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The Future of Public Transportation
A Preliminary Evaluation of

Some Alternatives
by

Albert J. Sobey

ITT IS NECESSARY for many planning trends rather than quantative projec
purposes to have an effective means tions . Institutional factors will probably
of projecting the use of public transit have a greater influence on the actual
on a local or national level, and for es developments than the technical and
timating how it might change with al economic factors which are more easily
ternative technical or institutional ap evaluated by analytical models .
proaches . This paper discusses the re This paper describes the salient con
sults of a study of the nationwide use clusions of these studies . Additional in
of public transit given certain assump formation on the methodology and stud
tions as to the service objectives , finan ies of specific applications which were
cial support and available equipment . used in the case study are available
The methodology used permits the in from the author .
vestigator to consider the effect of a
range of alternative assumptions as to CASE STUDIES OF NATIONAL
national growth patterns and personal TRANSIT USE
income on travel demand . It permits Three projections of possible future
consideration of conventional or innova use of urban transportation were pre
tive systems with different performance pared to illustrate the use of methodol
capabilities and capital and operating ogy described in subsequent sections ,
costs . and to provide a baseline for further
This paper describes some of the nec studies .
essary input data and assumptions in Case I The present trends for bus
cluding the stratification of urban areas and rail systems , assuming no new ac
by city size , population density , and tions are taken to improve the use of
other significant parameters . The trav the present systems .
eling public is characterized in terms of Case II The increased use of conven
the trip objective , per capita income , tional modes , improved service , new rail
auto availability and trip time and cost lines, etc. , to maintain the same per
objectives . centage of urban trips by transit as ex
Some examples of transportation sys isted in 1970.
tem costs are included to illustrate the Case III Effective use of selective
relative system costs and the key fac advanced transit systems .
tors influencing the costs of new trans These projections provide a rational
portation systems . Summaries of sev basis for the comparison of alternate
eral studies of the comparative service trends in the future transportation of
levels and costs of conventional inno the nation ; however , they should be
vative transit systems are included . considered as examples rather than pre
Three national transportation dictions of future use . The projections
projections were prepared to illustrate do not consider such important factors
the use of the methodology and pro as the possible availability of govern
vide base lines for further evaluation of ment support for operating subsidy or
alternative transportation development for the development of new technology .
strategies . The three cases are : The economic assumptions fo

r

advanced

• Case I Continuation o
f

present systems are based o
n

reasonable pro
trends . jections o

f present information , but will
Case II Increased use o

f present not be achieved without extensive devel
modes . opment .

Case III Effective use of selected If no actions are taken to improve
new modes . the capabilities o

f

the present systems ,

The projections o
f

transit use in these a continued decrease is almost inevit
cases are based o

n

a rational extension able . If the present modes are improved ,

o
f

the available information but should and more extensively supported ( b
y

b
e

considered to b
e examples o
f possible capital and operating subsidies for e
x

ample ) , then there may b
e
a significant

* Booz , Allen Applied Research (US ) . increase in the use of public transporta

use
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tion . Conceivably , this could reduce the
need for new and innovative systems .
However , if the capabilities of improved
versions of the present systems are not
adequate to significantly increase the
use of public transit , then new and in
novative systems may become neces
sary , not as competitive systems to dis
place the existing modes but to fi

ll

needs
which they alone can satisfy .

Each of these three alternatives was
evaluated in terms o

f the total person
trips , nationwide , which would be a

t

tracted as a function of time . The evalu
ations were made in terms o

f person
trips a

s this is the form in which sta
tistical data is most readily available
and represents the gross social need for
travel . Estimates o

f

actual passenger
miles , which are more important from
the standpoint o

f system design , and
from the standpoint o

f

pollution and
congestion , can b

e prepared from avail
able data o

n average trip lengths .

In preparing the projections o
f

future
transportation use , several primary
modes and their adaptations were con
sidered :

Transit buses , urban and dedicated
rights - o

f
-way

• Rail rapid transit

• Dial - a -bus

• Personal rapid transit .

These modes were selected because
they included all o

f

the major modes in

use a
t present plus their logical devel

opments , and representative versions o
f

innovative new modes which may b
e

d
e

veloped in the future . Other modes
could have been considered and should
be in equivalent future studies .

While the use o
f

new technologies
may provide economic advantages , the
changes may not b

e apparent to the pas
sengers , and thus the use o

f

new tech
nology should b

e considered a
s

a
n evol

ution in the present modes ; for example ,

a
n

urban tracked air cushion vehicle is ,

in effect , an upgraded , mode modern ,

higher speed subway car .

For this reason , the two new systems
considered in the case studies are those
which provide significantly new forms

o
f

service : the personal rapid transit
systems , and the demand responsive bus
systems also known a

s dial - a -bus and
demand jitney .

The personal rapid transit system
considered in the case studies assumes
that a single vehicle is dedicated to each
trip for a passenger o

r

his traveling
party . It travels b

y

automatic control ,

o
n

a minimum time path , between the
station o

f origin and the selected desti
nation . The projections o

f

future use o
f

personal rapid transit require that cer
tain technical and economic assump
tions be made . For the discussions

which follow , the following criteria were
assumed :

Acceptable performance , safety and
reliability .

• Dispatching control systems near
optimum .

Intervehicle spacing for 2,000 vehi
cles per hour per lane .

Construction costs one -half to two
thirds of rail .

Operating costs per seat mile equal

to conventional bus .

• Acceptance b
y

the public o
f driver

less vehicle .

These objectives are more conserva
tive than some estimates , which have
indicated capital costs a

s

low as one
fifth o

f

the equivalent rail systems and
vehicle flows as high a

s 20,000 vehicles
per hour . The extent o

f the probable
use o

f PRT systems was estimated from
the stratification o

f

the cities based o
n

relative costs per passenger and prob
able modals assignments for specific
areas o

f application . It should be e
m

phasized that the cost per seat mile is

not the determining parameter , rather
cost per passenger moved . The system
with the lowest cost per seat mile may
not attract as many passengers as a

system with higher costs , and thus may
not b

e a
s economically feasible .

The demand bus systems were con
sidered in this evaluation because they
provide a service compatible with the
PRT systems (Reference 1

4
) ( i.e. , origin

to destination o
n demand ) and can be

used in areas where the fixed facilities

o
f

PRT systems cannot be justified . The
development o

f

demand bus systems
may supplement either PRT or conven
tional mass transit systems .

The economic assumption used in this
evaluation to establish the areas o

f ef
fective use for the demand bus assumes
that the fare charged ranged from 5
0
¢

to $ 1.00 per ride and that the average
trip length was less than two miles .

The remainder o
f
a single person trip
would be o

n

a conventional bus , rail
system , or b

y PRT .

A. Case 1 - Continuation o
f Present

Trends

These evaluations indicate that , if no
major changes are made in the opera
tion and use o

f

public transportation , a

continuing decrease in ridership may be
expected over the next 2

0 years . Rail
years . Rail use will decrease somewhat
less proportionately than bus , but both
will decrease in relative and absolute
terms . The results are shown in Figure

1 and Figure 2 .

B
.

Case II — Increased Use o
f Present

Modes

In order to estimate the possible in

crease in the ridership o
n public transit ,
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1970 1990 70.90
CaseI

BP /Y(1) BP Y

8.0 2.5Bus
Rail
Auto

4.36
1.57
71.0

2.4
1.3
158.0

-45
-17
12392.0 97.5

Total 76.93 100.0 161.7 100.0 110

(1) BillionPassengerTripsPerYear

Figure 1

which would result from more effective
use of present modes , a second evalua
tion was made . The objective was to re
tain , through 1990 , the present share of
the urban trips by public transit by the
addition of rail lines , new bus opera
tions and other improvements in order
to achieve this goal. This is a reason
able approximation of the maximum ri

d

ership which can b
e

attracted to con
ventional transit . The assumptions made
included :

An increase in the use o
f

bus sys
tems b

y

doubling the per capita mileage

o
f

buses and cutting the fare in half .

An improvement in the use o
f

bus

systems by the construction o
f
a net

work o
f busways .

• The construction o
f essentially a
ll

the major proposed rail transit systems .

The increase in bus use was based o
n

two assumptions . First , the bus mileage
per capita was doubled in all urban
areas . This could increase the frequency

o
f

service o
r

could provide new services .

In order to estimate the effect o
f

such

increases in service , a simplified modal
split model shown in Figure 1

8 was
used . This indicated that the added fre
quency o

f

service would probably have
little effect o

n the ridership . (i.e. , less
than 5 percent ) on given lines . How
ever , new routes could attract perhaps

1
0 percent o
f

the total trips previously
using automobiles . The second assump
tion included a reduction in fare which
would probably have beneficial effect on

ridership , and in some cases , the rider
ship could b

e

doubled b
y

reducing the
fare 5

0 percent . The study did not eval
uate the specific means of obtaining
these increments o

r the actual subsidy
requirements for the increased service .

Another assumption used in project
ing the possible increase in the use o

f

buses was the use o
f

dedicated rights

o
f
-way to provide a class o
f

service not
now available in most cities . The length
and ridership o

f

the busways was esti
mated from the stratification ( Figure

1
2 ) o
f

cities by population class and den
sity . Busways were assumed to be built
from the center o

f

the cities to the sub
urbs . The length varied from 2

5 miles
for cities of 200,000 to 300,000 to near

ly 57 miles each for cities o
f

600,000 to

700,000 . These were not all new con
struction but represented the dedicated
use o

f

lanes o
n existing expressways

and public streets a
s well . Busways

were not assumed where rail exists o
r

where rail had been seriously proposed .

The improvement in rail service was
estimated from the data o
n systems pro
posed b
y

local transit authorities . It

was assumed that approximately 408
miles o

f system (1,020 miles o
f single

track ) were built . This represents a 105
percent increase in total service miles .

The possible cities for such systems in

cluded :

200

Case I

100
AC

TOTAL
URGAN
TRIPS

4
0

AUTO

B
IL
LI
O
N
S
O
FT
R
IP
SP
E
RY
E
A
R

OUS

RAILRAPID
TRANSIT

1940 1950 1960 1970 1980 1990

Use o
f Public Transit1930-1990 - PresentTrends

Figure 2

Miles o
f

System
50
65

47

(Reference 2
2
)

System

Atlanta
Baltimore
Seattle
Miami
Detroit
Los Angeles
Buffalo
St. Louis

Cost
1.32 Billion
1.70 Billion
1.30 Billion
1.50 Billion
1.10 Billion

No. of Cars

N / A

400
300
380

400

4
5

81
64 Estimate

1
4 Estimate

4
2 Estimate

408 Miles
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Case II
100

AUTO
TOTAL
URBAN
TRIPS

B
IL
LI
O
N
S
O
FT
R
INP
E
RY
E
A
R

RAILMARD
TRANSIT

100 1000

Figure 4

Use o
f

PublicTransit1930-1990- ExpandedRailandBusSystems

In addition , it was assumed that the
routes in San Francisco and Washing
ton were successfully completed and in

effective operation and that minor ex
tensions were made to some o

f

the ex
isting rail transit systems , in particu
lar , in Philadelphia , New York and Chi
cago . These added 175 miles o

f

route .

For both the rail and bus systems , it

was assumed that new equipment with
improved performance and passenger
accommodations was used . This equip
ment was assumed to b

e equal to , o
r

better than , the best in use , or pro
jected for use , in the near future o

n

American transit systems .

The ridership o
f

these rail systems
was based on the data on the actual , or

projected ridership , in urban areas o
f

similar density and geographic charac
teristics . The net result would b

e a sig
nificant increase in the total use o

f pub

lic transit systems a
s

shown in Figure

3 and Figure 4 .

The problems which appear to limit
the future growth o

f ridership o
n

con
ventional transit have been summarized
previously . They include :

Speed - usually half o
r

less than
the automobile .

• Accommodations mass , crowded ,

uncomfortable , etc.
Access — passengers must wait in

unprotected o
r unsightly points .

Service - covers a limited portion

o
f

the metropolitan areas .

The automobile also provides a con
venient vehicle for transporting goods
and provides effective service in low
density and suburban areas where pub

lic transport is not effective .

Given these limitations it is not sur
prising that the increasingly affluent
American prefers to use his automobile
for transportation even when it may b

e

more expensive and in some cases slow

e
r

than public transit .

C
.

Case III — Effective Use o
f Repre

sentative New Modes

This case study was developed to il

lustrate the possible impact o
f

new
transportation concepts on the use o

f

public transporation . It assumed that
the future o

f public transit of all class

e
s would be based on service and cost

and not specific legislation for transit ,

o
r against the automobile . It assumed

that the design and construction process

for the new modes , and extensions o
f

present rail systems b
e limited primar

ily by the time required to design , de

velop and build the equipment . Realis
tically political and other institutional
factors will b

e expected to cause addi
tional delays .

In order to make effective transporta
tion more attractive , improved forms o

f

service will b
e required . The systems

must provide faster service ( trip times
competitive with the automobile ) and
provide a quality o

f

service acceptable

to a large section o
f

the population , in

cluding those who now prefer their pri
vate automobiles . A large number o

f

new systems have been proposed for this
purpose . However , in evaluating these
systems , care must b

e taken to identify
the systems which provide service im
provements , and separate them from the
concepts which merely represent the a
p

plication o
f

new technology to existing
types o
f transportation service .

For this case study the personal rapid
transit systems and dial - a -bus systems
were assumed to be widely applied and
further expansion in express o

r dedicat
ed lane bus service was assumed .

The usefulness o
f

each category o
f

system was estimated from a series o
f

studies o
f representative transportation

system applications , based o
n the strati

fication o
f

cities b
y

size and population
density , and the relative service and
economic characteristics o

f

the modes .

These studies , which are described in

Reference ( 2
3
) o
f

this report , include :

A parametric study o
f

service cor
ridors which represent range of
lengths and population distribution typi
cal of most U.S. cities .

• Conceptual designs o
f systems for

specific applications to establish rela

1970 1990 70-90
CaseII

BP Y % BP / Y %

4.36 5.7 7.22 +100TransitBus
ExpressBus
Rail
Auto

1 }

8.72
3.13
2.88
147.29

a

1.57
71.00

2.3
92.0

1.78
91.00

+85
+108

Total 76.93 100.0 162.02 100.00
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American cities . The results o
f

Case III
for the individual city categories , when
summarized in a plot against the aver
age population density , are interesting .

Figure 6 shows the projected ridershipby mode in terms of the percentage o
f

the total urban trips for areas of com
parable population density . The results
show that the Rail Rapid Transit Sys
tems meet the test o

f

conventional wis
dom . That is , their primary application

is for areas with population densities
over 10,000 per square mile . Personal
Rapid Transit Systems find their pri
mary application in areas o

f

somewhat
lower density ( from 5,000 to 10,000 peo
ple per square mile ) . They have some
uses in higher density areas a

s a feed

e
r

to the linehaul system . The relative
area of superiority for PRT systems
might be greater except for the assump
tion that the rail systems would b

e built
before the PRT systems became fully
acceptable . As a result , rail has been
assumed for a number o

f applications
for which PRT might b

e more suitable .

The transit bus , as might be expected ,

shows a broad and almost constant area

o
f

usefulness across the density lines .

Only in the very low density areas is

the transit bus ineffective . In those
areas the demand bus is the only prac
tical o

f public transportation

(other than the taxi ) .
When the data o

f Figure 6 is replot
ted to indicate the actual number of
trips probable within each population
density category , the relative useful
ness o

f

the transit bus and PRT for a

major portion o
f

our urban transporta
tionneeds becomes apparent a

s

shown

in Figure 7
. The results are summar

ized on Figure 8 .

The results of this study were then
presented against time with allowance
for the development , acceptance , and
construction o
f PRT systems . Figure 9

Figure 5 Reference 3

Use o
f

PublicTransit v
s. PopulationDensity

means

tive sizes , costs , riderships , etc. , o
f

com
parative systems for the same applica
tions .

The estimate o
f

the possible use o
f

a mode was then based on the number

o
f

urban areas in which the mode would
provide superior service (based primar
ily o

n population density , with consid
eration for the size required for an eco
nomic system ) . A large number ofpos
sible modes were considered in related
system studies .

Based o
n

these assumptions , it was
shown that each of the public transit
modes under consideration has a range

o
f

effective applications . The areas var
ied somewhat with the specific city pop
ulation , density , etc. , and some major
overlaps d

o exist . Characteristically ,

fixed systems are most useful for high
density areas and the total use of pub

lic transit decreases rapidly in_areas
with lower population densities . This is

illustrated in Figure 5 for several

DEMANE
RSONALBARETRANSIT

1
3

POPAAFONDIT THOUSANDOPERSOLAREMELE

Figure 6

Use o
f

PublicTransitv
s. PopulationDenutyProjectionb
y

RelativeUse o
f

Modesfo
r

1990
Figure 7

L'seo
f

PublicTransitv
s. PopulationDensityProjectionb
y

Numbero
f Trips fo
r

1990
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1970 1990 70-90
Case II

I
BP. Y % . BP / Y

4.36
1.57

+240
+83

Bus
Rail
PRT
DemandBus
Auto

14.8
2.88
8.75
12.0
150.5

7.81
1.49
4.50
6.20
80.0071.00 92.0 +112

Total 76.93 100.0 188.93 100.00 +147

Figure 8
indicates that the total ridership b

y

public transit could increase a
s rapidly

as that o
f

the automobile . These evalu
ations illustrate the difficulty in making

a significant impact o
n the use o
f

the
automobile . The majority o

f all urban
travel occurs in the relatively low den
sity areas where only buses can provide
economic public transit . A significant
percentage o

f

the total ( 7 percent ) oc
curs in areas with a population density
below 2,000 people per square mile
where only the demand bus routed for
specific individuals would b

e useful .

D. Possible Alternate Urban
Developments

The case studies assume that the
present trends in urban development ;

sprawling suburbs , decaying CBD's and
the development o

f multiple centers o
f

commercial and industrial activities in

the metropolitan areas will continue .

New and improved approaches to urban
design have the potential of significant

ly alternating these trends . New cities
could b

e designed with overall popula
tion mobility requirements in mind .

They could b
e designed to provide trans

portation for those unable to use the
automobile , and reasonable alternative
choices for those who can .

Most actions to restrict the use of

the automobile are directed a
t

the high
end o

f

the density scale central busi
ness districts , etc. Barring the automo
bile from all of the CBD's in cities over
800,000 population would reduce the use

o
f

the automobile by less than one per
cent . All urban trips with CBD origin or

destinations account for only about 1
2

percent o
f

the total trips and less than

2
0 percent o
f

any specific trip would ac
tually b

e within the CBD .

If 75 percent o
f

the anticipated
growth in the center cities and 5

0 per
cent o

f

the anticipated growth in the
suburbs were to be redirected to new
towns o

f about 250,000 population we
would require 200 new towns b

y

1990. If

these towns were designed to provide a
n

effective balance o
f transportation sys

tems and access for all inhabitants to

needed activities they might double the
use o

f public transportation over the
cases previously described .

New approaches to transportation
may be developed for new towns . While
access to the towns by automobile and
conventional public modes will continue

to b
e necessary , the internal transpor

tation systems can b
e integrated into

the design o
f

the community . Where the
locations o

f houses and apartments pro
vide sufficient density , accessible to

transportation centers , minitransit sys
tems may b

e

used . These may b
e effec

tive in attracting new residents and
business organizations to the projects

b
y minimizing the need for a second

( o
r

first ) car , and by providing con
venient access to the commercial estab
lishments . In developments with lower
density , dial - a -bus systems o

r

transit
buses may provide the most effective in

ternal transportation . Another attrac
tive alternative may b

e the limited per
formance personal vehicle . Small , ultra
light vehicles , which derive from bicy
cle rather than automotive technology ,

can b
e designed to b
e compatible with
pedestrians and automobiles . If the
pathways are designed to exclude the
conventional automobile , safe , conven
ient area ( 1-3 mile radius ) transporta
tion can b

e provided for a broad section

o
f the population . The ultra -light vehi

cle would be about one -sixth the size
of a standard automobile and weigh
only a few hundred pounds with passen
gers . It would permit the development

o
f

new urban configurations and archi
tecture .

However , since there appears to be
insufficient economic incentive for pri
vate developments o

n this scale , and

n
o national policy to encourage major

public developments , the probability o
f

sufficient new town developments to sig
nificantly change these trends appears

to be slight .

200
Case II

I

100 AUTO

49 DIALA -QUS
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FIGURE 9

Use of Public Transit 1930-1990
Expanded Rail and Bus and Two Inno
vative New Systems .
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areas as

METHODOLOGY FOR PROJECTION
OF NATIONAL DEMANDS

A simplified methodology was devised
to provide the basis for projecting of
the total national use of existing and
new urban transportations systems as
a function of the changes in national
need , population growth , and system
economics .

A. National Demand Model
The methodology can be used to esti

mate the total number of trips in all
urban a function of time
(years ) . Input information required in
cludes the cost and service characteris
tics of the new system , the development
time schedule for the systems , and the
status of existing systems .
A simplified diagram of the logic
model for this approach is illustrated
in Figure 10. It consists of four primary
elements :
• A means of establishing the per
formance , size and other parameters of
the candidate systems .
• A means for describing the urban
transportation demand in generalized
terms including : A description of the
national urban environment by a strati
fication of all major urban areas con
sidering such factors as metropolitan
area population , population density , etc.
A description of the traveling pas

senger including such factors as age,
income and his reason for traveling
(home to work , etc. ) .
A means for describing the compe

titive modes of transportation auto , bus,
rail, and for considering alternative

operating and fare strategies for these
systems.
A method of evaluating the modal

choices of the passengers on a gross
national basis , or for appropriate strati
fications of urban area , population , etc.
Transportation Strategies
The analytical models are structured
to permit the investigator to consider
alternative strategies for the future de
velopment of urban transportation and
to project the probable results of select
ed strategies in terms such as the num
ber of riders , cost of transportation
services or the requirements for new
transportation equipment . Typical stra
tegies which might be considered in
clude :
• The introduction of a new class of
transportation equipment .
• Operational subsidies for the sup
port of transportation systems .
Free or minimal fares .
Alternatively , certain service objec
tives could be established and the abil
ity to meet objectives determined , for
example , for a selected percentage of
all urban trips to be by transit . The
investigator could then predict if the
goals could be reasonably met, and the
requirements in terms of systems ,
equipment , and capital or operating
subsidies to meet the objectives .
Examples of the use of this procedure
are included in this report. The exam
ples should be considered to be indica
tive of the relative level and types of
changes rather than quantitative pro
jections of actual ridership as a result
of the simplifications used , and the un
availability of certain necessary infor
mation .

Required System Assumptions

The required technical inputs include
the concept of the system , its perform
ance limitations and the anticipated
capital and operating costs . In addition ,

certain assumptions must b
e made : in

cluding the type of service , area to b
e

served , and trip time objectives .

Alternative assumptions may b
e test

e
d b
y

the evaluators to establish eco
nomic and service trends related to the
design and use o

f

the systems . Typical
engineering design factors which can

be considered in the design o
f

the model
include :

The Vehicle Design Limitations :

The physical design parameters o
f the

vehicle , ranges o
f

passenger capacity ,

speed capabilities , dimensions , entry
and exit conditions , seating and other
features which influence performance o

r

utility , can b
e investigated b
y

the use

o
f

the model . Parameters such a
s speed

may be defined a
s limits .

Control System Limitations : Con
trol system performance may b

e speci
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а

areas

fied in terms of : Vehicle position and tions which may influence the design or
monitoring ( for bus) . - The minimum costs of other elements of the systems.
intervehicle spacing ( for rail) . The • Guideway Geometry : The design of
vehicle scheduling or dispatching logic . the guideway will limit the performance
- Safety or malfunction provisions. of the vehicles , (i.e., top speed , radius
Intervehicle spacing parameters will of turn , etc.). The costs of guideways
limit the number of vehicles which a are typically poorly defined , and
single section of one way track can range of cost assumptions may be re
transport . In most cases the actual ca quired in the evaluation .
pacity of the system will be somewhat This approach will not distinguish be
less than the theoretical capacity due

tween two similar modes providing

to the scheduling , and merging limita similar service but using different tech
tions. Use of block systems as a safety nologies . For example , at lower speeds
precaution will further restrict the vol a rail car and one on airbearings will
umes . Traffic congestion and associated provide similar performance .
street designs will likewise restrict the Stratification of Urban
performance of bus and other highway Transportation Demands
systems . The demand for urban transportation
The dispatching systems can be sev was estimated by the consideration of
eral types . In simple line haul (or me two functions . First , the size of urban
chanically linked ) systems , the vehicle areas of the country which were strati
will operate on a time schedule ( e.g., fied fo

r

ease o
f computation . Second ,

one vehicle every 9
0 seconds ) and will the trip demand based o
n

a categoriza
operate along a line connecting one o

r

tion o
f

the population income , auto
more stations sequentially along that availability and purpose o

f trip .

line . For complex network systems a The Stratification o
f

Urban Areas :

number o
f

control logics are possible up For ease o
f computation 757 urban

to and including random o
r demand over 25,000 population in the

scheduling concepts which can b
e

used United States were grouped b
y popu

with small vehicles in which each trip lation size (1960 census ) and density

is dedicated to a single person o
r travel (where there is significant variations in

ing party and the vehicle travels direct the areas o
f

cities o
f similar popula

ly from station to origin to selected tions ) . The urban and suburban areas
destination station . The model can be were considered separately for a

ll

cities
used to predict average trip times with over 100,000 population .
several alternative control approaches . • There are 633 cities between 25,000
Travel Time and Access Objec and 100,000 population . These were

tives : In order to establish the opera combined into six groups based o
n pop

tional characteristics and size o
f

the ulation (i.e. , 25 to 50 thousand and 50
systems certain performance objectives to 100 thousand ) and the highest and
may b

e

assumed . These may b
e defined lowest ten percent in average popula

in terms o
f

the percentage o
f

the peo tion density .

ple who can walk to the pick u
p

loca • There are 119 cities between 100 ,
tion , the number which can use a bus , 000 and 1,000,000 population . The loca

o
r

stated average trip times . The model tions of these are shown in Figure 1
1 .permits biasing the objectives in favor The premilinary studies have been based

o
f

those living in certain areas o
f

the o
n the categorization o
f

these into 5
0

city , o
r with certain income o
r other

characteristics . Travel time objectives cases including both urban and subur
ban areas , and a range o
f

population

(stated in terms o
f percent o
f

the trip densities a
s

shown in Figure 12. For
time b

y

automobile o
r elapsed time )

cannot always b
e physically attained ,

although some o
f the more innovative

systems may permit attaining elapsed
time considerably lower than the auto
mobile . The evaluator may modify the
objective assumptions to consider 9

range o
f

the e
n route speeds , and es

tablish the relative sensitiveness o
f the

concept to speed .

Station Concepts : The stations o
r

stop locations ( in the case o
f
a bus ) for

various systems can vary significantly

in configuration and number . The sta
tion assumption includes influence o

f

passenger throughput on size and cost ,

and the physical constraints o
f

the sta
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U.S.UrbanAreas- 1970PopulationandArea
lating the trend curves to the estimates

o
f

future personal income from Refer
ence 2

0 and the population growth .

A range o
f

possible ridership — 1980
and 1990 — projections is shown in Fig
ure 15. The rates o

f

travel , combined
with the probable variation in popula
tion growth in the urban areas from the
same reference , were used to estimate
the range o

f possible trip generation ,

H is the high combination o
f projected

income and total population , L is the
low combination o

f

projected income
and population . N represents the aver
age . An alternative method o

f

estimat
ing the total trip generation , based o

n

the change in travel as a function o
f

the size o
f

the urban area and personal
income and number o

f
automobiles

available . ( Figure 1
4 ) provided the

fourth estimate shown in Figure 1
5 .

This latter projection , indicated a
s

A ,

was used for the basic estimate o
f

the

total urban trips per year in the sub
sequent discussion .

The o
f public transportation ,

however , has been decreasing rapidly in

spite o
f

the increase in the total num
ber o
f

urban trips . Two techniques were
used to estimate the future use o
f pub

lic urban transportation from historical
data . First , a projection o
f

the trips per
year by a simple trend analysis o

f rail
and bus trips based o

n the rates over

cities below 500,000 population the u
p

per and lower ten percent in popula
tion density were used a

s well as the
average density to provide for the com
parison o

f systems which may b
e de

signed for special low o
r high density

application . For cities above 500,000
only the upper and lower cases were
used .

Since there are only five center cit
ies over 1,000,000 population , they were
treated as discrete cases . The center
city and suburban areas were consid
ered separately . The anticipated growth

o
f

each o
f these categories was esti

mated from previous projections o
f
u
r

ban growth b
y

area (Reference 1
1 ) .

Passenger Trip Generation Rate
The second factor in this approach ,

travel demand projections , is a function

o
f

characteristics such a
s disposable in

dividual wealth , available transporta
tion facilities and the size and shape o

f

the communities . Travel demand func
tions are categorized b

y

trip purpose

(school , work , etc. ) , and b
y

the charac
teristics o

f

the traveler (age , income ,

family size , access to automobile , etc. ) .

Various possible parameters for the
projection o

f

the future per capita trav

e
l

demand could be considered . For e
x

ample , from previous studies a positive
correlation was found between per cap
ita income and average person trips per
capita and a useful negative correlation
was found between income and the per
cent o

f personal trips by transit (Fig
ure 1

6
) .

The demand for urban travel was e
s

timated b
y

a macro projection o
f per

capita urban travel as indicated b
y in

creased per capita expenditures for per
sonal consumption . As Figure 1

4 indi
cates , there is a correlation between per
capita expenditures and the rate o

f ur
ban trip generation per capita for all
modes . This approach can b

e

used to e
s

timate future total person trips b
y

re

use
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the last 20 years , and second , a correla
tion between the percent use public

transit_and per capita disposable in

come . Figure 1
6 illustrates the relation

ship o
f

per capita disposable income and
the percent use o

f public transporta
tion . The estimate for the period 1980
1990 was made b

y projecting the pres
ent rate o

f

decrease in use o
f transit

for the next 2
0 years , then plotting the

results against per capita income .

It is important to point out that the
required capacity o

f
a transit system is

established more b
y

the morning and
evening peak hours than b

y

the total
demand . For simplicity , a peak hour
equal to ten percent o

f

the total daily
demand was assumed for the case stud
ies .

The morning and evening rush p
e

riods are primarily work related trips ,

and tend to b
e longer than the personal

business o
r social trips which may b
e

distributed throughout the day .

The characterization o
f total trans

portation demand requires that the trip
purpose also b

e considered , recogniz
ing that there will be differences in the
predominate types and distribution o

f

trips for different modes . Figure 1
7 , for

example , illustrates a projection o
f au

tomobile trips for 1980's . Transit trips
would tend to b

e predominately work
related , with less , but approximately
equal use for family business and recre
ation . Little , if any , transit ridership
would fall into the work -related ( travel
between appointments , sales , etc. ) or

the pleasure ride categories .

Use o
f

Public Transportation - Per
cent o

f

Total Trips vs. Personal Ex
penditure .

Characteristics of Modes
The characteristics o

f

the primary
modes are included to evaluate the rela
tive attractiveness o

f

the existing sys
tems and proposed new transportation
system concepts . For this purpose , the
primary factors o
f

each o
f

the competi
tive systems , automobile , bus , rail , taxi
may b
e considered in terms o
f their in

fluence o
n the trip assignment model .

The primary factors include :

• Average trip time (including wait
ing ) .

The average trip costs perceived
by the traveler .

The actual cost to the traveler ( in

cluding taxes and depreciation o
n

automobile ) .

The cost to the community o
f

the
service (including subsidy if provided ) .

The value o
f

the existing capital
assets which might not be required o

r

would b
e obsolete by a new system .

Consideration was given to evalua
tion o

f
a logical range o
f

some o
f

the
input considerations ( for example , tran
sit fare , automobile taxes , etc. ) . The
model may consider changes in the au

an
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tomobile trip time . For example , should
the new mode of transportation attract
a significant number of trips from the
automobile and thus reduce traffic con
gestion .

Trip Assignment Model
The prediction of the division of trips
between conventional transit , the auto
mobile and an innovative mode is pro
vided by a modal assignment model
which has submodels based on the trav
el choice characteristics for various
classes of riders , various trip purposes
and for specific classes of communities .
The basic relationships of the trip as
signment model with respect to trip
time and perceivable cost are illustrated
in Figure 18. This relationship was de
veloped by an evaluation of data from
several area studies , and was used to
represent average riders . No considera
tion was given to factors such as secu
rity and quality of accommodations
which, while probably significant in
their effect have not been adequately
investigated . ( References 7 , 18) .
From the model relationship the num
ber of trips by automobile , and by tran
sit may be predicted , considering either
a proposed new transportation system
alone , or the use of the system in con
cert with existing transit modes . Sev
eral approaches can be taken to the
evaluation of modes in parallel . In the

method used in the case studies , the in
dividual urban areas classes were in
vestigated to establish which systems
would provide the lowest cost service ,
per passenger , in each class of urban
area and the single best system consid .
ered in each class . The selection of the
most economic concept may be based
on the overall costs including the re
maining value of existing transit facili
ties which may be obsoleted . In other
cases , the selection parameter may be
based on maximum attraction of riders
for a given capital investment in new
transportation facilities .
The model will permit consideration
of the effect on system use and econom
ics of various fare strategies for the
new (or existing ) transit system . Sub
sidies can be assumed to vary the fare
from no fare , to full operating and cap
ital recovery fare levels .
In many cases , the information re
quired for complete and accurate oper
ation of this model does not exist ( for
example , the attraction of a significant
improvement in passenger accommoda
tions or the induced demand due to im
proved travel time and costs ) . In other
cases the new mode of transportation
will provide for significantly improved
urban mobility , and this increase in mo
bility may induce additional travel de
mand . These and similar factors can be
incorporated into the model when ade
quate information becomes available .
Preliminary tests of the basic logic
of the national transit use model have
indicated that it can predict the actual
1970 transit ridership from 1950 and
1960 data . The prediction was reason
ably accurate (+ 5% ) for the overall
national projection of use of bus and
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SUMMARY AND CONCLUSIONS
The methodology discussed in this

paper can provide a useful rationaliza
tion o
f

the future trends in the use o
f

various urban transportation modes .

There is inadequate data o
n a num
ber o

f

the major factors influencing the
direction o

f future developments in
public transportation to provide a high
degree o

f

confidence in any specific pro
jection .

Factors which require additional
consideration include : - Local govern
mental and institutional requirements
and delays . — The relative attraction o

f

new forms o
f

transit service including
privacy , ride quality , direct service , etc.
Probable legal and technical con

straints o
n the automobile . — The pos

sible development o
f

alternative urban
growth patterns and new towns .

Public Transit is required to pro
vide mobility for those unable to use
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to

their automobiles and for access to
those areas where the automobile is in
effective .
There appear to be no major tech

nical barriers to the development of new
types of transportation services . Where
equipment development is required the
time scales are of the same order as
those required to design and construct
the basic systems.
• The case study projections indicate
that it will be difficult for conventional
transportation systems maintain
their present share of the urban trans
portation .
• Case study projections indicate
that the total use of the automobile will
not be reduced by any reasonable ex
tension of the use of conventional or
innovative transit systems .
• Effective use of new modes of pub
lic transit could result in an increase
from less than 6 billion passengers per
year to more than 36 billion passengers
per year by 1990. This is equivalent to
more than tripling the percent of trips
by transit .
• An extensive program of new town
development or the development of new
patterns of urban growth appear to be
the only influences which would signifi
cantly change these trends .
• Legal actions against the automo
bile could increase the use of public
transit . However , unless city forms are
changed , it is unlikely that a significant
total reduction in the use of automo
biles would result as no existing form
of transit is effective for many of the
trips now made by automobile .
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FOOTNOTES
1 Simpson & Curtin formula of one-third per
cent per percent would indicate a much lower
increase in ridership .




