


TOMORROW'S TRANSPORTATION
NEW SYSTEMS FOR THE URBAN FUTURE




“In the next 40 years, we must completely renew our
cities. The alternative is disaster. Gaping needs must
be met in health, in education, in job opportunities, in
housing. And not a single one of these needs can be fully
met until we rebuild our mass transportation systems.”

LYNDON BAINES JOHNSON







TO THE CONGRESS OF THE UNITED STATES!

L am transmitting today a report on the study of new
systems for urban transportation, entitled

"Tomorrow’s Transportation: New Sysiems for
the Urban Future,

Undertaken by the Secretary of the Department of
Housing and Urban Development in accordance with the
Urban Mass Transportation Amendments of 1966, the
study has involved research and analytic efforts over a
period of 18 months. It has explored areas of
transportation research and development Lo ease the
problems of Americans who live in or commute
to work in cities.

The report identifies research and development which
offers promising prospects for transportation improve-
ments in our cilies in the near future. It suggests a longer
term program of research and development, concentrated
in areas of greatesi promise and benefit.

I commend the report for study by the Congress and
the concerned Federal, State and local agencies,
1t provides a good foundution for decisions upon the
program of research and development required to
develop the needed new systems of transportation for
our crowded metropolitan areas.

THE WHITE HOUSE,
May, 1968
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foreword

THE FOLLOWING REPORT IS A SUMMARY of the recommendagious
for a comprehensive program [or national leadership in re-
search, development and demenstration in ail aspects of urban
transportation and of the basis upon which 1t was formulated.
The study and its recommended action proposals were pre-
pared in consullation with the Secretary of Transportation,
under the leadership of Charles M. Haak, Assistant Secretary
for Metropolitan Development of this Department. The in-
sight and perception of the nature of urban problems shown by
Assistant Secretary Haar and the siaff which assisted him have
resulted in the design of a program ol research and develop-
ment which could beneficially affect very aspect of urban life
for many years, The recommended program involves not only
new systems for mecting urban travel needs ranging [rom thase
of the pedestrian to those of the air traveler, but also improve-
ments in existing scrvice and facilities, new and improved sys-
tem components, and new and improved methods of planning
and operating urban transportation systems.

Throughout, our concern has been 1o relate technelogy and
sclentilic innovation as closely as possible to the present and
desired shape of our citics and the improved quality of lile of
urban residents. ‘1'he role of the recommended program is
siressed us only one of a number of 1ools needed to bring better
cities into existence in the future through an orderly process of
ameliorating the urban difficulties of the presene. While urban
transportation research, develepment and demonstration alone
cannot solve our current urban problems or bring about our
desired future cities, it 15 an indispensable instrument for our
efforts to reach these goals.
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‘This report should be viewed as a first major effort to formun-
late a comprehensive urban transportation research, develop-
ment and demonstration program. The program, its focus and
objectives, will evolve as it is carried out. This evolution must
be consonant with research, development, demonstration and
implementation programs in all aspects of urban service, facil-
ities and development, It is our hope that we have been as
successful in our efort as the Congress was farsighted in re-
questing that this effort be undertaken.

Hlart

ROBERT C. WEAVER
Secretary of Housing and Urban Development
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summary

THE SECRETARY OF HOUSING AND URBAN DEVELOPMENT wWas
directed in 1966 [by Section 6(b) of the Urban Mass Trans-
portation Act of 1964, as amended] to

. undertake a project to study and prepare a program of re-
search, development, and demenstration of new systems of urban
transportation that will carry people and goods within metro-
pelitan areas speedily, safely, without polluting the air, and in a
manner that will contribule to sound city planning.

This report summarizes the findings of the “‘ncw systems”
study. The study reflects the concern of the Department of
Housing and Urban Development for cities and their people,
as well as for their transportation. For assistance in performing
the study, the Department engaged 17 contractors from
industry, scientific research centers, universitics and the foun-
dations over an 18-month period. Economists, cngineers, scien-
tists, technicians, urban planmers, systems analysts, manage-
ment consultants, and transportation experts were cmployed.
The results of their cfforts and a recommended research and
development program are summarized here. A series of more
detailed technical reports, containing the specific findings of
the contractors, will be forthcoming.

In brief, the study found that progress in urban transporta-
tion technology, rudimentary today, could ncvertheless be
greatly enhanced and accelerated by vigorous leadership of the
Federal Government—in cooperation with the privale indus-
tries concerned—using a systematic, carefully designed, and
rcascnably funded research and development program as the
major guiding stimulus.
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The capacity and the capabilities of American industry and
private cnterprise stand ready. The scientific and technical
manpowcr needed for increased research and apalysis in the
field of urban transportation is available. But a stimulus is
needed to progress, to prevent fulure neglect of entraurban trans-
portation technology and systems, and to develop means by
which this progress-can contribute to the quality of urban life.

A part of this report examines the promise of existing tech-
nologies to improve present urban transportation systems. It
identifies some exciting short-run improvements that could be
undertaken. But beyond immediate improvements, this repoert
projects a continuing research and development effort which
could turn innovation into application, and accelerate transit
technology in a careful and deliberate, rather than accidental,
way.

The research and development program recommended as
a result of the new systems study entails a total program funding
of $980 million. This time-phased program could continue and
accelerate the §25 million program contained in the President’s
fiscal year 1969 budget. It would involve these areas: Improved
analysis, planning, and opecrating methods; immedijate systcm
improvements; components for future systems; and the develop-
ment of entirely new systems for the future.

The recommendations maintain these major objectives for
using the transportation system to enhance and improve the
total city system: To achicve equality of access to urban educa-
tional, job, and cultural opportunities; to improve the quality
of transit services; to relieve traffic congestion; to cnhance
cfficiency in the usc of equipment and facilities; to achieve
more eflicient urban land use; to provide cleaner, quicter, and
more attractive public transportation ; to provide morc alterna-
tives to urban residents in mode and style of urban living; and to
permit orderly improvement of urgent transportation problems
without preempting long-range solutions for the future.

Nearly 300 projects and proposals having immediatc apphi-
cation possibilities were examined and evaluated. For example,
to improve buses these possibilities were studied: Exclusive
bus lanes; traffic flow control; passenger-activated iraffic con-
trol; computer scheduling; better design of vehicles; and a
dual mede bus that could operate on ordinary streets or
high-speed rights-of-way. Similarly, recommendations were
examined for improving intraurban rail systems, urban auto-
mobiles, and the options and opportunities for pedestrians,

Other proposals of more general application were considercd
to improve fare collection methods, sccurity of passengers and
operators, methods for communicating station and passcnger
information, and, of particular significance, management and
operation of urban transit systems.

For the longer-term futurc, the new systems study found
many promising technologies which should be further explored,
such as: Automatic controls for vehicles and entire movement
systems; new kinds of propulsion, energy and power transmis-
sion; new guideway and suspension compeoncnts; innovations
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in tunneling; and the application of these potentials for move-
ment of goads as well as peaple.
The more promising of these new systems are:

® Dial-a-Bus: A bus type of system activated on demand of
the potential passengers, perhaps by telephone, after which a
computer logs the calls, origins, destinations, location of
vehicles and number of passengers, and then selects the vehicle
and dispatches it.

® Personal Rapid Transit: Small vehicles, traveling over exclu-
sive rights-of-way, automatically routed from origin to destina-
tion over a network guideway system, primarily to serve low- te
medium-population density areas of a metropolis.

® Dual Mode Vehicle Systems: Small vehicles which can be
individually driven and converted from street travel to travel
on automatic guideway nctworks.

® Auiomated Dual Mode Bus: A large vehicle system which
would combine the high-speed capacity of a rail system operat-
ing on its private right-of-way with the flexibility and adapta-
hility of a city bus,

® Pallet or Ferry Systems: An alternative to dual mode vehicle
systems is the use of pallets to carry (or ferry) conventional
automobiles, minibuses, or {reight automatically on high-speed
guideways.

® Fast Intraurban Transit Links: Automatically controlled
vchicles capable of operating either independently or coupling
into trains, serving metropolitan area trave]l needs between
major urban nodes.

® New Systems for Major Activity Centers: Continuously
moving belts; capsule transit systems, some on guideways, per-
haps suspended abave city streets.

The components and systems discussed in this report do not
by any means exhaust the rich array of opportunities for innova-
tion in urban transportation provided by the new systems
study, as the forthcoming technical reports will indicate, The
recommended research and development program, projected
as it is into the future, is susceptible to modification as further
knowledge is gained.
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... The Sccretary shall undertake a project to study and
preparc a program of research, development, and dem-
onstration of new systems of urban transportation that
will carry people and goods within metropolitan areas
speedily, safely, without polluting the air, and in a man-
ner that will contribute to sound city planning. The
program shall {1} concern itsell with all aspects of new
systems of urban transportation for metropolitan areas
of various sizes, including technological, financial, eco-
nomic. governmental, and social aspects; {2} take into
account the most advanced available technologies and
materials; and {3) provide national leadership to efforts
of States, localities, private industry, universities, and
foundations.

1966 Amendments to 1he URBAN MASS TRANSPORTATION

Act or 1964, Scetion 6 (b).

Library ol Coneress Catalog Number 68—613(M)

Far gale by the Superintendent of Dooeents, U8R, faverament Printing (3 Mes
Waslingtoa, DO, 20402 - Price 8173
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urbanization and urian
transportation

veranN AMERICA will double in the next 40 years, growing as
much in that time as all of American urban growth since the
tanding of the Pilgrims. In that short period, the needs of older
cities must be met at the same time that more than 100 million
additional persons will be lving in the Nation’s nietropolitan
areas, The question Tacing governtments at every level, private
industry, and the public. is not whether provisions can be made
for this massive and complex growth, Houses will e built—as
will xchools, hospitals, libraries, airports, water and sewer sys-
teins, roads, shopping centers, and office buildings. Of rhis there
can be no doubt. What is in doubt is the shape and substance
ol ¢ities and their opportunities; Le the quality of urhan life.

The form and quality of future eities s affected by many
factors: Local administration, mtevgovernmental relations,
municipal Minance, private investment, water and scwer and
other public facilitiex, and—-basically- -by urban transporta-
tion. ‘I'he lile ol a city depends upon its transportation system.
Ineflicient transportation services Inerease the costs of local in-
dusiry and commerce. They roh citizens of their time and com-
fort. They penalize especially the poor and the handicapped.

An 18-month study—the first truly comprchensive officiul
look ot urban transportation in the light of modern technologi-
cal capabibities to deal with modern urban problems-—was au-
thorized by Section 6/b} of (he Urban Aass Transportation
Act of 1964, as amended In 1966, This report summarizes the
findings of that “new systems” study o swtematic investiga-
tion of the possibilities for technological “breakthroughs™ in
urban transportation research comparable to those accom-
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plished in the fields of medicine, atomic energy, and aerospace
technology.

The study brought some of the finest rescarch skills avail-
able—in government, indusiry, universities, research centers,
and the foundatons- together with cxperts possessing years of
experience in dealing with urban transportation problems.
Thus, traditional approaches were combined with new methods
of rescarch and systems analysis used successfully in the aero-
space and defense industries. Working together, this unique
tcam was able to explore urban transportation possibilities as
never before, and 1o winnow fact from popular fiction, The
improvements and new systems presented o this report also
show Lhe great potential benefits possible through combining
technical advances with social service.

‘To help future urban transportation systers play a more
active part in changing the city and the quality of urban life,
cight general problems endemic to cities taday were identified,
against which total benefits anticipated from new transporta-
tion systems and subsystems could be measured as o guide to
recommending an optimal research and development program.
These eight problem ureas are:

® Equalhty of Acvess to Urban Opportunity: Present urban
transportation tends w immobilize and isalate nondrivers: The
poor, secondary workers In onc-car familics. the voung, the
old, and the handicapped.

® Quolity of Service: Public transit service too often is char-
acterized by excessive walking distances (o and from stations,
poor connections and transfers, infrequent service, unreliabil-
ity, slow speed and delays, crowding, noise, lack of comfort, and
a lack of infoermatien for the nder’s use. Moreover, passengers
oo often are exposcd to dangers to personal safety while await-
ing service. These deficiencies lead 10 a loss of patronage and a
further decline In service for the remaining passengers.

® Congestivn: Congestion results in daily loss of time to the
traveler, Too often “solutions” are expensive in dollars and
Lindtaking, destroving the urban environment in the process.

® Fficient Use of Equipment and Facilities: Increased effi-
ciency and greater economy through hetter management and
organizational technigques—including cost control, scheduling
and routing, experimentation in marketing and new routes—is
necessary to satizfy urban transportalion requirements at mini-
mum cost,

® Eficient Use of Land: Transportation functions and rights-
of-wav require extensive amounis of urban land, and compete
with other Important uses of the urban land resource. More ra-
tional urban Tond use marde possible by new forms of transpor-
tation might help reduce travel demands, wid in substituting
comnumications for urban trangportation, and achicve greater
otal transportation services for the amounts of land required.
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® ivhan Poffution: Air, noise, and esthetic pallution from all
current modes of urbun transportation ace far too high, degrad-
ing unnecessarily the quality of the urban environment.

® Urban Development Opions: Transportation investments
can he used creatively in the orderly development of urban
areas. Present urban transportation is often not appropriate for
the modern city: Service is generally inadequate ar unavailable
for low and medium density areas, Tor croshaul trips and re-
verse commuting, and for circuation within acovity centers
and satellite cities. Urban transportation service should provide
for choice in diving styles and in locations as well as choice
among modes of transportation. New town scttlements, as well
as other concentrations of urban growth, could be feasible
options for land development patterns with umproved intra-
urban transportation services.

® [nstitwtional Framework and Implementation: An im-
proved institutional framework: Jegal, financial, governmental
and intergovernmental--is needed to climinate rigidities and
anachronisms which prevent the adoption of new lechnologies
and methods. A framework which would assist metropolitan
planning agencies and would enhance the effective cooperation
of local governments in solving joint transportation problems i
NCCCssary.

Since the new sysiems study considered urban transporta-
tion to be not an independent function but a basic component
of the entire urban complex, the changing urban context of
transportation wis examined. As ¢itics grow m pepulation and
geographic size. their internal structure ako changes, creating
new and shilting patterns of urban travel demand. To keep
pace with these changes, woservice such as urban trimsportation
niust change also.

Major Lilings of the entire urban tramspartation system
tdlay are lack of both change and the capacily for change,
resulting in a restricred choice of ways for people to get around
the city and the metropolitan area. The common characteriza-
tion of urban transpartation modes as a blunt dichiotomy be-
tween publie il transit and the private automobile 15 far o
stimple. Cittes are the most pluralistic places in maodern sociery
their citizens need a wide range of travel service, a mix of
transportation services carefully designed to meet their varving
trivel needs.

The profiles of urban change, and some of the shortcominus
of present urban transportation, are detineated in the following
pages as an introduction to what must be done to develop new
transportation components and svstems for the [uture. While
wew Chreakthroughs™ In transportation systemsy and scrvices
arc-the ultimate aim, 2 sound research and development pro-
gram miust hegin with present problenis, availuble resources,
and current behavior. Henee, o part of this report examines
the promise of existing technologies to improve present trans-
portation systems. Same exeiting short-run improvements are



11 | what should be done

FINDINGS AND CONCLUSIONS

THE EXTENSIVE SERIES OF 5TUDIES conducted by the TDepart-
ment of Howsing and Urban Development during the past
months in consultation with the Deparunent of Transportation,
has yielded significant conclusions for the future of urban trans-
portation, and for the foture of cities and thelr people. In the
bricfest form they are:

I, Immcediate  and  significant  engiueering  improvements
in autormnotive, bus. subway, and conmuter train transporta-
tion arc both possible sind overdue, some of which require and
nierit Federal technical aid ind financial stimlos.

2. Existing nwodes of urban transportation can be improved to
serve urbrin goals and nder demands maore effecuvely, through
hetter use of regulation, pricing, edocation, management, and
planning. Such improvements, in many cases, will require re-
scarch, development and denonstration funeds.

3. Fven with engineering Improvements and optinal man-
agement and utilization. present modes of urban transpor-
tation are inadequate to mecet total future urban needs. The
svatems today  chiefly automotive, bus, and train - onginated
more than 20 vears augo. They alone cannot provide the best
=olutions to foresecable trip demands, changing urhan patterns
and rising standards for quality of the urban environment. A
careful balance must be struck, in cach metropalitan area and
for the urban transportation industry as a1 whole, between
nnmediate improvements and the fundamental development of
NewW STstems.

-
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A STRATEGY FOR ACTION

4. Tncremental improvements in existing modes, as well as the
development. of new systems of urban transportation, will
require better coordination of land use planning and transpor-
tation investments. Existing urban transportation planning too
often does not identify the full range of transportation alterna-
tives available, and Gails 1o allow for efficient accommodation
of improved systems in the future. Better planning methods will
not only help to amelivrate urban transportation difficultics,
but also will aid in achleving national geals for American cities.

The new systems study has produced a rich array of oppor-
tunities for improvements in urban transportation worthy ol
continued and intensified research and development. These
oppoertunities can be grouped into two bread categories: Tech-
nological possibilities, or “hardware™ components and systems
worthy of further study and demonstration; and, improvements
in the analvsis of and planning for urban transportation and
cilles, along with improved operating and management pro-
cedures—a “software” category of the research and develop-
nient program. A sound program must be based on work in
both of these categories.

THE MOST $TRIKING OPPORTUNITIES for improvements in urban
transportation are the technological innovations discussed later
in this chapter. Atention fastens casily on a new vehicle or
eadgct. But such imnovation is at the mercy of its institutional
setting. Legal and financial impediments often hinder progress
unnceessarily. Many of the greatest advances in nrhan trans-
portation lic in areus such as analysis and planning, operations
and management, intergovernmental relations, and financing,
and in greater understanding of the whole complex social con-
text of urhun wavel. Techuology alone 15 not cnough.

IMPROVLED METHODS OF ANALYSIS, PLANNING
AND OPFRATTONS

The new systems study gave special attention to the poten-
tinl value of “software™ studics of two general types: First,
studies of nunagerial, regulatory, pricing, educational, and
aperational innovation aimed at improving the cfficiency and
use of existing modes, vehicles and rights-of-way; second, studies
preceding the actual building of prototype svstemis of compo-
nents, incheding development and testing of models aimed at
reducing the uncertainty inherent in advanced hoardware
projects.

An important focus of the first tvpe of proposed software
research studies is ot the barriers that prevent the application
of relevant technology to urhan transportation. Although tech-
nical feasibility is a4 necessary condition for the sueccessful ap-
plieation of technology to existing or huture transportation sys-
tens, itois by ne means sullicient. Manv other conditions
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mvolvinge little ar no rechnology must be satished lest they be-
conke ustitutional blocks preventing {urther innovation. Such
mpediments almost alwavs arise whenever the status quo i«
perturbed, for exianple: when acquiring rnights-of-wav, leasing
real property, neutralizing conflicting franchises.

Becanse private industry does not ordinanly manufacture,
market, and realize i profu on institutional mnovations, there
5 a serious knowledge gap in this area. As o result. there are
swany technically sound hardware concepts which have vet to
he implemented i cities, although some have been ased
special settings isuch as o world's fair] where the insututional
context 1s clatively uncomplicated. Tn sum, abjectives of the
proposcd software program of rescarch are to:

® identfy impediments to the iinplementation of new tech-
nwology and to propose methods by which these blocks might he
overcomne; and to

® identify appropriate nontechnological solutions which inay
he less costly than purely technical ones,

The importance of changes in the mstitutional sctting may be
illustrated by proposals to vegulate peak-hour use of highways
by requiring users during these hours to pav higher tolls or
other charges, such as for parking. Charges would vary with
the time of dav and size of vehicles, and transit fares could
vary with distance, replacing flat fares. While such proposals
may involve difficull problens ol cquily or acceptahility, the
varied charges thes contemiplate, or staggered working hours
alone, conld have it more profound effect on the use of exist-
ing roadways, parking, and vehicle capacities than any im-
mediately ivailable new vehicle or equipment.

Research must be directed to improving the regulatory and
administrative rules required of transportation companies.
More Hexibility in routcs, schedules and fare structures, and
labor practices and franchise costs based on performance incen-
tives have subwtantial potential for improving urhan transpor-
tation services.,

Developing the training and professional opportunities for
transit managers 1% another area of need. and one that the
Department of Housing and Urban Development is already
assisting, Closely related is the need 1o develop better market-
ing and information services.

Although other innovations may have a less dircct impact,
they may yield even greater benefits in the long run. for ex-
ample: better methods of [orecasting travel demands. New
methods of computer simulation and analvsis capable of han-
dling the changes resulting rom an expanding cconomy, includ-
ing shifting locations of jobs and residences and vising levels
of income and education, promise move accurate prediction of
tralle, as well as prediction of the best locations for new
comstruction.

The second category of software studies aims to reduce the
uncertainty herent in advanced hardware projects. Such
stuches could precede the actual building of prototvpe systems
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or components, Careful design and model building represent
an inexpensive and highly efficient technique {or moving for-
ward against large uncertainties. A model s simply an analog of
realitv. The model can be purely physical, such as a hydro-
dvhamic analog of traflic low. or purely conceptual, such as
a mathematical representation of the mteraction between vehi-
cles and guidewavs. Some maodels, of course. have both con-
ceptual and physical components,

A major value of developing mathematical inodels of trans-
portation svstems ax rescarch toals 15 economic, By representing
avet o be developed transportation svstem mathematically,
realistic bounds can be put on performance, land use impacts,
and costs under a0 wide varicty of conditions, and this can be
done without having to huild expensive prototyvpes or perform
elaborate, time-consuming experiments. In recene years, the
development and utility of these models has been enhanced by
the use of high-speed computers, In most cases a thorough,
mathematical evaluation of a proposed transportation system
or subsystem can be performed for about 1 percent of the cost
of developing an experimental prototype.

The wse of mathematical models does not completely clim-
tnate the need for developing protolypes and performing
experiments. Major assumptions are required in such models
concerning market aceeptability, modal chotee, changes in loca-
tional preferences, and so forth, Real urban experimentation
it required to reduce the great amount of uncertainty surround-
ing these and other eritical assumptions. Models do help reduce
the cost of such experintents and demaonetrations, however, by
pointing up the most promisng approach for implementing
theoretically feasible wwstens and by elimnnating from further
consideration logicallv inconsistent ones,

Other nontechnological innovations worthy of investigation
are efforts to reduce the demand for transportation. cither
through substituting improved communications or improved
planning of the location of rclated activity. Muny of these
concepts have heen fairly well developed for some years. What
is needed are mcthods for translating the ideas into ac-
tion, in addition to research und development, such as more
elfective means for informing communities about feasible
transportation alternatives and for helping them overcome the
hostility or inertia that so often impede innovation.

URBAN TRANSPORTATION INFORMATION CENTER

A national urhan transportation information center could help
provide a focus for the kinds of activities mentioned above.
Progress in the ficld of urban transportation has been seriously
impeded by a scarcity of information. Tn many instances,
promising new ideas arc being tried and new techniques de-
veloped, almost in isolation. Consequently, a great deal of
research effort is duplicated and the benefits of many useful
innovations are limited to the locality in which they were
developed.
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Fhe F 4 mile Dighle Fest Track. constructed gs part of
the San Prancisea BART Svstem, developed data on the

refationshife of vide guality and noise levels (o track
ronditions aned rail fasteners. Instrumentation fiovided
for teats of trackside power collection equifpnent, train
cortvol svitems, and awlomatic trouble-sensing cquip-
thent to perform safety checks of transit vekicles.

A national formation center established to seck out, analvze,
preserve, and disseminate information about new developments
and research in the field of urban transportation could perform
a crucial serviee at o modest cost. Fxaumples of the sort, of work
it might do include the compilation and analvis of statistcal
dara, mamtenianee of a reference service, publicatton of bulle-
tins, sponsorship of seminars arennd the country for transporta-
tion industry personnel, and coordination of urban transporta-
tion information with other Federal, State, and local agencies,

UCRBAN TRANSPORTATION TEST CENTER

As part of the overall effort to more effictently manage and
promote scientific research and development in urban trans-
portation, one other type of facility is required. An urban
transportation test center could perform the analysis and in-
vestigation of new concepts, ax well us of the social, cconomic
and legal problems associated with their development and im-
plementation. [t would perform services which could assist in
the solntion of current operating problems as well as encourage
rescarch into future systems, The center could also assist in the
establishment of performance criteria for new urban transporta-
tion systems. and could evalvate concepts, ideas and advanced
systems priot o detailed development. Applications of emerg-
ing technologics—in terms of safety and reliability of new
cquipment—-and prototype systems could be tested and proved
for the benefil of hoth the tansportation industry and the
general public,

TECHNOLOGICAL POSSIBILITTES

T'wo questions are implicit in any decision that aims at innne-
diate action:

® How can existing urban transportation systems be improved
in the near future by applying present off-the-shelf technoiogy?

® What kinds of entircly new urban transportation systems
might be technologically feasible in the more distant future?

While the futurc systems described here arc considered to
be technolagically feasible, only rough cost estimatcs are possible
at this stage. Unccrtainty inevitably characterizes proposed
developments. Future svstems depending on many new ideas
to achieve major improvements in performance are much more
uncertain as to cost and time of accomplishment than loss
ambitiouns projects. Reducing uncertainty is a kev purpose of
the research und development program that Lthis report proposes.
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IMMEDIATE IMPROVEMENTS FOR PRESENT NFARLY 300 SEPARATE PROJECTS OR PROPOSALS of an immed-
URBAN TRANSPORTATION SYSTEMS iate. incremental nature were screened in the process of

Traffie controd systems vesponsive to Hic anoverent of
peapife roudd veduce delays like this for bus passengers
and incrense e cafracity of the shect netawork,

determining the best of the many alternative improvements
which could, with relative cise, be made in the near future
to present urban transpartation systemns and services in metro-
politan areas. These are discussed in the following paragraphs.

Urban transportation presents a paradox of technological
obsolescence in the midst of an abundance of relevant new
techniques. A review of available technology showed that a
solid foundation of technical expertise and knowledge already
existv, much of it developed in other felds of application,
including the defense and acrospace industrics, No national
apparatus now exists in the field of public transportation for
systematically culling from innovative American technology
the devices, perhaps already on the shelf or merely on paper.
that could be applied to urban transportation. Nor are there
arrangements for developing and improving them in a manner
to make the systematic testing and cevaluation of their applica-
bility passible. This inadequacy obliges oflicials responsible for
planning and initiating urban transportation systems to select
from among a very few alternatives, most of them already
obsolete or obsolescent, not hecause American technology is at
fault, but because ingentives for urhan transportation innova-
tion—the synthesizing and application of science and tech-
nology—have been weak or nonexistent.

The following paragraphs describe salient and corrently
feasible improvements [or hus, ruil transit. and commuter rail
service as well as for urban automebiles and pedestrian moverment.

URBAN BUS SYSTEMS IMPROVEMENTS

Bus svstems are now and will continue for some time to he the
most heavily patronized form of public urban transportation.
Buses norw carry annually approximately 70 percent of all wrhan
public transportation passengers. Most cities i the United
States are entirely  dependent on them for public mass
transportation. While some of the Iarger cities are likely to
huild rail transit systems, they too are {inding that buses arc
an indispensable concomitant (o rail svstems, In New York
City, for example, about one-third of e residents who work
in the central business district begin the day by taking a bus.
A similar pattern is projected for San Francisco’s new Bay
Arca Rapid Transit {BAR'T').

Buses represent a promising subject for new technology
because they can go anywhere on present rights-of-way. This
ubiquity is significant. Because buses can go wherever streets
ga, they have the potential for doer-to-door service  and that
may be ewential if public transt is 1o attract patronage in the
future, It also means that bus svstems can involve relatively
low midal investments hecause they aveid the tremendous cost
burden of huilding and maintaining their own rvights-of-way or
guidewavs,
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RIGHT-OF-WAY [MPROVEMENTS

Bus transport, while relatively low-cost, 1x also low in quality
and will remiain o as long as huses get caught in raffic jams
and eonsumie large amounts of ame hoarding or discharging
passengers. The new systems study examined twn possible
salirions:

® Put buses into reserved lanes that are physically separate
from the vest of the traffic or perhaps on exchive “hus only”
streets: or

® Dccongest the flony ol all vehicular teaflic on the streets aned
highwavs ured by buses and give buses some kind of priority in
the traffic stream.

Exclusive Bus Lanes: The first approach may be implemented
by building new urban highways with separate transit lanes or
streets, for exchusive bus use, "Lechnologically, such solutions are
entirely feaable, although they have been infrequently at-
tempted. Additional new highway lanes in urban areas mflict
ever-increasing problems of disruption and dislocation, whether
or not the additional pavement is used cxclusively for buses.
The sccond alternarive 1s often impossible becanse of the diffi-
culty of fitting special and cxclusive Lanes Into most of the exist-
ing urban street and highway patrerns,

The mare promising of these alternatives, especially for the
near terni. is to provide technologies for decongesting urban ar-
har s dmcea e Hie .ﬂow r}("‘m.ws through e terics for all— puh]ir; transit users as well s the p]‘i\-‘nt(f anto-
I v Plasaaf Hee fiurodn Tunned, PR i . . . ..

mobilc n order to tmprove bus operating canditions. Two
somewhat different technologies for decongesting the raflic
stream have been examined by the study. The firse is flow con-
trol on lnnited access highways or freeways: the second is traffic
control on ity streets,

Traffic Flew Conitrol: The flow contral on freeways involves
metering vehicles onto a freeway at a rate which will hold traf-
fic concentration belaw the point of congestion. Atsuch o point,
even minor perturbations in the teaffic stream cause slowdowns
that may fimally result in stoppages that greatly diminish the
freeway’s capacity. Metering vehicles onto the highways keeps
the streamn maoving by preventing tradlic “elot=” Under the flow
control iden, buses would not be “metered on’™ as would other
vehicles, hut would enter the freeway “at will,” perhaps on their
own bypuss lanes as 1s done now in New York City at the Lin-
coln "Lunnel. Once on the freeway, the buses would travel as
fast as the rest of the free-flowing traftic streams, and the
total traflic flow through a corridor would be improved.

People-Aelivated Traffic Contrel: Beeauwse most buses travel
over clty streets rather than freeways, a related 1echnology, street
wrafic control, 15 of particular impartance. It needs to be
applied, however, more directly to the problem of moving peo-
ple. not fust vehicles. At present, most traflic control sys-
tems are programed simply to move vehicles with no regard
to dilfervnces 1 vehicle size or number of passengers carried.
All vehicles are thus treated equally which means that their
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passengers are treated unequally, For example, traflic lights
are sct to favor three people in two cars over 30 people In one
bus. This, of course, fails to uaximize the flow of people through
the street network.

To increase the people-moving capacity of the network, the
new systemes study examined trafhic contral svstems which can
be designed to count and move people rather than vehicles.
T'echnically, there are several wavs to <ense the approach of
busex i the traffic stream. One svstem that s already on the
market wses o rapidly pulsing optical beam to transmit a signal
from the bus to an electronic phase selector which controls the
traffic light.

Though simple, this people-moving approach can improve
bus speeds considerably. In a recent experiment sponsored by
HUD, tralfic lights on a street in Los Angeles were manually
changed 1o favor buses. The data indicate that bus passenger
delays were reduced by as mueh as 75 percent. However, the
basic costs ol automation arc still high, with considerable work
remaining to be done 1o improve information gathering and
control devices. In addition, carelully supervised experimenta-
tion is needed Lo determine actual effectiveness.

COMPUTER-ASSISTED BLS SCHEDULING

The preparation of daily driver assignments {run-cutting’} and
the scheduling of availuble buses to routes is presently a manual
process. The complexity of the factors involved  multiplicity
of cheices. limitations of time and driver selection preferences
and restrictions-  assurc thal snch manual processing cannot
provide the most efficient and economic operations. On the
basis of projects sponsored by HUD at West Virginia University,
the potential has been established for automating ridership
counting and the computerizing of run-cutting and scheduling.
A mathematical model for optimizing the assignments of op-
crators and equipment has been developed. Coupled with re-
liable, yet less costly, riderchip data, computerizing the entire
process can aid In providing fexible and optimum levels of
scrvice to meet fluctuating demands. While this process shows
promise for near-term application, future extensions of the
concept could make hourly adjustments possible by communi-
cating data on passengers and bus location to a central dis-
patcher for more demand-responsive bus service.

IAIPROVED BUS DESIGN
The Standard City Bus: While today’s standard 30)-passenger
bus represents a considerable improvement in comfort over its
predecessors, it falls far short of satisfving modern expectations
of service quality. It should not fume, or roar, and—among
other improvements—it should have smoother acceleration,
hetter ingress and egress, and most important, cither much
casier steps to climb or none at all. Privale industry can now
meet such requirements, if they are stated in specific terms.
To assist such specification, the Department of Housing and
Urban Development s financing the development of new de-
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Detafly of o rail conversion unit under evaluation for
dual wode aperation.

Aw artivelated bus offers the potential tov greatly in-
creased  passenger capacity and comfert wilhowt firo-
povtional increases in mainlenance and offertiing costs,
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sl criternn for improved buses I the Nauonal Acidemy of
Sciences and the Natiemal Academy of Loginecring.

Dol Mede By A dual mode hos combines the high-peed,
cangestion-free characteristies af 1 rail vehicke operiting en s
exelusive richt-of-way | swith the flexibilinn wnd adaprabilioe of
aie ordinary bus, This flexibility would make qt posable 1o
combine collectien and line-haul service i avens where travel
denzand Is too low 1o justify an exten<ive il network, - With
antomatinn, the dual mode bus could e drmverless enver the line
hanl rail portion of the wip. Such an advanced dual mode bus
is deseribed 10w subsequent section of this report.?

Two dual mode buses have already been tested in experi-
mental service, In hath caseso ordinary citv Tngses were fitted
with flanged steel wheels which could be lowered into position
when the vehicles were to ride on rails. The steel wheels guide
and help support the buses; traction s provided by the buses’
rubber-tired req wheels, While the dual-maode concept appears
promising, additional work is required to insure 2 smonth ride
during all sveather conditions, especially i soow and ice.

Articulated Bus: The articulated bus can carry up to 75 people
as compared with 50 or 35 in a4 conventional e, Larger buses
would substuntially lower per passenger costs Iy unproving
labar productivity: two-thirds of present costs represent wipes
and fringe henefits for the bus driver. Fxtra-long buses are nol
widely used now because they are too big [or Tocal operation
an (:ity streets. Th“‘.' arc. however, pr(_nnik‘ing for CApress
operation on freeways,

Deouble Deck Bus: The double deck bus has always been a
standard vehicle In =ome countrics; it has had limited use o
the United Statcs, most notably on the Filth Avenue Line in
New York Ciy, The greater capacity within standard vchicle
lengths makes the double deck bus desirahle for some urban
applications. New  wheel arrangements involving  powered
differentials would make it possible to pivot-steer a large double-
decker. If hetter methods of loading uand collecting fares can
he developed, this tyvpe of bus would be an attractive candidate
for improved bus design.
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URBAN BUS PROFULSION
Urban buses, hecause of greater freedom from the weight re-
strictions and the variable operating conditions of the personal
vehicie, offer especially good opportunities for immediate use
of propulsion subsystems alternative to the standard gasoline or
dicsel engine. Steam engines, gas turbines, and hybrid engines
arc propulsion components requiring the least new develop-
ment and would he the casiest innovalions to adapt to present
bus transportation systems. Morc advuanced propulsion sub-
systems are discussed below under future technology.

Improved Steam Propulsion: An especially good candidate for
immediate use in urban transportation is steam propulsion.
Both closed and open cycle reciprocating steam engines, as
well as hybrid engines , are heing considered because of their
low contamination levels and quict operation. These engines
operate smoothly, produce high torques at low speed, can
tolerate a varicty of fuels and exhibit superior cold weather
starting pl.rfmman(.(_. Steam generators now available prac-
tically eliminate the delaved starting problem which plagued
carlier steam vehicles, and are entirely safe. At present, how-
ever, they are both bulky and costly. Since no major technical
obstacles are foreseen in manufacturing suitable engines, costs
no doubt would decline as production increased.

(7ay Turbines: These also exhibit less pollution thar internal
combustion engines. Gas turbines have heen tested recently on
automobiles, trains, and trucks. Their greatest problems are
high manufacturing cost because of precision engineering re-
guirements, mechanical power transmission, the waste heat in
their exhaust, and the sluggishness of their throttle response
in small vehicles.

Turboelectric Powerptants: Using o hybrid combination of
gas turbine, altermator, induction motor drive and lead-acd
storage battery, turboelectric powerplants show imminent
promise for bus propulsion. Morc cfficient use of the turbine
should further reduce pollutants, clectric power drive could
climinate problems with mechanical transmissions and the bat-
tery would improve acceleration characteristics while affording
cssentially emission-free operation for short pertods in tunnels
or congested central city arcas.

Other new types of propulsion systems for urban buses and
automohiles are under active investigation, The most promising
of these are discussed in a subsequent section dealing with longer
teym improvements,

IMPROVEMENTS IN EXCLUSIVE GUIDEWAY
SYSTEMS

“(rutdeways” are the components of transportation systems
which guide and support maving vehicles. A strect is a guide-
way in the simplest sensc; one which may be shared by several
kinds of vehicles. A railroad track is a guideway which is
restricted to flanged wheel vehicles and thus is termed “exclu-
sive.” As described below, however, newer systemns of exclusive
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New aiv vonditioned rail rapid transit cars, canibined
with improved operating practices and  modernized
power, caminicaiions and track swwitching equipment,
carn enlumee sevice Ahroughiout an enlive comnruter

svsien:.

The antomatic, fail-safe operation of the Montrea!
Exfur Express carvied an estimated 35 million uvisitors
to Expo 67

guideways difTerent from the conventional steel rail are being
developed and show promise for use in urban ransportation.

CONVENTIONAL RATL SYSTEMS
Six large American cities with high transit usage now have rail
svstems—either commuter railroads, rapid transit {subways),
or streetears, The present value of the investment in these sys-
tems s quite large, totaling more than $3.4 billion. After a
periad ol contraction, the number of miles in use of rail rapid
transit has stabilized and has even increased in recent vears,
Pcak-period usage, ranging from 18,000 to more than 60,000
passengers per hour, has alwavs been the most important con-
tribution of this type of service,

For the most part, however, these systems were developed
more than 40 vears ago and have had limited upgrading of
rolling stock and plant since that time, Many of the propertics
are using ontdated equipment and operational policies as a
result of their inability to charge the fares and obtain the neces-
sary usuge to maintain and upgrade service,

Improvements to existing systems usually imply an increase in
the speed of travel. The new systems study, however, found no
pressing requirements for markedly improyving the speed capa-
bilities of conventional intraurban rail vehicles in the near fu-
ture. In most cases, the closer station spacings ol existing urban
rail svstems would cancel most of the advantages gained by in-
creasing speeds. The pbtential advantages of reliable braking,
fail-safe signaling and coutrol svstems which could reduce head-
ways and improve the flexibility of service were studied, and the
neced to improve operating efficiencies and service amenities of
conventional rail svstems was found to he essentiul,
Jutomatic Operations: Most existing rapid rail transit and
commuler trains can be fully automated with far greater ease
than individual street vehicles, and without extensive rebuilding
of the system. The cost of making these installations, particularly
in older propertics, must be carcfully measured in terms of
possible reduced operating costs and inceeased revenues result-
ing from closer or more flexible hcadways. The Pittsburgh
Transit Expressway project and the Expo Express in Montreal
show what is possible even with current equipment. Controls
in these systems, unlike conventional trains, are along the guide-
way and in central computers. Thesc provide an inventory of
all vehicles at once and are prototypes of the control svstem
required in advanced systems using fixed guideways.

The efliciency of rail systems can be considerably improved
by less than full automation, however. For example, automatic
ratn identification and monttoring with route allocation can
avoid additional construction costs by improving the utiliza-
tion of existing track, parallel tracks, and tunnel capacity.
Computerized scheduling can tailor service to actual needs by
optimizing car and crew assignments and thereby reduciné
operating costs.

Rail Transit Components; Improvements 1o certain critical
rail transit vechicle components can lead to important increases
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Antomatic rail car couplers coulid increase operating
effiviency and reliability thvough push-button inter
forking of signal and conirel lines,

in operating efficiencies. Automatic couplers, for example,
would permit cars to be coupled or detached by pushing a
button in the operator’s cab. This could, in itself, substantially
decrease the manpower costs ol making up trains. In combina-
tion with the computerized scheduling described above, auto-
mitic coupling would lcad to a closer match hetween tram
sizes and passenger loads, thus reducing unnecessary car miles
and maintenance costs.

The time currently required to couple and uncouple cars
can be reduced to seconds. Since a key factor in many rail transit
and commuter services is train turnaround or reassembly time,
the reduction in time consumed for these aperations from min-
utes to seconds is of vital importance. Saving as little as 2 or 3
minutes on some tghtly scheduled commuter runs could mean
placing un entire train of equipment back into a peak time slot
where it could produce additional transportation services.

Braking and Suspension: Existing transit braking systems are
complex, slow acting, and depend heavily on the wheel-rail
adhesion which can be developed-  a limiting and often varia-
ble guantity. A thorouph explorition of current technology to
include the evaluation of hydraulic, dynamic, magnetic, and
advanced air brakes and improved control and actuation sys-
tems appcars warranted. Promising methods of maximizing
wheel-rail adhesion during braking suggested by the stody
should be further cvaluated.

Conventional Suspension: The truck, or frame containing the
springs, axles, and wheels upon which the car body rests, is
subject to a variety of failures. The frame also transmits un-
desirable vibrations and noise to the car. Rubber tires have bheen
used in both the Paris Metro and the new Montreal subway,
and their ride and potential {or quiet operation make them at-
tractive for urban transportation. However, for use in auto-
mated systems, where failure of & single tire can cause delays on
miles of guideways, the performance of present tires needs to be
improved. Work also needs to be done to produce quiet tires
capable of bearing greater loads without becoming too large.
s0 that less cumbersome vehicles can be designed.

Railroad Beds: Steel wheels on steel rails are likely to continue
in use for some time. Welded rails have been used for over a
decadce to help smooth rides in seme parts of the country. Ties
which distribule transient loads more elfectively have heen a
continuing design effort by railroads for years. More recent
innovations are stressed-concrete supporting structures, includ-
ing prestressed ties or solid roadbeds, to replace the ties-plus-
ballast combination used to transmit loads directly to the carth.

RAPID TRANSIT MAINTENANCE

Effective and economic rapid transit service depends to a great
extent on the ability of the system to provide safe, comfortable,
atiractive, and reliable close-hcadway service at reasonable
speeds. Such a requirement under restrictions of time and availa-
bility of right-of-way establishes o clear need for carrying
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Wihvels for high speed rapld fransis systems are sub-
Jected to vigorvous teshy—inctuding wltrasonic and mag-
wetic particle tests—ta deteet cracks, flakes and laminar-
fupe defects.

Pemonstration of my ey e Bt wrineling saachine an e San Frane e
BART fest track,

out high-speed 1 -amtenance technicues concurrently with
operations,

Wheel and Rail Grinders: 'T'he rapid ¢rinding of whecls und
rails by new types of maintenance machinery 1s one of the prime
needs. The development of abrasive belt-grinding techniques
for wheels and rails could eliminate costly and time-consuming
lathe-turning of wheels and hard-grinding of rails, Improved
and safer tracks can be achieved through the development of
specialized rapid transit oriented equipment designed to detect
deficiencics. The lTenefits of these efforts will he realized pri-
marily in increased wheel life, reliability, safety, and in noise
reduction.

Maintenance of Equipment. One of the more costly activities
of rail systems might be cut appreciably by organizing some
tvpes of car repairs on a “continuous flow™ basis, involving a
concept of laying out maintenance shops in a systematic way
to enable greater efficiency in operations. The general approach
could be adopted by most rail svstems which have similar
maintenance problems,

Cleaning: Rail systems also have generally similar cleaning
problems at present. The car cleaning process might be im-
proved for all rail systems {and bus systems, too} by develop-
ing standard procedures and specialized cleaning equipment.
For example, the cleaning of tunnels js still a costly manual
operation. Since most of the “dirt” is ferretic material, it appears
worthwhile to develup a cleaning technique based on magnetic

-principles,
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Noise Control: Improvements in operating efficiency also often
improve a system’s quality. For example, better cleaning pro-
cedures contribute o upgrading quality as well as cutting
costs. Similarly, improved right-of-way utilization upgrades
quality by reducing the crowding at rush hour. But one impor-
tant area of amunity improvement—noise- will caxt money
rather than save it. Noise control requires attention Lo mainte-
nance of rails, wheels, trucks, couplers, and interiors. Noise con-
trol also requires judicious selection of acoustical treatment
techniques. The identification of the best noise reduction meth-
ods is a matter for further rescarch.

RECENT NEW FIXED GUIDEWAY SYSTEMS

Two projects in which the Department of Housing and Urhan
Development has participated, the Transit Expressway i Pitts-
burgh and the BART system in the San Francisco Bay region.
demonstrate a few of the fixed guidewny features which are
currently available.

The Transit Lxpressway sysiem represents d fairly radical
break with the past, Driverless, rubber-tired vehicles could
operate over a concrele guideway on 2-minute headways at top
speeds of 50 miles an hour. Using lightweight cars scating 28
persons and with room for 26 standees, the system is designed
to serve peak demands of 5,000 to 16,000 people per hour one
way—considerably lower than the economic ridership level of
standard rapid transit systems, While Turther development is
necessary | for example, on means of switching}, systems incor-
porating the Transit Expressway are likelv to be fully opera-
tional within a short while.

The Transit Expressway. wilh fighteeight automaled welicles, offers the

fossibitiey o aoavstem weelDyuited do medinn passenger travel demndnds st
capital and operating costs below Hose of conventional raif syshemes
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Desien of the San Franciveo BART Svilem has emphasized passenger com-
Fard aned corevaivmee seithe wide seats aned aisfey, farge windows, and uvirtu-
ally sitent svbrationfess operation al gl travel speeds.

The less radical BART system is essentially & wide-gauge com-
muter rail system, incarporating such advanced subsystems in
rail technology as automatic fare collection and automatic con-
trols with a single attendant to handle emergencies, BART
trains will have maximum speeds of 80 miles un hour, with
capacity designed for 30,000 scated passengers per hour in
trains of 10 cars.

URBAN AUTOMOBILE INNOVATIONS

The automobile, providing both flexibility and speed, has
rapidly established and maintained domination over a wide
range of trip types. The present six-passenger family car rep-
resents a compromise in design to satisfy o wide variety of
travel needs. As such, the automobile intrudes in many ways,
The experience of recent vears contradicts the belief that traf-
fic congestion will iteelf set a limit to car ownership. If there is
1o he any chance of coexisting with the wtomobile in the urban
environment, a different sart of automobile is needed with im-
provements in the supporting systems, The evolution in the
automobile and its supparting systems, road, and parking facili-
ties has responded to personal preference as well as to public
guidance and control. These systems will continue to evolve in
response to such influences.

RENTAL VEHICLES FOR LOCAL USE

Many people in urban areas need the wse of an automobile
only occasionally; others cannot afford o own a car. Yet an
automobile may provide the only means for access to a job or
to public transportation. The new systems study has established
the practicality of development of an urban public transit sys-
tem that has the flexibility and service of the private auto-
mobile: A car rental service for short trips operated as a pri-
vite enterprise or as an adjunct to public transportation. Such
a system could employ a small, low-powered vehicle on a short-
term, inexpensive rental basis, obtained from a terminal and
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A small wrban wehticle, using @ hybrid engine for re-
dieed air poltution, coudd frrovide @ public automobile
servvice for shopping, nccess 1o mass ransportation sta-
fions, awd  perkaps jor wse within eentval  business
disfriers.

retiurned to it or another location for each trip. The vehicle
should be available at less than fee owner costs. It would pro-
vide service to and from transit terminals, in central business
districts, in low density areas (shopping centers) or on such
sites as college campuses or lurge international airports.

A HUD demonsiration project carried out simultancously
with the new systems study has developed performunce criteria
for 4 small, hybrid-engine automobile for this type of service.
“This vehicle will meet strict standards of controlling pollutant
emissions. A chief benefit of the small size would be in parking,
both adding convenience for drivers and reducing the overall
cost and amount of space that must be devoted to parking.
Street and expressway capacities can be increased significantly,
however, only when most cars using them are small, and until
then, hazards from mixed traffic can be expected.

If the feasibility, acceptability, and benefits of such a small
urban car rental service can be established through demonstra-
tion in urban areas, it should be expected that private industry
would further the vchicle development and expansion of this
kind of service.

Automatic Traffic Control

Traffic lights in many cities today are controlled in rudi-
mentary fashion in response to established traffic patterns. Ve-
hicle flow can be sensed by optical devices, treadles, or loops
buried in the roadway, and lights may be st to reflect
traffic patterns determined by experience. More complex sys-
tems are now in operation in Toronto and San Jose and are
being evaluated in several other U.S. cities. These feed data
sensed at critical intersections directly into a central computer
that analyzes the flows and issucs commands to achicve maxi-
mum traffic flow.

Automated Parking Garages

The new systems study devoted some attention to the possi-
bility of autemating parking garages to reduce the amount of
space required for ramps and aisles, and to increase the speed
of operation.

While a number of designs for such garages are available,
none of them offers advantages in construction and mainte-
nance cxpense over conventional ramp designs. However, for
the small urban automobile, the advantages may be significant.
Since three or four small cars could be parked in the space
of one standard automobile, automatic parking could be pro-
vided at substantial saving over the average capital cost of
$3,400 for “avtomated” space for a conventional automabile.
For the rental car service described abave, automatic parking
on a “first in—first out” basis could be reduced to $1,200 per
space. Where the preponderance of automobiles s of stand-
ard size, a more fruitful lme for experimentation would be the
use of peripheral parking lots to serve congested areas, pro-
hibiting business district movements by all vehicles except
transit, taxis, and fleets of small cars leased for use,
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“Peaple-mvmers” operating on shofring malls free of
other {raffic have aided pedestrians In such places
Minnid Beach.

IMPROVEMENTS FOR PEDESTRIANS
The importance of the pedestrian is often ignored in planning
and operating urban transportation. Urban travel surveys too
often have paid little attention to walking trips. Movement
within the transportation terminals and stations, both Intra-
urban and interurban, and within other major activity centers
is often difficult—rarely pleasant or efficient. In the many
places in urban areas where vehicles and pedestrians must
share space (strect intersections, shopping centers, and airport
parking lots), the vchicle is nearly always given preference.
Studies have shown that the pedestrian particularly re-
sponds favorably to improvements that reduce walking and
waiting or which offer increased personal safety. Walking be-
gins and cnds cvery public transportation trip, thus improve-
ments in the pedestrian’s lot are necessary for a higher quality
of lotal service. Potential innovations and applications of pres-
ent-day technology offering improvements for pedestrians are
described helow.

MAJOR ACTIVITY CENTER CIRCULATION

Some promising immediate improvements include improved
small bus designs for more economical and convenient service
in large major activity centers, improved traffic control devices
to give priority to people rather than vehicles (for both
pedestrian and bus passenger), madified conveyor systems for
short-distance, high-volume movements, and improved com-
muter rail and rapid transit station designs.

PEDESTRIAN WAYYS

A particularly appealing development technically feasible in
many places is the separated pedestrian walkway or pedestrian
way. It may consist of elevated passages over streets and
through upper stories of huildings or of underground passage-
ways-—often developed in connection with railroad and rapid
The San Francisco Uivic Cenier pedesirian mewanine connects shopping

facilities and station access on the upper level to the Bay Area Rapid
Transit cars vn the lower fevel,




Maowing belts can assist (he movement of pedestrians in
such peajor ac ety eonters wy alv pord ferminals.

Automuated fare collection can speed the truveler on
hiv: trip while making possible flexible charges aned
improving the efficiency of truansit operations.

transit terminals. One of the most successful is the Philadelphia
Penn Center subway plaza which is contiguous to the suburban
station of the Penn Central Railrend. Pedestrian malls are some-
times incorporated in urban renewal projects or may be created
by closing part or all of an existing street to vchicular traflic and
arranging it for exclusive use by pedestrians.

Scparating rights-of-way  at intersections and minimizing
pedestrian climbing and descending can be achieved with
recently developed bridge designs using pipe and laminated
wood in the structures, Ramps provide a pleasing alternative
to stairs in many applications. Many mechanical devices can
be incorporated into pedestrian ways to speed the flow of traffic
and change it to a different level,

IMMEDTATE, IMPROVEMENTS OF GENERAL
APPLICATION

FARE COLLEGTION

Farc collection is a problem for all transit systems. TFirst, it
takes time and manpower to collect and audit fares. Reductions
in cither would help both the systems and their riders. Second,
it 15 awkward and expensive to collect different fares for dif-
ferent trip lengths and different times, Accordingly, flat fare
structures now prevail on almost all city bus and rapid transit
systems. This often results in high costs for wme trips, discour-
aging the short-haul and off-peak riders.

Imiproved fare collection systems using current technelogical
knowledge would make it possible for rapid transit and support-
ing systems to cmploy much morc flexible charges. These
charges could be based on such clements as distance traveled,
time of day, frequency of travel, location of trip origin or
destination, as well as personal preferences in deferred hilling
procedures. These have been effective in promoting the addi-
tional use of other forms of transportation by redocing the
visible cost. Limited experience with automatic fare cellection
svatems to date indicates that guarantecd collection has in-
creased revenue by as much as 10 percent.

Where fare collection can be handled on station platforms,
much progress has already been made. Much still needs 1o be
done o improve fare collection on buses. The use of prepur-
chased bus passes, good for a specified period on a particular
route, would facilitale fare collection, especially during peak
rush hours when some “pass only” huses would be scheduled,
thus reducing the delays caused by fare collection. Several
rail systems are now using machine-readable tickets issued by
vending machines and analyzed by a computer at the gate.
Tickets have magnctic surfaces that the equipment can read
and register for later billing or make appropnate deductons
for the trip taken. While these systems are still crude and often
unreliable, they can be improved. They eventually can also
be expanded into systems that can count ridership, and may
thus permit more responsive serviee through computerized
scheduling.
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SECURITY

Passenger and operator sccurity can be increased through the
use of currently available surveillance and communication tech-
nology, A Department of Housing and Urban Development
(HUD; demonstration project testing two-way radio com-
munication ot New York City subways found that message
delays in reaching police or other emergency ald were reduecd
99 percent, lo fractions of a second. The average number of
train delays per month in the test arca decreased 41 pereent
and average duration of delavs decreased 9 percent, Due to
the success of the experiment, the New York Transit Authority
has committed nself to extend the two-way radio svstern to ull
of ity rapid transit and surface divisions. .\ radio svatermn with
bus paging cquipment is planned for the Authoritv's 4200
buses. Closed-civewit 'U'V with intercar and external security
contact systems also show pramise {or rail svstems, Such secu-
rity svstems are gssential to restore confidence in personal sufety
for rapid transic riders and drivers.

MANAGEMENT AND OPERATIONS

Improvement of transit management and operations depends.
of course, upon the meotivation and Imagination of the men
who run the industry. With limited budgets and staffs, and
heavy demands on management time for dav-to-dav apera-
tions, 1t 15 diflicult for them 1o devote themselves to improving
methods. But without improvement in the methods of man-
agement and operations, many of the proposals described clse-
where in this reportwill be fruitless.

HUD has recognized the need for assisting the industey in
its efforts to impreve numagement and operating practices by
conducting training seminars for key personnel at West Vir-
ginia University and Kent State University in Ohio, Univer-
sity research, training, and {cllowship programs have been
established to attract promising personnel to the ficld.

The application of computer technology can improve cost
accounting systems, aid in cquipment and manpower schedul-
ing, and improve planning through simulation of operating
conditions, The development and use of better market research
and marketing techniques should result in increased transit
coverage, greater patronage, and revenues,

Other sections of this report deseribe patential improvements
in opcrations that could show carly resuits in increased quality
and efficieney. These inchnde assembly line cleaning and main-
tenance practices, automatic fare collection, automatic vehicle
controls, traffic signals for bus preference, and seeurity systems
for passenger and operator protection.

STATIONS AND INFORMATION AIDS

Informing the public of its services is an esential funclion of
urban mass transit. The hasic problem is disserinating informa-
tion on modes, routes, and frequency of service. Difficulty in
obtaiming such infarmation discourages potential riders; and
such difficulty is entirely unnecessary. Direct advertising through
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all media, including the mails, to inform the public about routes,
schedules, fares, and the availability of special services would be
an important improvement.

Conveniently located information centers should be provided
with easy-to-read maps of the complete transportation system,
and timetables describing the vehicle, route, and frequency of
scrvice available, There should be direct telephones to the trans-
portation agency information service. All bus shelters and public
transportation stations, old or new, should be permancntly
equipped with attractive maps, routes and placards displaying
trip frequency, origin and destination of passing vehicles. A high
standard of architecture and graphics can improve station de-
sign, and assure the traveler that he knows where he is and how
to get to where he wants to go on time. Such a willingness to
serve is a prerequisitc in making public transit attractive and
competitive.

COMPONENTS TECHNOLOGY

The technology which underlies the development of the new
transportation systems covers a wide range of subsvstems and
components. These include:

® command and centrol devices for safe and reliable guidance:

® propulsion subsystems to power the vehicles with little or no
air pollution or noise;

® suspension subsystems to improve comfort and safety; and

many other mechanical and electrical components which in
combination become the total operating system.

Establishing the technical feasibility, advantages, and limita-
tions of innovative concepts and their subsystems and com-
ponents is critical to advancing new systems of urban trans-
portation. The following is a review of some of the promising
technologies of components which should be cxplored through a
program of research and development to determine their ad-
vantages {or longer range systems which constitute the whole.

COMMAND AND CONTROL

Control is one area in which the technological problems of urban
transportation are considerably more complex even than those
of space travel; thousands of vehicles with hundreds of options
for switching and stopping arc invelved. Without autornation,
fcw of the new systems would he economically feasible. Tt is
important also becausc the large aggregates ol vchicles going
thousands of different places which comprise metropolitan
transportalion today can be handled with greater speed, and
greater safety, only if electronie machines make the routine
control decisions rather than individual human drivers and
operators. Even the automation of apparently minor parts of
the transporlation funiction, siuch as fare collection, can hecome
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an enormously complex undertaking that requires the most
sophisticated computer and communications cqu'lpmcnt.

While much research and development associated with
“command and control” technology must be done in connection
with a specific concept, there likely will be byproducts of this
work that will be useful in advancing other ideas.

AUTOMATED VEHICLE MONITORING

In order to control the movement of vehicles, one must know
where they are- -no problem if the number of vebicles to be
controlled is small, Two-way voice radio is entirely adequate
for dispatching small flects of taxis, trucks, or police cars. But
when the fleets become large, the amount of information
becomes unmanageable withour automation. The new systems
study considered various wayvs of automatic monitoring for
highway vchicles, Under the promising concept described
helow, 1t appears feasible to keep track of a verv large number
of vehicles continually and automatically, whether private fleets
of raxis, commercial trucks, or public buses and emcrgency
cars.

Ap automatic vehicle monitoring { AVM) system can estab-

lish the location of any vehicle within an accuracy of 100 feet,
in a metropolitan area 50 miles in diameter. A central trans-
mitter broadcasts repetitive commands. Each command in effect
addresses one particular vehicle whose equipment recognizes its
own coded signal among all the others.
Automaled velticle swanitoring can gid the movement of peaple and goodds
ey city alrects Oy eontinnally establishing the [peation of large nunthers
of vekdeles i bus sysems, truching companies, taxi fleels, and police
de ariments.
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On receiving the coded signal, the addressed vehicle activates
a keyed transmitter which produces a respond-acknowledge
{R-A) signal. At least three roadside reccivers, perhaps on
towers, pick up this R-A signal and relay it to the central
computcr. The vehicle's location is then camputed by triangula-
tion using the differences in arrival times of the R—A signal at
the three roadside recelvers.

The two salient features of this kind of system are that it has
a very large capacity /the system can keep track of thousands,
perhaps over 1 million vehicles), and that it can be ™ime
shared’” by many different users, public and private. Thus, an
AVM system makes it possible to improve the urban operations
of police departiments, taxi ficets, and of course, transit systems
and trucking companics.

The latter is of particular intercst since trucks centribute
heavily to the congestion of urban streets. An AVM system
could be used in a central dispateh system for trucks, permitting
only an optimum number to be in a given arca at one time.
For example, trucks serving New York’s crowded garment cen-
ter might be “staged” outside the area, and dispatched into it
when curb space was about to become available.

PROPULSION, ENERGY, AND POWER TRANSMISSION SUBSYSTEMS

Two types of propulsion systems drive most of gur present
transit vehicles: Internal-combustion engines, whether gasoline
or diesel; and electric, whether supplied from internal sources
or by external transmission systems, With the exception of the
gas turbinc engine which has been develaped primarily for
atreraft but which has seen some recent application for ground
transportation, these propulsion systems are all products of 19th
century technology, with some 20th century refinements.

Internal-combustion cngines, which carry so much of the
Nation’s transportation, also produce a major share of urban
air pollution. Since preventing environmental contamination
and conserving resources are important national goals, quict,
pollution-free engines are already the object of intensified re-
search cfforts, Tadav's gasoline engine produces less poltution
than vesterdayvs and tomorrow’s will no doubt exhibit still
better performance. Tn the congestiom of the urban environ-
went, however, even low pollution outputs may add up to un-
acceptable pollution burdens. Thus, electric motors, which
themsehves are practicalls nonpolluting, give more promise as
propulsion systemns for the future than any tvpe of engine which
involves combustion,

Flectric mictors are notably quiet and clficient. Electricity
is 2 most {ucile form of energy for systems operating on exclusive
guidewuys, as well as posessing distinet advantages in autn-
matically controlled svstems. Of course, if the electricity power-
ing a transil vehicle is produced in o power station which hurns
fossil [uel {or urban trash, as has recently been proposed ), over-
all urban air pollution may still result.

Generating plants, however, can be considerably more offi-
cient than the small, maobile powerplants which propel
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automobiles, buscs, trucks, or locomotives, The large stationary
plants make more efficient use of the fuel, dumping fewer
products of incomplete combustion into the alr, simultaneously
contributing to resource conservation and diminishing ar
pollution. Not 20 numerous us mobile plants, the stationary
generating plants can be located to minimize adverse impacts
in urban areas. Nuclear generating plants praduce only van-
ishingly small amounts of air pollution, sometimes none at all,
althongh there may he some water-pollution problems with
these plants, The Federal Government is supporting research
which will aid n designing and operating large generating
plants to mect the increasingly strict standards governing urbarn
air pollution now heing developed by the national arr pollution
ahatement program.

Propulsion: Combustion engines of various tvpes evaluated un-
der the new systems study included the conventional internal
combustion engine, the Brayton Turbogenerator, Surling, and
steam reciprocating engines, as well as steam and organic turbo-
generators, Steam engines and gas turbines are discussed above
as immediate improvement possibilities. Other propulsion svs-
tems showing the greatest potential for future development are
described helow:

Hybrid engines have a good potential for urban transportation
use. These combine an clectric motor with a generator operated
by some ather tvpe of engine. Hyvhrid engines can help te reduce
pollution in several wavs, Thev can be operated at a constant
speed all of the time, charging batteries or accelerating a
Avwheel from which the vehicle's drive motors driw power.
Constant speed operation cuts pollution considerably, since it
is during acceleratiom and deceleration that most pollutants
are emitted. Alternatively, hybrid vchicles could operate exclu-
sively on batteries in areas such as downtown business districts
in which air pellution and noisc are most critical.

Llecirically powered vchicles offer advantages for urban trans-
portation in climinating noise and pollution emissions as well
as their proven adaptability to automatically controlled
systems. Sclf-contained electric propulsion systems are relatively
undeveloped for urban transportation, l.ead acid batteries are
now the only practical means available for storing encrgy to
opcrate vehicles off of guideways, They are heavy, expensive,
and cannot store and deliver energy well enough to permit
battery-powered vehicles o travel very far or fast or to performn
adequately in competition with internal combustion engines.
For vehicles on guidewavs, third rail and pantograph-overhead
wire systems are the only means for trunsmitting power.

Elcctric mators for both kinds of systems are far from being
as sophisticated as the automated systems of the future will
require. Electric motors have now been developed that are
much lighter than the conventional ones used to propel trolleys
and rapid transit. A 130-pound, 100-horscpower motor, for
example, was recently demonstrated successfully in o small
electric car. Solution of the weight problem opens the way
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Livear electric molors, shown heve with the rotor oy
shugtle in the wvelicle and stetor or winding in the
gridoway, may have application to severel new urban
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for usc of electric motors in small vehicles. The focus of develop-
ment in the conventional electric motor field no doubt now
will be an the engineering necessary to achieve the most efficient
application of lightweight reliuble motors.

Linear electric mofors have been experimented with for at
least 20 years. Reduced to its simplest terms, a linear motor
is a rotary motor cut parallel to its axis and laid out flat.
Instead of a rotor spinning inside a stator, a flat shuttle passes
along a controlled guideway. In transportation applications,
the guideway 1s the stator and the rotor is on the vehicle—
or in some cases, the rotor Is the vehicle. Power windings can
be cither in the guideway or on the vehicle. Usually they are
on the guideway bul applying this convention to transportation
guideways could be enormously expensive, since it would re-
quire tons of copper or somc other conductor to “wind” a
guideway. Most concepts, therefore, put the windings in the
vchicle, though this requires a method of supplying it with
powcr.

The new systems study indicates that development of the
lincar motor offers some advantages for the development of
several new urban transportation svstems. Since thrust is di-
rect, relving on electromagnetic reaction between vehicle and
guideway, no power is lost nor is weight added through gear-
ing, and the system need not rely on tractive friction, Vehicle
weight can be reduced, sinee in effect half the motor is in the
guideway. Since the linear motor depends on a narrow gap
or clearance between stator and rotor {guideway and vehicle),
it may be suited to propel air saspension vehicles. Vehicle
speeds can be controlled for an entire automatic system, hut
this introduces serions problems. The practicability and econ-
omy of “winding” a roadbed must be resolved. [[ power Ix
applied to the vehicle, connections are necessary belween it
and some adjacent power source. To kecp thrust constant,
theory suggests that the air gap belween vehicle and guideway
must also he kept constant, though research has vet to deter-
mine the range of acceptable variations. In sum, lincar clectric
motors, especially if used in conjunction with air_bearing sus-
pension, appear o have good potential for use in urban trans-
portation systems. Further research is required, however, to
determine whether they possess significant or unique advan-
tages in this application.

Energy Storage: Lack of routing flexibility 1s one of the penal-
ties incurred with svstems which run on a guideway; this is
one of the reasons miost often cited for the decline of the track-
less trolley bus, Attention has focused recently on energy-storage
devices which would allow a vchicle to operate without being
in contact with a power source, yet without producing air
pollution. Such svstems would be driven by clectrical power
produced on-board, either by batteries or by fuel cells; or elsc
they would carry mechanieal or thermal energy-storage devices.

There are several differences between batteries and fuel cells.
Generally, a battery must be recharged, while a fuel cell needs
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to be refueled {energy is the regencrating means in the one
case, matter in the other). Further, batteries possess a relatively
higher power density {measured in watts or kilowatts per
pound}, and fucl cclls possess a relatively higher energy density
{measured in kilowutt-hours per pound ). Thus, fucl cells might
permit reasonable driving range and rapid refucling, while bat-
teries can more readily supply peak load requirements for bet-
ter acceleration but require relatively long reenergizing times.

Conventional lead-acid batieries represent a well-developed
technology, and are fairly incxpensive, but their range capabil-
ity is low. Newer experimental high-cnergyv-density batteries
are less well developed, curreatly more expensive, and may be
more complex to operate. Typical of these newer balteries are
the sodium-sulfur, sedium-air, zinc-air, lithium-chlorine, and
lithium-organic electrolyte. None of these concepts s vet de-
veloped to o point where it wouk] he inexpensive enough for
practical urban transportation use. Nevertheless, further work
will likely bring somc of these concepls 16 o point at which they
can be put to practical use. 'The potential range and speed of
a conventional 3,000-pound automohile with battery power are
compared on the graph in figure 3.1,

Figure 3.1. Battery-powered vehicles, range, and speed
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Among the various fuel cell tvpes which have been de-
veloped (largely in response to space requirements) are
hydrogen-air, direct hvdrocarbon-air, and some types which
consume hyvdrazine, ammonia, methanol, or other fuels. The
largest tvpes now known have a capacity of 30 kilowatts. One
truck has been designed which uses stored hvdrogen and oxvgen
m its fuel cell; the cell develops 32 kilowatts continuously, or
up to 100 kilowatts for short transient loads.

The mujor disadvantage of Tuel cells at the moment is that
they use expensive and relatively scarce [uels, and that they
themselves ure expensive to produce. The fuel-cell technology
is one in which more research effort 1s needed.

A comparison of battery and fuel cell characteristics is shown
in table 3.1,
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Table 3.1

Comparison of Battery and Fuel Cell Characteristics

cnrrg ¥ densiti— -

ivpe icatt=hotrs per pound operaling
temprerature °
theoretical fractical ®
Balteries:
Lead-acid. . . ...... .. .. 115 10--12 RTj
Silver-cadmium . . ... .. 120 27-31 RT
Silver-zine. . ... ... .. 220 H-50 RT
Nickel-iron. .. ... ... .. 138 15-17 RT
Nickel-cadimium, .. .. ... 107 18-20 RT
Sodium-sullur. ., ... .. .. 346 204 370
Lithium-metal halides. . . 230-745 20-80 RT
Hybrids:
Zinc-alv. ... ... o 500 160 RT
Sodivm-air. .. ... ... .. 930 480 270
Lithium-chlorine. . . .... I, 050 250 1, 200
Tuel cells:
Hydrogen-oxygen. ... ... 1,660 400-500 up ta
A00°F
Hydrogen-uir. . ... ... 14, 930 [.300-2, 000 RT
Hydrazine-air. .. ... .. .. i,515 400-500 RT
Mecthanol-air.... ....... 2, 760 300 RT
Hydrocarbon—air, L 6,330 a0 reforim h\_;-
Major camponents of fhe fnerliol energy siorage sys- droge.n at

tem for a mechanical flywheel bus.

* Includes welght of battery or fuel ccll structure.

T Reoomn temperaturc,
Mechanical flywheels have been used o store encrgy for buses
in Furope and Japan. The Mywheels are acceleraled at stops
from overhcad clectric power posts, which takes only a few mo-
ments, and operate without pollution and with very little noise.
Advances in materials arc possible which could permit smaller
wheels and greater energy storage. If developed, flywheels
could he a feasible means for propelling buses under American
urban conditions. Hybrid combinations of a llywheel with an
clectric motor-generator and another form of engine can pro-
vide vehicle propulsion or means of accelerating the flywheel at
peak engine efficiency with little or no air pollution,

Electric Power Transmission: For vehicles which stay in contact
with the guideway, including those vehicles driven by lincar
motors with the power applied to the rotor, novel power-dis-
tribution and power-callection schemes are being explored. The
standard shoe-on-power-rail ar pantograph-on-catenary will
probably continue in use; servo systems have been suggested
so that the shoe or pantograph can follow the rail or catenary
mrore clasely without being spring-loaded. Ihrect-contact tech-
niques will serve for vehicles np to the 200-m.p.h. range, even if
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Active suspensiom syalewms offer possibilities for fm-
froved passenyger comfort through adeptation of air-
nil spring dampers.

the vehicle itself is riding em air. Power transnission technigues
which involve an wir gap merit further investigation for longer
term application o high-speed future svstems of transportation.

SUSPENSION AND GUIDRWAY COMPOXENTS
Gudeway and suspension methods remain 4 major challenge
for rescarch und developraent, partly because the advances
needed for futuristic systems, being largely inapplicable to auto-
mobiles. have received relatively less attention than propulsion
devices. They arc, however, of great importance. Improvements
in conventional mechanical suspension aned ratl guideways are
requircd for even wodest increments in specd and comfart,
while for major advances new technology elearly will be needed.

Active Suspension Devices: Performance characteristics of
springs and dampers, madulated to anticipate roadbed irregu-
larities, may be worked out through the adaptation of aircraft,
military tank, and intereity ral technolopes. Though there ave
many engineers who believe such complex mechanisms may
citnse more trouble than they are worth, the possihilities should
he researched in terms of the potential improvements for pas-
senger comfort, especially aturban speeds.

Aiv Suspension or Air Cushions: These offer somie of the most
promising developments in means for supporting new transpor-
tation svstems, They will require, however, a great deal of
[urther test and evaluation before problems of noise, excesive
need for power, vehicle switching and steering, and operation on
grades are solved. The potential advantages, however, are
substantial: Wide distribution of weight on guideway and ve-
hicle. reducing structural complexities: negligible roadway
wear; elimination of wheel problems such as hearmg failure,
imbalunce, and boance: and stimplification or elimination of
secondary suspension devices such as springs and shock ab-
sorbers. Several vehicles have been designed using air sus-
pension with high clearances, but low clearances are better
from the standpoints of nolse and power consumption.

The frictionless character of the air-cushion svstem requires
that =ome thrust-producing device be provided (o drive the
vehicle, and that some method of producing either reverse thrust
or [rictiemal drag, or both. be provided for braking. Since the
air gap 1% an integral charactenstic of the system, the lear
electric motor seems a logical cholce ax the propulsion means,
and this tends to limit the use ol wr-cushion vehicles to routes
with some types of guideway. Combinations of linear-motor
propulsion and air-cushion suspension appear to offer con-
siderable promise in the development of quict, simple, pollution-
free urhan transportation svstems.

ELEVATED STRUCTURE DESIGN

Artists” concepts of futuristic transportation systems so often
portray graceful, airv simctures soaring above the city with the
heauty of a piece of sculpture. The reality, cven with the kind
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of new systems discussed in this report, is not so ethereal and
their deleterious effects may extend from csthetics to neighbor-
hood property values and social cohesion,

The new systems study found that it would not be possible
to design elevated structures entirely free of adverse effects.
Yet new suspension methods which distribute vehicle weight
more evenly than present equipment and which create fewer
vibration problems would help reduce the bulk of supporting
structures. Vehicles which carry smaller passenger loads, with
resulting lighter weights and lower profiles permitted by new
suspension techniques, would permit the design of elevated struc-
tures that eventually could come much closer to what was ap-
pealingly offered in the Montreal Fxpo 67 Minirail svstem than
to the dismal designs of the old Third Avenue Fl or the Chicago
Loop. Tndeed, it may eventually be feasible to incorporate cle-
vated gaideways mto adjacent buildings, passing through them
or making them i part of arcades and malls separated from
ather city streets,

‘Transit construction and operation costs can be met by
changes in tax laws tg recover some of the appreciation in
property values attributable to proximity to attractive new
public transportation systems. With financing of this kind,
right-of-way construction can incorporate renewal of adjacent
urhan areas, so that the whole project would require less land
than that consumed for urban freewayv rights-of-way, For ex-
ample, a typical four-lanc urban freeway requires about 80
feet of width with median strip and safety shoulders, For com-
parable construction costs, a double-tracked personal rapid
transit guideway would be 17 [eet wide as an clevated

structure,

TUNNELING
Underground rights-of-way have obvions advantages com-
parcd o other kinds in crowded urban conditions—especially
with increasing costs of wrban rights-of-wav, and the resulting
social and economic dislocations, together with local tax losses
[rom use of land for transportation purposes, Their great draw-
back has always been cast, though the trend in tunncling
costs has been rather steadily downward over the past 40
years due to mechanization of cxcavation and hauling. "Tunnel
construction is slow as well as expensive, and ventilation of
tunnels makes them expensive to maintain as well as to build.
Rescarch work to lower tunnel costs and to speed construction
times is very important to the futurc of urban transportation.

“Mechanical moles™ used in the construction of the Munich
subway und for nonvehicular tunnels in this couniry appear
to exhibit the greatest potential for cost reductions. These ma-
chines may cut excavation costs by as much as half, and since
excavation accounts for approximately half the cost of vehicular
tunnels (the balance heing for lining, roadbed and utilities),
this could mean an overall saving in construction costs of 25
pereent.

Machine tunneling has not heen successful to date in very
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hard rock, but here experiments with techniques for weaken-
ing rock with laser beams, ultrasonic vibrations, chemicals, and
heat show promise. Different proposals for modernizing other
facets of tunnel construction include the control of cave-ins
and water in soft ground by injecting rementing agents, the
reduction of labor costs through the antomation of tunnel
lining and its amalgamation with excavation in ane continuous
process. Many difficulties must be resolved before these tech-
niques are even commpetitive with conventional methods, let
alonc cheaper, but they appearcd, on the basis of the new
systems study, to warrant further investigation.

GOGDS MOVEMENT
Movements of goods into, within, and through the city are
essential to the economic prosperity of its citizens and the health
of the city; these movements also contribute heavily to the prob-
lems of urban congestion. The voods-movement systems of the
future metrapolitan area should logically be encouraged togrow
along with, and in relation te, the systems which are evolving
for the movement of people.

Automation has been applied to materials movement of cer-
tain kinds within modern factories and warchouses, but not to
goods movement between buildings and between distoicts of
congested cities, Central business districts and major activity
centers provide both the most urgent needs and the most propi-
ttous conditions for the installation of automatic goods delivery
systems. 'The novel systerns probably should he off-street as well
as automatic, sincc a prime ohjective is the freeing of strects
fram all the congestion and neise of truck movements, truck
parking, and loading-unloading operations,

Since conveyor, pneumatic, moving belt, automatic stall
car, and other suitable technologics already exist in mining,
manufacturing, and warehouse applications, the ceniral prob-
lemn 1s to select and adapt technologies which are appropriate
to the complex institutional, architectural, platting, traffic, and
labor relations problens ol downtown districts. In less denselv
developed areas, such as airports and new towns, it is quite
possible that the same svstems of automatic small cars which
deliver goods might also deliver personal baggage or passengers.

Automatic, off-street goods delivery svstems could hring
dramatie relief o traffic congestion, air and noise pollution, and
could increase economic efficiency of doing business in major
activity centers. For lack of substantive data on demand, trip
origing and destinations, and the like. however, it is possible
today to reach only an intuilive understanding of the dimen-
stons ol the goods-movement challenge, There is an urgent need
for comprehensive data, for quantitative studies and for analvses
of the probleni. Only when the data are available and the anal-
vses have been undertuken and completed, can the technology
be cxpected to provide realistic solutions.
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RECOMMENDED FUTURE SYSTEMS

The {ollowing seven major types of new systems of all the many
candidates investigated, were found to possess not only a high
cxpectation of technical and cconomic feasibility but also to
contribute significantly to the solution of major urban problems.

1. DIAL-A-BUS (DEMAND-ACTIVATED BUS SYSTEM)

A major failing of public urban transportation today is its
inability to pravide adequate and attractive collection and
distribution services in lower density areas of a metropolis. In
some parts of urban areas and in many small cities and towns,
the travel demand Is too small to support any transit service at
all. 1t is simply economically infeasible to route and schedule
present transit vehicles efficiently when only a few people want
to go to and from the same places during a short peried of time.
Rail systems are too cxpensive and are technologically unsuited
for low volumes of demand. Ordinary buses cannot miaintain
sufficiently frequent scrvice in outlying areas to attract any but
those who have no alternative. What is needed is a public
transit system which can respond dynamically to the needs of
these aveas, that is, a system whosc routes and schedules are
both flexible and ubiguitous.

The Dial-a-Bus, which is a hybrid between an ordinary bus
and a taxi, could be the basis for such flexibility. It would pick
up passengers at their doars or at a nearby bus stop shortly after
they have teclephoned for service. The computer would know
the location of its vehicles, how many passengers were on them,
and where they were heading, It would select the right vehicle
arul dispatch it to the caller accerding to some optimal routing
program which had been devised for the system. Thus, the
system could readily link many origing Lo many destinations.

A {dal-a-Bus, with it's pasition estaflished by autamnatic veliicle monitor-

ing, can be routed by rontfruler and a communication {ink to collect
passengers who have called for service.
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Custormers desiving Dinfon-Bus sevvice could tefephone
the controller from home and indicate their desived

sMarling fine, origin and destination. A signal on the
panel might announer the approach of the Dial-a-Bus.

The diffused pattern of trip origins and destinations which
this system would serve is most dominant in low density suburbs.
But it also cxists in a different form in the most thickly popu-
lated urban areas.

The cost of taxi rides can be driven down by sharing rides,
and basically the Dial-a-Bus system is designed to accomplish
this. Data from the new systems study suggest that, depending
on demand, door-to-door trausit can serve its passengers almost
as fast as a private taxi but at one-quarter to ene-half the
price, indeed, at only slightly more than the lare for a conven-
tional bus,

With its operational flexibility, the Dial-a-Bus system could
be programed to give different levels of service for different
fares. At one extreme it might offer unscheduled single pas-
senger deor-to-deor serviee, like a taxi, or multipassenger sery-
ice, Ttke a jitney. At the other extreme it might operate like a
hus service, picking up passengers along specified routes which
could include several home pick-ups. The system might also be
programed Lo rendezvous with an express or line-hanl carricr,
and in serving ax cither a collector or distributor, provide the
opportunity to improve the complete transportalion service.

The major point 1= that the Dial-a-Bus might do what no
other transit svstem now docs: Handle door-to-deor travel
demand st the time of the demand. This means that the system
would attract more off-peak husiness than does conventional
transit. And if it docs attract cnough passengers, the off-peak
revenue would help Dial-a-Bus avoid the same financial prob-
lemns of conventiongl transit, which ix used heavily only 3 or 4
hours per day. Tt could also help reduce dependence upon
automobiles.

Technically. there s little question that the system will work,
Any nuruber of existing vehicles can comflortably carry 12 to
24 pissengers. Some of the best are now offering service o alr-

DHal o flus eall stations cowdid be lavated of convenient bitevvals threughowt
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ports. P'resent computers, radio communications, and telephone
links arve fully adequute to the major nceds of Dial-a-Bus.
Mathematical routing and the awociated computer programing
present no real obstacles. What must be done is to put these
isolated elements together into a unified svstem. Dial-a-Bus
service could be made somewhal more cfficient if the buscs
were equipped with autamatic monitors Lo report each vehicle's
location to the dispatchers at frequent intervals. Although these
monitors do not now cxist, there is no technological barrier to
developing them, as discussed albove under the automatic ve-
hicle manitoring subsystem.

The cost for a given level of Dinl-u-Bus service is a function
of many variables. These include the nature of the street svstem,
the cruising specd of the vehicle, the distribution of demand,
and the size: of the area served. Perhaps the most uncertain of
these variables is demand density, the number of trips generated
per squarc mile per hour. Dial-a-Bus systems prohably will he
most effictent at demand densities of 100 trips per square mile
per hour- a level that is barely practicable for conventional
bus service.

A limited demonstration of the Dial-u-Bus concept, using
existing equipment, could almost certainly be achieved within
3 vears at a cost of less than $1 million. A definitive full-seale
demonstration of Dial-a-Bus service. using vchicles and control
equipinent specifically designed for this purpose to test the full
range of possible benefits, probably could be completed swithin
7 vears at a cost of less than $20 million. (Refer to app. A.)

2. PERSONAL RAPID TRANSIT
The demand for transportation n areas of medinm to low
population density is at the present time predominantly served
by private automobiles. Public transit trunklines mav traverse
these areas, but cellector-distributor service is poor if it cxists
at all. More than half the automebile travel in large citics occurs
in such areas in trips longer than 2% miles. [ncreasing travel
demands of this kind, unmct by public transportation services,
tend to cncourage multiple-automobile ownership and usc;
often these additional automobiles can be neither afforded nor
cfficiently accommodated.

To provide accessibilitv and semvice o the profusion of
origins and destinations in these metropolitan areas, a system
is needed which can he designed to be more responsive to the
requirernents varving population densities and land use pat-
terns might generate. One such concept is “personal rapid
transit,” sometimes called areawide individual transit or net-
work transit. 1 would consist of small vehicles, each carrving
about the same number of persons as an automabile. These
vehicles would travel over an exclusive right-of-way or guide-
way network, cither over standard routes, or else automatically
roated individually [rom origin te destination at network
stations.

Personal rapid transit would provide travelers the important
advantages of minimum waiting time ot the origin station,
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and private, secure accommodations. At the heart of the con-
copt s the premise that personal transit would serve a metro-
polis, except perhaps for its lowest density outskirts, with a
network or grid of lincs, cach perhaps a mile or two apart,

Empty passenger vehicles or “capsules” would be available
at each station on the network. The riders would enter one,
select and register their destination, and then be transported
there antormatically, with no stopping. The average speed would
be essentially cqual to the vehicle speed. The statton spacing
on i guideway network for the system would have no influence
on speed of fravel. Passcnger demand and station costs would
dictate proper station spacing.

Empty vehicles would be recirculated automatically o main-
thin an inventory at cach station, and passengers could be
routed past stations without stopping until thev reached their
destinations. Tdeally, such a system would give travelers the
mMEe privicy as A private automobile, altheugh during peak
periods in eities with particularly heavy corridor movements a
traveler might have w share a vehicle with two or three other
PassenEers.

The guideway network covering the metropolitan area is
the essential ingredient of the personal rapid transit system.
Withont a network of guldeways the svstem could hardly avoid
conventional heavy dependence on work trips and o radial
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orientation to cxisting central business districts. Thus, it could
ot provide adequate transportation alternatives in large met-
ropolitan areas with a wide dispersion of trip origins and
destinations. No muatter how sophisticated the technology,
transit which operates without some sort of network serviee
pattern almost certainly will remain a marginal serviee in the
movement of urban populations,

Network svstems of personal rapid transit would perform
cconomically with travel demand ranging from 1,000 to 10,000
persons an hour in a travel corridor—the medium to lower
density conditions in which mass transit systems today usually
perform inadequately. Yet these corridor travel demand levels
prevail in most metropolitan areas. The network system, morc-
over, could have average specds of 50 to 70 miles an hour,
asubstantial improvement over average urban freeway speeds.

The roadbed or guideway for personal rapid transit might
consist of rails or surfaces for air bearings; the vehicles could
use stec] or rubber wheels or air pads. Propulsion could he in
the vehicle or in the guideway itself. Each guideway would
he abont & feet wide and could be a single-lane over sub-
stantial portions of its length. The narrower and lighter struc-

A suburban personal rapid trensid dation showing turnowts for wehicles




A four-pastenger hersanad vapid transit vehicle.

Awtomated gildowavs miay be depressed—as in this parkway adjacent to
residential areas—at grade fevel, or elerated to suit the locale af the

dnstafiafiog.

tures should require less land. They also could be more at-
trzclive than rany urban freeways. All these options are open
to the design engineer; no particular solution has yet been
shown to be ontstanding.

A personal rapid transit system having these performance
characteristics is an important element in a viable urban trians-
portation system for a number of reasons:

® n exclusive right-of-way is essential il public transportation
is to be automated and if 1t Is to escape the congestion of general
street traffic. Forced to compete with automobiles on crowded
streets, other forms of mass transpartation are inherently at a
speed disadvantage.

® Aulomalion can make transil service more competitive with
the automaobile, since it is the only safe and efficient wav to
nperate a system using numerous small vehicles.

® Small. individualized vehicles avoid the chief delays of pres-
ent rapid transit: Stops at intermediate stations for other pas-
sengers and waiting or dependence on a schedule at the origin
station,

® Addinonally, use of smull iphtweight vehicles, with the quiet
suspension and frropuliion mechanisms which can be developed,
and the less massive elevated and station structures such syvstems
would permit, would mininize the impact of the svstem on the
environment.

The new systems study found over 20 existing proposals for
various kinds of personalized transit, most of them little ad-
vanced heyond the original concept. The greatest amount of
development work is needed for automatic electronic controls,
Maintaining safe headways to permit stopping in casc of an
emergency on the line ahead is @ very substantial problem in a
system nsing small vehicles and yet still aiming at high traffic
volumes. Such operation requires vehicles to be run far closer
together than they can now, but the problems involved in real-
izing this potential require further research.
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A network of exclusive right-of-way transit on any such scale
poses cbvious problems other than technical ones, Clearly a
major investment would be required, though costs might be
reduced by running the guideways on elevated structures using
the medians or margins of existing rights-of-way. Tunncled
guideways and grade level or depressed gutdeways would be
less cxpensive than conventional systenis requirements because
of the smaller vehicle size of personal rapid transit.

Personal rapid transit could probably operate at costs below
11) cents per mile if its capacity were 6,000 riders per hour and
if the demand were sufficient to generate 15,000 riders per day,
oit the average, over each section of guideway. In sum, the
real issues concerning the feasibility of personal rapid transit
svstenys, as for all new systems, are not merely technological
ones, they inchude the questions of cast and salety as well. These
questions cannel be answered with absolute precision at this
timc, but indications are that personal rapid transit will be many
times safer than the private automobile, and yet will cost no
marce than modern mass teansit systems proposed in arcas of low
to medium valume travel demands.

Pevsonul repied transit stations in the suburbs would be veacked by il ¢
Bus and Uy private or public aitaimobile service. (PAS).
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Aninner city persanal vapid bransit station

A prototvpe of such a system could be developed, working
perhaps [rom an existing system such as the Transit Express-
way demonstrated in a HUT project in Pittshurgh, Such a
prolotype system might minimize control difheulties, for in-
stance, by requiring passengers to transfer—a requirement that
might not be too anerous in some metropolitan arzas becanse
netwarks requiring few trunsfers could be designed,

The ultimate goal should be a system that does not require
this kind of temporizing. Yet contral problems hecome even
more complex in the areas of merging one vehicle stream into
another and of routing numerous small vehicles automatically
over a network of guideways, with provisions for switching off
the line at stations, of maintaining adequate supplies of empty
cars at stations, and of distributing vehicles so that congestion
dacs not result on any line. The new systems study found that
these prablems are surmountable, and that a pratatype svstem
could he developed, tested, and evaluated in less than 10 vears
ata cost of about $250 million.

3. DUATI. MODE VEHICLE SYSTEMS

On the outcer fringes of the personal rapid transit system just
described, the network of lines in the lower density areas, to re-
main economical, would probably be oo far apart for con-
venient walking access, and unsuitable for short neighborhood
or local trips. The new systems study found the dual mode
vehicle system to offer a possible solution to these problems. In a
dual made system, the vehicle can convert easily from travel
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The dual mode vefticle systenr eondd apevase on Hee same netweark of lines
nsed by personiel capid bransédd. Pehivles would drive from the shieets
ante the puideways at sefected PRT stations.

on a streel to travel on an automated network. Tt thus could
serve as a logical extension or elaboration of personal rapid
transit.

Dual mode personal vehicle systems would give the same
service for persons who did not own or know how to drive an
automobile as would the personal rapid transit systermn. They
would use public vchicles on the automatic guideways, and
would walk or transfer to other systems for local trips. How-
ever, the guideways also would be accessible to privately owned
or leased vehicles which could he routed on and off ramps con-
necting with ordinary streets, and driven over the streets to the
driver's destination just as in the case of an automaobile. AL the
point of destination, the vehicles could be parked as they are
today or, if they were leased for the trip, they could be turned
in al local connection points for redistribution to other users.
This last method has the advantage of minimizing parking
problems in congested arcas.

A dual mode system presents more technical development
problems than the personal transit system. However, it shoukd
be possible to work on such problems simultancously with the
development of personal transit, and to so design personal transit
systems far ultimate dual made use. The earliest developmental
problems will be in the adaptation ol propulsion, suspension,
and guidance systenis for use on both automatic guidewiays and
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regular streets. None of them seems insurmountable in the light
of present knowledge.

Propulsion on the guidewav, as in the case of the personal
transit system, would almost certainly be electric, probably using
third rail power distribution in prototvpes. In the final develap-
ment of the system, however, propulsion might be a version of
the linear motor discussed previously, Vehicles would thus need
an electric motor: off the gnideway they would run on hatterics
or use a separate engine lo generate power for the electric motor,

Sinee these are the directions in which propulsion technology
for ordinary autemobiles may evolve o achieve reductions in
air pollution, the propulsion problems of a dual mode personal
vehicle are likely to be solved well before its other problems.

The most difficult technical problems are those assaciated
with the develapment of a control system, "I'wo different courses
are possible, One Is to concentrate the burden of eontrol in the
automated guideway {using equipment like linear synchronous
motors and wayside computers) ; the other is to concentrate it
in the capsules. The cost and complexity of the guideways would
he reduced if the controls were in the capsule, but the controls
could be damaged when the capsules were off the guideway and
being driven by individuals, and there could be additional
safety hazards.

A persenal rapid transdl dunt wode veliele statio hewing @ smafl rar

culering Hie netwark Hirough an Dnpection point, a destinetion cncoder

and it ardomatic fove coffeetor,




In the automatic mode, the vehicle would be powered elec-
trically from an external source. While in the manual or street
maode, propulsion might be initially from a turho-clectric power-
plant. Eventually, an all-electric propulsion system could
achieve minimum levels of noise and air pollution.

Because of the rclatively long headways between vehicles,
the controls for intervehicle spacing, speed, switching, and stops
are not as complex as thosc required by the personal rapid
transit or small dual mode vehicle systers. Nevertheless, the
controls will constitute a major portion of the research and
development effort leading to a demonstration of the antomated

Design of Lhe automnted dual mode bus wonld give particular eftention lo
passenger comfart an the fonger exfress trips.

dual mode bus systern. Significant cfforts will also be required
for the design and development of the guideway propulsion
system and mainline stops for passenger entry and exit while
the vehicles are operated automatically. The redistribution and
effective use of vehicles and drivers during off-peak and mannal
operating perieds will require careful analysis, Consideration
hus been given to the possible use of some of these vehicles as a
Dial-a-Bus during off-peak hours.

The automated dual mode bus could be developed and jts
feasibility demonstrated very likely within & vears at a possible
cost of less than $15 million.

5, PALLET OR FERRY SYSTEMS

The most rapid population and employment growth in Ameri-
can cities today 1s in the suburban areas. As a result, the
percentage of trips having an origin or destination in a con-
centrated central city area is shrinking, and the number of trips
between low density residential areas and decentralized indus-
trial and commercial areas Is growing. 'L'o accomymocdate this
growth pattern and to provide other options of urban devclop-
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ment, modes of transportation which span cntire metropolitan
arcas with circumferential, as well as radial links, are essential.
A corcllury to the dual mode personal vehicle systems which
would provide this tvpe of service would uvse pallets to carry
{or ferry} automobiles, minibuses or freight automatically on
high-speed guideways.

Pallets have several advantages. For one, the individual
would not have to buy or lease special vehicles. For another, a
single freeway or rail line could be ronverted to pallet opera-
tion; automobiles in the area could use the pallet for high-speed
line-haul, thus preserving thc quality of automohile camfort
without the disadvantages of driving in traffic.

A rudd pallet or ferry spstem codd make good nwse of an ebondoned or
seldean used rail Line in the eity.




FAST INTHAURDBAN TRANSIT LINKS

Cross traffic between sntellile centers

Access ta regional airports

In the rail system, the traveler’s Private automobile, with the
driver and any passengers remaining inside, would be loaded
on a pallet and transported at high speed. The automobile
would not need special equipment and the pallet vehicle would
not need to be much more than a platform or flatcar able to
carry about 10 to 12 vehicles, The concept is not limited to rail
systems, but could be adapted for guideways with clectrically
prepelled carriers,

The system would provide high-flow capacities per lane,
as well as automatic operations over long route segments, Load-
ing and unloading might be automated, although the operations
would have to be restricted to terminals with transfer
equipment.

A major disadvantage of the pallet concept is that it would
serve otily vehicles of conventional size. [t could, of course,
be restricted to special small vehicles, but anly by losing a prin-
cipal advantage of general availability.} Thus, the pallel svs-
tems would not, in the long run, have much effect on congestion
in downtown areas unless it were coupled with extensive con-
struction of peripheral parking facilities or automated garages.

While only a limited comparison of a pallet and dual mode
system was made, the new system study concluded that each
had certain advantages in particular applications, A Federal
program of research should examine both on the basis
that a rail pallet system could initiate dual mode operation when
a substantial portion of metropolitan guideways were converted.
The feasibility of one form of rail pallet system could be demon-
strated within 5 years at a cost of less than $25 million.

6. FAST INTRAURDBAN TRANSIT LINKS

The diversification of travel in and around major metropolitan
areas requires [ast intraurban transit links to move relatively
high volumes of passengers between central cities and suburban
growth centers, Increasingly, they will he needed for line-haul
travel not oriented entirely to central cities: Cros traflic among
new towns, between satcllite centers and international or re-
gional airports, and as feeder-distributor systems serving the
major high-speed ground lines along major regional corndors,

New systems of fast line-haul Tinks will be essential in the
development of new or renewed satellite communitics, Indeed,
they may be the only means to provide the focal points {or fu-
ture metropolitan development pitterns alternative o con-
tinued regional sprawl.

The ncw systems study investigated all the conceivably feasi-
ble new types of fast intraurban transit links. At their best, they
can bc quieter, smaller, and less demunding in guideway re-
quircments than current high speed intercity systems. Morcover,
they can take less land, and can minimize adverse impact on
areas adjacent lo rights-of-way. For long-term development,
speeds in excess of 100 miles per hour are difficult to attain
economically with steel wheel suspension on steel rails because,
for acceptable levels of vibration, tracks must be preciscly level
and In cxact alinement. Further, vehicle stability requires
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Fast intraurbeo transit finks can provide rafid access Hirowghout o metro-
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weight, which is expensive 1o move, Support, suspension, and
gurdance for several types of fast mtraurban systems may
evolve from the air-cushion principle.

If future mtraurban link systems are to snceeed where com-
muter lines have failed, they must be automaticully controlled,
with vehicles capable ol operating either independently or
coupled into trains. Automated systems of single-car trains
would not require a large labor force to operate them, and

A sateffite ety fasd integnrfeon braoesit fink siedion,




could be easily adjusted to fluctuations in demand. Lincar
motors for propulsion, air-cushion suppert and suspension for
the higher speed ranges, and automatic vehicle monitoring,
ticketing, and ridership counting cquipment, would all con-
tribute to safe, reliable, flexible service,

Guideway dimensions, turning radii, and support structure
requirements for intraurban svstems arc such that fast transit
links could be installed in the medians or along the edges
of existing freeways. Rail rights-of-way could also be converted
in many instances.

One version of an intermediate speed intraurban link would
carry 80 seated passengers per car, for a system capacity of
16,000 passengers per hour. Another could carry 20 passengers
per vehicle and would be able to move 6,000 passengers per
hour in conditions approaching the convenience, comfort, and
privacy of the automobile. Higher and lower capacities could
be attained through changes in train lengths and headways.
Both versions of intermediate-specd svstems require extensive
technological development and economic analysis.

The development, test, and evaluation of the 20-passenger-
per-car fast intraurban transit link system probably could be

The main centret ciby terminal for a fast intraurban fransit link system.




accomplished in less than 10 years at a cost of less than 850}
million.

The new systems study also considered other imaginative
concepts for point-to-point travel systems, such as the gravity-
vacuunt tube design, many monorail system dcsigns, and also
various kinds of short-haul aireraft, both fixed-wing {vertical
or short takeoff and landing) and rotury-wing (helicopter)
types, Each of these types of sustems, in their present and pro-
jected states of development, has some major problems, how-
ever, compared to other systems examined. Until these prob-
lems are resolved, such systems appear to offer few salient
advantages and would have relatively limited application for
travel within urban areas,

7. BYSTEMS FOR MAJOR ACTIVITY CENTERS

Multitudes of people assemble cach day in the major activity
centers of a city; large airports, shopping centers, industrial
parks, and universitics, for example. Central business districts
are, of course, major activity centers. Provision must be made
for an adequate circulation system to belter accommeodate the
movement of people and goods within these centers. Cur-
rently, much of the travel in these areas is by pedestrians on
sidewalks. In a few cities, trains provide service in subways or
on elevated railways. In most areas, this circulation is now
provided by autos, taxis, streetcars, buses, and jitneys operating
on city streets, frequently under highly congested conditions.

The new systems study has identified several circulation sys-
tems which offer the potential for moving large numbers of
people over short trips in a relatively small area and are capable
of doing so safely, comfartably, economically, and with a mini-
raum of waiting. Because modal separation is imperartive under
the congested conditions of travel in activity centers, such sys-
tems must operate on some kind of exclusive guideway. Follow-
ing is a discussion of the principal types ol systems.

Morving Belts: Horizental convevor belts have been in use for
a long time. They have many advantages—low cost, no wait-
ing, no operators. A major disadvantage is their slow speed.
The very ald, the very voung and the handicapped cannot
get safely on and off sidewalks which arc moving faster than
about 120 feet per minute (1.76 m.p.h.). In order to permit
safe loading and unloading, constant-speed belts must move
at such slow speeds that they can be easily ocut-distanced hy
the average pedestrian. Previous prototvpe systems approached
this problem by having people board faster belts from adjacent
slow ones. Continuous parallel track layouts, however, are ex-
tremely expensive, cumbcersome to accommedate, and involve
significant salety hazards.

There are several other ways to approitch the problem of ac-
celerating belt speed from 1.5 to 15 miles per hour that the new
systems study found worthy of further development and ex-
perimentation. These include belts whose length or width can
be varied during opcration. Two ways of using variable length
or “stretching™ to produce variable speeds are to use a series
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of rigid plates which would overlap at slow speeds, or a “win-
dow shade” device that could produce varying speeds. This
second vpe would be divided into sections attached at either
end to a scries of carts or boxes that would move along at
varying speeds. The spacing between the carts or hoxes would
he controlled mechanically; if they were a foot apart at a board-
ing speed of 1.5 miles an hour, they would have to move 10
feet apart at 15 miles per hour. As they moved apart the belt
matcrial would unwind from the “window shade” reel in the
carts and the passengers on the belts would he smoothly
accelerated.

Capsule Transit: 'The complexity of moving belt designs sug-
gests that a type of small vchicle system may be more [easible
for major activity center usc in the long run, if sufficiently high
carrying capacities can be achieved, A large number of con-
cepts have been proposed and several are actually being mar-
keted or are in use. Some use small cars propelled by moving
belts and arc accelerated and decclerated by variable speed
rollers. Others substitute vartable-pitch screws for the rollers
or cables for the belts, All of these proposals have technical
problems of one kind or another, such as the inability to pro-
vide for an emergency—Ilike the failure of one car—without
shutting down the entire system, The new systems study rec-
ommends that investigations of them be included in a Federal
research and development pragram.

Pedestrian movement it central cities can be aided by moving bells (as on
the right and feft} or v netivark cals tramsit fas shown crossing the thav-
oughfare}.




A Rwo-frassenger vetwork caly for trips within o major
activity center.

Network Cab Transit: While traditional transit forms are ap-
plicable to downtown circulation, on-street forms suffer and
contribute to congestion, while ncw subway systems are hoth
very expensive and highly disruptive during installation. To
mcet these difficulties, the study considered narrow light-weight,
low-noise systems, which can be suspended above city streets
or sidewalks with a minimum of intrusion.

Two systems were proposed which consist of smull anto-
matically controlled capsules. The capsules carry one or two
persons {with reom {or parcels) and run at about 15 m.p.h. on
tracks high encugh above the street level to keep from inter-
fering with cxisting traffic. To use the system a person cnters a
capsule at onc of the many sidings and pushes a start button.
The capsule is automatically accelerated and merged into the
muainline traflic. Deceleration to a stop is done automatically
when the capsule is turned into a siding,

Capsules travel along the main lines anly a few feet apart;
allow capacitics of abaut 8,000 vehicles per hour. For the speeds
and loads involved neither propulsion nor suspension is a critical
issue; direct-current electric motors driving steel or pncumatic
wheels will probably suffice.

Many aspects of the new network cab system are similar to
personal rapid transit, Principal differences are in the speeds,
size of vehicles or cabs, and in spacing of the network grids. The
network cab system is intended to cover a much smaller area
than personal rapid transit. This similarity affords the oppor-
tunity for closely integrated devclopment efforts which tie a
circulation system for major activity centers together with
fringe area transportation systems like personal rapid transit.

The most complicated part of these systems is the merging
and spacing control. In the simplest type of system, operation
would be in a single loop and the merging wonld occur only
when cars left stations. Each vehicle being merged would pro-
ceed only if aslot were available; slots would not be deliberately
created upstream of & merge peint. Spacing would be uncon-
trolled except for the minimum amount necessary for emergency
stops. Speed cantrol would not be precise, but would be limited
to the nominal system speed. More sophisticated versions are
possible, verging on the personal rapid transit system described
previously.

If developed concurrently, the [easibility of one example of
these types of svstems could be demonstrated during a 5-year
period at a cost of about §6 million per system [or a total pro-
gram estimate of $18 million. In order to fully develop, test, and
evaluate a serics of desirable systems which could be certified
safe for public demonstration, a program extending over 10
vears is estimated to cost approximately $118 million.
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Summary Program Recommendations and Problem Areas

Contributions to Selutions of Urban Problems

~
£ = 'é'_t Ty g 5
i % =& v § £ 3%
F & g §T ¥ £ I, Es
g & & @ ¥ L L7 E
Program elements - ; -~ - < -
1.0 Improved Analysis, Planning, and Opera-
tions
1.1 Investunent, inancing, and pricing. . ... I S T SR ® @
1.2 Comprehensive planning . . ........... ... ¢ OO | 'S 2 'S
L3 Operating efliciency. .. .............. ... {0 & - i
14 Social impact.......................... @& 3 T S T
[.3 Evaluation techniques. .................. @& & O 0 O O o0 @
2.0 Immediate Systems Improvements
2.1 Urban bussystems. ... ... ... .. ..... .. @ ® Sy 0y
2.2  Exclusive guideway systems. ... ... ... ... ® O ® o
2.3  Urban automobile Innovations. ... ... .. .. ® @ C oD O
2.4 Improvements for pedesuians. .. ... ..., & O | o 0
"2.5  Improvements of general application. .. ... Gooe O [
3.0 Components for Future Systems
3.1  Automatic systeins controls, . ... ......... & & . @& o
3.2 Propulsion and power transmission. . .. ... ® ®
3.3 Buspension and guideway components. .. .. o T @
3.4 Elevated sttucture design. ... ... .. T ® ®» O O
3.9 Tunneling. ... ... o ) @ ® o
3.6 Goods movemenl. ... ... ® = O OO
4.0 New Systems for the Future
4,1 Dialea=Bus . ... .. .. ... * < % R
4.2  Personal rapid transit systems........ .. . ® o - @
4.3  Duzl mode personal vehicle systems....... ® & 0 o
4.4  Automated dual mode bus. . ... ... ... 2 @& ] U
4.3 Pallet or ferry systems. ... ... ... ... ... ® i
4.6 Tast intraurban transit links. .. ... ... { i & 0.
4.7 Systems for major activity centers......... & O @ O ® O o
Key: @prusary—TProject areas which are primarily related to or make s major contribution tu solutions of

urban problems.

& seconnarY—Project srens which make significant cantributions 1o solutions of urhian problems, but
which are secondarily related to the problem:

CwsnmrecT—Project areas which are mdirectly related but which make substantive contributions to
one or more problem areas,
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SUMMARY: URBAN PROBLEMS AND PROGRAM
RECOMMENDATIONS

Table 3.2 summurizes the recommended rescarch and develop-
ment program elements discussed in preceding paragraphs. The
rclevance of each proposed program element discussed to the
solution or amelivration of eight major areas of urban problems
is tllustrated. The estimated costs, and the allocation of funds
within the proposed research and development program arc

KEY TO PROBLEM AREAS LISTED IN TABLE 3.2

.

w

presented in Part I'V of this report.

FQUALITY {IF ACCESS Tn URBAN OrpORTUNTIY! Present
urbin (eansportation tends o solate and immabilize non-
drivers: the poor, secondary workers inoone-car families,
the young. the old, and the handicapped,

OBIECIVE: Transportalion vqiely, nomdrizer mobifity,

QUALITY OF sERVICE: Public transit service too often is char-
acterized by excessive walking distaners wand fram starions,
poor connections and unsfers, infrequent service, unrelia-
bility, slow speed and delavs, crowding, noise, Lk of com-
fart, and a Jack of informatjon for the rider™ use. Moreover,
the passengers are o alten exposed to dangers w persona!
safety while awasiting service. These deficiencies lead 10 a
loss af patronage and a further decline in servive for the re-
MaIning passengers.

oujectve: Convenience und quality of ride approximating
that of a private automohie.

. concrsTion: Congestion resudts in daily loss of time to the

rraveler. Too often “solutions” arc expensive in dollars and
landtaking, destroying the urban environment in the process,

apjECTIVE: (ompatibility or separation of pavking foadiny,
and movement ih order to reduce congestion at veasenable
eronomic and social cast.

EFFICIENT USFE OF EQUIFMENT AND FACILITIES . Inereased ef-
feteney and greater cconomy through hetter management
and  orgamzational techniques—-including  vost control,
schedulng and routing, experimentation in nwrkeling aned
new reutes—is necessary Lo satisfy urhan transportation re-
QUIrements at minimum cost,

OBJECTIVE: Optimal use of tramporiation ineestpients and
S¥ifems.

EFFICIENT Usk or 1axn: TTansportation funedans and
rights-of-way require extensive amounts of urbsn Landd, pod
compete with other important uses of the urhan lund
rescarce, More rational urban land use patlerns aided by
new furms of transportation could help reduce travel de-
mands, {as can substituting communications for urhan
transportation) and achieve greater total transportation
service {or the amonnts of land required.

ONIRCTIVE: Rights-of-wway eronorcal in land ure; frans-
portation systems unobitrusive in location and design.
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6. URBAN POLIUTION: Air, noise, and esthetic pollution from all

-d

current modes of urban ranspartation are far too high, de-
grading unmeressarily the quality of the uthan environment.

OBJECTIVE: Quieter, vleaner. move allvartive branpovtghion
systems, with drastic reduetion in exhawst polfutions and in
urban strect notie levels.

URBAN DEVELOPMERT oprioNs: Transportation  invest-
ments can be mved ereativelv in the orderly development of
urban areas. Present urban transportaton i< ofwn not ap-
propriate for the modern city, Service is wenerally inade-
quate or unavailable for low and medium densite areas,
for crasshaul trips and reverse commuting, and for circula-
tion within activity centers and satellite cities. Urban irans-
portation serviee shauld provide for choice in living stvles
and in locations as well as choice ameng modex of rans-
portation. New town settlements, as well as other con-
centrations of urban growth, eould be feasihle options for
land development patterns with improved infeaurban trans-
POrtation services.

OB JECTIVE: Provide franspeitalion alternatives appeopiriate
for a variety of wrban development patterm.

. INBTITUTIONAL FRAMEWORK AND IMPLEMENTATION: An im-

proved institutional fraimework  legal, financial, govern-
mental, and intergosermmental- iz needed to climinate
rigidities and anachronisms which prevent the adoption of
new technologies and methods, A framework which would
asvist metropolitan planning sgencies and would enhunce the
cffective cooperation of local governments in solving joint
transportition problems s necessary,

OBJECTIVE: Orderly implesnentation of trantpariation im-
provements through reduction or vemaval of mtitutional
and repulatory barvieys. by perinitting a creative federaltim
on alf fezzels of government, anvd by facilitating private onter-
frise and financing.
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a recommended research
and development program

TH) REGOMMENDED RESEARCH AND DEVELOPMENT PRUGRAM
entails a total program funding of $980 million phascd over a
perind of 5 to 15 vears. Tt could be a continuation and ac-
celeration of the 325 million research, development, test, evalua-
tion and demonstration {RDTE&D} program contained in
the President’s fiscal vear 1969 budget, The allocation in-
ternally among the program elements shown in the cxample
plan in table 4.1 is designed for a total funding level of $580
million over 3 years. Greater variations in the rccommended
funding level and the program phasing would probably affect
the internal structure of the proposed program—the priorities,
the selection, and the scheduling of projects—in order to main-
tain a maximum return per research and development dolar.

Three hasic criteria were considered in structuring the re-
scarch and development program recommended:

First, the program elements, or projects to be undertaken,
must be of significant relevance to, and contribute towards, the
amclioration of one or more of the eight salicnt urban problems
identificd by the new systems study, As indicated in table 3.1,
cach of the proposals, components, and systems described in
this summary report are indeed relevant to the eight urban prob-
lem areas delineated. Tt should be noted, however, that there
remain numerous projects worthy of further rescarch and
development which could not be more than alluded to in this
brief summary report. The detailed information concerning
such projects will be found in the forthcoming technical reports
of the new systems study and in supporting materials.
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Table 4.1

AN EXAMPLE PLAN FOR A 5-YEAR URBAN TRANS-
PORTATION RDTE&D PROGRAM

A. Example Fiscal Year Funding Levels by Program
Etements, 5-Year Program

(5 miliion, estimated )

progran: elements E
vear I year 2 year 3 year 4 year § total

Improved analysis,

planuing, and

operating methods. . $20 $20  $30 B30 §10  $140
Immediate systems

improvements. . . ... 70 70 60 60 50 310
Components for fu-

wure systeamns. ....... 50 50 40 40 30 210
New systems for

the lutare, . ... ... 40 40 70 70 100 320
Total. . ... ... ... .. 180 180 200 200 220 a80

B. Example RDTE&D Funding lLeveis by Program Elg-

ments
(§ millian, eitimaited

froagram efements Devebipe Testing Lyban
Research ment and coal-  demon-  tntaf

uation Firation

Iimproved analysis,
planning, and oper-

ating methods. ... ... 340 $50 $30 20 %140
Lunediate systems

hnproverments, ... ..., 30 90 90 1oy 310
Compeonents for future

systemis. ., ... oL 40 70 70 210
New systems for th

futare. . ... ..., 50 80 80 110 320
Total.......... ... .. . 160 200 270 260 980

Priority 15 given to thase projects which oc most likely to
yield the greatest benefits over time for the moncey expended
nn them, with benefits weighed as contributions to the solntions
of significant urban problems, A prublem-selving orientation
has been followed throvghont o order to identily the most
pertinent projects. More precise estimates of the scope und
amount of the henefits to be enjoyed from the recommended
projects and activities must await the further information gen.
crated by the curly phases of the program itself.
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A second criterion of sound program structurc and manage-
ment, which has helped shape the recommended program,
involves the concept ol u mix of activitics; a mix between rela-
tively low-risk, near-terin projects and higher-risk, longer-term
proposals. The concept of a mixed strategy for an optinal pro-
gram also refers to an appropriate combination between the im-
proved planning and opcrating methods, or “software” pro-
gram elements, and the technological or “hardware™ elements.

This research and development program was influenced by
the need and desire to pursue projects with early or near-term
payolfs. It is essential that cfforts be made as soon as possible
to case worsening urban transportation problems, At the same
time, if citics are to cnjoy significantly improved transportation
in the future, work must be begun on those promising systems
and components which likely will require vears of further
development. The recommended program reflects a balance
between these factors.

The third criterion followed was to maintain an appropriate
expenditure level amang the types of program activity under-
taken, whether research, development, test and evaluation, or
urban demonsttation. Since the meanings assigned to these
terms are not necessarily everywherce uniform, the definitions
of the terms used are as lollows:

Research s largely upplied rescarch in the scientific sense,
leaving basic research to other agencics who are now conducting
such rescarch;

Development is the development of technology to the proto-
type stage, leaving the product and production process develop-
ment to private industry;

Testing and evaluation involves that laboratory work which
15 required (o determine the technical feasibility of improve-
ments and innovations and to estimate their social and economic
feasibility sufficiently to assure that testing in the real world
lswarranted at all.

IIrban demonsiration, as used here, is the actual installation
and market testing in urban areas to determine the social and
economic feasibility of improvements and innovations for even-
tual implementation in the capital grants program. [ Refer to
fig. 4.1.)

Many of ihe technological possibilitics revealed by the new
systems study have already absorbed vears of research and dc-
velopment activity, whether in private industry or in the goy-
ernment. Further research on these “ripe™ projects isnot needed,
and urhan demonstrations with them could begin alimost 1m-
mediately. The Dial-a-Bus new system is just such a casce in
point, and a morce detailed program for the Dial-a-Bus is con-
tained in Appendix A, On the other hand, a premature rush to
demonstrate certain other of the new systems and components
in urban areas would be uneconomic and wastelul pending
further research and development,

Finally, in designing the program to meet this eriterion of
balance among tvpes of activity, the extensive and important
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Figure 4.1. RDTE&D funding levels by program elements
(in $ millions).

e @

Imeproved planning and
operating methods
($140)

Immediate systems improvements ($310)

X

Components for future systems
($210)

New systems for the future ($320)

LEGEND
R—Research tole of private industry was an important factor. Scarce Federal
D—Development moneys are nat to be expended in research and development
T8&E—Testing and Evaluation activities already pursued satisfactorily by private enterprise.
UD-—Urban Development They ure instead to be used judiciously to stimulate flagging in-

terest in critical arcas and to help share the extensive un-
certainty or risks surrounding some essential projects, risks
which private industry alone could not absorb.

31



2Gh-0E2 0 - 68 - 3

appendix a

DIAL-A-BUS RESEARCH, DEVELOPMENT, TESTING,
EVALUATION & DEMONSTRATION PROJECT PLAN
(RDTE&D)

Attached is an example of a RIXTE&D project plan for a de.
mand activated “Dial-a-Bus™ system. This concept of urban
transportation service his been variausly called “*DART” (Dy-
namically Actuated Road Transity, “Genie,” “Demand Bus,”
or “Computer Aiding Routing System™ {CARS ), Essentially
the purpose of this system is to provide a passenger collection
and disttibution service in a low density area with morc con-
venience, and with shorter trip times, than a scheduied bus
and at lower costs than the single-passenger taxi. The collec-
tion and distribution may be made throughout the area us an
off-peak, many-to-many service, or it may provide peak-hour
feeder service to and from a rapid transit station.

Diul-a-Bus service is provided by a flect ol computer-sched-
nled vehicles which are intended to carry a number of passen-
gers on each trip. The service responds to demands {rom the
customer initialed through a telephone or @ push-button call-
box connected with a dispatching center. A computer at the
center determines the route for cach vehicle to take in collecting
or discharging its passengers. The routes arc based on the least
ride time for the passengers and the maost efficient operating
strategy for the systein GIeTAturs,

The purposc of developing und demonstrating this service
concept is to answer such questions as:

What will be the public acceptance and usc of the service?

What kind of operating costs will be incurred ?

Can the service be used for off-peak movement of goods and mail?

Whut will be the effects of differential pricing policies?

What eoliection and distribution sirategies are best?

Can rquipment and vehicles tailored for this service improve per-
formance and reduce costs?

What problems will he presented by labor union and jurisdictional
gueslions?
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Table 4.2

DIAL-A-BUS RDTE&D PROJECT PLAN (EXAMPLE)

Siseal years

phaies Smitlions | aear 7 | year2 | gewr 3 | yeard year 3| year i
DIAL-A-BUS |
I_Lun_ou;;c ;ﬂervice ............. —_ e .03 — i
(Non-Federal share}. ... .. ... ... ... .. (.01 o
Totalcost. . ... .. ... ...... .. o .03
Federal share . ..... ... ... ... .. ... .. .02
DIAL-A-BUS I
ii_l_‘ruject prtparati;)n. . __ ............... _ ;03 -
2. Specification and pricing. . .......... ... .. .01 —
;I_Eélﬁ_i.pmcnt and system performanec testing. .. 06 —
4, Demonstration test, ... .. ... .. ... ... ... .. .54 — ]
(Non-Federal share).................. ... .. (. 25) _
3. Fyvaluation. ..., i . ____ __ ............ .04 : _
Total eost. ... ... . 68 N
Federal share. . .. IO .4
DIAL-A-BUS III
1. Optimal routing algorithm............. .. .. . 40 -
2. Performance characteristics. ... ... ... ... L 20 - ) ]
3. Equipment and nstallations. ... 2.00
 (Non-Federalshare).... ... ... ... ....]| (i 00)
1. Pricing algorithm. ... ... .. ... .. ... ..., _lU “ N
i'—::-__".l"_t;s.t demonstriations: . o “
a, City A—Sole transit system............. 5() B ——_ o
(Non-Federal share). . .. ... | esy! T
. City B—Trausit feeder system. ..., .. .. .50 N
(Nm;-_l-":n;_;;lcml Khil‘() .I . .. ...... .. ,. (. 25) I
5. Fvaluation. . . ... .. .22 e
(Non-Federalsharve) ... .. ... 0 . ... (.11)
Totalcost.. .. .. o 3.92
Federal share.. ... . .. . ... . ... 2.31
Total Tederal eost per year {Dial-a-Bus T, IT, and III} | .02 .35 . 61 | .78 i .93 .07

NoTE: Line widihs wre rougnly proporuoied to expenditure rates.
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N _
fsead years
T 1
filhvases & miflions vear § 0 yrar 2 giar 3 rar 4 yerr § ear & aee T £
DIAL-A-BUS IV
1. R(qmlmnerlls and sysieis ax-qlws. e S8 — | B
"J\fjﬂ}\(l{_ldl"]lﬂl(‘) R N O 23 3 o
2. Coniponent developient and test:
[ e P S [ S . 4
. |
- Convnand goidance and cmllr(;l o 1. 20 !
h. Vehicle dc:iu,‘n aid d(‘.\’clopm(‘l:t. N A1)

3. Veasy) nilt\ Lest:

a I \|‘J(ll] e dl.slﬁn o .. Uk
T, I'q__l-l_p_:-m ne dt‘\l“l.jld_[m:l;ola. . — _é. [1V] T

e ()pudtmn_‘mrl oSt _ ..... ..... .82

{(Non-lederal sharey, .00 .0 0 1 i ]

4. F ull ceale demnonstration

Lo Equipinent procuarenient and ll"lbtdlli\.tl()]l a5
(\(m Vederal share) . . . _"{2. ?5}tm i
. I Iu,l and evaluation. .| e __ 250
T\nn rl"dﬁ'l'"ll.‘sh’ll‘e) n B -
H_l"cdr_'.r:ll sharc'.............:... _ 11,13 ) - | O
Total Federal cost per vear (Dial-a-Bus L I TTIL and 1Y) 2 ! L1 R S W [ 4. 43 [ 163 .50 1 75

NOTE! Line widths are rouehly proportiond o expendicure rates.

The following RDTE&D project plan is an example of a
phised program to exploit this concept. (Refer 1o table 4.2.)
® Dial-a-Nuv 1. An imitiad demonstration wonld est the ae-
ceptance and feasihility of this serviee inalaw densite suburlxan
arei, Iitially, the sestens would use two alrport-type Himousines,
standard radio and wlephone communmications, and manual
dispatching, This rest wonld Last 6 months and cost o taal of
whout $30.000 (8$20,000 Federal ;.
® [ial-a-Bus T A second demonstration wonld evalnite de-
mand service o low to mioderate Ineome housing arei as o
feeder 1o a rapid tranyt line. This sestem would use 24 limou-
shires operating in an area of abowt 6 squure nitles, specil tele-
phone and communications equipment, and compaterized
scheduling and rouwting. This 1est would cover a period af 27
months at a total cost of approximately $680,000 7 $4:30.000
Federald.
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® Dial-a-Rus I1{. This demonstration would test and compare
two hypotheses, One is concerned with the effectiveness of Dial-
a-Bus service in a large low density city where there s virtually
no other form of public transportation, The second lest in =
different citv would evaluate the use of Dial-a-Bus service as a
feeder to a series of rapid transit stations not presently served
with « collection or distribution system, In hoth tests, vehicles
would be leased from franchised taxi companies. The cost of
computers for dispatching and communications equipment
would be shared with the local companics and public agen-
cies. These tests and the final cvaluation would extend over 414
years at a cost of about $3.92 million {$2.30 million Fedcral
share).

® Dial-a-Bus IV, This longer-term demonstration affords the
opportunity 1o achieve a [ull scale demonstration using vehicles
designed specifically for demand service. They would he based
on NAS/NAF designs, made smaller than conventional buses
o avoid obtruding into residential areas, would be quiet and
essentially nonpolluting. Step 2 calls for the design and devel-
opment of prototype vehicles to be fabricated and given an
operational test and an evaluation m step 3. Command gnid-
ance and control systems uwsing automatic vehicle meonitoring
techniques would be developed or procured specifically for this
service. The full scale demonstration envisions a citvwide serv-
ice using two control centers, 50 new vehicles, and a monitor-
ing system that could serve the city for tracking police, ambu-
lance, utility, and other emergency vehicles as well. Dial-a-Bus
TV wonld require approximately 7 vears to complete at a total
cost of $15.6 million ($11.1 million Federal).

Dial-a-Bus IV would provide a definitive demonstration of
this type of demand service. Data obtained from these four
phases wonld provide local government agencies, public and
private transit operators, and industry with sufficient informa-
tion on which to base decisions to invest in and implement Dixl-
a-Bus service.
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appendix b

SUMMARY OF XEW S5YSTEMS STUDY CONTRACTS

Opportunitics for rescarch and development within future time
frames can be identified in terms of wilizing present technology,
nuking evolulionary improvements i existing technologies,
and objectively assessing distant needs to provide incentives for
the development of futuristic technological solutions. Nine con-
tractors studied these opportunities.

1. The engineering firm of Day and Zimmermann looked at
ways to abtan inproved results from existing transportation
technologies within a tmeframe of 6 months to 3 years.

2. The WABCO Muass Transit Center and Melpar, Inc., in col-
laboration with Wilbur Smith and Associates, and the Insti-
tute of Public Administration, undertook an evolutionary
study of Improvements that could be made in 3 1o 8 years.

3. Stanford Research Institute condueted o fnturistic study of
solutions which might be developed within o period of 5 to
15 years.

4. General Rescarch Corp,, with experience i defense and
space research. performed o comprehensive systems anly-
sts, using computers, of urban transportation protdems and
their solutions,

5. The Battelle Memorial Institute did an early screening of the
work of the major contractors and prepared evaluation
monographs on a wide range of possible urban transporta-
tion research projects.

6. Because many potential benefits may he derived from a

bimadal small vehicle transportation system that can travel

bath on ardinary streets and high-speed awomated guide-
ways, Cornell Aeronautical Laboratory was rctained to
analvze such a systerm, This concept was evaluated by apply-

ing it to a test city, Buflalo, N.Y.
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7.

The North American Rockwell Corp. identified advanced
technologies [rom defense and acrospace ficlds which would
he transferable to 1973-80 urbun transportation needs, This
study delineated requirements for implementing  these
technologies.

Prcliminary investigations indicate that one of the critical
clements of making major umprovements i1 urban trans-
portation 1s the development of electronic command and
control systems. The General Electric Co. was retained to
study this arca.

The General Motors Corp. applied some of the experience
and talent of the atomobile and ratlway equipment in-
dustrics to the study of a series of concepts, meluding low-
speed air cushion vehicles for downtown areas, a “Metro-
mode” exclusive right-of-way vehicle, automatic highways,
and some radically new bus concepts. The primary pur-
pose of this study was to evaluate the factors affecting the
overall practicabililty and social impact of implementing
these various innovative modes.

Eight additional studies provided in greater depth the back-
ground of knowledge of demand patterns and the interrela-
tinnships of transportation with urban Iand use and the shape
of urban Iife that are of such special concern to HUD,

10.

G0

Peal, Marwick, Livingston & Co. of New York, developed
projections of urban personal travel demand for each
standard metropolitan statistical area. This provides the
broad statistical background to enable future research 1o
be planned according to need.

Consad Research Corp., of Pittsburgh, studied another
and most important facet of urban travel demand: The
sensitivity of demand to such matters as relative invest-
ments in different types of transportation systems, tech-
nological breakthroughs and improvements, changes in
income, and variations in population density. Lack of
knowledge in this area has in the past left planners un-
prepared [or the impact that shifts in other aspects of urban
life have on transportation.

Transportation Research Institute of Carncgie-Mellon
University investigated the so-called #latent demand™ for
urban transportation to satisfy urban and social needs
unmet by existing systems. The freguent failure of present
transportation to get people in the ghetto to new jobs on
the fringe of cities is an instance of latent demand. So are
the suburban elderly who cannot visit with friends, shop or
get lo recreation.

. Battelle Memorial Institite examined the neglected area of

demand for urban goovds movement, with an eye to develop-
ing systems that can distribute goods from gracery bags
to heavy manufactured products without the costly delays,
snarls of double-parked delivery trucks, and noise of today.



T4, Abt Associates at Cambridge, Mass., looked at the qualita-

17.

tive aspeets of urban travel demand—at the effect of such
things as seating comfort, temperature control, safety, and
security, and at how these factors can be improved.,
Barton-Aschman Associates of Chicago investigated the
land use requirermnents of various urban transportation
systems and their impact upon the neighborhoads and
areas they cross, Barton-Aschman looked at the past cx-
perience in various citics and outlined ways to avoeid con-
Mlict between transportation systems and the people and
commurities they arc supposed to serve,

The Regional Economic Development Institute of Pitts-
burgh studied transportation in new towns, which are likely
to be increasingly an answer for metropolitan developmenr
over the next 40 years, Thus study focused on how trans-
pertation and urban land use can be coordinated in a
completely new setting.

The last of the eight contracts, awarded to Midwest Re-
scarch Institute of Kansas City, looked at the special trans-
portation requiremnents of small cities and towns. At present
these communities, unable in many cases to support even
the rudiments of a traditional mass transportation system,
have no answer to their problems of congestion, disorderly
development, and service to those who are without access
to automobiles.
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Figure 1.1
Trends in urban population.
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described. Beyond such immediate payofls, this report projects,
In sumrnary, a systematic rescarch and develepment effort de-
signed to close the gap between innovation and application, and
to accelerate the development of new urban transportation 1n
a dcliberate and careful way. The longer view must include
not only the future of urban transportation but the future of
urban America.

THL URBAN FRAMEWORK

Much urban transportation today is geared to the city of 50
years ago, and that city is itsell largely obsolete today. The
physical layout of most cities—the platting, the street design,
and basic service systems—was created a century ar more ago.

Urban arcas have changed radically since their hasic trans-
portation systems were established. They have grown in popu-
lation, experienced significant shifts in the location of people,
industry and land uses, and have expanded substantially in
arca.,

Between 1940 and 1960, for example, the population in
urban areas grew from 78 million to 12% million, as shown in
figure 1.1. Table 1.1 indicates the increase in number of major
urbanized arcas in the United States since 1940. In many of
these, the growth took place entirely on the fringe of the urban-
ized area, with the central city and high density suburbs de-
clining. For cxample, in Boston the city core population
declined by 6 percent, the close-in, high density suburbs in-
creased by 2 percent, while the lower density suburbs grew by
95 percent. In St. Louis, the data for the comparable areas
were minus & percent, plus 14 percent, and plus 333 percent.

Some metropolitan areas had growing cores, as well as grow-
ing [ringes. For example, in T.os Angeles the urbanized area
core expanded and increased its population by 60 percent he-
tween 1940 and 1960 but even in this instance, the urbanized
area fringe {within and outside the city) grew by 386 percent
in population. An example of the expansion in population of the
urban fringe is illustrated by figure 1.2, which shows the popu-
lation in the fringe of the Cleveland Standard Metropolitan Sta-
tistical Arca (SMSAY increasing from (.55 millien persons in
1950 in an area of 613 square miles o an estimated 1.19 mil-
lion persons in an arei of 1,438 square miles in 1965.

Behind these aggregate figures lies a complex shifting of
pepulations which has helped to intensify commuration prob-
lems. In the large, older urban arcas, and in some of the newer
ones as well, o significant portion of the middle class, white-
collar population bhas moved to the suburbs. At the same time,
large numbcers of predominantly unskilled, rural, nonwhite
migrants moved into the older central cities, as indicated m
figure 1.2, The nonwhite population of central «ities has al-
most doubled from 1850 to 1966, while the white population
deereased. Finally, while collar and administrative johs have
inercased in central cily areas; but many industrial and un-
skilled job opportunities hiave moved [rom the cities to the
suburbs,

)



Figure 1.2

Population trend of the Cleveland
SMSA
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Figure 1.3
Decline in average population
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Table 1.1

Number of Major Urbanized Areas in United States by Size Group,
1540-2000

R testad oy AR TR R 249
- f m."Hr'm_.- [Hruu.mn_(.f.:\_a

1940 97 10 9 20 58

1960 159 16 21 30 92

1930 192 28 27 46 91

2000 221 42 29 46 104

soURCE: J. V. Pickard, Dimemsions of Afetropelitanism, (Research Monograph
14, Urhan Land Institute, 1967) talble 11 2, p. 19

merins: Major areas are eomsidered thase with a population of at least LODO0O,
Areas in Llawaii and Alaska are not included.

Social Security data on emiployment in cach county in the
United States indicates that, for the SMSA’s with more than
one county, tetal employment increased 13 pereent from 1959
to 1965 in the central or main county, but it increased 22 per-
cent in the suburhan counties, From 14960 to 1963, about half
of the value of new construction in SMSA’s {for business pur-
poses orcurred outside the central cities. Percentages ontside the
central cities for nuijor business categories were: Industrial, 62
pereent; commercial stores, 52 percent; and office buildings,
27 percent.

The growing, shifting population of cities has ulso spread
and thinned out, With more area accupied, the average popula-
tion density of an entire metropolitan arca is reduced. Suburhan
development is generally low density, contrasted to the high
or medium density central city pattern, and thus requiries more
land per person. As shown in figure 1.3, between 1940 and
1960, the average density of urbuan areas decreased by 1,640
persons per square mile—frem 5,870 to 4,230 persons per
square mile—and trends indicate a further decrease in den-
sity., Average trip length m urban areas also appears to be in-
creasing over Llime, as data gathered in Boston and Houston
indicate.

These figures add up to one irrefutable fact: The task of
urban transportation systems in metropolitan areas in the
future must be to transport more people over greater distances
between where they are and where they want to go.

PUBLIC TRANSPORTATION TODAY

Urban mass transit systems have not developed adequately in
responsce to changing conditions. Routes have tended to remain
constant despite large population shifts and important changes
in land use. Central city mass transit service often stops for no
valid reason other than central city political boundaries. When
transit lines were first established, few people lived outside the
city. Transit charters and legal restraints further imited expan-
ston that could have responded to suburban growth.

9



America’s public transportation systems have been on a
treadmll since the end of World War 11, and they have had
intensive financial difheulties during these years. Whether
public or privately owned, few systems have been able to
maintain service or equipment. Systems have dwindled, become
overcrowded and less popular. In 1945 four citics, New York,
Chicago, Philadelphia, and Boston, had rail rapid transit {sub-
way or elevated) lines with trackage that totaled 1,222 miles.
Teday, even with the addition of a new line in Cleveland, the
total national trackage is only 1,255 miles.

In an era of great technological advance there have been
few dramatic improvements in rail rapid transit. Average speeds
are about what they were vears ago. So are stations and fare-
collecting systems. According to American Transit Association
figures, 2,891 of the 9,273 subway and elevated cars in opera-
tion in 1966 were cars that also were in operation in 1940
and as many rapid transit passengers can testify, the other
newer 6,382 cars are, at most, only slightly less bumpy, better
lit, or more comfortable.

Almost 700 million fewer revenue passengers rode rail rapid
transit lines in 1966 than in 1940, a 30 percent decline from 2.3
billion to 1.6 billion passengers. Partly because of increased
farcs, passenger revenues nearly doubled during that period,
but net revenucs declined by over 50 percent. (Refer to fig.
1.4 and 1.9.)

Figure 1.4. Trends in revenue passengers of urban
public transportation
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Figure 1.5. Summary of transit operating revenues and
expenses 1940-65
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(1} Total operating revenues. (3) Operating revenucs—Maotarbus.

{2} T'otal operating exprnses.  {4) Operating revennes—Surface rvail.

(11—(21 Net revenue, {5) Operating revenues—Subway and elevaled
{6) Operating revenues—Trolley coach,

similarly, the long-term decline of commuter railronds is
well known, In 1935, 41 of the metropolitan arcas with 1960
populations of more than half a million had commuter rail
service over 240 separate routes, In 1961, only 20 of those areas
had any service at all, and they had only 83 routes in operation.
With few exeeptions. service over the remaining routes was less
frequent, less reliable, and less attracdve than it ever had heen.

There were over 50,000 buses in local transit operation in
1966 comparcd with 35,000 in 1910, Route mileage of bus
operations increased from 78,000 ro 122100, However, bus
vehicle-miles declined from 1.7 billion in 1840 to 1.5 billion
miles in 1966, Even with more huses and increased route
mileage, poorer bus service has resulted in many cases,
particularly during ofl-peak honrs und on weckends, heeanse
the buses are operating over longer routes for shorter perinds
of the day. Motorbus revenue passenger increases of over |
billion have heen more than offset by lossex in other public
transit: Nearly 700 million by subwav and elevated rail rransit
and a loss of over 4 billion by strectears and trolley Buses.
During the 1940 66 period, rapid rail, streetear, and wolley-
bars transit had significant decreases in nuniber of vehicles in
operation, route mileage, and vehicle-miles. These transit trends
arc shown in table 1.2,
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Pubslic Transit Characteristics

(exeluding commuter raif}

Table 1.2

Trends in Urban Publlc Transit Characterlstlcs
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during the last 25 years of unprecedented urban
population growth and arcal increase, public transportation,

excluding commuter railroads, has lost almost 4 hillion revenue
passengers, Because of the fuilure of public transportation to

respond cither to an increased demand or to new types of transit
requirements, and because the autemaebile has distinet advan-

tages over mass transportation as it s now known, for most

adults the private automobile his become the primary mode
ol travel within urban areas,
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TRLENDS IN AUTOMOBILL USE

Almost 80 pereent of all Anterican families owned automobiles
in 1966 ax compared with 59 percent i 1850 25 percent of
all familics owned two or more automoehiles in 1966 as com-
pared with 7 percent in 1950, (Refer to fig. 1.6.; The total
number of registered niotor vehicles rose during those 16 vears
from 49,3 million to 94.2 million. In 1967, this number
ncreased 1o 98 million.

Figure 1.6. Automobile ownership, 1950-66.
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Under the interstate highway program alone, =ome 14 per-
cent of the highway mileage constructed and 45 percent of the
money spent has been or will be spent i urban areas which
occupy only about 2 percent of the Nation's land area.

Figures on trips by types of vehicle dramatically ilhstrate
the heavy dependency on the automabile, According to the
1960 census, 67 pereent of all emploved persons living i the
Narion's metropolitan arcas traveled 1o work in automohbiles,
[t is estimated that in every metropolitan area, more than 73
percent. of all trips are made by car, In some, the figure s $0
percent or higher.

'The causes of the present beivy reliance on the automoebhile
are complex, but this development is impossible to separate
from scattered low density suburban development, The auto-
mobile made possible widespread and rapid suburban growth;
mn turn, low density communitics away {ram central cities Tos-
tered increasing dependence on the automohile.
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The automobile has a flexibitity thit urban mass transporta-
tion as i now functions lacks: 'T'he automobile permits onc to
travel directly wherever and whenever he chooses, and serves
as well for shopping as for business trips.

In many ways, the private automobile has served the urban
area well. It will continue to have a cructal place in the total
urban transportation svstem. For long-range Intereity Lrips it
doubtless will remain paramount, as il will for mast trips in low-
density urbun areas. Tndeed, the automobile has been on the
whole such a remarkably useful technological and cconomical
device for a wide variety of travel requirements that significant
costs accruing from an unbalanced reliance upon this onc mode
of travel have too often been hidden. T'wo such major costs ure:

® The automobile now produces more air pollution than all
other sources combined

® Asutomobile accidents now result in more than 4 million
injuries annually {including 32,000 fatalities, and this mim-
ber hus increased at a rate of more than 5 percent a vear, (See

also fig. 1.7.)

Among many other “hidden™ costs are the esthetic and ceo-
nomic costs of extensive vehicle parking requirements, auto-
mobile-oriented crime control, und further degradation of
pedestrian travel.

The toral cost 1o society of continuing to rely almost wholly
on the automobile as its major source of urban transportation
for the entire range of types of travel demand s already high.
Tt will almaost certainly continue to grow at an Increasing rate.
Only recently has the nrban public become aware of the under-
Iving economit: and social costs of too heavy o reliance npon a
restricted range of transportation service, Most present sys-

clertanerent S e e den e il sorrere qu dretialt :Jf e

wiv pedbatton b bevfens oilies.

Figure 1.7. Average passenger accident fatality rates,
1960-65.
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terns of urban transportation cost too much and often do not
work or do hot work well. Present patterns and modes of urban
transportation service too often are accepted complacently as
the only ones possible, and the present proportions and tyvpes
of transportation service and modes are too readily accepted
s inevitable for the future.

THE URBAN TRAVELER

Costs such s those described above harm urban society os o
whole and neglect very real needs of the individual, the urban
traveler and citizen.

The Unserved: Tronically, metropalitan transportation systems
too often leave unserved those who most need service: The
poor, the handicapped, the secondary worker, the elderly, and
the young.

‘FPypically, the poorer people are, the more dependent they
are on public transportation. Car owpership statistics document
this strikingly. According to a recent survev, 76 pereent ol
houschelds with annual incomes of Tess than 31000 owned
no car; in the $1.000 w $1,989 class, the pereentage was 69,
it was 24 pereent in the $4,000 to $4.299 class, 11 percent m
the $6,000 to $7.499 class; and 4 percent in the over $10.000
class. {Refer to table 1,35 Less than half of all families with
incomes under $4.000, hail of all Negro households, and dialf
of ail houscholds with heads over 65 vears old own no
autorrtobiles.

_Table _1.3 _
Automobile Ownership Within Income Groups, 1966

prercentage distrihation uf spending anire*

teichs 1 Wi Ry 2 AiEis o
3 .r?l'a‘iﬁfifff{fa _ armare aufomsbile
all spending units ey 25t 2L
money meome hefore taxes
under 31,000, ... e 21 i 75
$1,000-51,999, .. .. ..., . 28 3 9
$2,000-52,599 ... .. 31 3 46
$3,000-83,99%, .. ... . ... 3l 0 33
$4,000-%54.999 ... £ 11 24
53,000-55,999. ... .. 68 16 16
$6,000-37,459. .. . 68 21 11
87,5300 39,999 .00 63 30 7
S10,000-5314,999 . .. ... 50 46 4

315,000 and over. .. ... . ... 35 60 3

*A spending unit consists of all persons living in the same dwelling aodl
relited by blood, marriage, or adoption, who poul their income for major
items of expenses. Some familics contain two or more spending units,

M oney income for previous year.

SOURCE: Skrrey of Constmer Finanees, conduected by the Survey Research
Center of the University of Michigan,
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If 2 man cannot atford a car, and public transit is beth in-
adequate and too expensive, and his job has shifted to a suburb,
while racial and economic segregation preveut him from [ollow-
ing the job—that man is effectively isolated from carning a
living. Further, the 40 percent in the under $4,000 income
group who do own a car must bear the heavy financial burden
of operating and insurance cost automobile owncrship today
entails.

Even within families owning i car, wives, children, and
vouths arc often immobilized because the family's sole vehicle
18 committed (o a home-work trip. Forty-nine percent of white
families have (wo or more wage carners, bul only 28 percent
have two carsy 33 percent of all Negro families have two or
more wage earners, but only 10 percent have two cars. While
substantial numbers of the disedvantaged ride as passengers
in automobiles, their frecdom to change Jobs {which increas-
ingly are located in the urban Iringe}, or to take advantage
of even the basic socinl amenities of metropolitan living, is
serionsly hampered. admost a5 much for those with no access
L antomobiles at all.

The beeline distance between South Centrial Los Angeles
and Santa Monica, a center of emplovment, is 16 miles; to
make the trip by public transportation takes an hour and 50
minutes, requires three transfers and costs 83 cents one way.
The Department of Housing and Urban Development {1101}
demonstration project in Watts has shown that when direct
transportation service was provided for residents of thac dis-
trict o jobs and other opportunities in other parts of the city.
ridership increased from 800 to 2,800 duily in 3 manths. Many
of the new riders were hound for work,

From centraf Brooklyn, it is casicr and faster 1o reach certain
areas of the Bronx some 15 miles away than nearby industrial
districts only 4 miles away, if the traveler must use public trans-
portation. Also, certain poverty areas, while theoretically in the
“onc-fare” zone, require a double wransit fare 1o reduce walk-
ing and lravel time to a rewsonable level. And this is in a city
with the hest public transit svstem n the United States.

As more central business district jobs become white-collar,
_ _ and an ever larger proportion of unskilled and semiskilled jobs
STEINWAY move to outlying scetions, poor people are more disadvantaged
T . than ever by public transportation systems which [ocus on cen-
tral business districts and also stop at city imits. A New York
study reports, “The emplovment in suburban arcas of both
poverty and nonpoverty workers residing in the arcas studied in
New York Gity {poverty areas) appears to be almost insignifi-
cant.” One reason is an often cited Agure: It wonkd cost a resi-
dent of central Harlem in New York some $40 a month to
commute by public transportation to an aireraft factory in
Farmingdale, Long Island.

The poor are not enly isolated from jobs, but also from social
and health services, recrcation arcas, and social contacts out-
side the immediate neighborhood. A HUD demonstration
project in Nashville, Tenn., has provided bus service for ont-

14




patientz and emplovees finking nine major medical centers
with downtown Nashuille and o haspial connecting sernvace,
In the first 2 months of actual operation, the medical center
express service fine showed a G1-percent ercise 10 passengers,
while the hospital connecting serviee line <howed o 73-percent
increase in ridership,

[ poverty arcas, childeen typically huve never travelednare
tha o few Blocks [rom their homes Thiz confmement not only
penzbizes the pocr, but 1t perpetiares and assures their isalation,

The poor are net the anly nondrivers. The handicapped., the
clderly, and the voung alsa suffer fram o transportation svstem
that nukes the individaalh owned automobile almost o neces-
iy unless they are able to pay for semeone to drive them.
Todav, 1 miion Americans are over age 831 of these, aver
5 million live in poverty. As shown in table T4, by 1480, aver
(100 million persons will be under 18 or aver 85 years old.

The: problem of the unserved 5 naot limited to central cities.
In suburban areas there is frequently no public transic. For all
but two- and three-car families, intrasuburban ransportation
w shopping and e recreation 1s almost impessible. Even where
there ave two cars, sameone nost alwavs gssme the burden
of driving for the rest of the family.

Table 1.4

Total Population, Population Under 1B, and Over 65
Years of Age, 1940-80.

IR E VTR Y K

firterl nadler 1N s nd
1940, 0 132,165 01, 354 9. 0306
1960 oo 160, 64 i, 361 16, 654
1966 . . ... . .. . 196 842 70, 675 18, 157
(980 o 235,212 7O, 24 23,063
Toerease, 1968 80 38,370 A 355 4, 606

sorrci: U8, Burean of the Crsus, Population Projection Series O adis-
fical ddnteact of the L8, 1967

Nearly une-third of the urban population suffer serious
disadvantages from being served inadequately ar not at all by
the vast auto-based systems on which the Nation has come to
depend, These are the “captives” left to use the transit systems,
ar do without. If (ransit service continues to be reduced, many
of these nondrivers will be destined to be isolated more and more
in their narross neighborhood werlds while all arcund them
the advantages of automasbile mobility henefit the relatively
alftuent majority more cach vear.

To erve the nondriver, it is not enough to provide maore of
the existing transportation facilities. Although new bus routes
and niore buses in poverty areas significantly increase the mo-
bility of the residents, most trips are still unnecessarily long,
tiresome, and expensive. Buses limited 1o fixed routes, and
stalled by traffic congestion, and rapid transit svatems crovwded
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and nolsy, will not meet the mintmal trunsportation needs of
urbarn arcas.

The Poorly Serveed: A sccomnd irony of the auto-hased trans
portation svstem s that, despite the vast amount of public and
private money spent on cars and roads, a large number of 1uto
usces are poorly served,

Most Lirse urban areas experichee massive congestion during
peak hours. Yet the number of automobile registrations con-
tinues o expand rapidly: By 1975 the United States will
have well over 120 million vehicles for o populaton of 220
million. Is the only answer to wraflic cangestion more and wider
roads? Clearly in many localines, 1t b= not The dislovation of
peaple and businesses, the distortion of land nse, the erosion of
the real property tax base, and the dollars and cents enst. make
this an increasingly unacceptable solution, If carvied to i
ilagical conclusion, an ever-inereasing populatinn, huilding
more and biceer highwave, might produce o city of freeways
with hardlyv anyv room for people or butldings.
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A CTTME FOR ACTION

Thix vew svcstems study has provided tao vadoable insinhirs ol
fecting posible approaches 1o selving whan trasportition
problens,

First, action is possible. Atthough the wehan nass iiosporta-
torcindustry has had ditheuliv insopporcting extensive research
and development, technology inovelated fields isowvailable Tor
direet rransfer and application o the needs of urban transi.
Other new technological advances have been devised i Tabiora-
tories cround the country, American industry and busines ure
raicdy o respond o the great domesde challence of the eities.
The seientific and tweehnical communite, hoth as individuads and
as companies, has expressed o readiness o attack the challenee
of metropolitor trinsportinion given leadership, diveciion,
and adeqguate funding.

Seconed, action we des Gere s Dkel o be Brodafel, Afier dee-
adis of trving 1o solve thelr gransport problencscby bndlding only
biglwins, cities aeross the Naton e beainning o realize shan
public transportation is an ahsolutel essentinl balowcine can-
porent ol sensible urbin phnmme. "The Model Cities pro-
arant, the prodocgon of 6 nallion aois cf bw o mederace
cost honsing cadied for in the President™s state of the o
raessatze, the buthilng ol tew communities and wn aderuane in-
frostructoe for rehwlding the second Arnerica aed proseryinge
the qualice of webaa dife all depend on cdequuate aeban o

porttion svstems The cities, o sl now want mooar,
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the federal role and
responsibility

THE EXTENSIVE FEDERAL INTERFST AND RESPONSIRILITY 1N
assisting American eities—us evidenced by programs of urban
renewal, construction and modernization of hospitals, I')llh“l'
heusing, model cities, water and sewer faciliGes and waste
treatment warks, and  urban planning assstaoce, amiong
others  depend heavily for maxinan social benefits upon
sound investments inourban transportation svstems. While the
Federal Gevernment has o long history of involvencent with
transportation—--ron the railroads of the TOth centuey Lo the
amrports and  interstine highwavs of todin this piecemical
imvolvenient has beens predommanthy concerned with ioterein
travel. Uiatib recently the Federal Government has net asumied
wsubstantial rale i encouriging the tnnovative developrmem
af mtrweehan transportation technologs.

Recoonitiom that arlnim mass transprrtation mvolues |mil|:u'
problerts requiring speeial treatment becione explicnt with the
[Tousing Act of 1961 and with expansien of that progeam e
the Urhan Muss Transpertation Act of 1964, under President
Jobnsen™s nreing that “the proper misture of cood highwav-
and s transit facihities shenld be develaped o permin <afe,
ellicient movement of people and geods in our metrapalinam
centter<”” It has been the Department’s experiense 1 adoin-
istertige urhan rransportation programs under the dhove e,
that, while application of seme present weehinolooy conled help
with the present necds of arban arcas. mere inrensive, lneer
range offorts e required in order w hive aviilable tech-
nolowy capable of mecting the future demiouds for ohan
transportition,
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There are several reasons why the Federal Government can
and must now establish an expanded, comprehensive research
and development progran in the ficld of ueban transportation.
Not least 15 the inability of o fragmented industry Tacing declin-
bur revenues o undertake such extensive, long-term investment,
But there are other salient reasons:
® Over the next decade, nearly 830 billion will be invested i
urban frecwavs and mass transicsystems, Itissimply nat prudent
to muike snch heavy investments without o thorougrh examina-
tiorr of potential technologios and w0 rapid develapment of
those alternatives which appear most promising.
® Fyen the largest and strongest municipal govermments, pub-
lic anthorites or private operators, cannat “take chances” on
novel, unproven “new svstans” of urban transportation. Their
commitment of funds x too great, and for too long 2 period
ol amartization, to entertain the risks involved. Yet more than
just marginal improvement to existing systems is needed if sub-
santial henefits are o be recetved. The breakthroughs needed
Tor “quantum jump” advances involve a degree of risk that the
Federal Government can underwrite.
® Len if there were no risk, the cost of developing and demon-
strating the operation of i new svstemy will be large and will
henefit many urban areas. Only the Federal Government can
hoth organize and help finunee o research development pro-
agram which would give all cities and metropolitan arcas real
alternatives in new urban transportation investment decisions.
® Competition by large numbers of cities for scarce resources,
such as rescarch and management skills, private capital, and
publie funds, could tend @ bid up prices, "The Federal Gov-
crnment, by acting on behall of many or all citdes will help
maximize the we of these valnable resovrees, and thus sive
en total national program costs,

It should be clear, however, that an appropriate, constriwe-
tve role will not intrude upon the prevogatives of municipal or
State governnients, regional sutharities, or priviate industry, The
utilizatinn and implementation of the new tansportation tech-
nalogy renunn in their hands.

It <should not he the Federal Government's business, {or ex-
ample, to <pecify. desten, build, or operate the transit systenms
i Chicago or Chevenne, T ey the Federal Government's re-
sponsbility to see that resources of this country are devoted o
providing altermuive toals swhich those cities canuse if they
wish. The role of the Federal Government In urbuan transporta-
tion should be (o
® amublte the weehnological conmmunity to respond o the
spectal needs of urban areas in order that technology will he
consonant with the socinl souls of urban arcas, such ax wider
aceess o service by all porsons
® help communitics work together aeross jorisdictional bonn-
iries i plinuing trimsportation ssstems which traly aned effi-
clently serve entive reglons, s part of the soomd development of
those regions:
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® hielp budd new nstitutiemal contexts in which public transi
svstems can be economically visble:

® foster development of skills essential o Drproving urban
transportation by attracting niore scholars, scienusts and ur-
hanologists to the =tady of ransportation problents, especially
£ they pertain o urbam problems, and by rraming the cadres
of prople needed ro foster further Improvements: and 1o

® inform the public of the full range of posibie transportation
options and their probable social consequences in order that
choires can be made with knowledee of the full soctal and eco-
HOTIE Costs,

Broader examinatdon of the direct and mdirect costs and
henelits —sociul and economic, environmental wand weehnaologi-
cal —will provide u better perspective from which o consider
the whole roie of the Vederal Government in inproving urban
transportation, and what the appropriate contributions of in-
dustry, the scholarly and research communities, and other lev-
els of covermnent <hould be.

Few lovcul public bodies concerned with the problems of
social welfare raised by urhan transportation- —equal wceess o
service, reduction of uwrban land consumed, elimination of
noise and air polluton, and baproved urban design -have
the capability 10 spansor and supcevise research and develop-
ment of new transit systems. On the other fiud, these prob-
lemns cannot be left xolely 1o private enterprise unarded, Tor i is
unlikely to have the incentives or experience necessary to take
these social needs and costs Into aceount, together with the
needs of the ransportation wser. Moreover, large-scale private
investment in transig researeh and develapnient s not likely o
oceur unless feture narket opportunities are cleardy identifiable,
and untif uneertainties surrounding future government invest-
ment decisions in this ares ave lessened.

As President Johnson hassaid.

Under e svstenn of genvernment, private caterseise bears the
prurany resporshility Foe research and develomnent inodhe trims-
portation Leld, But the Governmnere can helps Te ean plan and
fastiinn researcl snd devclopnien for o tola] v portation sus
tenewhich s Bevond the vesponabiliey and capabilite of private
sty

hnplemencation of <1ch o leadership role oy requiere it
! ) |

only ruemented fundinge bt redivection of much of the present
oftortar the IFederal Jevel

Over 70 pereent of Anericans now live in urban areas and
the pereentace willinerease | vecuntil nosw, enly ol friction
of Federal research and doselepoient expenditures has heen de-
veed to e svaentatio, conneerted wttack npon sl erban transpor-
etiom aned related problemss The Department of Delense -
il researel and development hudaet bos remained relatineh
constnt over the Lest 5 veirs ac about 87 hillien, Te s aenine
such maeniades that the inereisanaly <emiticane research and
develapmert necds of arban transporeatio muse be compared.



Although urban travel accounts for more than 80 percent of
the national total, out of the fiscal year 1967 Federal budget
expended for urban and interurban transportation, only 30 per-
cent was allocated for urban transportation. Of this amount,
90 percent was for urban highways and only 10 percent was
allocated to public transit, as shown in figure 2.1.

Figure 2.1. Allocation of fiscal year 1967 urban and in-
terurban transportation expenditures by the Department
of Housing and Urban Development and the Department
of Transportation.

— Air 17.6%

— s

Rail & Pipelines 6.0%

— Water,
Y

URBAN EXPENDITURES
30.4%

~—— Highways* 27.4%

Public Transit 3.0%,

TOTAL EXPENDITURE: $5.35 BILLION

source: The Budget of the U.S. Government, 1969 — Appendix.

*Allocation based on proportions in Bureau of Public Roads data,

Current Federal programs of urban transportation assistance
to cities are meant essentially to show what existing technology
can do. The industrial and research activity stimulated by the
present new transportation systems study has been exploratory
so far rather than developmental. Studies of social, economic,
jurisdictional, Iegal, political, as well as technological aspects of
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transportation-—including research into huture demand char-
acteristies have only begun to identify some of the questions,

It is important. thercfore, that the Federal Government take
on o broader, more pasitive role, involving the continuous
assessment of the rescarch and development needs based on the
contributions heing made by the private and public scetors,
and that it fill in exixting gaps to assure a balimeed and effective
national program, A zummary of the findings of the most
promising technological possibilitics, npon which the proposed
program is based, [ollows,







