _.7 .5 .5 .5 .7 .8 .7 D76 4
Ring 3 8 .7 .8 7 7 .7 .8 7 .7 7 .6 6
City-type 5 ’ 7
Ring 1 .8 .7 .8 .7 .7 .7 .7 .6 .7 .7 .6 .6
Ring 2 .8 .7 .5 .5 .5 .7 .8 7 5 .7 6. .4
Ring 3 8 .7 8 .7 .7 .7 .8 .7 7 .7 .6 6
City-type 6
Ring 1 8 .7 .8 7 .7 .7 .7 .6 .7 .7 .6 .6
Ring 2 .8 7 .5 5 .5 .7 .8 .7 5 .7 .6 4
Ring 3 .8 .7 .8 .7 .7 .7 .8 .7 7 7 .6 .6
Rural effect —  _ 15 .41.0 .4 .4 .41.0 4 4 & 3 2|
Lowever, these would 'be modest because the same amount of land is as-

'sumed to be consumed by the links regardless of the density. An ex- ;

banded set of assumptions of this sort is generated in the analyst's
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mind during the process of preparlng these worth estimation worksheets.

- — -

It is desirable to document these assumptlons brlefly as supporting

detail for the worksheets.

—

The information prov1ded in Table 56 is denoted in the following

fashion. The notation E&ildb is used to deflne link effects within a
Kis Al
city, where E& 'is the worth per individual for a given attribute,
' JE—

M’“is the mode service combination number, d is the link traffic den-

sity, and b is the link band. Notation for rural links is the same
1
except E’ ”R is substituted for E 2 .WCitywide effects are denoted
‘ {
—Wlwhere Ehfﬁijls the worth per individual for the attribute,

n’ is the city type and r is the city ring. Rural non-link effects I

are specified E RNL. I

p—

Calculating Incidence

Having completed the worth estimation portion of the procedure,
we turn now to the calculation of incidence, that is, the number of °
people affected in each spatial partition. This is obtained by com- .
puting the fraction of the population in each location and multiplyiné
these fractions by the total population of the city or the rural area.

The populations of the cities.and the rural area, estimated at

Fidfperiod for each of our six time periods, and for both Regional

Environments A and B were provided in Tablelé.'w These data may be

denoted symbolically as Pnt’ e.g., population of city # in time period
t.

The populations must belapportioned among Ilink, citywide, and
ruraql effects. The fraction of the populetion of each city in a 100-
ft wide Iimnk band is readily obtainable from the city geometry, and

from the ring residential population percentages in TableV57ii These

fractions are given by city size and ring in Table 57. When multiplied

by the appropriate barndwidth for any given 01ty and time period, they

give the population fraction in band 1. As implied earlier, band 2

1

and 3 fractions are obtalned by multiplying band 1 by 4 and 7, respec—|

tively. If desired, these fractions may be further divided by 1ncomel

group, using the percentages presented earlier in Table 7. The resulq

!
‘is-denoted-symbolically— aS-pﬁngmv_or_the -fraction-of-a -city - population
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Table [57\

FRACTION OF POPULATION IN A 100-FT WIDE
LINK BAND IN A CITY

City Ringilj Ring 2 Ring 3
.00044 .000105 .0000386
.00066 .000157 .0000579 ,
.00088 .000209 .0000772
.00132 .000314 .0001157
.00165 .000392 .0001446
.00220 .000522 .0001929

———— T

oW

involved in city link effects in band b, ring », income group g, and
city type ﬁl%

The fraction of people involved in rural link effects is obtained
by finding how much area each band along the rural mileage will consun
relative to the total rural area in the region. This gives us ng, or
the fraction of rural population involved 1n_iI;E*effects by band b
and income group g. The total fraction consumed by all three link
bands was .0048.

The fraction of people cztywzdé, echMStve of link effects, is

e,

found by subtractlng the llnk—assoc1ated populatlon fraction glven in

Table 57 from the total c1ty populatlonffractlon in each rlng. Lettlng \\L

the total city populatlon fraction be p rg we subtract the llnk effec

population fraction as follows:

i (13)

. P
is the remainder after subtracting the rural link effect fraction--

Pamely, .9952 of the rural population. ’This gives pgmL, the fraction
of rural population involved in non-link effects by income group g.
Fhe breakout by income group in the rural area is assumed to be fhe s3
as that for ring 3.

The number of people involved in these various effects, for city

7 in time period %, can be summarized as follows, when n ,1s the city
!

Finally, the fraction of people experiencing ruragl non—iz;%ieffects

t

me




type, b’ is the band 1 bandwidth multiplier, and »" is the band numbed

factor, i.e., 1, 4, or 7 for bands 1, 2, or 3. For link effects with-
in the cities (cities numbered 1 through 24), the number of people

Pgﬁg in bandcb, ring r, and income group g is the pro&uct of the city
population P , the fraction of people per 100-ft width of band 1, the

bandwidth »', and the band number factor b". Hence,

CL = ¢ >.W:’70L - N r ., "
Qntbrg P, py 100&%r9n, b p" . (14)

For the link effects im rural areas (inputted as city number 25), the
Fumber of people, Qgﬁg, in band b and income group g is the product of
lthe rural population, the fraction of rural people per 100-ft width of
band 1, and the bandwidth »' and the band number factor b":

L _ . C
ntbrg nt

For the citywide non-link effects (n = 1 through 24), the number
of people QCNL
people, Q.

» in ring » and income group g is the product of the
city population PC with the fraction of people in each ring and income

group, minus the people already counted in all the links. Using Eq.
(13),

CNL c CNL

ntrg Fot prgn’ (16)

Q

For the rural effects (n-= 25), the number of people in income

group g is the product of the rural population/ﬁg/and the fraction in-

\

volved in rural non-link effects: N\

RNL _ _C . _RNL
Dy = By " Py - (17)

Computing Aggregate Weighted Worth

The aggregate worth for each attribute is obtained by multiplying

each-worth—estimate-by—-its-corresponding—incidence-—i- e number- of—

P, - pgzloOftg5- B!« b" . | “(15)

}

r
!
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people affected--and summing over bands b, rings », and cities # as

follows:

|
These effects may be combined into a single aggregate worth,
A agt " for the attribute by income group by summing over city link
(CL), rural link (RL), city non-link (CNL), and rural non—llnk (RNL)

values. The notation ¢' indicates that these values have a connotatlc

of annual worth.

namely, by an approprlate weight for eacﬁ\attrlbute An average of

e S

- I

L [.rer cr ]

Eagt' - b;n'{EaM'db Qntbrgl (18)
Lo Z-IEE'RL . g 1 (19)
agt! b | aM'db ntbrg|

CNL  _ 'CNL . CNL |

Eagt’ - rg [EaM’n'r Qntr;l (20)
A -/ R !

Eggt’ - ‘;&‘[EaM’ Qntg ]X (21)

n

Another multiplication is needed before summing over theggtt;ibutes,,

=

i

comparlson technlques and Wlth welghts summlng to 1000, is as follows:

Attrtbute ' Wétght
Air pollution s.veeesenncreenees 76
Noise «cieevneeacnn Y A
Accidents to non-users ......... 87
Partitioning .e.iceveeecocevnceens 26
Displacement .....eceeeeecs eeses 18
Construction inconvenience ..... 18
Property values ...... N .
Employment ...... cesesssasacssss 92
Personal income ........ ceeseses 129
Industrial distribution ..... ee. 19
Population distribution ........ 24
Land use distribution .e..veu.a. 41
Housing ...... Chereensanes ceeeee 21
Design .ceveenanenes cersssnsess 21
Individual llfe style B 1 i

Community involvement .......... - 41

¥
~——t



Attribute--continued Weight
T T T Government fOTM ......eeeeeeee.. 31 7
Tax policy veveverenceeninennass 31
Government services ....i.i00... 64
Radio reception ....c.evevenennn 14
Electric power capacity ........ 17
Ecology ceevecenn Cevesens veeeso 60
Total ...... e viareerereees..1000

These weights are\de51gned\to reflect the preferences of an 1ndzvzdual

.
in assessing the 22 societal attributes. For the purpose of simplicit
in illustration, one set of weights was assumed for all the income

groups.

Table .58 prov1des a sample output from the computer program that

executed thlS spatlally orlented example. This table shows five-year

aggregate worths in mllllons summed over income groups for the 22 at-

trlbutes and in time perlods of Reglonal Env1ronment A Mix 1. Since
the basic worth estimates in Table are assumed to be annual worths, !
estlmates have been multiplied by f1ve to obtain the five-year aggre-

gates. Hence,

Vo i ] '
B.,=] B ger = Wy o+ 5 (22)

-where Bgt is the societal benefit by attribute and five~year time peri

. L

=nv1ronments and mixes are given in the appendix as Table, 66

TR=F

worth numbers or benefit indices may be analyzed in conJunctlon with
the numbers produced in the user analysis. Table:ggvpresents summary
statistics for all regional environments and mixes.

Aggregation by income group is possible but was not run on the

computer at the t1me of this report Information may also be summarlz

by c1ty,1c1ty type, major attribute w1th1n c1ty type, and so omn.
One supplementary analy51s which was run to 1llustrate the potentlgl

of the methodology was the number of people affected at each worth

P N

and W is the attribute weight. Similar outputs for the other regional L&

level from O to}+l 0 for the Human P%ystoZogy até?iﬁEEé;ff"This outputgw
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“Table 58] & 2
ANALYSIS OF SOCIETAL BENEFITS
Reglonal Environment A, Mix 1
\ Jsze Year Benefv,t Indfbcesl
1970- 75 1975-80 1980-85  1985- 90  1990-95  1995-00
'—y—‘_’_ e ‘ ; ] ] = ; = e T i 'Jf‘.
Human Physiology _
Air Pollution 12,2 13,2 14,2 15.3 16.5 i7.9
Noise Pollution 7.5 8.1 8.8 9.5 10,2 11,0
Acc to Non-User 13.8 i4.9 © 16,1 17.4 i18.8 20,3
Subtotal: 33.5 36,2 39.0 42,2 45,6 49,1
Right-of-Way Associated
Partitioning 1,2 -1.3 1.4 1.5 1.6 1.7
Displacement 2,3 2,5 2,7 2,9 3.1 3.4
Constr Incon 2.2 2.4 2,6 2.8 3.0 3.2
Proprty Values 1.9 2.0 2,2 2.4 2.5 2.7
Subtotal: 7.5 8.1 8.8 9.5 10.2 11,1
Economic : .
Employment 6.9 - 7.4 8.0 8.7 9.4 10.2
Personal Income ~ 9,5 10,3 11.1 12,0 13,0 14,1
Indus Dist 1.6 1.7 1.9 2.0 2.2 2.4
Pop Dist ol ol «5 o5 - o5 «6
Subtotal: 18,3 19.8 21,5 23.3 25,1 27,2
Metropolitan Form and Design
Land Use DiS‘t ! 07 o8 .9 09 1.0 1.1
Housing .0 .0 «0 .0 .0 .0
Metro Design 1.9 2.1 2.2 2.4 2.6 2.8
Subtotal: 2,7 2.9 3.1 3.3 - 3.6 3.9
Sociological-Political
Ind Life Style 7.3 . 7.9 8.5 9,2 10,0 10,8
Commty Involvmt 4,0 4,3 4,7 5.0 5.4 " 5.9
Government Form = 1,6 1.7 1.8 2,0 2.1 2,3
- Tax Policy - 1.0 1.0 1.1 1.2 1.3 1.4
Govt Services 3.3 3.6 3.7 4,0 4.3 4,7
Subtotal: 17,2 18.6 i9.8 21,5 23,2 25,0
Scarce Resources
Radio Receptlon 2.3 2,5 2.7 2.9 3.2 3.4
Elec Power Cap 2.6 2.8 3.0 3.3 3.6 3.8
Ecology 1.8 2,0 2,1 2,3 2.5 2.7
Subtotal: 6.8 7.3 7.9 8.5 9,2 . 10.0
126,2

GRAND TOTAL: = 86,0 93,0 100.1 108.3 116.9

MR Tt 1 Th ok dope
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47ﬁTable/59ﬁ_- T
a
_ ANALYSIS OF SOCIETAL BENEFITS ]

|
] Five-Year Summary Benefit Indices

1970-75 1975- EEY 1980 85! 1985 .90 1990~ 95 1995-2000

Environment A

Mix 1 86.0 93.0 100.1 108.3 116.9 126.2

Mix 2 86.0 93.0 - 110.1 119.2 130.6 140.8

Mix 3 86.0 93.0 111.2 122.1 133.4 144.0
Environment B

Mix 1 83.2 92.4 97.9 105.0 115.0 132.2

Mix 2 83.2 92.4 107.0 114.8 127.0 146.8

Mix 3 83.2 92.4 108.1 117.6 131.3 152.?

shown in Table‘gﬁj'may also be viewed as a bar graph summing over all
individuals in éhe.region who are affected at each level of worth.*
This distribution of effects by intensity should be useful in assessin
public reaction. People near the zero level are very seriously af-
fected by the alternative and may be expected to oppose it. The
strength of such opposition and the attributes through which the ef-
fect is felt, may be evaluated for;egEEYEIternative. Such information

could be an important supplementary input to the decision process.

SUMMARY

Two comprehensive evaluation methods for societal benefits have
Feen illustrated in this Section. Both methods generate the same

general type of output, namely, weighted worth information aggregated
over the region and over its inhabitants. In the second method, how-
ever, the results are generated far more carefully and a multiplicity

of intermediate summaries is avallableA This information is useful

R

{

i

18

in analyzing the relative magnltudes of various types of societal |

effects introduced by various transportation improvements and assuming

3.

! Concentration of individuals at the .3, .7, and .8 levels for
the Noise attribute are the result of the. fact that worth values for |

tlty bands and rings are inputted as p01nt estimates rather than func—
ions. '

alternatlve regional environments develop in the future. As indicated,
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/ANALYSIS OF SOCIETAL BENEFITS
Regional Environment A, Mix 1
Population Affected by Intensity of Effect
e (In millions)

| 1970-75  1975-80  1980-85  1985-90

_ 1990-95  1995-00

v

1 T _ - T
Human Physiology . "
Air Pollution
1.0 21,93 23,68 25,49 27.55 29,71 32,02
] 9,63 0.4k 11.31 12,27 13,29 14,39
8 <07 T .07 .09 .09 .10 11
YY) .01 «02 02 .02 . «02 .03
6 +00 .00 » 00 00 .00 00
o5 .00 ~,00 .00 .00 «00 - .00
i ) <00 «00 .00 +00 «00 .00
3 «00 .00 «00 .00 00 .00
o2 ' .00 .00 .00 .00 .00 - 00
ol " 400 +00 .00 +00 00 .00
0 +00 .00 00 .00 00 © «00
Noise Pollution
1.0 4,08 4,35 3,57 4,87 5,14 5.42 -
«9- «02 «02 002 .02 02 «02
8 797 8,63 9,32 10,11 10,95 11,86
o7 9,95 10,77 11,70 12,69 13,75 14,89
6 - 601 «01 201 .01 .01 .01
D U .0 «03 +03 «03 .0l
ot . +06 +06 .08 09 . «10 .10
«3 - 9,50 10,29 " 11,15 12.08 13,09 14,18
o2 .. e01 <01 .01 «01 «01 +01
ol .01 «02 <02 02 «02 «03
, o0 .00 <00 .00 .00 .00 .00
Ace to Non-User
1.0 31,62 34,17 36,88 39,90 43,10 46,52
9 «02 .03 +03 : 203 +03 <03
8 +«00 '« 00" «00 <00 «00 .00
o7 00 .00 «00 .00 00 00
6 «00 «00 «00 . +00 - 400 «00
oD <00 +00 «00 «00 +00 +00
ol . «00 »00 <00 .00 <00 .+ 00
o3 «00 00 00 + 00 00" +00
o2 <00 «00 +00 +00 - «00 T .00
el 00 .00 .00 00 .00 .00
0 +00 00 .00 .00 .00 - ,00

! '
the information is of particular relevance when combined with 'user|and

. ks
operator information for a complete summary evaluation of transportation

alternatives.
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VII. A COMPREHENSIVE EXAMPLE INCLUDING SENSITIVITY ANALYSES

PR N

INTRODUCTION

To this p01nt we have developed 1nformat10n on the user and

societal beneflts assoc1ated with each alternatlve mix of transporta-
tion modes when introduced into each regional environment. We now are
in a position to combine this into a complete example. The purpose of
Fhis section is to summarize the information and show how it contri-
\butee3toward making a decision among the proposed alternatives.

First, we present a summary of the incremental benefits of the
improved mixes of modes over the base mix, by attribute and time period.
Then we discuss a comparison of the alternatives on the basis of this
benefit information, assuming implicitly that the alternatives are of
equal cost: Comparisons are made of the benefits of each of the two
improved mixes in a given regional environment, and of a given improved
mix assuming each of the two regional environments were to occur. Next,
we suggest a variety of supplementary analyses emphasizing presentation

of benefits by income group, mode and city size among others. We con-

clude with a discussion on incorporating this summary benefit 1nforma—

plon with cost information and policy options in making a decision.

i
A SUMMARY OF INCREMENTAL BENEFITS !

1
! In Section III and in the spatially-oriented example of Section

VI, we developed benefit indices for user and societal attributes, fog
!

Fach mix of modes in each time period and in each regional ehvironmenﬁ.
Ehese numbers become particularly relevant when the differences between
bairs of altefnatives are compared. Specifically, we can compare each
hix of modes eontaining improved transportation facilities (i.e., the
&ACV/STOL ﬁix and the Dual-Mode mix) with the base mix. The incremen-

Fal benefit of each of these mixes over the base mix has been obtained

at an increment of cost, whlch we shall discuss brlefly later. The

Further discussion of the methodology illustrated in this sec-
tlon is provided in Sectlon VIII of Volume II, Ref. 1.

Tt |
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i. e., prov1des the most 1ncremental beneflts——for 1ts 1ncremental cost.

worth scores are necessary. To develop these we need to ask explicit

A basic summary of beneflt is 1llustrated in Table 60. It shows
the incremental benefit of the TACV/STOL mix over the base[mix in Re~
gional Environment A by major attribute, and for six 5-year time peris
ods.* The user benefit for the line-haul part of the trip, by major

to these, are estimates of the incremental benefit from access and

egress portlons of the tr1p.+ -

The{dﬁe;atafs]are handled in this example .as a constralnt. That
is, we assume that certain criteria are satisfied for each operator
attribute for each alternative. These criteria, stated for the major
attributes, are that the operators receive a 10 percent long-term re-—
turn on their investment, that they have{Iohgfterm franchises, and

£ 1

that excessive regulatory control is avoided.

e e e o

provided in Table 66 in the appendlx\\rHowever, the user and the soci+
etal benefit indices do nst;have the same interpretation and in their
current form should not be added together. The user worth is the sum
of worths on individual trips, expressed in passenger miles, and the

societal worth is the sum of worths per year over individuals residing
in the region. If one wishes to derive a grand total of the user and

societal benefits, relative weightings of the user and the societal

questions that compare the worth from user attributes with the worth

ES
There are no incremental benefits in the first two time periods
since the new modes do not start service until 1980. A -possible excep-

‘!
o

.jtion is benefits and disbenefits assocliated with construction, but
_these_are not identified here.

l +Also included is a factor entitled '"excess of Post- Trip BenefitsL

attribute, is computed from the results illustrated in Tablerigjr Added

The 1ncremental soc1etal benefit is computed from the information E;
I4

N

Thig line item 1s intended to account for the benefits which are derlved
upon the completion of trips. Pleasure in visiting relatives or proflt

from making a sale during a business trip, exceed the disbenefits-—in

making the trip: This item was calculated using a .factor based on apt
proximate calculations of consumer surplus.
all budget. computation more.complete conceptually, but it is not essen-—
tial-for-the. analy51s ' B ]

e - - - = —

time and cost expended, inconvenience experienced, etc.—--associated with

Its inclusion makes the over-

o

Z*The reason behlnd these assumptlons is dlscussed in Secs. III and

IV of Volume II and in Section VI of Ref. 5.

.frdec151onmaker must decide which 1mproved mix’ represents the best 1nvestment——\

\a
%

S N ¥

g; %
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- Tabl¢~661, I

INCREMENTAL BENEFIT OF MIX 2 (TACV/STOL) OVER MIX 1
(BASE MIX) IN REGIONAL ENVIRONMENT A

5-Year Benefit Indices
{ 1970- 1975~ 1980- 1985- 1990~ 1996-

ﬂ : Attributes 1975 1980 19856 1990 1995 2000 Total
: Users f
Line-haul |
Travel time . 19 23 27 30 99
Travel cost 14 16 19 21 70 \
| Convenience 14 16 19 21 70 ‘
Safety & security 19 23 27 30 99 :
Comfort 26 3 3 40 1 |
, Subtotal 92 108 128 142 470 f}
| Access—egress 14 86 102 114 376 (|
; Excess of post—~trip !
benefits 28 33 39 44 L4
, Total ) 194 227 269 300 990 b
! Operators
: Profitability .
i Survivability :}
| Flexibility .
‘ Society |1
Human physiology (¢ .1 o2 .3 .6 '|
Right~of-vay- .
associated 0 0 0 -.1 -.1 li
Economic .2 .3 .5 4 1.4 b
Metropolitan form & f.
design .8 1.0 1.2 1.3 4.3 v
Sociological-political 1.1 1.3 1.6 1.7 5.7
. Scarce resources __LZ' .5 1.5 }:é_ fbié X
Total 2.8 3.2 5.0 5.1 16.1

aOperator attributes are treated as constraints. We assume for pro-
fitability a 10 percent long~term return on investment, for survivability
a long—term franchise, contingent on continued provision of reasonably \
efficient service, and for flexibility the avoidance of excessive regula-
tory control. i

from societal attributes. Specifically let us compare the cos?t of a |
New York to Washington trip by a middle-income person traveling on |
‘Pusiness, with a year's worth of noise pollution caused by airplanes
going over his house. We estimated in Section IV through a willingness
I%o pay or indifference exercise that one user worth unit can be viewed

as roughly equivalent to $50. Extending this reasoning, we could take




any user worth score and estimate the eipivalent dollar value.* In
Section V, we illustrated that airplaneé.passing at a peak intermittent
noise level of 100;105 PNdB cause a worth level of 0.5, which is a de-
crement of 0.5 from the ideal of 1.0, Suffering this for one year is
equivalent, let us say, to a loss of $200. This estimate also is de-

veloped using a series of questions designed to elicit willingness—to-

.pay information. Appl 1ng the weight of 71 given to noise in Section VI
y pply \ g

T(taken as .071 1n computlng Table 61) glves welghted worth (. 5)( 071) f 3554&

Hence, $200 is equlvalent to .0355 worth units on the soc1etal worth
scale and we can derive a means of equating user and societal welghtedj

worths as follows

This process may befiéﬁééﬁédlusing several different societal attri-
butes if desired to "fine tune" the numbers, and the results averaged.

The comparison may be performed by analyéts, by decisionmakers, or

using a‘survey sampllng members of the population experlenced Wlth both

user and societal attributes. The resulting Welght assumlng it 1s 112,
2.
» may be used to multlply each of the soc1etal scores appearlng in Table

f s and then it is approprlate to add user and soc1etal worths. Of \

_ourse, such grand total weighted worths are only one of several inputs
to a selection among alternatives, The user and societal subtotals as
-well as many of the.supporting details, especially regarding distribu-
tions of the benefits, are probably more valuable than the single ag-
eregate.

We turn now to the question of totalling benefits over time. In
the right-hand column of Table>ébxthe incremental benefits anticipated
in the six time periods are add;di No discounting assumption has been
idcorpoigpgdl or stated alternatively, the totals may be viewed as
gresent values of the incremental benefit at a discount rate of zero.

[t is not clear what rate of discount should be used for benefits. The -

ES
If the worth scores have been correctly calibrated, the conver-
sion..factor should-be_the_same..for _any attribute_chosen. . _




concept of trading benefits now for benefits later does not have ex-

actly the same interpretation as the similar concept of cost, because
it is not clear that all types of benefits can be foregone now in the
hope of larger returns in the future.* The summation in Table:;iédoes
have practical‘eppeeiﬁas a way of condensing the time phased infofma—
tion. Explicit discounting assumptions may be introduced later if de~
sired., The determination of appropriate rates is really a subject for
ﬁeenéreteistudy.
Three additional basic summary tables %%ke!Tablefﬁdicould be con-~
structed-—for the Dual—ﬁéde'mix over the base mix in ﬁegional Environ-
ment A, and for the two inproved mixes assuming Regional Environment
B, These summaries provide the information for a comparison of alter-

natives.

THE COMPARISON OF ALTERNATIVES

For each regional environment, we can compare the performance of

‘the different mixes of modes. Th1s gives us a feeling about how the

RN

{

presents the same information for the Dual-Mode mix over the base mix.

|
The third column is the difference. The third column suggests that

major attribute are displayed. A similar comparison could be made for

Regional Enﬁironmende.

two regional environment%.f This gives us a feeling about how the bene-
- 4

fits would change-if the regional environment developed in alternative

£
This issue is discussed in Section IX of Ref. 5.

, TWe should emphasize that all findings in this section are illus-
‘tratlve and therefore should “be v1ewed as hypothetlcali

the Dual-Mode mix is superior te therTACV/STOL mix for Regional Environ-

.Similarly, for each mode mix we can compare its performance in the

' mix for Regional Environment A, with societal worth scores multiplied by

,TACV/STOL mix over the base mix, as shown in Table 60. The second column

ment A, in both user and societal{totals.T The salient differences ber

-112 as just discussed. The first column is the incremental benefit of the

X
l

=S I

;beneflt would change if our mode dec131on changed The flfst three columns‘

| of Table 61 show this comparison for the Dual-Mode mix versus the TACV/STOLK

L



Table 61

COMPARING THE INCREMENTAL BENEFITS OF NEW MODE MIXES, 1970-2000

- - RSN

L R e T ]
e - 0 T T : Regional Enviromments A and B \
-t T T T Regional Environment A) \ — )
L ) ; Mz 2 - Mz 1 Mig 3 - Max 1.
Mz 8 - Mz 1 Miz 3 - Mz 1 Mz 3 - Mz 2 (TACV/8TOL Added) (Dual-Mode Added)
) Ttem (TACV/STOL Added) (Dual-Modz Added)  (Difference) Reg. Env. A Reg. Env. B Reg. Env. A Reg. Env. B
User
Line-haul
Travel time 99 116 17 99 134 116 144
Travel cost 70 113 43 70 90 113 103
Convenience 70 195 125 70 154 195 219
Safety and security 99 151 52 99 138 151 168
Comfort 132 161 29 132 78 161 181
Subtotal 470 736 266 470 594 736 815
Access-egress 376 589 213 376 476 589 652
Excess of post trip ’
benefity 144 225 _81 144 182 225 249
Total 990 1550 560 990 1252 1550 1716
Opcratarsa
Profitability
. Survivability
Flexibility
Society .
Human physiology 68 661 593 68 -213 661 605
Right-of-way ’
! associated -11 ~622 =661 -11 -78 -672 - -672
Economic 138 - 56 ~194 138 101 - 56 - 67
! Metropolitan form & ’
design 485 270 =215 485 314 270 302
' Sociological-political 642 1712 1070 642 683 1712 1759
! Scarce resources 473 493 20 473 616 493 616
Total ’ 1795 2408 613 - 1795 1423 . 2408 2543
!

Grand total 2785 3958 1173 2785 2675 3958 4259

aOpera.t:or attributes are treated as constraints. We assume for profitability a 10 percent long-temm return on investment,
for survivebility a long-term franchise, contingent on continued provision of reasonably efficlent service, and for flexi-
bility the avoidance of excessive regulatory control.

~CTT-
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Jays as time passed. The last four columns of Table 61 show this comp%r—

l

ison for each new mode mix, again using 1970-2000 totals. The first t#o
of these columns compére the incremental benefits of the TACV/STOL mix |over :
qhe base mix, assuming each regional environment. The last two columng
do the same for the Dual-Mode mix. Regional Environment B results in ﬂigh—.

|

er incremental user totals for both mixes than Regional Environment A,lbut

|

' Hn a lower incremental societal total for the TACV/STOL mix. Again the

} 4alient differences are displayed by major attributes. . 7 l

ADDITIONAL USEFUL ANALYSES OF THE BENEFITS

There are many possible displays of the benefits other than by
major attribute. It is important, for example, to show user and soci-
ctal benefits by income group. Division of user benefits by mode and
inéggiéﬁé}lbenefits by city size also are particularly useful.

Table 62;,displays line-haul user benefits by mode and by income

I
group. ' The breakout by mode shows the impact of the new modes on exist-

ing modes. The division by income group shows how the benefits are

distributed among these groups. The poverty group receives practical%y
no benefit because of low travel propensity, and the upper income gro%p
]

receives more than its proportionate share because of high travel pro-

pensity.

Tablef63rpresents two illustrative divisions of the societal bene-
fits. The‘E;;st is a division by income group, showing how societal
benefits are distributed in relation to the group percentages of the
population. This is followed by a division by city size, showing how
benefits are distributed to;fﬁé residents of various city sizes, in
relation to their percentage of the population.

In connection with the division of benefit by income group, another

point can be made. :Tﬁézg;is no inherent reason to simply add the bene-
.fits of these different groupé, except each person has one vote——otheé
methods are subject to challenge. It is possible, at the risk qf argu-
ment, to assign weights other than 1 to the different group benefits.

For example, it may be desirable for policyj?é?goﬁﬁffo assign a larger

weight to the poverty group than to other groups. This might be done

go—as“to~avoid~the-problemwof"designing-only for-the-majerity—as-often

8
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Table 62

ANALYSIS. OF INCREMENTAL LINE-HAUL USER BENEFIT

IN REGIONAL ENVIRONMENT A, 1970-2000

My 2 - Mixz 1

Mix 3 - Mix 1

Item (TACV/STOL Added) (Dual-Mode Added)
Mode -
Auto -143 -491
Bés. - 11 0
" Rail -323 _-128
Air -195 "-134
TACV 1095
STOL 47
Dual-Mode 1489
470 736 |
Income group
Poverty,
< $4K. 0 6
Lower .
> $4 < 10K 64 122
Middle *
> §10 < 20K 319 485
U
P2e§§'oK 87 123
- 70 736

Mix 38 - Miax 2
(Difference)

-348
11
195
61
-1095
- 47
1489
266

6
58
165
37

266

Table 63

COMPARING SOCIETAL BENEFITS OF MIX 2 (TACV/STOL ADDED) VERSUS MIX 3

(DUAL-MODE ADDED) IN REGIONAL ENVIRONMENT A, 1970-2000
Percent Miz 2 - Mz 1 Max 3 - Mx 1 Mz 3 - Mx 2
Total Pop. (TACV/STOL Added)  (Dual-Mode Added)  (Difference)
Ttem 1970  2000%. Benefits % Benefits % Benefits %
Income Group :
Poverty, $ < 4K 10 10 108 6 192 8 84 14
Lower, > $4 < 10K 3050 754 42 1108 46 354 58 ;
Middle, > $10 < 20K 32 32 718 - 40 867 36 149 24 :
Upper, > $20K -+ 8 8. 215 12 241 10 26 4 '
Total 100 100 1795 100 2408 100 613 100
City Size
> 10 million 52,9 52.1 952 53 1276 53 324 53
4-10 million . 15.9  28.5 413 23 530 22 117 19
1-4 million 16.5 6.7 233 13 289 12 56 9 !
0.25-1.0 million 8.3 . 8.1 143 8 217 9 74 12 !
0.08-0,25 million 3.0 1.9 36 2 72 3 36 6
< 0,08 million 0 0 0 0 0 0 0 0 =
Rural 3.4 2.7 18 1 24 1 6 1 , Ty
100.0 100.0 2408 613 T J

Total 1795 B
i —_—— = - PO . R Y —

a . .
Percentages of the population in each income group was assumed to
be constant over time.
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p—
appens. In the example of Tablesr62 and 63, no groups are worse off

hen either of the new modes is addéd so the relatlon among total
enefit numbers is unchanged. Had this not been true, alternative
eights could have reversed the results.

Another way of treatlng the inter-group situation is not to com-

ine the worth from the dlfferent groups at all, In this approach each

—U‘—'—S'_U‘—S—D‘

group is considered to be a|;EPP_‘for its own interests, and will push
for the alternative that gives its members the highest return. Thus

the decisionmakers can balance the groups that favor a given alterna-
tive against the groups that oppose 1t.7=

There are several other ways in which it is possible to portray

the benefits, each of which should provide insight into various aspects
of the situation. The user benefits may be divided by link and by trip
purpose. Also we may wish to subdivide major attributes, e.g., comfort
so that worth scores on lower-level attributes may provide fegdyack ta
the system design process. The societal benefits may be divided by

city ring as well as by income group to distinguish impacts on inner
city residents from those on suburbanites. In addition, calculation

of the distribution of effects by intensity level, has already been

Fuggested in Table 59.

The sensitivity of the information presented in these benefit i

. 1
exhibits to uncertainty also is a very important consideration. These

uncertainties are of many types.: It is obvious that the regional en-
vironments which have been projected are uncertain, and testing alter-
aative.mixes of modes—--whose performance levels and societal impacts
%re also uncertaiﬁ——against differing environments should provide in~
sights into the probable ranges of effect and hence the relative desir-

ab111ty of each over the lengthy span of its operational life. Other

especially 1mportant uncertainties include the user demand estimates |

and the weights which should be assigned to the various user and soci%
Etal‘éttribuﬁégf7 Efficient computer programs should be able to produée

Lxhibits showing several different values for ithese variables. i
|
j
I

Any reader who may be bothered at this late point by the questhn

_of interpersonal comparisons are referred to the discussion of this ~|
issue in Sec. VIII c of Ref. 5. i

e E—



/ mable 64, which includes a large induced demand, since we expect more low

B

Eienge. One way is a reprogramming of the current investment level per

of varylng the design of each alternative. While varying these de-

EOMBINING BENEFIT, COST AND POLICY INFORMATION

Since our study was undertaken primarily to improve methods of
assessing benefit, we have deferred until now the consideration of the
costs of the alternatives. Let us suppose that, for this example, the
two mix of modes improvements have:eaﬁal costs of $5 billion over the

time horizon. This cost is in addition to continuation of current

federal, state and local expenditures for evolutionally development,
maintenance and operation of the base mix of modes.
At this point we should more explicitly recognize that we need

not be restricted to our two fixed alternatives. There are many ways

s1gns, ‘there are at least three ways in which cost allocations may also

year. A second way is a reprogramming of the $5 billion increment that
will be made{éieiiggiet7both in its timing and in its allocation. A
third wa§ is by eﬁehgiﬁg the amount of the increment, that is, spending
more or less than the $5 billion. In this case the alternatives and

their design variations are no longer equal cost, and a choice among

them becomes more complicated.

Varlatlons in the design of the alternatlves can be guided by a

!
- x

list of pOlle options, that is, a set of desired goals as suggested

|
in the hierarchy shown in Fig. 13. Suppose, for example, that we are|

!
particularly interested in relocating populatlon out of congested major
! 1

hities (item 7 in Fig. 13), and in doing this through subéidizing ser{

1 1
yice to low income persons. Suppose in Mix 2, Regional Environment A|

We cut the TACV fare to members of the poverty group drastlcally from

9¢ per mile to l¢ per mile, and assume that the government supplles tﬁé dlf—

ference by subsidy. Let us also assume a resulting pattern of demand as in

1ncome people to travel with a subs1dy We can then calculate that the
1ncremental line-haul user benefit from 1980-2000 to this group will ge
FZS units and will require an incremental expendlture of $1 billion. k

| o )

* |
L As mentioned. earlier in the volume, we assume constant value dol-
lars throughout the analysis to avoid uncertainties of inflationary ef-
fects over time.
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USER

b= 1 WMEET INCREASED DEMAND
PROVIDE ADDITIONAL CAPACITY BY

IMPROVING SCHEDULING
PROCURING ADDITIONAL HARDWARE
REDUCING OUT-FOR-MAINTENANCE RATES
= 2 REDUCE CONGESTION IN AIR SPACE,
TERMINAL S AND FEEDER HIGHWAYS
REDUCE No, OF FLIGHTS

USE SEPARATE CONTROL SYSTEM AND
FLIGHT CORRIDOR FOR STOL-TYPE SERVICE

INTRODUCE MASS TRANSIT FEEDER SYSTEM
TO DOWNTOWN

}— 3 INTERFACE WITH COMMUTER PROBLEM

EMPHASIZE MULTI-MODAL TERMINALS T0
FACILITATE TRANSFER

INTRODUCE DOOR-TO-DOOR TICKET
PURCHASE AND BAGGAGE CHECK

INTERFACE EFFICIENTLY WITH MASS TRANSIT

l— 4 INOUCE MORE DEMAND THROUGH

IMPROVED SERVICE
THROUGH RELIABLE ALL-WEATHER SERVICE
THROUGH REDUCED DOOR-TO-D00R TRAVEL TIME
THROUGH REDUCED DOOR-TO DOOR TRAVEL COST
THROUGH IMPROVED DOOR-TO-DOOR CONVENIENCE
OF TRIP*
THROUGH IMPROVED DOOR-T0-DOOR COMFORT OF TRIP
THROUGH IMPROVED DOOR-TQ-DOOR SAFETY AND
SECURITY OF TRIP

Pig. 13--A mix

5 (NDUCE OPERATOR
INVESTMENT

PROVIDE FOR AN AFTER-TAX
RETURN ON INVESTMENT OF _%

GUARANTEE LONG-TERM FRANCHISE
ASSUMING EFFICIENT SERVICE

REDUCE REGULATORY REQUIREMENTS
TO A MINIMUM

‘Table 6\4

SOCIETY

b= 6 MIMMIZE UNDE SIRABLE
ENVIRONMENTAL EFFECTS

b= CONSTRAIN ACCEPTABLE TOTAL AIR POLLUTION
AT 1940 LEVELS, I.E, __ PEAKHR PPM °

p= CONSTRAIN ACCEPTABLE AIRCRAFT NOISE
LEVELS AT 85¢B

= EMPHA SIZE HIGHWAY AND TRANSIT BUFFER
ZONES

b ELIMINATE GRADE CROSSING S

of policy optionsiii

=7 RELOCATE POPULATION FROM
CONGESTED MAJOR CITIES .
p== BY PROVIDING FAST, CHEAP, CONVENIENT,
COMFORTABLE AND SAFE LONG-DISTANCE
COMMUTING SERVICE

BY SUBSIDIZING SERYICE TO LOW INCOME
PERSONS

BY A MIX OF NEW TOWN, HOUSING,
INDUSTRIAL LOCATION INCENTIVES AND
OTHER NON-TRANSPORTATION POLICIES

|

N

DEMAND CHANGES RESULTING FROM SUBSIDY
OF TACV TO THE POVERTY GROUP

(In millions of passenger miles)

5-Year Poverty Group Demand
1980-1990 1980-2000

otld New old New
Mode Demand®  Demand  Demand®  Demand
TACV 100 2600 190 4240
Auto 700 200 800 200
Bus 700 200 800 200

8From Table 14 (Environment A, Mix 2).

- —
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Since the 225 replaces the 0 value shown for the poverty group in

Table,62 we see that a significant incremental benefit results.
A‘;;eful notion, when comparing alternatives and options having
differing costs and benefits, is that of efficiency frontiers. This
concept is illustrated by the example in Fig. 14. In this figure, -
the incremental benefit from any alternative is plotted against its
incremental cost. Mix 3 and Mix 2 are both shown at an incremental
cos't of $5 billion, in their original designs. The other points show

other alternatives and design variatiomns.

= 5 :

ﬂ b Q ,
: . f -
- . | LT
IY p-d : i / ! ‘ e
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| 1"‘>< ‘ I .' i
l - ’g 3 - - ” . ' l
I hE ® Mix 2 . T

L= :

Lo

i E ! ! N
\ 15 1l o

‘ ‘

\I "g :

i e ): 1

18] ] '| 1 | |

LT e 10 ,

L \ } remental cost ($ bllhons)] ’

|
E%g. 14——IZZustrat$ng efficient progects :
f
|
Assuming there is no budget conmstraint, the set of points connected
by the solid line are efficient alternatives, since each additional dol—

lar spent in going from one point on the solid line to the next hlgher

cost one gains the greatest possible extra benefit per dollar. The al—

ternative chosen would be the efficient alternative for which addltlonal

expenditures would not give enough additional benefit per dollar to

— ot

}

!

satisfy the decisionmaker, for example, point &. “deerla budget con- |
straint, the same criteria would apply to all points at the left of tﬂe

budget line. For example, under a $5{iniion'budget constraint, the

MlX 3 point would be the efficient p01nt selected Under a $4 billion

' budget constraint, point P would be the efficient point.
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A good way of treating cost considerations is to postulate several

different budget constraints and evaluate which alternative is best
under each constraint.ﬁudf coﬁ%;;;Lwe have shown a single valued repre-
sentation of benefit in this di;;iay. We also could construct a three
or more dimensional display with user and societal benefits on separate
dimensions, and apply the same concept. Such graphical approaches are
not to be viewed as mechanical ways of deciding among alternatives, byt
rather as supplemental methods of displaying the analytical results and

aiding decisionmakers in their deliberations.

SUMMARY

We have illustrated several ways of presenting the information

generated by our methodology to assist in making a decision. These

include 'summaries ‘of incremental benefits of the alternatives, compari-

sons of alternatives on the basis of benefit information, and various
ways of examining the results for sensitivity. Also suggested are the
possibility of improved designs for the alternatives based on various

policy options, and cost-benefit. tradeoffs for projects of differing

Fost. Probably no one of these techniques is sufficient. Instead

&arious mixes of them should be useful in deciding among alternative |

I
transportation investments.

i

|
!
|
|
|
|
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APPENDTIX
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Table 65 . — ] -

ATTRIBUTE PERFORMANCE VALUES
Mode: TACV; Trip: New York-Washington, D.C.; Line-haul

B . Performance Performance Performance
Attribute Value Attribute =~ Value - " Attribute Value-- - . -
Travel time, avg Convenience--continued Comfort--continued
speed, mph 250 Driving responsibil- Crowdedness—-con-
Travel cost, $/mi .09 ity--continued tinued
Safety and security -9 Moderate, high Standing--contin-
Death, prob/mi 3> 10_ speed traffic ued
Injury, prob/mi 6 x 10 Good weather, Time in 4 sq/ft
Intermittent optical day (c) person (b)
stimulation, Good weather, Crampedness, subj.
prob/mi (b) night (c) est./hr -.01
Optokinetic nystag- - Rain, day (c) Privacy, direct
mus, prob/mi (b) - Rain, night (c) worth est./
Sickness, prob/hr .1 x 10 Moderate, down- mode -.05
Rape, prob/transfer (b) town traffic Temperature, humid-
Assault, prob/ Good weather, ity, direct
transfer (b) day (c) worth estimate (b)
Insult, prob/trans- Good weather, Ventilation, time to
fer (b) night (c) change air {b)
Anxiety over trans- Rain, day (c) Spectral const.
fers, no. Rain, night (¢) Time in mercury
line~haul Snow, day (c) vapor light (b)
transfers (e) Snow, night (c) Time in sodium
Auto Heavy, downtown lamp light (b)
Stolena prob/hr (c) traffic Color surroundings,
Damage Good weather, direct worth
Minor, prob/mi () day (c) estimate (b)
Moderate, prob/ Good weather, Glared
mi (c) night (c) Time in max/avg
Major, prob/mi (c) Rain, day (c) intensity
Luggage Rain, night (c) ratio of 10 .1
Lost, prob/trans- -3 Snow, day {c) Time in max/avg
fer 1 x10 Snow, night {c) intensity
Stolen, prob/ -3 Luggage claim, time/ ratio of 100 (b) .
transfer .5 x 10 mode 0 Display, direct
Damage' Queue time, time/ worth esti-
Minor, p;ob/ -3 mode .1 mate (b)
transfer 1 %10 Orientation, time/ Noise, direct worth/
Moderate, prob/ -3 mode .02 hr
transfer .2 x 10 Boarding, time/mode .03 50-70 dB -.02
Major, prob/ -3 Baggage checking, 70-90 dB (®)
transfer .05 x 10 time/mode .01 90-110 dB (b)
Clothing damaged, " Walking, mi/transfer .1 110-145 dB (b)
prob/hr 1 x10 Luggage capacity, Visual entertainment,
Valuables -4 need for ex-— 0 if no vis.
Lost, prob/hr 2 % 10—6 cess, -1.0 if ent,, +1 1f
Stolen, prob/hr 1 x10 -4 needed 0 yes 0
Damaged, prob/hr .5 x 10 Group size capacity, Stereo, O if no ste-
Convenience need for ex-— reo, +1 if yes 1
Waiting for vehicle cess, -1.0 if Meals
Standing, time (c) needed 0 0 if no snack, +1
Sitting, time > Comfort if yes 1
.25 hr (c) Accelerationd 0 if no economy
Overrun, > .1 hr as Time subjected to meal, +1 if
fraction of .25 g's (b) yes 0
sched. time 0 Time subjected to 0 if no full meal,
Vehicle maintenance .50 g's (b) +1 if yes
responsibil- Time subjected to Hostess, 0 if no
ity, direct 1.0 g (b) hostess, +1 1f
worth estimate O Jerk, maximum, g/sec (b) yes . 1
Auto handling, time Vibration, direct Aesthetics, direct
in parking, worth esti- worth estimate
returning, mate/hr (b) 0f vehicle 2
searching (c) Pressure change From window -.2
Auto loading, or un- Time subjected to Of terminal
loading, time  (c) 7 psf/min (b) Ownership, +1 if ve-
Driving responsibil- Time subjected to hicle owned by
ity 15 psf/min (b) traveler 0
Light traffic Crowdedness Prestige
Good weather, Seated +1 if first class O
day (c) Time in 8 sq ft/ +1 if prestige
Good weather, person (b) mode
night (c) Time in 6 sq ft/ Experience, +1 if
Rain, day {c) person (b) choice of ex-
Rain, night (¢) Standing perience
Snow, day (c) Time in 10 sq available 0
Snow, night (c) ft/person (b)

Acareful reading will reveal that a few attributes have been modified or

of user attributes appearing in Vol. II.

b
Negligible; zero as far as the computer is concerned.

SNot applicable to line-haul portion of trip.

purposes.
d

consolidated for the hierarchy

Shown as multiple attributes for ease of handling varicus levels of effect.

Associated with access and egress links for computational
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Table 66

WORTH CURVE INFORMATION

Value oj: Phygical Value of Physical

. Measure at Measure at
Attribute Phyeical Measure -1.0 Worth Score Attribute- Physical Measure -1.0 Worth Score
Time Time made useless in 6.67 Convenience—-continued
one day, hr Terminal responsibil-
Cost Trip cost, §$ 50.0 ities
Safety & Security (anx- Probability of occur- Orientation (attitude Time spent in orienta- A
iety associated) rence in foreseceable of carrier/avail- tion, hr
trips ability of infor-
Personal safety mation)
Death Lo Same .0001 Wait in queue Time spent in queue, hr 1.0
Injury - ‘Same - L0014 Checking baggage Time spent in checking, .33
Intermittent optical Same .0043 hr
stimulation Boarding Time spent in boarding, R
Optokinetic nystagmus Same .043 hr
Sickness Same .044 Claiming baggage Time spent in claiming, 1.5
Security of person hr
Rape Same .0027 Access/Egress
Assault Same <044 Walk to pick-up point Distance walked, mi 2.0
Insult Same .52 Physical constraints b
Anxiety over transfers Number of foreseen 5.0 Constraint on lug- Is traveler constrained {0 or -1.0)
. line-haul transfers gage or not? b
Security of property Foreseen probability Constraint on group Same (0 or -1.0)
of occurrences size
Auto Confort
Stolen Same .01 Proprioception '
Damaged Acceleration Time subjected to g
Minor Same .10 level, hr
Hoderate Same .01 25 g Same .17
Major Same .005 .50 g Same .033
Luggage 1.0 g Same .008
‘Lost Same .05 Jerk Maximum jerk experi- 2.0
Stolen Same .05 enced (g/sec) a
Damaged Same .1 Vibration Direct worth estimate (-1.0, 0)
Clothing per hour
Damaged Same .1 Pressure changes
Valuables Same .01 + 7 1b/sq ft/min Time subjected to 1.0
Lost Same .01 change, hr
Stolen Same .01 £ 15 1b/sq ft/min Same .02
Damaged Same .02 Crowvdedness Time subjected to
Convenience (responsi- crowded conditions,
bility~associated) hr
Of schedule (timing, 8 sq ft/person, Same 24.0
frequency, and seated
reliability) 6 sq ft/person, Same 13.0
Access reliability Time spent seated after 1.5 seated
(pad time in gate 15 min, gate area, hr 10 sq ft/person, Same 2.0
area) standing
., Line-haul reliability Overrun time after 102 1.0 4 sq ft/person, Same .5
(schedule overrun of scheduled time, standing
time) as a fraction of the Crampedness Direct worth estimate (-1.0, 0)a
scheduled time per hour
Waiting for access/ Time spent waiting, .75 Lack of privacy Direct worth estimate (-.05, 0)a
egress mode standing, hr Environmental
Personal vehicle re- Temperature, hu- Direct worth estimate (-.05, 0)"’
sponsibilities midity
Searching for parked Time spent searching, 1.0 Ventilation Average time for air 1.0
vehicle or renting hr change, hr
vehicle Vision and displays
Loading personal Time spent loading, hr 2.0 Spectral constitution Time subjected to spec—
vehicle trum, hr
Responsibility for Time spent driving, hr Mercury vapor 3.0
driving Sodium 1.5
Light traffic Color of surroundings Direct worth estimate (-.03, +.03?
Good weather, Same 48.0 of color scheme
day Glare/shadow Time subjected to glare,
Good’weather, Same 28.0 hr
night Ratio max/average in-
Rain, day Same 28.0 tensity
Ra{n, night Same 16.0 10 5.0
Snow, day Same 8.0 100 .17
Snow, night Same 4.0 Displays Direct worth estimate (-.05, 0)?
Moderate, high- of location, size, and
speed traffic shape and lighting
Good weather, Same 40.0 of displays
day Audition
Good weather, Same 20.0 Noise level a
night 50-70 decibels Direct worth estimate (~-.02, 0)
Rain, day Same 20.0 per hour
Rain, night Same 12.0 70-90 decibels Time of exposure to 5.0
Moderate, down- noise, hr
town traffic 90-110 decibels Same .17
Good weather, Same 12.0 110-145 decibels Same 0.0
day Entertainment b
Good weather, Same 8.0 visual (movies, TV dis- Presence or absence of (0 or +.1)
night plays, etc.) attribute b
Rain, day Same 8.0 Stereo Same (0 or +.02)
Rain, night Same 4.0 Meals Same b
Snow, day Same 4.0 Snack Same (0 or +.04)
Snow, night Same 2.0 Economy Same (0 or +.10)
Heavy, downtown Full meal Same {0 or +.04)
traffic Hostess/attendants
Good weather, Same 6.0 Aesthetics Direct worth estimate a
day Vehicle Same (-.01, +.01)a
Good weather, Same 4.0 View from window Same (-.03, +.03)7
night In terminal Same (-.03, +.03)
Rain, day Same 4.0 Psychological Presence or absence of
Raln, nlght Same 2.0 attribute b
Snow, day Same 2.0 Satisfaction of owner— Same (0 or +.06)
Snow, night Same 1.2 ship
Parking vehicle or Time spent parking or 1.0 Prestige Same b
returning rented returning, hr First class vs economy Same (0 or +.Olo)h
vehicle Mode associated Same (0 or +.04
Unloadi{ng personal Time spent unloading, 2.0 Choice of experience Same (0 or +.1)
vehicle hr
Responsibility for Direct worth estimate (-.05, 0)*

maintenance of
vehicle

for mode involving
responsibility

T NOTE: Assuming (1) O to -1.0 scales, (2) all curves are linear, and (3) weights assigned to the attributes are included in the curves

and sum to 1.

3pernissible range for a direct worth estimate.

hBlnary choice for a worth score.

Weights used are for middle income travelers on business.
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Table 67 ' :

SAMPLE OUTPUT: ANALYSIS OF LINE-HAUL USER BENEFITS

’

v K ) " T oy .
LINE-HAUL WORTH (IN MILLIONS OF WORTH POINTS) LINE-HAUL WORTH (IN MILLIONS OF WORTH POINTS)

REGICNAL ENVIRONMENT A, MIX 1 RLGIONAL ENVIRORMENT A, MIX 1

1970-75  1975-80 1980-85 1985-90 1990-95 1995-2000 1970~75  1975-80  1980-85 19B5-90 1990-95 1895-2000
AUTO BUS
Poverty ($ € - uK) Poverty ($ 0 -~ ux)
Safety/Sicur 1.9 1,8 1.8 2.5 2.9 2.9 Safety/Secur 1,7 2.0 2.0 2.4 2.7 2,7
Convenlence o5 o5 .5 .8 .9 9 Convenience o7 K} .8 1.0 1.1 1.1
Comfort 1.4 1.4 1.4 2.0 2,3 2.3 Comfort .8 1.0 1,0 1.1 1.3 1,3
Subtotal 3.7 3.7 3.7 5.2 6.0 6.0 Subtotal 3.2 3,8 3.8 Y4 5.1 5.1
Time 2 .2 .2 o3 o3 «3 Tine .2 o3 o3 3 o3 «3
Cost 6.6 6.6 6.6 9.2 10.6 10.6 Cost 6.6 8.0 8.0 9.3 10.6 10.6
Subtotal 6.8 6.8 6.8 9.5 10.9 10.9 Subtotal 6.9 8.2 8.2 9.6 11,0 11,0
Total 10,5 10.5 10.5 14,7 16.8 16,8 Total 10.0 12,0 12,0 14,0 16.0 16,0
Lower ($ 4K - 10K) Lower ($ u4X -~ 10K)
Safety/Secur 26,1 28.2 30,7 33.2 35,7 38.6 Safety/Secur 6.0 6.7 Tob 7.7 ) 9.1
Convenience 15.8 17.1 18.6 20,1 21,6 23.3 Convenience 4.9 5.5 6.0 6.3 6,9 Tolt
Comfort 20,7 22.4 24,3 26,3 28,3 30.6 Confort 2,9 3.2 3.6 3.7 4.1 .4
Subtotal 62,5 67.6 73.6 79,6 85,6 92.4 Subtotal 13.9 15.4 17.0 17.8 19.3 20,8
Time 6.9 7.5 8,2 8.8 9,5 10.3 Time 1.9 2.1 2.3 2,4 2,6 2,8
Cost 62,0 67.1 73,0 79,0 B4,9 91.7 Cost 15,4 17,1 18.8 19,6 1.4 23.1
Subtotal 68,9 T4.6 81,2 87.8 944 102.0 Subtotal 17,3 19,2 21.1 22.1 24,0 25.9
Total 131.4 142,2 154,98 167.4 180,0 184.4 Total 31.2 34,6 38.1 39.8 43,3 6,7
Middle (S 10X - 20K) Middle ($ 10K - 20K)
Safety/Secur 16,8 17.9 19.6 21,1 22,8 24,6 Safety/Secur 3.0 3.0 3.4 3.7 4,0 Yok
Convenience 12,7 13,5 14,9 15.9 17.3 18,6 Convenicnce 3.1 3.1 A4 3.8 4,1 Y.
Comfort 19,9 21,2 23,3 25,0 27,1 29,3 Comfort 2.2 2.2 2.4 2.7 2.9 3.2
Subtotal 49,4 52.6 57.8 62.0 67.3 72.5 Subtotal B.3 8.3 9.2 10,1 11,1 12,0
Time 5.4 5.7 6,3 6.7 7.3 749 Time 1.1 1.1 1.3 1.4 1.5 1.6
Cost 26.6 28.3 3.1 33.4 36,2 39,1 Cost 5.1 5.1 5.7 6.3 6.8 T4
Subtotal 32,0 34,0 37.4 40,1 43.5 46,9 Subtotal 6.3 6.3 7.0 7.7 8.4 9.0
Total 81,4 8646 95,2 102,1 110.8 119,14 Total 14,6 14,6 16.2 17,8 19,4 21,0
Upper (>$20K) Upper (>$20K)
Safety/Secur 1.4 1.8 ‘1.8 2,1 2,5 2,5 Safety/Secur «0 0 «0 «0 .0 .0
Convenience 1.2 1.5 1.5 1.8 2.1 2.1 Conven{ence .0 o0 «0 .0 .0 -0
Confort 1,7 2.1 2.1 2,5 3.0 3.0 Comfort «0 <0 «0 »0 .0 0
Subtotal 4.3 5.4 5.4 6.5 7.5 7.5 Subtotal -0 «0 »0 «0 0 «0
Time 6 7 7 .9 1.0 1.0 Time «0 -0 «0 o0 .0 .0
Cost 1,5 1,9 1.9 2,3 2,6 2.6 Cost «0 0 «0 .0 «0 0
Subtotal 2.1 2.6 2,6 3.1 3.6 3.6 Subtotal o0 «0 «0 -0 «0 o0
Total" 6.4 8.0 8.0 9.6 11,2 11,2 Total o0 «0 «0 0 0 «0
TOTAL 229,7 247,3 268,5 293.9 314,.8 3u1.9 TOTAL 55.8 61,2 66.3 71.7 78.7 83,8
LINC-HAUL WORTH (IN MILLIOKS OF WORTH POINTS) LINE~HAUL WORTN (IN MILLIONS OF WORTH POINTS)
REGIONAL ENVIRONMENT A, MIX 1 REGIONAL ENVIROEMENT A, MIX 1
1970-75  1975-80 1980-85 1985-30 1990-95 1995-2000 1970-75  1975-80 1980-85 1985-90  1990-95 1995-2000
RAIL AIR
Poverty ($ 0 - 4K) Poverty ($ 0 - 4K)
Safety/Secur o7 o7 o7 o7 o7 1. Safety/Secur «0 o0 <0 «0 <0 -0
Convenience .2 .2 .2 2 .2 o4 Convenience 0 o0 «0 «0 «0 «0
Comfort o5 o5 o5 o5 o5 o8 Comfort «0 .0 «0 0 <0 «0
Subtotal 1,5 1.5 1.5 1.5 1.5 2,2 Subtotal «0 «0 «0 #0 -0 «0
Time o1 o1 o1 ol o1 .2 Tine «0 «0 o0 .0 <0 .0
Cost 2,4 2.4 2.4 2,4 2.4 3.6 Cost «0 «0 «0 «0 «0 «0
Subtotal 2.5 2,5 2.5 2,5 2,5 3.8 Subtotal 0 o0 +0 «0 »0 0
Total 4,0 4.0 4.0 4,0 4,0 6.0 Total o0 0 «0 »0 0 o0
Lower ($ 4K - 10K) Lower ($ &K - 10K)
Safety/Secur bt 4,7 5.1 5.8 6.2 6.5 Safety/Secur 1,6 1.6 1.6 2.0 2.0 2,0
Convenience 2.8 3.1 3.3 3.0 5.0 4.2 Convenience o8 o8 .8 1.1 1.1 1.1
Comfort 3.1 3.4 3.6 4,1 B4 4.7 Comfort 1,0 W0 1,0 1.2 1.2 1.2
Subtotal 10.3 11,1 12,0 13.7 14,6 15.4 Subtotal 3.4 3.4 3.4 4.2 4,2 he2
Tine 2.0 2,2 2,4 2,7 2.9 3.1 Time -9 o9 o9 1.2 1.2 1.2
Cost 9.1 9.9 10,7 12,2 13.0 13.7 Cost 2.6 2.6 2.6 3.3 3.3 3.3
Subtotal 11,2 12.1 13,0 14,9 15.8 16.8 Subtotal 3.8 3.6 3.6 4,5 4e5 HeS
Total 21.5 23,3 25.0 28,6 30,4 32,2 Total 7.0 7.0 7.0 8.7 8.7 8.7
Middle ($ 10K - 20K) Kiddle ($ 10K - 20K)
Safety/Secur 5.8 6.2 645 743 8.0 8.3 Safety/Secur 8.6 9.4 10,1 10,9 14,0 12,5
Convenience L 5.0 5.9 5.9 6.4 6.7 Convenience S.8 6,3 6.8 Tati 9.5 8a4
Comfort 6.2 6.6 7.0 7.8 8.5 8.9 Confort 8,2 8.9 9.6 10.4 13.4 11.9
Subtotal 16,7 17.7 18,8 .20,9 23.0 24,0 Subtotal 22,5 24,6 26,6 28,7 36,9 32,8
Time 3.3 3.5 3.7 4.1 4,5 4,7 Tire 6,2 647 7.3 7.9 10.1 9.0
Coat 8.1 8.6 9.1 10,2 11,2 11.7 Cost 9.6 10.5 11.3 12,2 15,7 14,0
Subtotal 11,4 12.1 12.8 14,2 15,7 16.u4 Subtotal 15.8 17,2 18.6 20.1 25,8 22.9
Total 28,1 29,9 31.6 35,1 38.6 40,4 Total 38,3 ui.8 45,3 48,7 62,7 55.7
Upper (>$20K) Upper (>$20K)
Safety/Secur 1.5 1.5 1.8 2.2 ~ 2,2 2.5 Safety/Secur 3.9 3.9 4,3 4.7 5.1 545
Convenience 1.3 1.3 1.6 1,9 1.9 2.3 Convenience 2.9 2,9 3.2 3.5 3.8 4,1
Comfort 1.6 1.6 1.9 2.3 2,3 2,7 Comfort 3.7 3,7 4,1 4,5 4.8 5.2
Subtotal 4,3 4.3 Sa4 6.4 6ok 7.5 Subtotal 10.5 10,5 11.6 12,6 13,7 16,7
Time 1.0 1,0 1.3 1.5 1,5 1.8 Tire 3,5 3.5 3,9 4,2 4,6 4.9
Cost 1.4 1.4 1,7 2,0 2,0 2.4 Cost 2,9 2.9 3.2 3.5 3.8 b1
Subtotal 2.4 2.4 3.0 3.6 3,6 4,2 Subtotal 6ol 6.4 7.1 77 8.3 9.0
Total 6.7 6.7 8.3 10.0 10.0 11,7 Total 16,9 16.9 18.6 20.3 22,0 23,7
TOTAL 60,2 63,8 69.0 77.7 83.0 90.2 TOTAL 62,2 65.7 70.8 77.8 9ol 88,1
GRAKD TOTALS
1970-75  197S-60 1980-85 1985-30  1990-95 1995-200¢
Poverty 24,5 26.6 26.6 32.8 36.9 38.9
Lover 191.0 207.0 224.8 244,5 262.4 282.0
Hiddle 162,3 172.7 188.3 203.8 231.5 236.6
Upper 30,0 31.6 3449 39.9 43.2 46,5
GRAKD TOTAL  407.8 437.9 474.6 521.0 574.0 604.0
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Table 67-~continued

LINE-HAUL WORTIl (IN MILLIONS OF WORTH POINTS) LINE-HAUL WORTH (IN MILLIONS OI WORTH POINTS)
REGIONAL ENVIRONMENT A, MIX 2 REGIONAL ENVIRONMENT A, MIX 2
1970-75 1975-80 1860-85 1985-90 1990-95 1995-2000 1970-75 1975-80 1980-85 1885-90  1990-95 1995-2000
AUTO BUS
Poverty ($ 0 - 4K) Poverty ($ 0 - uK)
Safety/Secur 1.8 1.8 2.5 2,5 2,9 2.9 Safety/Secur 1.7 2,0 2.4 2,4 2,7 2,7
Convenience »5 o5 o8 o8 »9 9 Convenience o7 .8 1.0 1.0 1.1 1.1
Comfort 1.4 1.4 2,0 2,0 2.3 2,3 Comfort .8 1.0 1.1 1.1 1.3 1.3
Subtotal 3.7 3.7 5.2 5.2 6,0 6.0 Subtotal 3.2 3.8 b4 L) 5.1 5.1
Time 2 .2 «3 3 «3 o3 Tine o2 o3 o3 o3 «3 «3
Cost 6.6 6.6 9,2 9.2 10,6 10.6 Cost 6,6 8.0 9,3 9.3 10.6 10,6
Subtotal 6.8 6.8 9,5 9.5 10,9 10.9 Subtotal 6.9 8.2 9.6 9,6 11.0 11.0
Total 10,5 10,5 14,7 14,7 16.8 16.8 Total 10,0 12,0 .0 4,0 16,0 16.0
Lower ($ 4K - 10K) Lower ($ 4K - 10K)
Safety/Secur  26.1 28.2 29.6 32,5 35.0 37.5 Safety/Secur 6,0 6,7 7.1 7.7 8.u 8.7
Convenience 15,8 17.1 17.9 19.7 21.2 22,7 Convenience 4,9 5.5 5.8 6.3 6.9 7.1
Comfort 20.7 22.4 23,5 25.8 27,7 29.7 Comfort 2.9 3.2 3.4 3,7 Hal 8.2
Subtotal 62.5 67.6 n.0 77.9 83,9 89.9 Subtotal 13.9 15.4 16.2 17.8 19.3 20.1
Tim: 6.9 7.5 7.9 8.6 9.3 10.0 Time 1.9 2.1 2,2 2.8 2.6 2,7
Cost 62.0 67.1 70.5 77.3 83,2 89,1 Cost 15.4 17.1 17.9 19.6 21,4 22,2
Subtotal 68,9 Tu.6 78.4 85.9 92.5 99.1 Subtotal 17.3 19,2 20.1 22,1 24,0 24,9
Total 181.4 12,2 1.4 163.8 176.4 189.0 Total 31,2 34,6 6.4 39,8 43,3 45,0
Hiddle (S 10K - 20K) uiddle ($ 10K - 20K)
Safety/Secur 16.8 17.9 14.3 15,7 16.8 17.9 safety/Secur 3.0 3.0 3.0 3.4 3.4 3.7
Convcanience 12,7 13,5 10,8 11.9 12,7 13,5 Convenlence 3.1 3.1 3.1 3.4 3.4 3.8
Comfort 19,9 21.2 17.0 18,7 19.9 21.2 Comfort 2,2 2,2 2,2 2.4 2,4 2,7
Subtotal 49,4 52.6 42.0 46.2 39,4 52.6 Subtotal 8.3 8.3 8.3 9.2 9,2 10,1
Time 5.4 5.7 4.6 5,0 S.4 5,7 Time 1.1 1.1 1.1 1.3 1.3 1.4
Cost 26.6 28.3 22.8 24,9 26.6 28.3 Cost 5.1 5.1 5.1 5.7 5.7 6.3
Subtotal 32.0 34,0 27.2 29.9 32.0 34.0 Subtotal 6.3 6,3 6.3 7.0 7.0 7.7
Total 81,k 8646 69.2 76.2 81.u 85,6 Total 14,6 14.6 14,8 16.2 16,2 17.8
Upper (>$20K) Upper (>$20X)
Safety/Secur 1.4 1.8 1.1 1.4 1.4 1.4 Safety/Secur 0 <0 «0 «0 .0 «0
Con-cnience 1.2 1.5 .9 1.2 1.2 1.2 Convenience 0 0 0 «0 +0 <0
Comtort 1,7 2.1 1.3 1,7 1.7 1,7 Comfort 0 -0 «0 .0 0 «0
Subtotal 8,3 Sl 3.2 4e3 4,3 4,3 Subtotal «0 «0 o0 .0 +0 0
Time »6 o7 o o6 6 o6 Time «0 0 0 o0 «0 «0
Cost 1.5 1,9 1.1 1.5 1.8 1.5 Cost «0 -0 -0 «0 «0 .0
Subtotal 2.1 2.6 1,6 2.1 2.1 2.1 Subtotal 0 -0 .0 0 0 +0
Total 6.4 8.0 4.8 6.4 ] [} Total «0 -0 -0 «0 .0 -0
TOTAL 229,7 247,3 238.2 261.1 281.0 298.8 TOTAL 55,8 61,2 65.0 70.0 75.5 78,9
N
LINF-1"*UL WORTN (IN MILLIONS OF WORTH POINTS) LINC-HAUL WORTH (IN MILLIONS OF WOKTH POINTS)
REGIONAL ENVIRONMENT A, MIX 2 REGIONAL ENVIRONNIRT A, MIX 2
1970-75 1975-80 1980-85 1985-90 1990-95 1995-20CC 1970-75 1975-80  19B0-85 1985-90  1990-95 1995-2000
RAIL AIR
Poverty ($ 0 - u4K) Poverty ($ 0 - 4K)
Safety/Secur o7 7 0 0 »0 0 Safety/Secur .0 «0 «0 0 -0 «0
Convenience 2 «2 o0 «0 «0 «0 Convenience .0 .0 0 «0 «0 .0
Comfort o5 o5 «0 .0 «0 -0 Comfort .0 .0 -0 «0 «0 o0
Subtotal 1.5 1.5 <0 o0 .0 -0 Subtotal «0 -0 .0 «0 0 .0
Time o o1 «0 «0 -0 «0 Time -0 «0 «0 -0 «0 «0
Cost 2.4 2.4 «0 »0 .0 0 Cost «0 «0 «0 «0 0 0
Subtotal 2,5 2.5 «0 «0 «0 <0 Subtotal «0 o0 «0 .0 0 .0
Total 4,0 4.0 0 .0 «0 «0 Total .0 «0 «0 «0 «0 +0
Lower ($ UK = 10K) Lower ($ 4K = 10K)
Safety/Secur 4.4 4,7 «0 «0 «0 «0 Safety/Secur 1.6 1.6 o4 o8 .8 .8
Convenlen-e 2.8 3.1 0 «0 <0 «0 Convenience o8 .8 2 o ol of
Comfort 3.1 .4 «0 o0 <0 «0 Comfort 1.0 1.0 »2 o5 o5 o5
Subtotal 10.3 11,1 «0 «0 o0 «0 Subtotal A4 3.4 .8 1.7 1.7 1.7
Time 2.0 2,2 o0 «0 «0 0 Time .9 i} 2 «5 o5 o5
Cost 9.1 9.9 «0 «0 «0 .0 Cost 2.6 2.6 o7 1,3 1,3 1.3
Subtotal 11.2 12,1 0 «0 <0 0 Subtotal 3.6 3,6 .9 1.8 1.8 1.8
Total 21.5 23.3 »0 .0 «0 +0 Total 7.0 7.0 1.7 3.5 3.5 3.5
Hiddle ($ 10K - 20K) Middle ($ 10K - 20K)
Safety/Secu: S.8 5.8 «0 «0 o0 -0 Safety/Secur 8.6 9.4 3.5 3.9 4,3 4.7
Convenience u,7 4,7 «0 «0 .0 o0 Convenlence 5.8 6.3 2.4 2.6 2,9 3.2
Comfort 6.2 6.2 0 0 o0 «0 Comfort 8.2 8.9 3.3 3.7 4.1 4.5
Subtotal 16,7 16.7 «0 0 «0 .0 Subtotal 22.5 24,6 9,2 10,2 11,3 12,3
Time 3.3 3.3 «0 «0 «0 o0 Time 6.2 6.7 2.5 2.8 3.1 3.4
Cost B.1 8.1 -0 «0 0 o0 Cost 9.6 10.5 3.9 4.0 4,8 5.2
Subtotal 11.4 11.4 .0 «0 «0 -0 Subtotal 15,8 17.2 6,5 7.2 7.9 8.6
Total 28.1 28.1 -0 0 .0 0 Total 38.3 41,8 15,7 17.4 19.2 20,9
Upper (>$20K) Upper (>$20K)
Safety/Secur 1.5 1.5 «0 «0 <0 0 Safety/Secur 3.9 3.9 2.3 2,7 3.1 3.1
Convenience 1.3 1.3 «0 «0 +0 0 Convenience 2.9 2.9 1.7 2.0 2.3 2.3
Comfort 1.8 1,6 «0 «0 «0 .0 Confort 3.7 3.7 2,2 2.6 3.0 3.0
Subtotal 4.3 4.3 .0 o0 «0 o0 Subtotal 10.5 10,5 6.3 T4 8.4 8.4
Time 1.0 1.0 «0 «0 «0 «0 Time 3.5 3.5 2.1 2.5 2.8 2.8
Cost 1.4 1.4 «0 «0 «0 «0 Cost 2.9 2.9 1.7 2.0 2,3 2.3
Subtotal 2.4 2.4 .0 o0 .0 «0 Subtotal 6.4 6.4 3.9 4.5 S.1 5.1
Total 6.7 6.7 «0 «0 .0 o0 Total 16.9 16,9 10.2 11.9 13.5 13,5

TOTAL 60,2 62,0 .0 «0 «0 .0 TOTAL 62,2 65,7 27.6 32,7 36.2 37.9
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Table 67--continued

LINE-HAUL WORTH (IN HBILLIONS OF WORTH POI.HTS) . LINC=-HAUL WORTH (IN MILLIONS OF WORTH PO!NTS)
REGIONAL ENVIRONHENT A, MIX 2 REGIONAL ENVIRONHENT A, MIX 2
-
1970-75  1975-80 1980-85 1985-90 19%0-95 1995-2000 1970-75  1975-80 1980-85 1985-90 1990-95 1995-2000
TACY STOL
Poverty ($ 0 - 4K) Poverty ($ 0 - 4K)
Safety/Secur -0 0 o o o7 o7 Safety/Secur «0 W0 »0 «0 «0 0
Convenience «0 «0 ol o1 .2 2 Convenience -0 «0 «0 «0 «0 «0
Comfort -0 «0 «3 «3 «6 «6 Confort o0 «0 «0 «0 -0 0
Subtotal 0 «0 .8 o8 1.6 1.6 Subtotal «0 «0 «0 «0 ol »1
Time 0 «0 «0 W0 «0 «0 Time «0 «0 -0 «0 -0 0
Cost «0 «0 1.0 1.0 1.8 1.9 Cost «0 «0 «0 o0 o1 o1
Subtotal +0 <0 1,0 1,0 2,0 2,0 Subtotal o0 W0 0 0 o1 o1
‘Total «0 «0 1,9 1.9 3.6 3.6 Total o0 o0 +0 o0 o2 2
Lovwer ($ UK - 10K) Lower ($ 4K - 10K)
Safety/Secur «0 o0 9.8 10.8 12.0 12,7 Safety/Secur «0 «0 «0 .2 -9 1.0
Convenience «0 «0 5.9 6.4 7.2 7.6 Convenience o0 «0 «0 o1 o5 o5
Comfort <0 «0 8.1 8.9 9.9 10.% Comfort 5 o0 «0 0 ol 6 B
Subtotal «0 »0 23.8 26.1 29.1 30.8 Subtotal 0 0 0 o5 2.0 2.2
Time «0 -0 6.1 647 7.5 7.9 Time «0 -0 «0 o1 oB «6
Cost «0 «0 16.4 17.9 20,0 22,2 Cost «0 0 0 ] 1.3 1.4
Subtotal «0 -0 22,5 24,7 27.5 29,2 Subtotal «0 .0 o0 o5 1.9 2,0
Total 0 «0 46,3 $0.7 56.6 60.0 Total .0 «0 «0 1,0 3.9 4,2
Hiddle ($ 20K ~ 20K) Hiddle ($ 10K - 20K)
Safety/Secur .0 0 31,0 3.6 37.8 40,9 Safety/Secur 0 0 0 o7 3.0 3.2
Convenience «0 o0 23.1 25.8 28.2 30.5 Convenience 0 «0 o0 o5 2.1 2,2
Comfort -0 o0 38.2 42,6 46,5 50,3 Confort «0 0 0 7 2,9 3.1
Subtotal 0 0 92,4 103.0 112.4 121,7 Subtotal 0 o0 0 1,9 8,1 8.5
Time «0 »0 23.3 26.0 28,3 30,7 Time «0 «0 «0 o5 2.2 2.3
Cost «0 0 34,4 38,4 41,9 45,3 Cost «0 0 0 7 2,9 3.0
Subtotal «0 «0 57.7 64,3 70.2 76.0 Subtotal «0 «0 »0 1.2 5.1 5.3
Total «0 0 150,2 167.3 182.7 197.7 Total «0 «0 0 3,2 13.1 13.8
Upper (>$20K) Upper (>$20K)
Safety/Sccur .0 0 7.9 8.4 9.5 10,2 Safety/Secur o0 0 »0 2 o7 8
Convenience 0 0 6,5 6.9 7.8 A Convenicnce «0 0 +0 o1 o6 o6
Coemfort o0 0 9.7 10,4 11.7 12.6 Comfort «0 «0 0 o2 o7 7
Subtotal .0 .0 24,0 25.8 28,9 1,2 Subtotal 0 .0 «0 S5 2.0 2.1
Time 0 «0 7.4 7.9 8.9 9.6 Tine «0 «0 +0 .2 o7 o7
Cost 0 .0 5.8 6.3 7.0 7.6 Cost 0 .0 «0 o1 o5 o5
Subtotal 0 .0 13.2 14,2 15,9 17,2 Subtotal o0 0 -0 3 1.1 1.2
Total +0 0 37.2 40.0 LUN:] LN Total 0 «0 -0 «8 3.1 3,3
“TOTAL 0 «0 235,5 259.9 287,7 303.6 TOTAL 0 -0 o0 5.0 20.3 21.5

GRAND TOTALS

1970-75  1975-80  1980-8§  1985-90 1990-95 1895-2000

Poverty 24,5 2646 30,7 30.7 36,6 36.6
Lower 191,0 207.0 233.8 258,8 283,7 301.7
Hindle 162,3 1.0 19,7 280,2 312.5 336.7
Upper 30.0 31.6 52.2 59.1 67.9 71.6

GRAND TOTAL  407,8 436,2 566.2 628,7 700,7 T46.6

- GG |
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Table 67--continued

LINE-HAUL WORTH (IN MILLIONS OF WORTIl POTHTS) LINC-HAUL WORTH (IN MILLIONS OF WORTH POINTS)
REGIONAL ENVIPONHENT A, MIX 3 REGIONAL ENVIRONMENT A, MIX 3
1970-75 1975-80 1980-85 1985-90 1.90-95 1895-2000 1970-75  1875-80 1980~-85 1985-90 1990-95 1995-20C7
AUTO ' s BUS e - ’ ;
Poverty ($ 0 - LK) Poverty ($ 0 - uk)
Safety/Secur 1.8 1,8 2.1 2.1 2.§ 2,5 Safety/Secur 1.7 2.0 2,0 2.4 2.7 2,7
Convenience o5 o5 6 .6 .8 .8 Convenience W7 .8 .8 1.0 1.1 1.1
Comfort 1.4 1.4 1.7 1.7 2,0 2,0 Comfort .8 1.0 1,0 1.1 1.3 1.3
Subtotal 3.7 3.7 4,5 4.5 5.2 5.2 Subtotal 3.2 3.8 3.8 H.h4 5.1 5.1
Time o2 2 .2 o2 ) .3 Time .2 «3 3 o3 «3 o3
Cost 6.6 646 7.9 7.9 9.2 9.2 Cost 6.6 8.0 8.0 9.3 10,6 10.6
Subtotal 6.8 6.8 B.1 8,1 9.5 9.5 Subtotal 6.9 8.2 8,2 9.6 11.0 11.0
Total 10,5 10.5 12.6 12.6 14,7 14.7 Total 10.0 12.0 12,0 1.0 16.0 16.0
Lower ($ uK - 10K) Lower (S 4K = 10K)
safety/Secur 26,1 28,2 20.0 21.4 23.2 25,0 Safety/Secur 6.0 6.7 Tl 7.7 8.4 9.1
Convenience 15.8 17.1 12.1 13,0 14,0 15,1 Convenience 4,9 S.5 6.0 6.3 6.9 Tokt
Comfort 20,7 22.4 15,8 17.0 18,4 19,8 Comfort 2.9 3.2 3.6 3.7 4o1 b4
Subtotal 6245 67.6 47,9 51.4 55,6 59.9 Subtotal 13.9 15.4 17.0 17,8 19,3 20,8
Tine 6.9 7.5 5.3 5,7 6.2 6.7 Time 1,9 2.1 2.3 2.4 2,6 2.8
Cost 62,0 67,1 47,5 50,9 55,2 59,4 Cost 15,4 17.1 18.8 19.6 21,4 23.1
Subtotal 68.9 The6 52,9 56,6 61.4 66,1 Subtotal 17.3 19.2 21.1 22.1 24,0 25.9
Total 131.4 42,2 100,8 108.0 117.0 126.0 Total 1.2 34,6 38,1 39.8 43.3 4647
Hiddle ($ 10K - 20K) Middle ($ 10K - 20K)
Safety/Secur 16,8 17.8 9.6 10.4 11.1 12.1 Safety/Secur 3.0 3.0 3.4 .7 4.0 Bt
Convenience 12.7 13.5 7.3 7.8 Bl 9.2 Convenience 3.1 3.1 3.4 3.8 4.1 Gt
Confort 19,9 21,2 11.4 12,3 13,1 18,4 Comfort 2.2 2.2 2.4 2.7 2.9 3.2
Subtotal 49,1 52,6 28,4 30,5 32.6 35,7 Subtotal 8,3 8.3 9.2 10.1 11.1 12,0
Tize 5.4 5,7 3,1 3,3 3.5 3.9 Time 1.1 1.1 1.3 1.4 1.5 1.6
Cost 26.6 28.3 15,3 16,4 17.5 19,2 Cost 5.1 5.1 S.7 6.3 6.8 Tl
Subtotal 32.0 34,0 18,4 19,7 21.1 23.1 Subtotal 6.3 6,3 7.0 7.7 8.4 9.0
Total B1l.4 86.6 u6,7 50,2 3.7 58,9 Total 1.6 14,6 16.2 17.8 19.4 21.0
Upper (>$20K) Upper (>$20K)
Safety/Sccur 1.4 1.8 .7 .7 1.1 1.1 Safety/Sccur .0 .0 .0 K .0 .0
Convenience 1,2 1.5 .6 .6 .9 .8 Convenience .0 o0 .0 0 0 «0
Comfort 1.7 2.1 .8 .B 1,3 1.3 Comfort 0 0 0 o0 0 0
Subtotal 4,3 S.4 2,2 2,2 3,2 3.2 Subtotal 0 «0 «0 «0 -0 .0
Time o6 - .3 o3 ol o Time o0 0 «0 «0 o0 «0
Cost 2.5 1.9 8 "] 1.1 1.1 Cost «0 «0 «0 »0 0 »0
Subtotal 2.1 2.6 1.0 1.0 1.6 1,6 Subtotal .0 .0 .0 .0 .0 .0
Total 6.4 8.0 3.2 3.2 4.8 4.8 Total o0 «0 0 «0 0 «0
TOTAL 229.7 247,3 163,4 17%,0 120,2 2004 TOTAL 5r.8 61,2 66.3 71.7 78,7 83.8
LINE-HAUL WORTH (TN MILLIONS OF WORTH POINTS) LINE-HAUL WOKTI! (IN MILLIONS OF WORTH POINTS)
REGIONAL EMVIRONMENT A, MIX 3 REGIONAL ENVIROMMENT A, MIX 3
1970-75 1975-80 1980-85 1985-90 1990-95 1995-200C 1970-75  1975-80 1980-85 1985-90 1990-95 1995-2000
RAIL AIR
Poverty ($ 0 - uKX) Poverty ($ 0 ~ 4K)
SaTcty/Secur 7 o7 o o4 o o7 Safety/Secur 0 «0 0 .0 «0 0
Convenidgce 2 2 o2 o1 ol o2 Convenience 0 0 0 «0 0 0
Comfort 5 o5 o3 o3 3 oS5 Comfort »0 0 o0 «0 0 0
Subtotal 1.5 1.5 o7 7 o7 1,5 Subtotal «0 «0 «0 »0 +0 «0
Time -1 o1 o1 o1 o1 .1 Tine «0 0 «0 «0 o0 o0
Cost 2.4 2.4 1.2 1,2 1,2 2.4 Cost «0 «0 «0 «0 <0 «0
Subtotal 2,5 2,5 1,3 1.3 1,3 2,5 Sudbtotal <0 «0 0 «0 0 0
Total 4,0 4.0 2,0 2.0 2.0 40 Total 0 «0 0 0 0 0
Lower ($ 4K - 10K) Lower ($ uX - 10K)
Safety/Secur Y.t .7 4,7 5.1 5.4 5.8 Safety/Secur 1.8 1.8 1.2 1.2 1.2 1.6
Convenience 2.8 3.1 3.1 3,3 3.5 3.8 Convenience ] o8 N3 o6 o6 o8
Comfort 3.1 3.4 3.4 3.6 3.9 4,1 Confort 1.0 1.0 o7 o7 . 1.0
Subtotal 10,3 11,1 1.1 12.0 1.9 13.7 Subtotal 3.4 3.4 2.5 2,5 2,5 3.4
Time 2,0 2.2 2.2 2.4 2.6 2.7 Time o9 o9 o7 o7 o7 .9
Cost 9,1 9.9 9.9 10.7 11.4 12.2 Cost 2,6 2,6 2.0 2,0 2,0 2.6
Subtotal 1.2 12,1 2.4 13,0 14,0 14,9 Subtotal 3.6 3.6 2.7 2,7 2,7 3.6
Total 21.5 23,3 23.3 25,0 26.8 28,6 Total 7.0 7.0 5.2 5.2 5.2 7.0
Middle ($ 10K ~ 20K) Hiddle {$ 10K - 20K) -
Safety/Secur 5.8 6.2 2.9 3.3 3.3 3.6 Salzty/Secur 8,6 9.4 5.5 5,9 6.2 7.0
Convenicnce b7 S.0 2.3 2,6 2.6 2.8 Convcaience 5.8 6.3 3.7 3.9 4,2 4.7
Comfort 6.2 6.6 3.1 35 3.5 3.9 Confort 8,2 8.9 5.2 5.6 5.9 6,7
Subtotal 16.7 17.7 Bali 9.4 9.4 10.4 Subtotal 22,5 24,6 14,3 15,4 16,4 18,4
Tine 3.3 3.5 1.6 1,8 1.8 2,0 Tire 6.2 6,7 3.9 4,2 L.5 5.1
Cost 8.1 8.6 LIS 4,6 4.6 5.1 Cost 9.6 10.5 6,1 6.5 7.0 7.8
Subtotal 11.4 12.1 5.7 6o 6.4 7.1 Subtotal 15,8 17.2 10.0 10.8 11,5 12,9
Total 28.1 29,9 14,0 15.9 15.8 17,6 Total 38,2 41,8 2,4 26,1 27.9 313
Upper (>$20K) Upper (>$20K)
Safety/Sccur 1.5 1.5 o7 o7 o7 1.1 Safety/Secur 3.9 3.9 3.1 3.5 3,9 6,3
Convenicnce 1.3 1,3 6 o5 +6 1,0 Convenience 2,9 2.9 2,3 2.6 2.9 3.2
Comfort 1.6 1,6 .8 8 .8 1,2 Confort 3.7 3.7 3,0 3.3 3.7 b,
Subtotal 4,3 4.3 2,1 2.1 2.1 3.2 Subtotal 10,5 10,5 844 9.5 10,5 11,6
Time 1.0 1,0 o5 o5 ] .8 Time 3.5 2.5 2.8 3.2 3.5 3.9
Cost 1.4 1.4 o7 7 o7 1.0 Cost 2,9 2.9 2.3 2.6 2.9 3.2
Subtotal 2.4 2.4 1.2 1.2 1.2 1.8 Subtotal 6.4 6.4 5.1 S.8 6.4 7.
Total 6.7 6.7 3.3 3.3 3.3 5.0 Total 16.9 16.9 13,5 15.2 16.9 18,6

TOTAL 60,2 63.8 k2.6 46,2 u8.0 55.2 TOTAL 62,2 65.7 43.1 46.6 50.0 56,9
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Table 67--continued

LINE-HAUL WORTH (IN MILLIONS OF WORTH POINTS)

1970-75
DUAL~MODE
Poverty ($ 0 - 4K)
Safety/Secur «0
Convenience «0
Comfort o0
Subtotal <0
Time o0
Cost o0
Subtotal o0
Total -0
Lower ($ 4K ~ 10K)
Safety/Sccur .0
Convenience o0
Comfort o0
Subtotal o0
Time «0
Cost «0
Subtotal «0
Total o0
Middle ($ 10K - 20K)
Safety/Secur »0
Convenlence «0
Comfort «0
Subtotal «0
Time «0
Cost -0
Subtotal o0
Total «0
Upper (>$20K)
Safety/Secur «0
Convenicnce -0
Confort «0
Subtotal «0
Time «0
Cost <0
Subtotal -0
Total «0
TOTAL «0

1975-80

1980-85

118,5

REGIONAL ENVIRONHENT A, MIX 3

1985-90

7.7
134,5

25.8
46,5
72,2
206,7

57.6

105,4

49,2
52.3
55,7
157.2

30,1
54,3
84,4
2u1,5

1990-95 1995-2000

§2,5
§5.8
59.5
167.8

32.1

257.9

Poverty
Lower
Middle
Upper

GRAND TOTAL

1870-75

24,5
191.0
162.3

30,0

407.8

1975-80

26,6
207,0
172.7

31.6

437.9

1980-85

30.8
246,89
283.5

60.1

621.3

GRAND TOTALS

1985-90

32.8
269.6
316,7

65.8

684,8

1990-95

38.9
297.7
358.3

77.1

770.1

41,0
321,7
386.7

84,5

833.8

1995-2000
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Table 67-—-continued

LINE-HAUL WORTH (IN MILLIONS OF WORTH POINTS)

REGIONAL ENVIPONHENT B, MIX 1

1975-80

1980~-85

1985-90
2.5 2.9
o8 o9
2.0 2,3
5.2 6,0
o3 «3
9.2 10.6
9.5 10.9
8.7 16.8
35.3 40.3
2154 22U
28,0 32,0
84,7 96.7
9.4 10,7
84,1 95.9
93.5 06,7
178.2 203,.4
22,7 25,9
17.1 19.6
26.9 30,7
66.7 76,2
7.2 8.3
35.9 41,0
43.2 49,3
109.9 125.5
2,1 2,5
1.8 2,1
2.5 3.0
6.5 7.5
.9 1.0
2.3 2.6
3.1 3.6
9.6 11.2
312.4 356.9

LINE-HAUL WORTH (IN MILLIONS OF WORTH POINTS)

197 .75
AUTO
Poverty ($ 0 ~ 4K)
Safety/Secur 1.8
Convenience 5
Confort 1.4
Subtotal 3.7
Time o2
Cost 6,6
Subtotal 6.8
‘Total 10,5
Lower ($ uK - 10K)
Safety/Secur 25,7
Convenience 15,6
Comfort 20.4
Subtotal 61,6
Time 6.8
Cost 61.1
Subtotal 68,0
Total 129.6
#iddle (S 10K - 20K)
Safety/Secur 16,4
Convenience 12,4
Comfort 19.5
Subtotal 48,3
Time 5.2
Cost 26.0
Subtotal 31,3
Total 79.6
Upper (>$20K)
Safety/Secur 1.4
Convenience 1,2
Comfort 1,7
Subtotal 4,3
Time o6
Cost 1.5
Subtotal 2,1
Total -]
TOTAL 226,1
1970-75
RAIL
Poverty ($ 0 = 4K)
Safety/Secur o7
Convenience 2
Confort 5
Subtotal 1.5
Time o1
Cost 2,4
Subtotal 2,5
Total 4,0
Lower ($ 4K - 10K)
Safety/Secur 4.4
Convenience 2.8
Comfort 3.1
Subtotal 10.3
Time 2,0
Cost 9.1
Subtotal 11,2
Total 21.5
Hiddle ($ 10K - 20K)
Safety/Secur S
Convenience 4.4
Comfort 5.8
Subtotal 15,7
Time 3,1
Cost 7.6
Subtotal 10,7
Total 26,3
Upper (>$20K)
Safety/Secur 1.8
Convenience 1.6
Comfort 1,8
Subtotal S.u
Time 1.3
Cost 1.7
Subtotal 3.0
Total 8.3
TOTAL 60,1

REGIONAL ENVIRONMENT B, MIX 1

1975-80

1980~85

1985-90 1990-95
o7 o7
.2 .2
o5 o5
1.5 1.5
o1 o1
2.4 2.4
2,5 2.5
4,0 4,0
Se1 5.1
3.3 3.3
3,6 346
12,0 12.0
2.4 2.4
10.7 10,7
13.0 13,0
25,0 25.0
6.5 6,5
5.3 5.3
7.0 7.0
18.8 18.8
.7 3.7
a1 9.1
12.8 12.8
31.6 31.6
1.8 1.8
1.6 1.6
1.9 1.9
St 5.4
1,3 1.3
1.7 1.7
3.0 3.0
8,3 8,3
69.0 69.0
1970-75
Poverty
Lower
Middle
Upper
GRAND TOTAL 402,5

1980-95 1995-2000

1995-2000

LINE-NHAUL WORTH (IN MILLICNS OF WORTH POINTS)

REGIONAL ENVIRONYERT B, HIX 1

1980-£%

1985-90

LINE-HAUL WORTH (IN MILLIOXS OF WORTH POINTS)

1970-75  1975-80
BUS
Poverty (S 0 «~ uK)
Safety/Secur 1.7 2.0
Convenience o7 .8
Comfort .8 1.0
Subtotal 3.2 3.8
Time 2 «3
Cost 6,6 8.0
Subtotal 6.9 8.2
Total 10,0 12,0
Lower ($ 4K - 10K)
Safety/Secur 6.0 6.7
Convenience 4,9 5.5
Comfort 2.9 3.2
Subtot-l 13.9 15.4
Time 1.9 2,1
Cost 15.4 17.1
Subtotal 17.3 19,2
Totul 1.2 34.6
Hiddle ($ 10K - 20K)
Safety/Secur 3.0 3.0
Convenience 3.1 3.1
Comfort 2.2 2,2
Subtotal 8.3 8.3
Time 1.1 1.1
Cost 5.1 5.1
Subtotal 6.3 6.3
Total 14,6 1.6
Upper {>$20K)
Safety/Secur 0 0
Convenience o0 «0
Comfort -0 «0
Subtotal «0 0
Time o0 0
Cost «0 «0
Subtotal «0 «0
Total »0 «0
TOTAL 55,8 61.2
1970-75 1975-80
AIR
Poverty ($ 0 - LK)
Safety/Secur o0 «0
Convenience «0 «0
Comfort «0 -0
Subtotal «0 «0
Time .0 «0
Cost «0 «0
Subtotal 0 «0
Total -0 o0
Lower ($ 4K - 10K)
Safet-/Sceur 1.6 1.6
Convenlence o8 «8
Comfort 1.0 1.0
Subtotal 3.4 34
Time .9 »9
Cost 2.6 2.6
Subtotal 3.6 3.6
Total 7.0 7.0
Middle ($ 10K - 20K)
Safety/Secur 8.2 9.0
Convenience 5.5 6.0
Comfort 7.8 8.5
Subtotal 21.5 23.6
Time 5.9 6,5
Cost 9.2 10,0
Subtotal 15,1 16,5
Total 36.6 40,0
Upper (»$20K)
Safety/Secur 3.9 3.8
Convenient e 2,9 2.9
Confort 3.7 3.7
Subtotal 10,5 10.5
Time 3.5 3.5
Cost 2,8 2.9
Subtotal 6.4 6.8
Total 16.9 16.9
TOTAL 60,4 63.9

REGIONAL CHVIROKMINT B, MIX 1

197580

28,7
207.0
169.3

33.3

438,2

GRAND TOTALS
1980-85
32,8
230.3
189.3
36.6

u88,9

1985-90
32.8 36,9
253.5 285,6
206,2 225.0
36.6 39.8
529.0 587.3

REGIONAL LNVIRONKENT B, HMIX 1

5.1
316.0
260.0

39.7

640.8

1880-35 1995-200C

1980-85

1985-90

1990-95 1995-2020

1990-95 1995-2000



LINE-HAUL WORTI (IN MILLIONG O WORTH POINTS)

1970-75

AUTO
Poverty ($ 0 - uK)
Safety/Secur 1.9

Conven{ence -6
Comfort 1.8

Subtotal 4.0
Time .2
Cost 7.1

Subtotal 7.3
Total 114

Lower ($ 4X - 10K)
Safety/Secur 25,7

Convenience 15.6
Comfort 20.4

Subtotal 61,6
Time 6.8
Cost 61.1

Subtotal 68.0
Total 128.6

Middle (S 10K - 20K)
Safety/Secur 16,5
Convenience 12,4
Comfort 19.5

Subtotal 48,5

Time

Cost 2
Subtotal 3

Total 7

Upper (>$20K)
Safety/Secur 1
Convenfence 1
Comfort 1

Subtotal u

Time N
Cost 1.

Subtotal 2.
Total 6.

TOTAL 227.6

1975-80

1980-85

REGIONAL LHVIROMMINT I, MIX 2

198590

16.2

1990-95

39,4
23.8
31.2
9¥,5

10.5
93,7
10u,2
198.7

LINE-VAUL WORTH (IN MILLIONS OF WORTI! POINTS)

1970-75

RAIL

Poverty (S 0 - uK)
Safety/Secur «6
Convenience .2
Comfort ob
Subtotal 1.2

Time

Cost 1
Subtotal 2

Total 2

Lower (5 4K - 10K)
Safety/Secur 4.4
Convenience 2.8
Cemfort 3.1
Subtotal 10,3

Time 2,
Cost N

Subtotal 11,
Total 21,

Middle ($ 10K - 20K}
Safety/Secur 5
Convenience 4
Comfort S
Subtotal 16

Time 3.
Cost 7.

Subtotal 0,
Total 6.

Upper (>$20K)
Safety/Secur 1.4
Convenience 1,2
Comfort 1.5

Subtotal L.l

Time 1.
Cost 1.

Subtota) 2,
Total 6.

TOTAL 57.9

1975-80

1980-85

REGIONAL LLVIRONKI'NT B, KIX 2

1985-90

-133-

Table 67--continued

1890-95 1995-2000

LINE-MIAUL VIORTH (1M MILLIONS OF WORTI POINTS)

199%-2L30 1970-75
BUS
Pcverty ($ 0 = 4K)
3.6 Safety/Secur 1.8
1.1 Convenience o7
2.8 Co=fort o9
7.5 Subtotal I
o4 Tire .2
13,2 Cost 7.2
13.6 Subtotal 7.4
21.3 Total 10.8
Lower ($ 4K = 10K)
44,8 Safety/Secur 6.1
27.1 Cenvenience 5.0
35,5 Comfort 2.9
107.3 Subtotal 14,1
i1.9 Time 1.9
106.5 Cost 15.5
118.4 Subtotal 17.5
225,7 Total 31.5
Hiddle ($ 10K - 20K)
Safety/Secur 2.9
Convenience 2.9
Comfort 2.1
Subtotal 7.9
6.9 Time 1.1
34,1 Cost 4.9
40.6 Subtotal 6.0
10%,2 Total 13.9
Upper (>$20K)
1.8 Safety/Secur «0
1.4 Convenience «0
2.1 Confort .0
5,1 Subtotal o0
W7 Time N
1.9 Cost .0
2.t . Sudtotal .0
B.C Total 0
REVR TCTAL 56,3

1975-80

1980-85

RIGTONAL LKRVIRONELNT B, MIX 2

1985~20

1990-95

LINE-HAUL WORTH (IN MILLIONS OF WORTH POINTS)

1970-75

AIR

Poverty ($ 0 - uK)
oL Safety/Secur «0
0 Conven{cnce «0
.0 Comfort «0
«0 Subtotal <0
0 Time «0
«0 Cost .0
0 Subtotal o0
«0 Total «0

Lawer ($ 4K - 10K)
o0 Safety/Secur 1.4
«0 Convenience .8
0 Comfort «9
0 Subtotal 3.1
o0 Time .8
«0 Cost 2.4
o0 Subtotal 3.2
o0 Total 6,3

Middle (S 10K - 20K)
o0 Safety/Secur 8.3
.0 Convenience 5.6
0 Comfort 7.9
-0 Subtotal 21,8
.0 Time 6.0
.0 Cost 9,3
«0 Subtotal 15,3
.0 Total 37.1

Upper (>$20K)
.0 Safc ty/Secur 3.7
.0 Convenience 2,7
N Comfort 3.5
.0 Subtotal 9.9
.0 Tige 3.3
o0 Cost 2,7
.0 Subtotal 6.0
N4 Total 15,9
0 TOTAL §9,3

1975-80

1980-85

REGIONAL ENVIRONMENT B, MIX 2

1985-90

1895-2000

1990-95 1995-2000

[
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Table \ 67--continued
—_—
LINE-HAUL WORTH (IN MILLIONS OF WORTH POINTS) LINE-HAUL WORTH (IN MILI.TONS OF WOFTH POINTS)
REGIONAL ENMVIROKMENT B, MIX 2 REGIONAL LNVIRONMLINT B, MIX 2
1970-75  1975-80 1980-85 1985-90 1990-95 1995-2000 1970-75 1975-80 1980-8B5 1985-90 1990-95 1995-2000
TACY STOL
Poverty ($ 0 = 4K) Poverty ($ 0 - uK)
Safety/Secur «0 «0 K .5 5 o6 Safety/Secur 0 0 .0 0 .2 .3
Convenience 0 o0 4 o1 2 .2 Convenience 0 0 .0 #0 a1 o1
Comfort o0 «0 ol o4 o 5 Confort 0 «0 .0 .0 o1 2
Suttotal «0 .0 o9 1.0 1.1 1,2 Subtotal 0 «0 .0 ol o o5
Time «0 o0 o0 .0 «0 .0 Time .0 «0 o0 W0° «0 ol
Cost «0 «0 1.1 1.2 1.2 1.4 Cost .0 .0 «0 o1 o <6
Subtotal .0 0 1.1 1.3 1.4 1.5 Subtotal «0 .0 .0 o1 o5 o7
Total 0 -0 2,1 2,3 2,4 2,6 Total .0 «0 «0 2 o0 1.2
Lower ($ 4K = 10K) Lower ($ 4K - 10K)
Safety/Secur «0 «0 9.0 9.8 10.7 10,7 Safety/Secur <0 -0 «0 +6 3.7 5.6
Corvenfence 0 .0 5.4 5.9 6.4 6.4 Convenience 0 0 .0 .3 2,0 3.1
Comiort <0 .0 7.4 8.1 8.8 8.8 Comfort «0 .0 «0 oH 2,4 3.6
Subtotal o0 «0 21,7 23.8 25,8 25.9 Subtotal o0 «0 «0 1.3 8.2 12.3
Time »0 o0 5.6 6,1 6.6 6.7 Time 0 «0 «0 o 2,2 .4
Cost «0 0 14,9 16.4 17,8 17.8 Cost «0 .0 «0 .9 5.3 8.0
Subtotal o0 0 20,5 22.5 2u.4 24,5 Subtotal 0 -0 0 1.2 7.6 11.4
Total .0 .0 42,2 46,3 50,2 50,3 Total «0 «0 o0 2.6 15,8 23.7
Middle ($ 10K - 20X) ’ Hiddle (S 10K - 20K)
Safety/Secur .0 -0 28.7 31,4 3u4.5 k.2 Safety/Secur »0 0 o0 2.0 11,6 18.0
Convenience «0 «0 21.4 23,4 25,7 25.5 Convenience «0 o0 -0 1.3 7.9 12,3
Confort . .0 -0 35,3 38,7 n2,y 42,2 Comfort o0 0 o0 1,9 11.2 17.3
Subtotal .0 .0 85,4 93,6 102.6 101.9 Subtotal 0 -0 «0 5.2 30.7 47,6
Tine .0 «0 21.5 23.6 25,9 25.7 Time .0 .0 o0 1.4 8.3 12,9
Cost -0 0 31.8 34,9 38,2 38.0 Cost #0 .0 -0 1.9 11,0 17.1
Subtotal »0 o0 S3.4 58,5 64,1 63.7 Subtotal 0 0 «0 3.3 19.4 30,1
Total 0 0 138.8 152,1 166.7 165,6 Total o0 .0 0 8,5 50,1 77.7
Upper (>$20K) Upper (>$20K)
Safety/Secur o0 o0 7.2 10,8 8.6 8.5 Safety/Secur 0 0 0 o7 2.9 4.5
Convenience «0 .0 5.9 8,8 7.1 7.0 Convenicnce «0 «0 <0 «5 2.2 3
Comfort «0 0 8.8 13,3 10.6 10,5 Comfort «0 «0 «0 7 2.8 4.3
Subtotal 0 .0 21.8 33.0 26,3 26.0 Subtotal .0 .0 .0 1,9 7.8 12,2
Tine .0 .0 6.7 10,1 8.1 8.0 Time «0 0 «0 +6 2.6 4,0
Cost «0 o0 5.3 8.0 6.4 6,3 Cost -0 «0 «0 o 1.8 2.9
Subtotal «0 .0 12,0 18.2 u,s 14,3 Subtotal 0 0 <0 1.1 U 6,9
Total .0 .0 33,9 51,2 40,7 40 Tota) 0 .0 0 2.9 12.3 19,2
TCTAL .0 .0 216,9 251.8 260.1 258,9 TOTAL .0 «0 «0 .2 78,9 121,7
GRAND TOTALS
REGIONAL LNVIRONMENT B, MIX 2
1970-75 1975-80 1980-85 1985-90  1990-95 1935-2000
Poverty 25,4 27.6 30,4 3,1 39,5 44,9
Lower 168,8 205.8 237.5 267.1 315.0 356.6
Hiddle 157.7 171.6 240,.8 273.7 u5,0 IBL LY
Upper 29,1 31.6 49,9 71.3 1.2 78,0

GRAND TOTAL  401.0 436,7 558.7 6u6,2 770.7 863.9
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Table 67--continued

LINE-NAUL ®ORTH (IN MILLIOKS OF WORTH POINTS)

1870-75

AUTO
Poverty ($ 0 = uK)
Safety/Secur 1.9

Convenience o6
Comfort 1.5

Subtotal 4.0
Time .2
Cost 7.1

Subtotal 7.3
Total 11.4

Lower ($ BK = 10V)

1975-80

2u8.8

1980-~85

167.3

REGIONAL ERVIRONMENT B, MIX 3

1985-90

1990-95 1995-2000

2.6 3.0
.8 .9
2.1 2.4
5.5 6.3
.3 K]
9.8 11.1
10.0 11,4
15.6 17,7
26,3 29.8
15.9 18.1
20,8 23,7
63.0 71.6
7.0 7.9
62,5 7150
69.5 76,9
132,5 150.7
12,6 14,3
9.5 10,8
15,0 17.0
37.1 u2,1
4.0 "6
20,0 22,7
24,0 27.3
61.1 69.4
1.0 1.2
.9 1.0
1.2 1.4
3.1 3.6
ol o5
1.1 1.7
1.5 1.7
4,6 5.3
2130 242,99

LIKE-HAUL WORTH (IN MILLIONS OF WORTI POINTS)

Safety/Secur 25,7
Convenience 15.6
Comfort 20,4
Subtotal 61,6
Time 6.8
Cost 61.1
Subtotal 68,0
Total 129,6
Hiddle ($ 10K = 20K)
Safety/Secur 16,5
Convenience 12,4
Confort 19,5
Subtotal ug.s
Tire Se3
Cost 26.1
Subtotal 31,3
Total 79.8
Upper (>$20K)
Safety/Secur 1,5
Convenience 1.3
Coxfort 1.8
Subtotal 4.6
Time .6
Cost . 1.6
Subtotal 2,2
Total 6.9
TOTAL 227.6
1970-75
RAIL
Poverty ($ 0 - 4K)
Safety/Secur 6
Conve nience .2
Comfort o
Subtotal 1.2
Time o1
Cost 1.9
Subtotal 2,0
Total 3.2
Lower ($ uK - 10K)
Safety/Secur LR
Convenience 2.8
Comfort 3.1
Subtotal 10,3
Time 2.0
Cost 9.1
Subtotal 11.2
Total 21,5

Middle ($ 10K = 20K)
Safety/Secur 5.6
Convenience u
Comfort 5

Subtotal 16
Time 3
Cost 7
Subtotal 10

Total 26,9

Upper (>$20K)
Safety/Secur 1.
Convenicnce 1.2
Comfort 1.5

Subtotal 4.1
Time 1.0
Cost 1.3

Subtotal 2.3

Total 6.3

TOTAL

RECIONAL LKVIRONMENT B, MIX 3

1975-80

1980-85

1985-90

1990-95 1935-2000

.5 K
.2 .1
.3 2
1.0 .9
. Kt
1. 1.
1,6 1,5
2.6 2.4
4.6 u.3
3.0 2.8
3.3 3.1
10.8 10,2
2. 2.0
9.6 9.1
11.7 11.1
22.5 21.3
2,9 2.8
2.4 2.2
3.1 2.9
8,5 7.9
1,7 1.6
4.1 3.9
5.8 5.8
14,2 13.3
o5 5
.5 .5
.6 5
1,6 1.5
4 o
.5 .5
.9 .8
2.5 2.3
41,9 39,4

LINE-TIAUL WORTH (IN MILLIONS OT WORTH POINTS)

1970-75

BUS
Poverty ($ 0 = uK)
Safety/Secur 1.8

Convenience o7
Comfort o9
Subtotal 3.4
Time .2
Cost 7.2
Subtotal T4
Total 10,8
Lower (5 4K - 10K)
Safety/Secur 6.1
Convenience 5.0
Comfort 2.9
Subtotal 14,1
Tine 1.9
Cost 15.5
Subtotal 17.5
Total 31.5

Middle ($ 10K ~ 20K)
Safety/Secur 2.9

REGIONAL ENVIROKHLNT B, MIX 3

1975-80

1980-85

1985-90

1990-25 1995-2000

2.9 3,2
1.2 1,3
1.4 1,6
5.4 6.1

et .
11.3 12.8
11,7 13,2
17.1 19,3
9.6 10,9
7.8 8,9
4,6 5.2
22,0 25,0
3.0 3.
24,3 27,7
27.3 311
48,3 56,1
u.s 5.2
4.6 $.3
3.3 3.8
12.4 14,2
1.7 1.9
746 8.8
9.3 10.7
21,7 2:,9

.0 .0

0 0

0 0

.0 0

0 «0

0 o0

0 IS

0 «0
88.1 100.3

LINE-HAUL WORTH (IN MILLIONS OF WORTH POINTS)

Convenience 2.9
Comfort 2.1
Subtotal 7.9
Time 1.1
Cost 4.9
Subtotal 6.0
Total 13.9
Upper (>$20X)
Safety/Secur o0
Cenvenicnce .0
Comfort .0
Subtotal -0
Time 0
Cost -0
Subtlotal «0
Total 0
TOTAL 56,3
1970--75
AIR
Poverty ($ 0 - 4K)
Safety/Secur «0
Convenience «0
Confort «0
Subtotal .0
Tine «0
Cost «0
Subtotal o0
Total «0

Lower ($ 4K - 10K)
Safety/Secur 1.4

Convenfence o8
Comfort .9

Subtotal 3.1
Time )
Cost 2.4

Subtotal 3.2
Total 6.3

Middle ($ 10K - 20K)
Safety/Secur B43
Convenience 5.6
Comfort 7.9

Subtotal 21.8
Time 6.0
Cost 9.3

Subtotal 15,3

Total

Upper (>$20K)
Safety/Secur 3.7
Convenience 2.7
Comfort 3.5

Subtotal 9.9
Time 3,3
Cost 2.7

Subtotal 6.0

Total

TOTAL

REGIONAL ENVIRONMENT B, MIX 3

1975-80

w e

»
coCwWmn®

1990-85

1985-90

1990-95 1995-2000

«0 «0
«0 «0
«0 o0
«0 «0
«0 .0
«0 .0
«0 .0
«0 0
1,2 1,1
o6 6
o7 7
2,5 2.4
o7 o7
2.0 1.8
2.7 2.5
5.2 4.9
5.5 5.1
3.7 3.5
5.3 4.9
14,5 13.5
4,0 3.7
6.2 5.8
10,2 9.5
24,7 23.0
3.3 3.1
2,5 2,3
3.2 2.9
8,9 B.3
3.0 2.8
2.5 2,3
5.5 5.1
4.4 13,4
uy,3 41,2




Table 67-—continued

LINE-HAUL VORTH {IN MILLIONS OF WORTH POINTS) GRAND TOTALS
RCGIONAL LHVIRCHMENT B, MIX 3 REGIONAL ENVIROMITNT B, MIX ..
1970-75 1975-80 1980-85 1985-90  1990-95 1995-200C 1970-75 1975-80 4980-85 1985-80 1990-95 1895-2000
DUAL-MODE . Poverty 25,4 27,6 314 35,0 41,0 45,7
Poverty ($ 0 = uK) Lower 188.8 205.8 2u2,2 27247 32845 368.0
Safety/Secur <0 0 o7 .8 1.2 1.3 Middle 157,7 172.5 269.1 306.9 393,0 438,7
Convenience 0 0 o3 o S o5 Upper 29.1 31.6 55,8 63,5 BO & 87,9
Comfort «0 «0 o5 «6 9 1,0
Subtotal »0 «0 1.5 1.8 2,5 2.8 GRAWD TOTAL  401.0 u437,5 598,5 678.2 842,9 940,3
Time «0 «0 3 o2 2 o3
Cost «0 -0 1.8 2,1 3.0 3.3
Subtotal «0 <0 2.0 2,3 3.2 3.6
Total «0 »0 3.5 b.1 5.8 Btk
Lower ($ 4K - 10K)
Safety/Secur »0 0 15,5 18,1 24,9 28,4
Convenience 0 «0 13.2 15.4 21.2 24,1
Comfort «0 0 11,7 13.6 18.8 21.4
Subtotal 0 «0 40,3 47,1 65,0 73.9
Time «0 .0 7.9 9,2 12,7 14,5
Cost «0 <0 25,6 29.8 41,2 46.9
Subtotal «0 0 33,5 39,1 53,9 61,3
Total 0 «0 73,8 B6.1 118.8 135.3
Middle ($ 10K = 20K)
Safety/Secur o0 0 2 39,9 55,3 62.8
Convenience «0 «0 36.3 L2.4 88.7 66,7
Comfort -0 «0 38.7 45,2 62.5 T1.0
Subtotal «0 0 109,2 127.6 176.5 200.5
Time .0 «0 20,9 2.4 33.8 8.4
Cost .0 o0 37,7 4u,1 61,0 69,2
Subtotal o0 «0 58,6 68,5 a7 107,60
Total «0 0 167.9 196.1 271.2 308,.1
Upper (>$20K)
Safety/Secur -0 o0 7.6 8.9 12,3 13.9
Convenience «0 .0 8.9 10,4 14,3 16.3
Cenfort .0 «0 8.6 10.1 13.9 15.8
Subtotal «0 o0 25.1 29.3 40.5 u6.0
Time «0 0 5.8 6.8 9.4 10,7
Cost 0 o0 5.6 6.5 9.0 10,2
Subtotal »0 -0 11.4 13.3 18,4 20,¢
Total .0 «0 36,4 42,6 58,9 66,2

TOTAL .0 «0 281.6 329.¢ 54, € 516.6
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ANALYSIS OF SOCIETAL BENEFITS

SAMPLE OUTPUT

(Five-year Indices)

Regional Environment A, Mix 2 Regional Environment A, Mix 3

Regional Environment A, Mix 1
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GRAND TOTAL:



1995-00
18,
14,
22.
55,

1990-95
16.6
12.0
19.0
47,6

1985-90
15.0
10.5
17.1
42,7

Regional Environment B, Mix 3
1980-85

1975-80

1970-75

1995-00

1990-95

1985-90

1980-85

Regional Environment B, Mix 2

1975-80

Table 68--continued

1870-75
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GRAND TOTAL:
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