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Systematic, well-designed research provides the most effective approach to the solution of many problems facing
highway administrators and engineers. Often, highway
problems are of local interest and can best be studied by
highway departments individually or in cooperation with
their state universities and others. However, the accelerating growth of highway transportation develops increasingly
complex problems of wide interest to highway authorities.
These problems are best studied through a coordinated
program of cooperative research.
In recognition of these needs, the highway administrators
of the American Association of State Highway and Transportation Officials initiated in 1962 an objective national
highway research program employing modern scientific
techniques. This program is supported on a continuing
basis by funds from participating member states of the
Association and it receives the full cooperation and support
of the Federal Highway Administration, United States
Department of Transportation.
The Transportation Research Board of the National Research Council was requested by the Association to administer the research program because of the Board's recognized objectivity and understanding of modern research
practices. The Board is uniquely suited for this purpose
as: it maintains an extensive committee structure from
which authorities on any highway transportation subject
may be drawn; it possesses avenues of communications and
cooperation with federal, state, and local governmental
agencies, universities, and industry; its relationship to its
parent organization, the National Academy of Sciences, a
private, nonprofit institution, is an insurance of objectivity;
it maintains a full-time research correlation staff of specialists in highway transportation matters to bring the findings
of research directly to those who are in a position to use
them.
The program is developed on the basis of research needs
identified by chief administrators of the highway and transportation departments and by committees of AASHTO.
Each year, specific areas of research needs to be included
in the program are proposed to the Academy and the Board
by the American Association of State Highway and Transportation Officials. Research projects to fulfill these needs
are defined by the Board, and qualified research agencies
are selected from those that have submitted proposals. Administration and surveillance of research contracts are
responsibilities of the Academy and its Transportation
Research Board.
The needs for highway research are many, and the National
Cooperative Highway Research Program can make significant contributions to the solution of highway transportation
problems of mutual concern to many responsible groups.
The program, however, is intended to complement rather
than to substitute for or duplicate other highway research
programs.
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This report will be of interest to traffic engineers, transportation planners, urban
planners, economists, environmentalists, and citizens. Traffic engineers and transportation planners will find a full range of possible techniques to improve the peakperiod efficiency of transportation systems. Urban planners will find many of the
techniques to have far-reaching effects on urban infrastructure and social programs.
Economists will find techniques such as pricing and regulation to be among those
which must be combined with social and engineering techniques for maximum
effectiveness. Environmentalists will find that many of the techniques effective in
reducing peak-period traffic congestion are also effective in reducing air pollution.
Citizens concerned with transportation planning will find extensive consideration
given to the impacts of implementing the techniques.
While this study was in progress the urban' transportation planning process was
modified to require a transportation systems management element in a transportation plan if federal funds are to be granted. The short-range techniques discussed
in this' report are the most promising options open to urban areas to meet the
transportation systems management requirement.

Peak-period traffic congestion in urban areas is a critical transportation problem. Congestion is due primarily to the inability of transportation systems to meet
concentrated spatial and temporal travel demands. The continued build-up of
capital-intensive systems to provide solutions is often controversial in light of
economic, social, energy, and environmental impacts. The research described
evaluates a full range of possible techniques to improve peak-period efficiency of
transportation systems in large and small urban areas.
Two reports have emanated from this study. The first, "Peak-Period Traffic
Congestion: State of the Art and Recommended Research," is only available in
the agency draft form on a loan basis by request to the NCHRP Program Director
or on a purchase basis from NTIS; the second, contained herein, summarizes some
of the material in the first report and presents an evaluation of techniques and
packages of techniques recommended for implementation.
The first report reviews techniques falling into four classes: (1) social,
(2) socioeconomic, (3) sociotechnical, and (4) technical. Social approaches include staggered work hours and shortened work weeks. Socioeconomic approaches
include pricing and regulatory techniques, restriction of access, land-use planning,
marketing, and carpooling. Sociotechnical approaches incorporate the expanding
field of communications in lieu of travel. Technical approaches include traffic
engineering techniques and transit operations that are effective in maximizing the
use of existing facilities. Tables provide the means for 17 techniques to be compared on the basis of their concepts, effectiveness, costs, impacts, duration of benefits, and implementation feasibility. None of the techniques was found to offer more

than marginal reduction in peak-period traffic congestion when applied individually..
However, many of the techniques could be implemented in combinations, with the
potential for far greater combined effectiveness than when applied singly. The first
report concludes with the identification of ten recommended research studies, with
highest priority given to research that would contribute to the implementation of
techniques of high potential usefulness.
The report presented here continues with the evaluation of techniques identified in the first report. The compatibility of each technique is discussed. From the
compatibility analysis, eight packages of techniques are reconmiended for implementation consideration. Each package is evaluated on the basis of (a) compatibility with other approaches, (b) applicability, (c) cost-effectiveness, and (d) feasibility. Feasibility considers institutional considerations, acceptance by private
organizations, compatibility with existing, laws, and readiness for implementation.
For each package, the component techniques are clearly identified. In addition, other
techniques and the other packages are designated "supportive," "neutral," or "conflicting." Proposed packages are related to common peak-period traffic congestion
problems existing in CBD's of large cities, CBD's of small cities, urban freeways
and artèrials, roadways with strong one-directional flow, and roadways with limited
options for alternative routes. This report concludes with the recommendation that
plans to ameliorate peak-period traffic congestion should be both short-range, that
would adapt to existing urban forms, and long-range, that would reshape urban
areas. The techniques regarded as having the highest potential over the long range
are those which would reduce distances between residential areas and places of
employment and those which would substitute communication in lieu of travel.
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PEAK-PERIOD
TRAFFIC CONGESTION
OPTIONS FOR CURRENT PROGRAMS
SUMMARY

Peak-period traffic congestion is a widespread urban transportation problem. The
continued building of capital-intensive systems to solve this problem is often controversial in light of their potential economic, social, and environmental impacts.
The purpose of this study was to develop information on other approaches to reduëing peak-period congestion in order to support local congestion-reduction efforts.
The study had three major objectives: ( 1 ) a state-of-the-art survey of methods commonly used or envisioned as solutions to the problem; (2) Eecommendations for research to develop more effective short-term and long-range congestionreduction measures; and (3) suggestion of methods of reducing traffic congestion
that are now available as solutions to different types of existing peak-period congestion problems.
The findings and conclusions of this study are presented in two separate reports.
The first, entitled "Peak-Period Traffic Congestion: State-of-the-Art and Recommended Research," addresses the first two objectives and is intended as a guide to
the design of future research programs and as a source of data for current research.
The second, entitled "Peak-Period Traffic Congestion: Options for Current Programs," addresses the third study objective and is directed toward assisting local
governments in selecting optimum solutions for their particular congestion problems. It describes the options available within the present state of the art, compares their probable costs and benefits, and makes specific recommendations for
solutions to different types of peak-period congestion.
Twenty-two individual techniques in eleven major categories were identified
in the first report. These categories are:
Social approaches
Staggered and flexible work hours.
Shortened work weeks.
Socioeconomic approaches
Pricing and regulatory mechanisms.
Restriction of auto access.
Land-use planning.
Marketing.
Carpooling and ride sharing.
Sociotechnical approaches
Communications in lieu of travel.
Technical approaches
Practical traffic engineering.
Transit operations.
Vehicle design factors.
Information on the 22 techniques was developed to display their relative
benefits and costs and their current feasibility. Among the benefits and costs considered were:

2
Effectiveness in reducing peak-period congestion.
Costs of implementation.
Indirect benefits and disbenefits..
Time factors.
The effectiveness of the techniques in treating different congestion problems
was measured. Five congestion situations common to urban areas throughout the
United States were identified:
CBDs of large cities.
CBDs of small cities and suburban activity centers.
Urban freeways and arterials.
Roadways with strong one-directional traffic flows alternating direction between morning and evening peak commuting hours.
Roadways for which options in alternative routes are limited, such as bridges,
tunnels, and when access is otherwise restricted by nature of the terrain.
Five of the 22 techniques were eliminated from further consideration as being
ineffective in reducing peak-period traffic. Costs of implementation examined
included direct costs to the agency making use of the technique and secondary
costs that might be incurred by the private sector or other public agencies cooperating in the program.
Two aspects of the timing of impacts were also considered in the evaluation—
the lapse of time that must be expected between the adoption of a technique and
the realization of benefits, and the probable duration of benefits. Some techniques
were found to result in immediate improvements in traffic flow, whereas others
required as much as 10 to 20 years to reach full effectiveness. Some short-term
benefits were discovered to be lost over time as new drivers are attracted to the
improved traffic conditions.
.
Nine categories of indirect benefits and disbenefits (negative benefits) were
identified as factors that should be weighed in a decision to implement any of these
techniques, and the candidate techniques were examined with regard to:
Traffic congestion in other parts of the total transportation system.
Long-range travel demands and patterns.
Energy consumption.
Environmental pollution.
Public safety.
Economic impacts.
Equity considerations.
Institutional considerations, public.
Institutional considerations, private.
Five feasibility criteria were applied, as follows:
Obtaining of essential institutional support.
Public acceptance.
Acceptance by private organizations.
Compatibility with existing laws and regulations.
State of the art (technological readiness for implementation).
Although some potential implementation problems were noted, none was
judged to be so critical as to preclude present application of any of the 17 remaining techniques.
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The extent of existing knowledge about the candidate techniques was evaluated with regard to: (1) 'their effectiveness in reducing congestion and direct costs
of implementation; and (2) indirect benefits and disbenefits. Current knowledge of
the costs and effectiveness of most techniques was rated as sufficient only for rough
estimates, except in the case of traffic engineering techniques where data are of
relatively high reliability. In none of the indirect impact areas were existing data
considered sufficient to provide reliable guides to the probable side effects of implementing any of the 17 techniques. In many cases information was considered
insufficient for even rough estimates.
The study team concluded that:
Individual techniques should be packaged with other supportive techniques
to create a cumulative or even synergetic impact.
The relationship between peak-period traffic congestion and a number of
critical societal problems should be investigated and clarified.
Research is needed to determine the indirect benefits and disbenefits and
the institutional constraints inherent in a number of promising congestion-reduction
techniques.
The report presented here concludes that of the 17 candidate techniques evaluated as both effective and feasible none was found to offer more than marginal
reduction in peak-period traffic congestion when applied individually. It was
noted, however, that many of the techniques could be implemented together,. with
the potential for far greater combined effectiveness than when applied singly.
Carrying out several compatible techniques under one coordinated program could
not only improve the benefits that can be realized from the most promising techniques, but also could achieve significant results from techniques that individually
are only minimally effective.
To accomplish the third research task—the selection of optimum approaches
for current application—packages of effective combinations of congestion-reduction techniques were selected. The selection was based on two criteria: (a) the
compatibility of the individual candidate techniques, and (b) applicability of
combinations of techniques to different types of congestion problems. First, the
impact of combining pairs of techniques was examined by developing a matrix
listing all 17 candidates on both axes. Next, the matrix was rearranged according
to the relative compatibility of the pairs to suggest whole groupings of techniques
that could successfully be combined within a single program package.
The packages tentatively selected from this analysis each focused on a central technique or combination of highly interrelated ones, as follows:
Work-hour changes.
Pricing techniques.
Restriction of access.
Land-use changes.
Prearranged ride-sharing.
Communications substitutes for travel.
Traffic engineering techniques.
Transit treatments.
The packages of techniques were then evaluated for their applicability to different
types of congestion problems. When matched against the five major kinds of congestion identified earlier as common to many urban areas, the packages were found
to have different degrees of relevance to these problems. The components of the
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packages were modified where necessary to make them more effective. Four of the
packages were designed with slightly different alternative combinations of techniques to make them applicable to different types of congestion problems.
The package of transit treatments is rated as having the highest over-all applicability to the full range of common peak-period congestion problems, offering
an effective, lasting solution at moderate cost to local government, with generally
beneficial indirect impacts on the community as a whole. Short-term low-cost programs recommended for general application are packages of work-hours changes
and prearranged ride-sharing and the simpler versions of pricing techniques and restricting access, although only modest benefits to traffic congestion can be expected.
Some versions of the traffic engineering package can also be implemented at low
cost, but results of these programs tend to be more localized than beneficial to the
entire system.
The package of land-use changes, in spite of the difficulties of implementation
and the time lag before benefits can be expected, is believed to present the best
permanent solution to peak-period congestion as well as many other critical urban
problems. Communications substitutes represent the most controversial approach,
and rank relatively low because of current lack of experience with 'these techniques
and low reliability of predicted benefits. It is recommended that local government
adopt a dual program of short-term and long-term programs that will provide for
both immediate 'treatment of current congestion problems and lasting, long-range
solutions.
The eight packages of congestion-reduction techniques were evaluated as to the
extent of current knowledge of their effectiveness, costs, and indirect impacts.
Special a'ttention was directed toward the social, economic, and environmental
benefits and disbenefits that might be generated indirectly by implementation of
the packages, because it was recognized that this area was the least understood and
was urgently in need of fur'ther study.
All of the proposed packages of congestion-reduction techniques presented in
this report are suggested as effective and feasible solutions to existing peak-period
congestion problems. None of the packages has yet been implemented to test these
assumptions or to be sure of the indirect impacts on the community that might
result.
To determine critical needs for new information from future research, potential research topics were identified by the two major preceding analyses. Evaluation criteria were:
Readiness of the relevant approaches for implementation.
Comprehensiveness of the topic to be researched.
Over-all social significance of the research topic.
Relevance of the research topic to NCHRP concerns.
Ten research topics emerged as recommendations for further NCHRP-sponsored
studies in the area of solutions to peak-period traffic congestion:
Development of a Standardized Monitoring System for Evaluating Congestion-Reduction Programs.
Impacts of Congestion Solutions on Long-Range Travel Demands and
Patterns.
Impacts on Congestion of Increased Transit Ridership.
Institutional Impacts of Joint Implementation of Restrictive CongestionReduction Techniques.
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Design of Demonstrations of Restricting Vehicle Access.
Warrants for Priority Vehicle Lanes and Exclusive Vehicle Ways.
Universal Guideway Concept.
Reassessment of Freeway and Arterial Geometric Design Criteria.
Economic Impacts and Equity Considerations of Pricing Techniques.
Demonstration of Neighborhood Work Communications Center.
The most urgent research need in this area is represented by the initial proposal, which would provide a widely applicable, standardized monitoring system
for evaluating and comparing alternative approaches to alleviating peak-period
traffic congestion. The proposed system would not only supply information on
direct effectiveness in treating congestion, but would also examine associated costs
of implementation, feasibility factors, and indirect social, economic, and environmental impacts.
Of the remaining nine research proposals, six are focused primarily on the
least understood elements of congestion-reduction efforts—the indirect benefits and
disbenefits to the local environment, economy, social structure, and institutions.
Another study seeks to assess the direct effectiveness of improving transit services,
considered by the study team as potentially the most broadly applicable of the
alternative treatments. One seeks a reassessment of currently used freeway and
arterial design criteria in light of recent changes in vehicle design and regulation
of speed limits. Finally, a demonstration of the most innovative of the treatments is
recommended—a neighborhood communications work center—in which the effectiveness, feasibility, and indirect impact of substituting communications for travel
to work can be observed and evaluated.
An elaboration of these topics in the form of research problems is to be found
in the first report. (See Foreword for information on availability of unpublished
first report.)

CHAPTER ONE

INTRODUCTION AND RESEARCH APPROACH
INTRODUCTION

Peak-period traffic congestion is a widespread urban transportation problem. The continued building of capitalintensive systems to solve this problem is often controversial in light of their potential economic, social, and
environmental impacts. The purpose of this study conducted by Remak/Rosenbloom was to develop information
on other approaches to alleviating peak-period congestion,
especially low-cost alternatives, so that those implementing
local congestion-reduction efforts would have available a
full range of options from which to select the most effective and economical program for their particular situations.
The study had three major objectives: (1) carry out a

state-of-the-art survey and analysis of techniques commonly used or envisioned to alleviate peak-period congestion; (2) suggest appropriate research to achieve implementable solutions for both short- and long-range aspects
of the problem; and (3) suggest methods that would have
immediate applicability to the solution of different types
of peak-period traffic congestion problems. The results of
the first two objectives of this study are presented in an
unpublished report * entitled "Peak-Period Traffic Congestion—State-of-the-Art and Recommended Research." The
results of the third objective of this study are presented in
this volume.
* 5ee Foreword for information on availability.
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RESEARCH APPROACH

The research approach involved four basic tasks: (1) a
state-of-the-art survey; (2) an analysis of the potential
effectiveness and feasibility of alternative solutions; (3) selection of optimum approaches for current application; and
(4) determination of critical needs for new information
from future research. The state-of-the-art survey was carried out by means of an extensive literature search, supplemented by direct contact with agencies involved in current
projects not yet adequately reported in available documents.
Twenty-two individual congestion-reduction techniques
were identified through this survey. These candidate techniques were categorized into one of four major approaches,
with the understanding that such distinctions were occasionally artificial but were useful in the analysis of similar
techniques. These categories were:
Social approaches.—Techniques that attempt to alter
travel behavior, and ultimately traffic congestion, by first
altering interpersonal behavior and habit through social
incentives.
Socioeconomic approaches.—Techniques that attempt
to alter human social and economic behavior primarily
through incentives considered to be broadly economic.
Altered behavior in turn leads to travel patterns that reduce demands on transportation systems in peak periods.
Sociotechnical approaches.—Techniques that use
technological devices to modify social behavior and ultimately travel patterns.
Technical approaches.—Measures that use technology
directly to modify travel behavior at or near the immediate
source of traffic congestion.
Analyses were next undertaken to determine the relative
benefits and costs associated with each of the candidate
techniques and their feasibility for current application to
peak congestion problems. The benefits and costs examined
were:
Direct effectiveness in reducing congestion.
Costs of implementation.
Indirect benefits and disbenefits.
Time factors.
Direct effectiveness on peak-period flow was assessed
with reference to different types of congestion problems
common among urban areas. Costs of implementation
studied included both immediate costs to agencies carry-

ing out the basic program and indirect costs that could be
incurred by the private sector or cooperating public agencies for supplemental activities.
Indirect benefits and disbenefits considered included:
effect on congestion in other parts of the regional transportation system; impacts on long-range travel demands
and patterns; energy consumption; environmental pollution; public safety; economic impacts; equity considerations; and effect on public and private institutions. Time
factors studied were time lapse between implementation
and realization of benefits, and the duration of benefits.
Five feasibility factors were examined:
Obtaining essential institutional support at all levels
of government.
Public acceptance.
Acceptance by private organizations where their cooperation was essential to implement some technique.
Compatibility with existing laws and regulations.
State of the art (technological readiness for implementation).
The findings of these analyses are briefly reviewed in
Chapter Two and presented in detail in the companion
publication previously cited. Among the major results of
these analyses was the observation that although none of
the candidate techniques was highly effective when implemented individually, implementation in combination with
other compatible techniques could significantly improve
their effectiveness. Packages of mutually supportive techniques were designed and subjected to similar analysis of
effectiveness and feasibility. These packages were then
evaluated and ranked with reference to their applicability
to different types of peak-period congestion problems.
These findings are discussed later herein.
Finally, needs for further research were identified and
priorities were established on the basis of four criteria:
Over-all readiness of the affected approach for
implementation.
Comprehensiveness of the topic to be researched.
Over-all social significance of the research topic.
Relevance of the research topic to NCHRP.
Ten high-priority research topics were selected and developed as specific research proposals. They are discussed
briefly in Chapter Four and presented in their entirety in
the unpublished report.

CHAPTER TWO

FINDINGS
The research findings of this study of peak-period traffic
congestion fall into two major categories: observations of
the state of the art of primary interest to those currently
engaged in research in this field or designing future research programs, and findings pertinent to the selection of
specific programs needed to treat present urban congestion
problems. Emphasis in this report has been given to the
latter category, and these research results are discussed in
some detail in the following.
As a framework for this discussion, however, the findings of the state-of-the-art survey are reviewed briefly here.
STATE-OF-THE-ART SURVEY
Technique Categories

The survey conducted as the first task of this research
effort identified 22 specific techniques that have been applied or proposed as solutions to peak-period congestion.
These techniques represent a broad spectrum of social,
socioeconomic, sociotechnical, and technical approaches,
within which 11 separate categories could be identified, as
follows:
Social approaches.
Staggered and flexible work hours.
Shortened work weeks.
Socioeconomic approaches:
Pricing and regulatory mechanisms.
Restriction of access.
Land-use planning.
Marketing.
Carpooling and ride sharing.
Sociotechnical approaches:
Communications in lieu of travel.
Technical approaches:
Practical traffic engineering.
Transit operations.
Vehicle design factors.
The major characteristics of these eleven categories of
congestion-reduction techniques were found to be the
following:
1. Staggered and flexible work hours. The techniques
studied under this heading involved a variety of work-hour
scheduling changes, including those called flexi- or flexible
time, gleirzeit or gliding time, and floating hours. These
schedule changes vary in the amount of discretion given
to individual employees in setting their own working hours.
Although many experts are convinced that there are significant differences in the actual impact of these various
types of work-hour changes, there are as yet no data to
substantiate this claim. These techniques also vary as to
the component of the transportation network at which they

are aimed; such plans may attempt to relieve peaking problems facing primarily the transit system, primarily the road
system, or both systems simultaneously. Most staggered
and flexible work hours plans in operation are largely concerned with the peaking problems of transit operations.
The major recipient of all positive impacts of such scheduling changes have been transit systems; the impact on arterial congestion and peaking have been small to negative.
Both staggered work hours and flexible hours appear to
relieve some forms of congestion in specific areas of high
employment concentration and may relieve traffic congestion in the immediate vicinity of a single plant or parking
facility. Such plans, however, require the cooperation of a
majority of employers and employees within a given area
in order to have significant impact on either transit or
roadway congestion during peak periods.
Shortened work weeks. Shortening work weeks according to existing patterns—the 4/40 schedule composed
of four of the five traditional weekdays—seems an unlikely
solution to peak-period traffic congestion on any large
scale. Most benefits occur from the initial staggering hours
effect of the implementation of this technique. Although
individual firms or compact concentrated areas might benefit from such schedule changes, the minor reduction in
congestion on two days of the week would not effectively
reduce the demand or pressures on existing highway or
transit systems. Without effective coordination among all
participating firms, even the impact of this two-day reduction might be offset by unpredictable shifts in travel patterns generated by new non-work trips.
Pricing and regulatory mechanisms. The underlying
theory of pricing and regulatory mechanisms is that spatial
and temporal demands for travel can be modified by the
judicious application of varying penalties and incentives.
Road pricing and parking controls are the means through
which these penalties and incentives can be brought to bear
on the motorist. Under road pricing the driver is assessed
a toll for his use of a particular road segment; the amount
of the toll can be increased at times when congestion is at
its peak so as to persuade some drivers to use an alternative route or travel at a less crowded time. Parking controls can be used to achieve the same purpose by limiting
the parking space available and manipulating permitted
hours and charges. Peak-period automobile commuting is
discouraged by allowing only short-term parking on streets,
or prohibiting parking at times when the working day
normally begins, or by a schedule of parking fees that
favors the short-term user and penalizes the all-day user.
Although a system of variable road charges appears to
have merit as a means of reducing peak-period use of
crowded transportation facilities, immediate implementation of complex road pricing schemes does not appear
feasible. The technology to produce the equipment neces-
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sary to monitor vehicle travel and assign variable fees is
available, but there remain serious problems in the selection of appropriate schedules of charges, and administration, operation and enforcement of a working system. Even
more importantly, public acceptance of variable road
pricing schemes is considered to be unlikely, primarily on
grounds of discrimination against low-income groups and
commuters making essential work trips. In order to be
more politically feasible, sufficient alternatives must be
available in the form of other routes, public transit, and
job and housing opportunities.
Parking controls appear to offer a more immediate apportunity to apply selective incentives and penalties for
modifying travelers' choices of routes, times, and modes
of travel. Technology of reducing the supply of parking
spaces in congested areas and charging higher rates for
all-day use is simple; costs of implementation are relatively low, and public acceptance is easier to gain.
Restriction of access. Use of private automobiles
within selected congested areas of cities can be discouraged
or completely prohibited by restricting access. The techniques used are traffic cells and auto-free zones.
Traffic cells eliminate through traffic in congested city
streets by dividing the restricted area into zones. Streets
are not entirely closed to traffic, but only pedestrians and
public transit are permitted to cross the internal zone
boundaries. Private vehicles moving from one cell to another must use circulation routes located on the perimeter
of the controlled area. European experiments show significant improvements in traffic flow within the restricted
areas and only moderate problems of additional congestion
at entry control points.
Auto-free zones prohibit the entry of private vehicles
into the restricted area, and facilities are provided to encourage walking, supplemented with public transit where
desirable. They range in concept from areas in which all
vehicular traffic is permanently banned and street surfaces
are repaved and landscaped for pedestrian use, to areas
that are closed to vehicles only for specific periods of the
day, and areas in which public transit complements pedestrian movement. This technique has been used successfully both in the United States and in Europe to revitalize
deteriorating downtown shopping districts.
Although the development of auto-free zones often involves years of costly reconstruction, it is amenable to
staging in which the initial phase of the program may be
achieved at low cost. Traffic congestion problems within
the controlled areas are eliminated, and if good public
transit services provide easy access to the area, traffic flow
in other areas of the city may also be improved.
Land-use planning. Land-use planning probably offers the best long-run solution to problems of peak-period
traffic congestion. The present arrangement of urban areas
into large, single-purpose sectors devoted exclusively to
residential, commercial, or industrial use generates extensive needs to travel. These needs can be reduced by locating places of work and residence closer together. Four
techniques can be used: New Towns, planned communities, planned neighborhoods, and modification of zoning
and building codes.

New Towns are self-sufficient, balanced communities of
residential, commercial, industrial, and public facilities, arranged as satellite cities around major urban centers. Land
uses are allocated so as to minimize travel needs, and special attention is given to pedestrian accommodations. New
Towns can be extremely effective in reducing traffic congestion in central cities if sufficient employment opportunities exist within them to render work trips to the urban
center unnecessary. Use of the central city for cultural and
recreational activities by residents of the New Towns occurs primarily at off-peak periods, and therefore does not
generate peak-period traffic congestion.
Planned residential communities are common throughout the United States. Characteristically, street patterns are
planned to reduce speeds and vehicular traffic within residential neighborhoods by cul-de-sacs, landscaped islands
and narrow serpentine roadways. Major circulation streets
are generally provided at the circumference of residential
neighborhoods, leading to local shopping centers and providing access to freeways.
The work force of such planned residential areas largely
commutes to work within the central city because of limited
local employment opportunities. Because of the low density of the residential development, this work force is
largely dependent on private vehicles for making the trip.
Some cities have tried to reduce the traffic generated by
these commuters by promoting carpooling, developing regional mass transit systems, or providing peripheral parkand-ride lots with shuttle bus service to the principal
employment areas.
Redevelopment of city residential areas through Model
Cities and urban renewal programs can be very effective in
reducing traffic congestion problems in the immediate area.
Although problems occasionally arise through faulty planning or underestimation of the traffic-generating characteristics of a new facility, redevelopment more often serves to
improve traffic flows and reduce peak-period congestion by
better allocation of land uses and improvement of transportation facilities.
Zoning codes control the uses to which parcels of land
may be put, such as single-family residential, multi-unit
residential, commercial, and industrial. Building codes provide standards for the structures that are placed on parcels
of land. Their function is primarily to guarantee the safety
of the structure and to control blight by requiring repairs.
They have also been used, however, to increase the local
supply of parking spaces by requiring that new structures
include sufficient off-street accommodations for their customers, employees, or residents.
Both zoning and building codes can have a profound
effect on the generation of traffic. Zoning, in designating
the uses to which land is put, determines the needs to travel
between places of work, residence, shopping, and recreation. Where these activities are within walking distance,
travel demands can be met on foot; where they are more
widely separated, some form of public or private vehicle
must be used. Building codes, in their application to offstreet parking requirements, can influence how many of
these trips will be made by private automobile. It is esti-
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mated that proper rearrangement of land use can reduce
peak-hour travel by as much as 20 percent.
Marketing. The techniques discussed under this heading fell into two categories: those designed to divert auto
travelers to higher-occupancy transit vehicles, and those designed to reorient use of facilities and services to off-peak
hours. The marketing measures aimed at diverting auto
travelers to transit were advertising and promotional programs, improved public informational services, systemwide fare reductions, reduced fares for special user groups
and for off-peak travel, and passes and easy payment plans.
Only one of these techniques was concerned with the possible peaking problems of transit operations; the rest
assumed any increase in ridership to be a benefit.
In the short run, promotional and informational programs have little impact on transit ridership and ultimately
on traffic congestion. Over-all system fare reductions do
appear to increase transit ridership significantly. A substantial portion of this increase is new ridership, although
it is not known if this new ridership represents a diversion
of former peak-period car drivers.
Free or greatly reduced transit fares in downtown or
congested areas also seem to be potentially useful in reducing both peak and off-peak traffic in specific areas. Such
programs have shown both increased transit ridership and
decreased auto congestion. Off-peak fare reductions for
both the general public and special user groups hold some
promise as congestion-reduction measures, because they
appear to shift some transit trips from peak to off-peak
periods; in fact, if the increased off-peak ridership does not
exceed existing service capacity there seems to be little
reason to differentiate between the general public and certain limited groups. This shift of transit ridership does not
appear to attract sufficient auto drivers to have a significant impact on roadway congestion.
The marketing techniques holding the most promise for
reducing traffic congestion are those which treat a specific,
highly congested area, such as downtown, by providing
free or reduced transit fares during peak periods at the
immediate site of congestion.
Marketing measures were far more successful in reorienting trip times to off-peak periods than in diverting
auto travelers to transit. It is not that such measures did
not work at all, but rather that so great an input was required for so small an output. Measures that did appear
to increase transit ridership marginally would be far more
effective if treated as part of a total program of transit
system improvement that included meaningful modifications in the type, routes, and schedules of transit vehicles.
Marketing measures in themselves promise no significant
reduction in peak-period traffic congestion. Intentionally
or not, existing transit riders seemed to be the major beneficiaries of the implementation of all these measures.
Carpooling and ride sharing. Ride-sharing approaches
aim at reducing peak-period congestion by increasing the
number of occupants in each vehicle on the road. Carpools
are the most familiar and widespread form of ride sharing,
but subscription buses, vanpools, and group use of taxis
also exist.
Their common characteristics are: (a) the ride is shared

with other travelers; (b) there is some route deviation to
pick up and drop off individual travelers; (c) access to the
service is determined by prior arrangement with other
passengers or a program coordinator; and (d) the schedule
is fixed by agreement among the participants and is essentially inflexible from the point of view of the individual
traveler.
Large concentrations of employment where work hours
are alike provide the greatest potential for ride sharing.
The larger the employment concentration the better the
chances appear to be to form a sizeable pool of people with
common origins and destination and travel times. Thus,
the most successful carpooling programs are those strongly
supported by the management of large firms or agencies.
The success of carpooling programs seems also to depend in large measure on the sociocultural homogeneity
of the participants because of the close physical proximity
and intimacy produced by sharing a private passenger car.
Whereas most policymakers have assumed that the major
barrier to the formation of carpools is lack of information,
in fact the major barriers are social habits. People are
often embarrassed or fearful of calling up a stranger for a
ride to work, or they dislike riding with strangers, or the
pattern of making stops on the way home from work
precludes carpool membership.
There is strong evidence that objections to carpooling are
so ingrained in most travelers that more effective solutions
than simply providing information about the travel habits
of others or advertising the energy or pollution savings inherent in carpooling are needed if this measure is to be
effective in reducing the number of vehicles on the road
and, ultimately, traffic congestion. Effective combinations
of supportive incentives and sanctions are needed to bring
about any useful diversion to ride-sharing modes.
Communications in lieu of travel. Most proposals for
the substitution of communications for travel to work involve the introduction of home or neighborhood work centers provided with such equipment as audio systems, TV
screens, facsimile printers, computer terminals, and other
telefacilities linking these decentralized facilities to other
work centers, data centers and libraries, and central management offices. Thus far, there is no fixed definition of
the hardware package required or the most desirable type
of network (telephone- or TV-based). Nor have experiments yet been carried out to demonstrate that communications can actually substitute for travel to work in ways
that would effectively reduce peak-period traffic congestion.
It appears probable, however, that decentralization of economic activity in and around major urban areas would
benefit traffic flow in the CBD by limiting some work trips
to smaller adjacent urban areas with excess street capacity
and by eliminating others altogether where communications facilities permit some employees to work at home.
Two conditions must be met if these benefits are to be
realized: (a) Given adequate variety of residential and
job choice, people will choose a home- and work-place
combination that minimizes congestion, if not total travel;
(b) Decentralized urban forms can be politically, economically, and socially valid. In other words, increased
use and sophistication of communications technology may
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be a necessary condition for decentralization. If office dispersal can be shown to be economical compared to present
office location patterns and a trend should develop in this
direction, the long time-frame associated with locational
changes might be considerably compressed under combined
efforts to encourage decentralization and substitution of
telecommunications for daily work trips.
9. Practical traffic engineering. The methods included in
this category are freeway surveillance and control systems
and techniques that permit maximum use of existing roadways. The first, freeway surveillance and control, includes
administrative/ planning/ pricing solutions, traffic control
systems, surveillance systems, and driver real-time information solutions. Freeway traffic control has been most
effectively demonstrated on the on-ramp, by limiting access
to the freeway facility so that the demand is maintained at
desirable levels. Freeway surveillance techniques are directed toward alleviating the problems caused by sudden
unpredictable incidents. Direct surveillance is done through
the human eye, either directly from a fixed observation
point, from a moving vehicle, from a helicopter or airplane, or by means of a camera transmitting a picture to
a central control office. Indirect surveillance is done
through the use of electronic detector devices.
Freeway surveillance and incident detection are often
operated in connection with ramp metering and with driver
information systems to provide for flexibility in the total
freeway traffic control system. As demand for higher levels
of control increases, a simple, individual ramp-metering
system can be upgraded to a traffic-responsive mode controlled by a central computer. When the freeway is under
complete surveillance, a driver real-time information system can be added by means of signs that can be activated
when necessary or communication through a radio broadcast system. The next step can expand this system to control not only the freeway or expressway, but also the whole
transportation corridor. At this level, drivers can be provided with a continuous report of the status of congestion
points, and suggested alternate routes can be given.
Effective, low-cost solutions to peak-hour traffic congestion can be derived from the application of several familiar traffic engineering techniques. These techniques
employ concepts of design modifications, regulation and
control. The highway or street facility could be designed
or redesigned to minimize the friction between traffic and
roadside objects, or between traffic in adjacent lanes.
Through proper application highways and streets can be
more effectively utilized to maximize traffic throughput.
One-way street operations have been shown to be effective in improving traffic flow in CBD locations. Another
related technique is the operation of reversible lanes to
accommodate strong one-directional congestion in the
morning peak which is reversed in the afternoon peak.
Other techniques include provision of left-turn lanes and
signals, synchronization of signals, improved road markings
and signs to direct drivers into appropriate lanes, and prohibition of on-street parking during peak commuting hours.
Traffic engineering techniques can provide for considerable improvement in traffic operations, enhanced capacity
and safety, and thus reduce congestion and delay. There

is considerable evidence, however, that those techniques
which improve vehicular flow tend to be dysfunctional because they encourage more, rather than less travel. Thus
they should be applied carefully with this serious reservation in mind.
10. Transit operations. This group of techniques involves changing operating characteristics of an existing
transit system or providing new services so that mass transportation (a) becomes attractive enough to attract automobile commuters and (b) minimizes the negative impacts
of transit operations on traffic flows. Four major types of
transit service may be involved:
Extended-area services.
Priority systems on expressways and freeways.
Priority systems on arterials.
Circulation systems.
Extended-area services may involve practices that speed
up the operation of bus services in mixed traffic, such as
separating the collection and distribution function from
the line-haul portion of the trip. Express service is supported by auxiliary facilities such as parking lots and feeder
systems.
Priority systems give preferential treatment over other
vehicles traveling along the same route for extended-area
express buses on freeways and on the entrance and exit
ramps to those freeways, or to local and express buses
traveling along arterials in congested areas. These techniques include traffic signalization and preemption techniques. Finally, transit circulation systems can be developed to meet special travel needs not served by fixed-rail
or fixed-route transit systems. They serve as feeders to
these line-haul services both in the CBD and in residential
areas, and may include jitneys and demand-actuated systems, as well as the more traditional bus services.
Extended-area services on urban highways in mixed
traffic attract significant ridership in certain communities;
such express services have been very successful, but only
on specific routes, generally from concentrated suburban
development to the CBD. Although there are many successful applications of this technique, this service appears
to work well only when specific conditions apply. Reported ridership increases on express buses sometimes reflect diversion of existing transit passengers. Because new
transit patrons are very sensitive to quality of service considerations, they may revert to auto use should parking
costs or fares be raised. There is little evidence that even
the most dramatically successful routes have had significant
impact on traffic congestion.
A widely discussed priority treatment is the use of freeway traffic control techniques to reserve one or more lanes
for transit or other high-occupancy vehicles. These reserved lanes can be either with-flow or contra-flow lanes.
In the latter case they remove some vehicles from the
heavy peak flow of traffic and thus eliminate some traffic
congestion. In the former case, however, they increase
traffic congestion on the lanes remaining for the use of
other vehicles, and the measure is more effective in encouraging group riding than in alleviating peak congestion
problems.
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Although most successful freeway bus priority treatments represent either contra-flow operations on existing
radial freeways or special priority on bypass lanes, most
major proposals call for exclusive busways. Measured by
the capital-costs-per-minute-saved criterion, busways appear far less cost-effective than contra-flow lanes on existing facilities. In addition, the lead-in and implementation
times of temporary reserved-lane treatments seem to make
them more promising as an immediate solution to traffic
congestion problems and it seems ideal for areas with
under-utilized highway capacity in the non-peak direction.
The distribution of buses at the central area terminus of
busways and reserved lanes remains an important problem.
Most current priority proposals, as well as existing programs, do not offer any service improvement in the downtown area and evidence indicates that savings incurred on
the busway portion of a line-haul trip are often negated
by vehicle reentry into congested traffic streams.
Arterial priority measures are generally introduced to
speed up over-all arterial traffic flow and make transit
operations more efficient. This greater operating efficiency,
coupled with the attendant greater attractiveness of transit,
is often cited as a way to attract more transit riders, thus
reducing further impediments to traffic flow. Whereas there
have been a few systematic analyses of the actual effectiveness of such measures in the United States, there is little
evidence to suggest that patronage does increase due to
preferential treatment of transit vehicles or that transit
operators have been able to reduce the number of vehicles
in service during peak periods.
Small-area and downtown circulation systems have generally proven successful in attracting a substantial ridership, but their impact on traffic congestion has not always
been of a significant magnitude. It appears that such systems capture much of the midday travel of central area
workers who came to work during traditional peak periods in their private autos; there is some evidence that
these services also tend to increase discretionary tripmaking, a contention supported by the fact that such
systems are often paid for by local merchants. It appears
that such systems work best in conjunction with other
improved home-to-work transit services.
Taxis and jitneys have great potential to reduce auto
travel both in concentrated central areas and throughout
the system, but local and state regulations generally prohibited them from providing the full amount of service
demanded. There is reason to believe that these services,
which are far closer to the auto in attractiveness and
flexibility than traditional mass transit, might reduce auto
travel for a number of trips and, thus, traffic congestion.
11. Vehicle design factors. Vehicle design factors affecting peak-hour congestion on city streets are those related to vehicle dimensions and those associated with the
compatibility of vehicles with homogeneous or uniform
traffic flow.
Although requiring all vehicles in a traffic situation to
have similar operating capabilities would theoretically reduce congestion by promoting uniformity of traffic flows,
attempts to reduce traffic congestion by promoting the development of smaller cars can be only minimally effective.

Not only is there a substantial time lag before design
changes can be translated into vehicles available on the
market, but the congestion benefits associated with the use
of smaller cars also can only be significant when all vehicles using the road are small so that lane widths can be
reduced.
There has been no experience with changes in the capacity of city streets on which only small cars are permitted to operate. Even in London and in other European
countries where the small car is much more common than
it is in the United States, a few large cars, buses, and
trucks are also in the traffic stream so that the full effect
of small cars on congestion cannot be directly measured.
Researchers who have investigated the effect of small cars
on traffic flow and route capacity in the U.S. found that
groups of small cars in the normal traffic stream have little
effect on traffic flow. England's Ministry of Transport reported in 1967 that the shorter length of small cars has
little effect on lane capacity because the headway between
successive vehicles is nearly as great as that for the larger
cars, even when the traffic stream is entirely made up of
small cars.
Vehicle design factors that relate directly to the uniformity or homogeneity of traffic flow provide the best
opportunity to relieve traffic congestion through vehicle
design changes. If all vehicles are of the same size, have
the same weight-power ratio, and are geared for the same
acceleration and deceleration rates, vehicle flow conditions
will be better than if a mixture of vehicles with different
sizes, power relationships, and gear ratios operate in the
same traffic flow.
Evaluation of Techniques

Effectiveness in Reducing Peak-Period Congestion
The effectiveness of the candidate techniques was measured
with reference to different types of congestion problems
commonly experienced in urban areas throughout the
United States. The study team identified three major congestion problem areas:
CBDs of large cities.
CBDs of small cities and suburban activity centers.
Urban freeways and arterials.
Also identified were two special congestion problems:
Roadways with strong one-directional traffic flows
alternating direction between morning and evening peak
commuting hours.
Roadways for which options in alternative routes are
limited, such as bridges, tunnels, and when access is otherwise restricted by the nature of the terrain.
Five techniques were estimated to be the most effective
in CBDs of large cities: parking controls, road pricing,
priority expressway transit treatments, staggered work
hours, and auto-free zones. Eight other techniques were
considered to be somewhat less effective: traffic cells,
planned neighborhoods, zoning and building codes, incentives to use mass transit, communications in lieu of travel,
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carpooling, and two engineering approaches to improving
capacity of existing roadways.
Congestion on arterials and freeways is considered to be
best treated with surveillance and control systems, and
transit priority systems. Road pricing, parking controls,
New Towns, incentives to use mass transit, and carpooling
also appear to be somewhat effective.
Where strong one-directional traffic flows are involved
congestion may be most effectively reduced by engineering
techniques that permit improved use of the existing roadway and extended-area services that promote mass transit
ridership. Road pricing and extended-area transit are also
believed to be best suited to congestion on bridges, tunnels,
and other roadways where options for alternative routes
are limited.
Costs of Implementation
The basic and possible additional costs of implementing the
candidate techniques judged to be potentially effective in
reducing peak-period traffic congestion were evaluated.
Costs of implementation included direct costs of applying
the technique itself and any secondary costs that may be
incurred by the private sector or public agencies cooperating in its implementation by providing additional facilities
or funding to improve its effectiveness.
The substitution of communications for travel on a scale
large enough to have an impact on the problem is the most
costly of the techniques, requiring a basic investment of
$30 billion to $50 billion. New Towns offer the second
most costly solution, ranging between $1 billion and $3 billion. In both cases private business interests would be
responsible for implementation.
At the next highest level of cost are the techniques that
require a basic investment in equipment and new construction. These include: freeway surveillance and control;
priority transit systems on freeways, especially where a new
lane is constructed for exclusive use of buses; and engineering improvements to maximize use of existing facilities.
Basic costs are lowest with techniques that rely either
on modifying controls on land use and vehicle access or
on persuading individual drivers to use their own vehicles
in a different manner. Changes in zoning and building
codes, as well as much of the planning for such changes,
can be effected at no significant costs within the framework
of normal city administrative activities. Indirect costs,
however, may be very high, because the revised codes offer
a new opportunity to upgrade private property and public
facilities, and may even involve a major urban renewal
effort. Restrictions on vehicle access require only a modest
basic investment in barriers, street markings, and public
information. Costs of programs to stagger work hours or
encourage group riding in private vehicles are generally
low.
Indirect Benefits and Disbene fits
Traffic Congestion in Other Parts of the Total System.—
Area-wide improvement of traffic conditions would result
from all solutions aimed at reducing the number of vehicles driven during peak commuting hours. These include
both techniques that encourage higher vehicle occupancy

through ride sharing, limiting parking, and promoting transit ridership, and techniques that reduce needs to travel
either at peak times through staggering work hours or
absolutely by bringing home and work closer together and
substituting communications for travel to work.
Traffic congestion in other parts of the system can be
aggravated, however, by techniques that restrict entry of
vehicles, such as traffic cells, auto-free zones, road pricing,
and freeway surveillance and control.
Long-Range Travel Demands and Patterpzs.—Travl demands are reduced significantly by land-use changes and
substitution of communications for work-related trips.
Techniques that restrict vehicle entry may eliminate some
less essential trips and may eventually result in some relocation of residences and places of work, but their greatest
impact would be felt in shifts to alternative routes. Shifts
to alternative travel times could also be expected from
these restrictive techniques, as well as from staggered
work-hour programs.
None of the other techniques affect long-range travel
demand and patterns.
Energy Consumption.—Savings in automotive fuels consumed by commuter trips could be expected to result from
13 candidate techniques. The most significant reductions
would occur where basic needs to travel are lowered.
Modal shifts to transit and group riding should also yield
over-all savings.
The effect of the four techniques that operate through
restricting vehicle access would be determined by drivers'
responses to such restrictions. If they abandon trips, share
rides or shift to public transit, fuel consumption would be
reduced. Savings would also be realized through smoother
traffic flow along controlled roadways. However, if drivers
are diverted to alternative routes, energy consumption
would remain the same, or even increase if the alternative
routes are less direct.
Environmental Pollution._—Jmprovement in air quality
can be expected wherever less automotive fuel is consumed
and the amount of pollutants expelled by vehicle exhaust
systems is reduced. Thus, the 13 candidate techniques
identified as yielding savings in energy consumption would
also reduce air pollution. Exceptions to this general rule
can occur, however, in the case of transit solutions; increases in localized vehicle emissions may be observed at
major bus terminal points in the CBD, particularly if the
system is obliged to utilize old equipment with inadequate
emission controls.
Public Safety.—Reductions in vehicle accidents and
vehicle-pedestrian accidents would be expected generally
as a result of improved traffic flow. Errors in planning for
adequate access to reserved lanes or proper separation of
vehicular and pedestrian movement, however, can create
new hazards to public safety. The latter is particularly
important in traffic cells, auto-free zones, New Towns,
planned neighborhoods, and areas zoned for mixed land
uses, where pedestrian travel is encouraged. Protected
loading and unloading zones for transit riders must also
be well planned.
Counter-flow express lanes for transit and carpools may
increase the risk of head-on collision if not adequately
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marked and separated from traffic moving in the opposite
direction. However, no systems currently in operation have
been noted to increase the frequency of such accidents.
Economic impacts—Some temporary dislocation of
business activity may accompany the initiation of parking controls, traffic cells, auto-free zones, and changes in
land use accompanied by major urban renewal efforts.
Long-range improvements in retail trade, value of property, and tax revenues are documented as the experience
of urban areas where these programs have been carried
out. Parking controls and ride-sharing programs allow
both public and private employers to reduce parking
facilities and put the reclaimed area to higher economic
use. Business activity also tends to be stimulated by transit circulation systems in the CBD and improved mobility
in suburban areas.
Road pricing programs, on the other hand, permanently
discourage the use of certain routes and can result in economic losses through employee turnover and decreased
business activity. The impact may be sufficiently critical
to require the relocation of businesses or residences. New
Towns may also generate costs to participants in excess
of returns. Expenses of relocating families and businesses
may not be compensated for by savings in lower land costs,
and property taxes in the newly developed area may be
very high. Replacing experienced personnel who do not
wish to move out of the central city also adds to relocation
costs. Finally, roads and public utilities must be extended
to the new areas, usually at considerable expense to the
state and local governments responsible for providing them.
Economic impacts of the remaining techniques are considered negligible.
Equity Considerations.—The five techniques that provide better and cheaper transit services are of particular
benefit to those in the community who are poor, elderly,
handicapped, or under driving age, who have no access to
private transportation.
Four of the candidate techniques, however, impose unequal penalties on low-income workers, especially those
who cannot easily shift to new job locations. Road pricing
and parking controls that involve pricing penalties for allday use work a special hardship on commuters who can
least afford to pay but whose limited skills restrict their
options for employment at other hours or at different
locations. Planned neighborhood developments involving
upgrading of residential facilities in city centers frequently
result in higher rents and force low-income families to seek
housing elsewhere. Communications substitutes for travel
to work not only involve substantial user costs that place
them beyond the reach of lower-income workers, but also
are not applicable to manufacturing and service functions
that are generally performed by low-income employees.
institutional considerations, public.—None of the candidate techniques appears to involve serious disbenefits for
public agencies either participating in programs or indirectly affected by them. Staggered work hours, ride
sharing, road pricing, and parking controls may result in
some employee turnover where the need to change commuting patterns creates problems for certain individuals.
institutional considerations, private.—Private institutions

are affected by traffic reduction techniques in much the
same ways as are public agencies. Some immediate employee turnover can be expected from programs that force
changes in existing commuter patterns, but reduced tardiness and improved productivity over the long run should
outweigh this.
In general, private business profits by programs that discourage the use of private vehicles for commuting. Costs
of providing for employee parking are reduced, and access
to customers, clients and professional contacts is improved
by the greater availability of short-term parking accommodations.
Time Factors
Two aspects of the timing of impacts are important in
evaluating techniques of reducing traffic congestion. The
first deals with lapse of time that must be expected between the adoption of a technique and the point at which
benefits can be realized. Some programs, such as reallocating land uses, can be initiated immediately, but their
full development and impacts on congestion will not occur
for several years.
The second time factor concerns the duration of benefits that can be derived from applying the various techniques. Some techniques, such as maximizing the use of
existing facilities, can be expected to result in immediate
improvements in traffic flow, but such benefits will usually
disappear as soon as more drivers are attracted to the
improved routes.
Four techniques should present immediate benefits:
staggered work hours, road pricing, parking controls, and
carpooling. Three other techniques—New Towns, planned
neighborhoods, and substitution of communications for
travel to work—could not be expected to have significant
impacts on congestion for at least three years. Similar
delays in benefits can be expected where rezoning for
multiple land uses is extensive and transit priority systems
require new construction of freeway lanes for the exclusive use of buses. The remaining techniques should become effective between one and three years from initial
adoption.
Maximizing the use of existing road facilities through
engineering improvements and carpooling programs has
been observed to provide only short-term benefits. It has
also been seen that New Towns can suffer economic dislocations that force residents to commute to work in other
communities. Other than these cases, reductions in peakperiod congestion resulting from the application of candidate techniques could be expected to be lasting.
Obtaining Essential institutional Support
Implementation of congestion-reduction programs relies on
the support of public agencies for funding and technical
assistance. Public support in both these areas is traditionally excellent for efforts to utilize engineering techniques to improve the capacity of existing roadways. Technological development of communications equipment and
systems has also received substantial support from government, but no funding program yet exists to assist corn-
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munities in implementing the large-scale substitution of
communications for travel to work. Federal Highway Administration (FHWA) and Urban Mass Transportation
Administration (UMTA) funding is available to support
local implementation of staggered work hours, parking
controls, carpooling, transit improvement, and incentives
to mass transit use. Urban renewal and planning programs
of the Department of Housing and Urban Development
will provide funds to communities for revising zoning and
building codes and developing planned neighborhoods and
auto-free zones. Technical support in all these areas is
evaluated as moderate to good.
Public Acceptance
Public acceptance of programs to reduce peak-period traffic
congestion operates on two levels. First, each technique
used must be generally approved of as a good thing for the
community, carrying with it no serious penalties on any
particular segments of the population, such as low-income
or elderly. Second, the program must appear sufficiently
attractive to gain the active participation of enough individual commuters to have an effect on traffic congestion.
General approval often can be gained for programs that
are perceived as inflicting only a small degree of inconvenience on the participants, but such programs will fail
to be effective because individuals choose not to subject
themselves to the inconvenience that they find theoretically
tolerable for other people. To be successful, programs
must offer the participants more than the satisfaction of
contributing to a community effort to reduce traffic congestion. Initial enthusiasm for the scheme can fade rapidly
and participation will decline unless the program offers
tangible benefits to the individuals to compensate them for
the inconvenience they suffer.
Public acceptance of the concept of the candidate techniques was evaluated as excellent or good in 14 cases, but
willingness to participate in programs applying these techniques is found to be excellent or good in only 7 cases.
Techniques for which general approval and the likelihood
of an effective level of participation are both high are
staggered work hours, traffic cells, auto-free zones, planned
neighborhoods, communications substitutes for work trips,
maximizing use of existing road systems, and transit circulation systems.
Public acceptance is evaluated to be most difficult to
obtain for road pricing schemes. Public acceptance in
specific applications of modifying zoning and building
codes is often difficult to assure. Finally, willingness to
participate in group riding, taking advantage of incentives
to use transit, and tolerating freeway surveillance and
control programs, are all evaluated to be only moderate
compared to the general approval of these techniques in
the abstract.
Acceptance by Private Organizations
Several of the candidate techniques need not only individual acceptance but also the active cooperation of private organizations. The support from private organizations
necessary to carrying out congestion-reduction programs
should be readily obtainable for ten of the candidate tech-

niques. Programs improving and promoting the use of
public transit can be expected to have the strong support
of local transit authorities. Cooperation from employers
in promoting carpooling and other ride-sharing arrangements has been found to be generally excellent.
Business institutions generally favor revisions in land
uses that improve property values and permit more productive uses of space formerly devoted to parking. Some
initial negative reactions to proposals for traffic cells and
auto-free zones can be expected, especially from retailers
who fear that customers may be driven elsewhere by
restricting vehicle access to their shopping areas.
Intensive promotion is necessary to gain the cooperation
of employers in staggered-hours programs. Support from
private organizations is also difficult to obtain for road
pricing and parking control schemes. Incentives in the
form of relocation grants have been found necessary to
obtain an adequate economic base for New Towns. Acceptance and support may be more readily available for
programs of substituting communication for travel to work,
however, if user costs can be kept to a minimum.
Compatibility with Existing Laws and Regulations
None of the candidate techniques requires major changes
in existing laws. Some local regulations may need to be
revised and new authority provided to carry out certain
programs.
New authority to levy tolls will be necessary if road
pricing is to be applied for the first time along a route, and
new variable-toll schedules will have to be approved for
roadways where user charges are already in force. Implementing parking controls through variable charges may
also require a new taxing authority and approval of rates
to be applied to privately owned parking lots.
Programs restricting vehicle access to traffic cells and
auto-free zones will call for withdrawing certain streets
from use by passenger vehicles and establishing regulations on their use by commercial vehicles. All techniques
involving changes of road and land use, including the
establishment of New Towns, will normally require their
conformity to regional or city development plans. In some
cases a new land-use plan will have to be approved by local
government and zoning and building codes revised. Finally,
in the case of New Towns, permission for incorporation
must conform to existing state laws and the approval at
that level of government.
State of the Art
All of the candidate techniques are technologically ready
for implementation in some form. Procedures for implementation are well established for programs of staggered
work hours, auto-free zones, ride sharing, improving the
vehicle capacity of existing roadways, and providing transit
services.
The technology for carrying out road pricing by metering vehicles is theoretically available, but practical applica(ion is not feasible at this time. Implementation of road
pricing is currently feasible, however, through the simpler
method of varying tolls collected from drivers prior to their
use of bridges, tunnels, or expressways. Technology for
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parking control programs is also adequate, although more
needs to be known of the effectiveness of different rate
schedules.
Programs involving modifications to land use—New
Towns, planned neighborhoods, and zoning and building
codes—represent a special situation with regard to technological readiness for implementation. Techniques of
physical planning are highly developed, but far too little
is understood of the social and economic implementation.
Finally, the substitution of communications for travel to
work is currently feasible with existing types of equipment.
Improvements in equipment to lower costs and increase
performance capabilities are needed to improve both consumer acceptance and the attractiveness of system implementation to privately owned communications companies.

ditions. However, these eight packages were selected as
generally applicable to a large number of urban areas.
The selection process, involving analyses of compatibility
of techniques and applicability of combinations of techniques to different types of congestion problems, is discussed in the following, followed by descriptions of each
of the eight recommended program packages.
Selection of Packages

Packages of effective combinations of congestion-reduction
techniques were selected on the basis of two criteria: the
compatibility of the individual candidate techniques and
the applicability of combinations of techniques to different
types of congestion problems.
Co,npafibility of Techniques

PACKAGING TECHNIQUES FOR GREATER
EFFECTIVENESS
Seventeen candidate techniques were finally selected as
both effective and feasible. However, none was found to
offer more than marginal reductions in peak-period traffic
congestion when applied individually. Some techniques,
such as planned neighborhoods, affect so small a percentage of CBD commuters that reductions in congestion resulting from one of these redevelopment projects would
not be discernible in any large city. Other techniques, such
as carpooling, present the promise of significant impacts on
congestion in theory, but have never realized that promise
in practice.
It was noted, however, that many of the techniques could
be implemented in combination, with the potential for far
greater combined effectiveness than when applied singly.
Carrying out packages of compatible techniques under one
coordinated program can not only improve the benefits
that can be realized from the most promising techniques,
but also achieve significant results from techniques that
individually are only minimally effective. Carpooling, for
example, supported by road pricing programs that selectively penalize single-occupancy vehicles, can promote
greater and longer lasting participation in group commuting than without this additional incentive. As another
example, the individual techniques of peripheral parking,
transit circulation systems, and auto-free zones, none of
which in themselves are capable of eliminating more than
a small percentage of CBD rush-hour congestion, can be
highly effective when implemented in support of one another. Much greater benefits can be obtained if people
destined for downtown locations in and around the autofree zone can leave their cars in outlying parking lots
located convenient to their entry routes and be carried by
transit vehicles to and from their CBD destinations.
Analysis of the compatibility of the candidate techniques
suggested eight "packages" of solutions that could successfully be applied within coordinated congestion-reduction
programs. Each of the packages has been specifically selected to treat one or more of the congestion problems
commonly found in urban areas. Combinations of congestion-reduction techniques other than the eight described
here are also feasible, and may be suggested by local con-

The compatibility analysis was carried out in two stages.
First, the impact of combining pairs of techniques was
examined by developing a matrix listing all 17 candidates
on both axes. Next, the matrix was rearranged according
to the relative compatibility of the pairs to suggest whole
groupings of techniques that could successfully be combined within a single program package.
Figure 1 shows the first-stage matrix, in which the relative compatibility of pairs of techniques is indicated as
mutually supportive (+), neutral (0), or conflicting (—).
Mutually supportive combinations range from (a) those
where application of the techniques together yields an
effect greater than the sum of the two implemented individually to (b) those in which one technique will fail to
improve traffic conditions unless it is accompanied by another complementary technique. Conflicting combinations
may range from those that can yield somewhat less than
the sum of their individual effectiveness when implemented
simultaneously to those that can render each other ineffective or even create a further traffic problem.
It will be noted that some of the relationships vary,
depending on whether a technique is being considered in
a basic or a supportive role. For example, carpooling is
supported by a transit circulation system that can provide
noon-hour mobility for those who have not driven their
own cars to work. But transit circulation, as a link in an
integrated regional system carrying commuters to and from
their jobs during rush hours, can be negatively affected by
a carpooling program that competes for the same rides.
Similarly, traffic cells and auto-free zones require the support of engineering techniques on perimeter roads to accommodate vehicles displaced by restricting their entry into
these areas. However, efforts to increase the capacity of
commuter routes as a solution to peak-period traffic congestion are hampered by creation of new congestion problems that accompany development of vehicle-restricted
areas.
In some instances it was difficult for the researchers to
select a single indicator of the relationship of a basic technique to others. Certain techniques affect congestion differently in different places. Rezoning suburban residential
communities for commercial and industrial development,
for example, may relieve congestion in the CBD, but may
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create new problems in the rezoned area. Controlled entry
to freeways may facilitate traffic flow to the extent that it
encourages long-distance commuters to drive into the central city and increase congestion there. In addition, certain
combinations of solutions can be beneficial under one set
of conditions and destructive under a different situation.
For example, auto-free zones too large to be covered easily
by walking need some form of internal public transit system for circulation, but when the area is very large and
heavily used the amount of transit service necessary to provide adequate circulation can prove disruptive to the
pedestrian environment.
To solve this dilemma, two guidelines were adopted:
Where combinations of techniques impacted differently on different parts of the community, the symbol selected would represent the anticipated effect on congestion
in the CBDs of large urban areas.
Where impacts would vary according to the conditions under which the techniques were applied, the rating
would reflect the effect of combining the techniques under
the most common conditions.

possible to identify, even though the matrix did not present
a perfect fit, and some of the values assigned in the earlier
matrix had to be adjusted.
Each of the clusters circled on the matrix corresponds
generally to one of the eight recommended packages of
congestion-reduction techniques. The boundaries of the
clusters were drawn in part by subjective judgments based
on known characteristics of the individual techniques and
the degree to which they were compatible with others.
The packages were each focused on a central technique
or combination of highly interrelated ones and assigned the
following designations:
Work-hour changes.
Pricing techniques.
Restriction of access.
Changes in land uses.
Prearranged ride sharing.
Communications substitutes for travel.
Traffic engineering techniques.
Transit treatments.
Applicability to Types of Congestion Problems

Thus, pairs of techniques that relieve congestion on freeways but contribute to CBD congestion are shown as incompatible. Similarly, where combining two techniques
improves their performance in CBDs of small cities, but
does not affect their impact on CBD congestion in large
cities, the relationship is shown as neutral. Finally, where
the relationship between pairs of techniques will be modified by attendant circumstances, the rating shown assumes
an average urban environment and project size.
Although the symbols represented in the matrix suggest
combinations of techniques particularly suited for the
CBDs of large cities, the researchers made note of other
combinations that were effective in treating other types of
congestion problems. These additional evaluations were
later brought into the final selection of packages so that
they would include recommended programs for reducing
peak-period congestion in all the critical problem areas.
In general, it was found that improvements in driving
conditions work counter to efforts to shift commuters from
their own cars onto public transit or to participate in ridesharing programs. Penalties associated with driving, on the
other hand, support these efforts, as well as attempts to
reduce over-all travel by changing land uses and substituting communications for work trips. All transit improvement and incentive techniques are mutually supportive to
a high degree. Carpooling, which in itself appears to be
a moderately effective and inexpensive approach, does not
blend well with many other approaches; efforts to reduce
travel demands by changing land use, to spread peak commuting times, to provide transit alternatives, or to improve
traffic flow through improvements to roadways all reduce
the motivation for participating in prearranged ride-sharing.
Figure 2 shows the second-stage matrix, in which compatible pairs of techniques were rearranged in light of these
general observations to suggest larger groupings of techniques that might successfully be combined into program
packages. Clusters of mutually supportive techniques were

The eight packages of techniques suggested by the secondstage matrix were then evaluated for their applicability to
different types of congestion problems. When matched
against the five major kinds of congestion identified as
common to many urban areas, the packages were found
to have different degrees of relevance to these problems.
The components of the packages were modified, where
necessary, to make them more effective. Four of the
packages were designed with slightly different alternative
combinations of techniques to make them applicable to
different types of congestion problems.
Table 1 gives the applicability of the modified packages
of congestion-reduction techniques to the five major problem areas. All of the eight packages would be effective in
the CBDs of large cities. Modified forms of pricing techniques, entry restriction, and transit techniques are suggested for application to CBDs of small cities and suburban activity centers, along with the basic traffic engineering
package recommended for larger CBDs.
Peak-period congestion on urban freeways and major
arterials can be treated with six of the eight packages, with
some modifications of traffic engineering and transit techniques from those recommended for CBD implementation.
These same modified packages can also be applied to roadways with strong one-directional flows, along with the
package of changes in land use. Congestion on roadways
presenting limited options for alternative routes, such as
bridges and tunnels, can be reduced through road pricing,
land-use, and communications packages, and the traffic
engineering combination of techniques recommended for
freeway congestion.
Components of Recommended Packages
Figure 3 identifies the eight congestion-reduction packages
finally selected and indicates the individual techniques each
includes. These component techniques are indicated by
asterisks (*). Other techniques are indicated as options
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packages.

for implementation with the basic packages—those that
would improve over-all effectiveness are identified by the
plus (+) symbol; those that would simply add another
independent increment to the total impact on congestion
and not detract from the effectiveness of the basic package
are identified by the zero (0); techniques that should be
avoided when selecting supplementary activities to combine with recommended packages are identified by the
minus (-) symbol.
The techniques of this last group work in conflict with
the major thrust of the particular package and, if implemented simultaneously, would lessen its effect in reducing
peak-period congestion. As an example, the "work-hour
changes" package basically combines five individual
techniques:
I. Staggered work hours.
Road pricing.
Parking controls.
Transit marketing.
Extended-area transit.

Communities implementing this package can improve its
effectiveness if local resources permit addition of programs
to develop priority transit services on freeways and arterials
and a CBD transit circulation system. Conversely, they are
cautioned against simultaneously attempting carpooling and
other ride sharing, freeway surveillance and control, or
maximizing use of existing facilities in the same location,
as these techniques are potentially conflicting. All other
techniques may be added as options without reducing the
effectiveness of the basic program.
Some communities may wish to undertake a large-scale,
intensive program to alleviate peak-period traffic congestion by simultaneously implementing two or more packages
of techniques. All of the packages can be safely applied
within a coordinated effort as long as conflicting approaches
are directed to different problem areas. For example, transit treatments may be utilized for heavily traveled corridors between medium-density suburbs and the CBD while
prearranged ride sharing is promoted for commuter trips
between lower-density residential areas and large industrial
developments outside the city center. However, if both
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TABLE 1
APPLICABILITY OF EIGHT PACKAGES OF TECHNIQUES IN TREATING
FIVE TYPES OF COMMON PEAK-PERIOD CONGESTION PROBLEMS

Major Problem Areas

Package of
Congestion-Reduction
Techniques

CBDs
of
Large
Cities

CBDs of
Small
Cities
and
Suburban
Activity
Centers

Urban
Freeways
and Major
Mterials

Special Problem Areas
Roadways
Roadways
With
With
Strong One- Limited
Directional Options for
Traffic
Alternative
Flows
Routes

Work-Hour Changes

X

Pricing Techniques

X(1)

X 2

Access Restriction

X 1

X 2

Land-Use Changes

X

X

Prearranged Ride Sharing

X

X

X

Communications Substitutes
for Travel

X

X

X

Traffic Engineering
Techniques

X 1

Transit Treatments

x(1)

X

X 1

X

x(2

X

X

X 2

*Some of the packages are modified for application to different types of peak-period
traffic congestion problems and conditions. Most indicate that more than one version of that package of techniques has been designed, and only version 1, 2, or 3
is recommended for treatment of that particular congestion problem.

programs are attempted along the same commuter routes,
they will compete for the same riders, and neither program
will be as cost-effective as if it had been implemented by
itself. The demand densities necessary for the efficient
functioning of both modes will be difficult to achieve in
the competitive situation.
Difficulties can also arise in attempting to combine these
recommended packages because one of the techniques in
the first package is in conflict with one technique in the
second, even though the principal elements of the packages
are compatible. Thus, the packages of changing land uses
and traffic engineering approaches should not be applied
in the same area, because the transit elements on which
the former heavily depends are incompatible with improving freeway capacity through surveillance and control. Improvements to local streets, however, are supportive of the
land-use package and should be added as a separate technique rather than attempting to adopt the entire traffic
package that is inherently in conflict.
Figure 4 identifies compatible packages of techniques,
as well as combinations that should be avoided. Again,

supportive, neutral, and conflicting relationships are indicated by +, 0, and - symbols, respectively. The compatibility ratings summarize complex relationships that are
discussed in detail in following sections devoted to each
of the packages. In some cases the degree of compatibility
varies, depending on whether the package is being considered as the focus of the program, indicated in the table
as a "basic" package, or functions as a "supplementary"
package.
Package No. 1: Changes in Work Hours

This package affects peak-period traffic congestion by redistributing the times at which the largest number of peakperiod trips are made. By staggering work start and stop
times, work trips are distributed over a longer period and
travel demand at any one time in the traditional peak is
lessened. In formal staggered-hours programs, new start
and stop times are staggered appropriately, reducing the
peak demand for a number of travel facilities, including
the road network, transit stops and stations, parking lots,
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and elevators in tall buildings. In flexible-work-hours programs, the lack of congestion in off-peak periods induces
workers given the choice to reorient their work trips to
off-peak periods. A number of other techniques are combined here with both types of work-hours changes to ensure
that transit riders do not revert to commuting by auto and
to induce other employees to switch to transit use. A
schematic of this package, including its individual components and supportive and conflicting techniques and packages is shown in Figure 5.
Staggering of work hours may reduce peak-period congestion by spreading work trips over a longer morning and
evening peak. Theoretically these work-hour changes have
the potential to either positively or negatively affect transit
use. In practice, when coordinated with the needs of an
existing transit system, staggered work hours have been
able to make significant improvements in transit system
operating efficiency and even to increase ridership. This

package proposes combining either type of staggered workhours program, planned in cooperation with the transit
system, augmented by inducements to transit use.
Inclusion of road pricing and parking controls in this
package is designed to provide incentives to mass transit
use by increasing the cost of commuting by auto relative
to transit cost during the work-commute period. The road
pricing techniques envisioned for use in this package are
existing road pricing techniques (i.e., gasoline taxes and
tolls) rather than other more exotic or sophisticated approaches. Parking controls could consist of either parking
charges or reduction of parking spaces by participating
firms or municipal authorities, or both.
Naturally, transit service on both sides of the present
peak will need to be increased to accommodate changes in
travel times. As an added incentive to transit use during
this period, fares on line-haul express bus services would
be reduced during underutilized portions of the morning

22
and evening commute periods. Further marketing activities should include an informational campaign and provisions for consumer feedback on the new service.
Extended-area transit services (such as park-and-ride programs) should be examined with the idea of establishing
or expanding such services. In larger cities of certain geographic configurations, feeder services to express routes
may have to be provided; but this option should be carefully studied for financial feasibility and the impact on the
current operating practices of the transit system.
The combination of these techniques should create a
complex of incentives that would more than offset any
tendency for current transit riders to switch to auto driving when work starting times are spread out, and both
provide an additional incentive to existing car drivers to
switch to transit use. It is important that the incentives to
transit use are constructed so as to bring riders to the system during periods when the system has excess capacity;
any other option would have dysfunctional consequences
for the transit system. If used in the appropriate situation
and in the right context, this package can reduce congestion on the transit systems and to a lesser extent the road
system in peak periods.
Compatibility with Other Approaches
As shown by Figure 5, several techniques and packages are
compatible with this package. The individual supportive
techniques in general seek to make transit a more attractive
option for commuters. Priority transit treatment can speed
the home-to-work trip, making it comparable with travel
times by auto. Circulation systems further increase the
attractiveness of transit by making it possible to travel in
a CBD or large employment concentration without a car.
Substitution of communications for travel to work can also
be supportive, because the reduced number of trips to the
centrally located office that will still be required can be
made at off-peak hours. Transit treatments and communications substitutes for travel are compatible packages for
the reasons previously discussed. Pricing techniques is also
included as a supportive package because its main components are a basic component of this package.
The conflicting techniques and packages in this case can
be considered as two separate types of incompatibility.
Carpooling as a technique or as the main component of
the ride-sharing package is in direct conflict with a changein-work-hours package. Evaluation of several staggeredwork-hours programs has shown inability to form and
maintain carpools to be a major disadvantage and a frequent source of employee dissatisfaction. Maximizing use
of existing facilities as an individual technique or as one
of the main components of the traffic engineering package
presents a different type of incompatibility. Because this
technique increases traffic capacity, it would encourage
auto travel and tend to work against the transit incentives
offered by this package.
Applicability
The staggered work hours and entire package of transit
services and incentives make this package applicable to
cities of any size that have congested downtown areas. It

would work best when applied to medium or large cities
where the following conditions apply:
One or more major employment concentrations in or
near the CBD; the fewer the number of employers the
better.
Existing transit service.
Suburban commuter trips of at least 8 miles.
Highways that provide direct routing to employment
concentrations.
Staggered work hours alone have the potential to relieve
peak-period traffic congestion in any dense employment
concentration, whether composed of one employer or many.
If sufficient workers switch to transit, arterial congestion
around the actual employment concentrations will be reduced, as well as traffic delays due to ingress and egress
from parking facilities. This package requires that a transit service currently exist that need only be modified
slightly, if at all, to provide an attractive alternative to the
car to those employees with new work hours. If a major
new service is required, or major modifications must be
made in existing service patterns, transit systems will be
understandably unwilling to cooperate; evidence exists that
such changes may lose them substantial sums of money.
On the other hand, the transit system is a valuable ally in
any plan to stagger work hours when it feels its needs are
being well served. If new express bus service is required,
a situation must exist where the variable road pricing
scheme will ensure sufficient ridership along a given route;
as indicated earlier, this usually requires a line-haul trip
of at least 8 miles. It is important that the worker see a
trade-off between transit service and private auto use on the
same trip. A corollary to this requirement is that direct
highway routing to major employment concentrations must
exist so that express bus service can be provided along a
convenient route, and so that a system of variable road
pricing can be instituted manually on just a few major
highways. If auto travel patterns are too diffuse, a far more
sophisticated, and far more expensive, method of road
pricing would be required, but probably would not be
justified for such a situation.
Costs and Effectiveness
Direct Costs and Benefits.—The costs of this package can
be broken down into three categories:
Pre-implementation costs for staggered work hours.
Transit system expenditures.
Road pricing equipment and facilities.
Actual experience has shown that the fewer the number
of individual employers involved, the lower the initial staff
costs. In addition, some transit operations are willing to
cover the entire pre-implementation costs themselves because of the increased operating efficiency they see as the
successful result of this technique. It is difficult to generalize about the costs of actually organizing the work
schedule changes; the New York system has spent over
$50,000, whereas the far more successful Ottawa system
reports marginal pre-implementation costs.
If planned properly, costs to the transit system should
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Figure 5. Schematic of package No. 1: Changes in work hours.

be small and more than offset by increases in ridership.
As noted at length earlier, if the staggered work hours
plan is not well coordinated with the needs of the transit
system, the system may find that it has to increase service
at costs far beyond any increased ridership revenue. Because most U.S. transit systems have little means to subsidize such operating losses, the transit system may well
refuse to continue its involvement with such a scheme. If
the transit system is required to institute a new express bus
line-haul service, with or without feeder bus service, it may
incur additional expenses because express bus routes often
poorly utilize existing equipment. In this case, it may be
necessary to use revenues from the road pricing scheme to
subsidize the express bus service.
As discussed earlier, the major beneficiaries of most
American and Canadian work schedule changes have been
transit systems that were able to make use of formerly
underutilized capacity by diverting existing transit riders
to the slopes of the peak-period curve and, in some cases,
by attracting new transit ridership. The effect of such
staggered schemes has been felt far less on the arterial and
road network; although congestion was reduced in the
vicinity of a single plant or parking facility, most schemes
have not produced measurable reductions in total traffic

congestion. The technique of manual road pricing during
peak periods has been added, therefore, to increase auto
to transit diversion to a point where traffic flows are noticeably speeded up; again no hard data are available on the
amount of transit diversion and ultimate traffic reduction
that can be expected from such a measure. To make transit even more attractive vis-a-vis the auto, transit fares have
been decreased during underutilized periods (which may be
the entire peak period for some transit systems) and provided first-rate transit service—express line-haul bus service. System-wide fare reductions bring increased transit
ridership, although the number of former peak-period auto
drivers is not known; combined with significant express bus
service of more than 8 miles, it is not unlikely that transit
ridership could increase by from 12 to 15 percent in the
morning and evening peaks. Express bus service in the
correct market areas has been entirely successful and, as
illustrated in Knoxville, more than pays its own way.
The most significant cost factor in the implementation
of this package would be the costs of road pricing and
parking controls. Where a toll system already exists on
congested expressways, bridges, or tunnels the costs of implementing variable user charges would be minimal. Development and monitoring of a fee schedule and any lane
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marking could be done for $50,000 or less. Where no such
facilities exist, a toll system on a major roadway could be
constructed for between $250,000 and $510,000, with annual maintenance and operations costs of between $75,000
and $100,000. In both cases the costs could most probably
be met by the revenue generated from the new tolls. The
cost of a parking controls program can vary widely, depending on the extent of the program; from a few thousand
dollars for a new parking meter system up to $150,000 for
a system of parking taxes in privately-owned facilities.
Again, the additional revenues generated should be sufficient to cover the costs involved.
It should be noted, therefore, that this package, if properly implemented, would essentially pay for itself. Although this package does not recoup any revenue that
might be gained from decreased traffic congestion around
concentrated employment sites or the CBD, it does allow
the costs of implementing staggered work hours to be
assessed against the benefits to the transit system of generating new ridership and revenues with previously unused
capacity. At the same time it allows revenues from road
pricing and parking controls to offset their cost.
Indirect Irnpacts.—This package as a whole will have the
effect of reducing energy consumption and air pollution to
the extent that it reduces travel by automobiles. In addition, staggered work hours have a number of impacts on
the firms involved. Several studies have reported that
staggered work hours lead to higher employee morale,
decreased sick leave, reduced turnover, and increased
productivity. An evaluation of the Manhattan program
also reported highly favorable effects on home life and
evening activities. Road pricing and parking controls have
the ability to positively or negatively affect business activity, as discussed later. Finally, the transit techniques
included in this package will have varying equity considerations, depending on the programs implemented, and
these factors should be considered in the selection of a
specific program.
Timing.—Staggered work hours can be implemented
very quickly, but it is imperative that the proper preimplementation studies be made. It is necessary to assess
the times and points of greatest traffic and other congestion
during the peak period and set up the varying work schedules to act on those types of congestion. It is also crucial
that the plan be discussed at length with the transit operator involved prior to its implementation. All necessary
pre-implementation work can be done in less than six
months but, as discussed earlier, there must be a continuing
effort after the plan is implemented to make any changes
in transit service that are necessary and to continue to work
with non-staggered employers. Parking controls and a
road-pricing fee schedule require a similar lead-in time.
However, should it be necessary to construct toll facilities
or create a toll authority, either of these activities would
require from one to two years.
Feasibility
Institutional Considerations.—As indicated previously, successful staggered work hours programs have been organized and operated by a variety of groups, ranging from

private firms to public agencies. Because this package will
probably be adopted by cities, they may choose to place
the staggered work hours program under the authority of
an existing city agency or create a new agency for this
purpose. Regardless, the authority for this program should
rest in a single agency, and this agency should be certain
to involve all other appropriate agencies, from regional
councils of government to local chambers of commerce, in
planning and implementing the program. As mentioned
previously, the local transit operator, whether a private
company or public agency, must also be involved in planning a staggered work hours program. In addition, the
transit operator will have the primary responsibility for
the marketing and extended-area transit service components of this package. In most cities, it will be necessary
to establish a toll authority to implement a road pricing
program. It may also be necessary to obtain state or federal approval to impose tolls on roadways built with state
or federal funds. Depending on the type or extent of parking controls desired, this component could be operated by
a city agency or it may be advisable to create a local parking authority. Funding for both the staggered work hours
and transit components of this package is available from
UMTA and FHWA.
Public Acceptance.—Staggered work hours and the kinds
of transit services used in this package are generally very
popular and should face no problems with public acceptance. On the other hand, road pricing and parking controls are relatively untried techniques that may be misunderstood by the public. It will be necessary to educate
the public and public officials on the merits of these techniques and their role in this package, in order to assure
public support. However, because it would be difficult for
individuals to support this program without massive support from the private sector, acceptance by private organizations is the key to successful implementation of this
package.
Acceptance by Private Organizations.—The most successful staggered work hours projects have involved a few
employers with a significant percentage of the work force
in a concentrated area; in Ottawa the federal government,
which staggered its work hours, employed 53 percent of the
work force in downtown Ottawa. The more individual employers involved, the more difficult the pre-implementation
task becomes; the Manhattan experience shows that such
public relations and planning efforts must be a continuously
on-going function of some responsible agency. The Atlanta
experience shows what happens when such effort is not
forthcoming. Thus, although the idea is popular, this
package requires great energy to overcome initial inertia
and some resources to continue the promotional effort.
There may be some initial resistance to the parking control and road pricing components of this package by CBD
merchants and owners of private parking lots. However,
the experience of London with parking controls has been
that short-term parking increases, which should increase
business for both groups. Conversely, large employers participating in this program should welcome the opportunity
to reduce the number of parking spaces they supply. A
system of road pricing by tolls is certain to have negative
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impacts on CBD business activity. However, its effects can
be reduced by graduating tolls according to the time of day
or imposing tolls in peak periods only.
It is also imperative that the transit operator either be an
active part of the project or a willing cooperator, or the
transit services necessary will not be forthcoming and the
potential benefits of this package for the transit system will
be lost. In general, experience shows that the more involved the transit system is in the planning of the program,
the more likely it is to be successful and the more likely
needed changes in transit service that come to light during
the course of the project will be made.
Although transit operators are often public agencies and
not private firms, this is no guarantee of their cooperation,
especially if the package is not tailored to their specific
needs and financial resources. The same is true of public
agencies that are large employers; their cooperation is far
from automatic, as the Atlanta experience shows. This
package requires an active and continuing promotional and
informational campaign by some form of permanent staff.
Compatibility with Existing Laws.—There should be no
problems with legal restrictions on the staggered work hours
or transit components of this package. Legal problems may
exist where it is necessary to establish a new toll authority
or impose tolls on roadways that were constructed with state
or federal funds. However, state and federal cooperation
can be expected in this matter. Where parking controls
involve taxes in privately owned lots, local laws will probably have to be changed.
Readiness for Implementation—There are no activities
or techniques in this package which are not currently feasible. Although there is need for a pre-implementation study
that directly relates the existing techniques to localized conditions and local transit operations, there will be no delay
in implementing this package because the techniques themselves are not ready.
It should be noted that although there have been several
successful programs of staggered work hours and transit
treatments, there is apparently no instance where all five
techniques in this package were combined into a single
program. This leads to the belief that though pricing techniques would definitely strengthen such a program, it is
possible to exclude their use, especially in medium-sized
cities. If a city is unsure of pricing techniques, they can be
implemented separately.
Package No. 2: Pricing Techniques

This package of approaches is centered around imposing
variable charges for the use of congested roadways to discourage peak-period commuting and supporting this disincentive by manipulating the supply and cost of parking
in the central city. It assumes that road charges will be
imposed by means of tolls collected on entry to the controlled roadways, rather than by complex systems of onboard or off-vehicle sensing devices and metering, which
the study team believes to be impractical for current implementation. The package includes transportation alternatives to the individual use of private automobiles for peakperiod commuting in the form of transit and carpooling.

Figure 6 shows the composition of this package and its
relation to other techniques and packages.
Tolls are varied so as to penalize drivers traveling alone
in their own vehicles during peak commuting hours. Offpeak travel is encouraged by reducing tolls between rush
hours to favor commuters taking part in staggered workhours programs and to persuade those who shop or visit
cultural and recreational facilities in the central city to
complete their trips at times when they do not compete
with commuters for use of the roadway. To encourage carpooling, tolls also are reduced during commuter peaks for
vehicles with multiple riders.
The supply and cost of parking in the central city are
manipulated to achieve the same purposes. Parking space
in the CBD is reduced by prohibiting on-street parking during peak periods, and limiting it at other times to periods
of two hours or less. This allows the customers of retail,
service, and other businesses to continue to patronize these
establishments, but prevents all-day parking by commuters.
Parking fees are graduated so that short-term use is cheap
and all-day use is prohibitively expensive. This is implemented in public lots by a system of variable fees, and in
privately owned lots by imposing a graduated tax on parking that is passed directly on to the consumer. Special reductions in all-day parking fees can also be allowed to
vehicles with extra passengers as an additional inducement
to ride sharing.
Selection of effective schedules of variable road and parking prices will probably require some experimentation at the
beginning of the program. In general, the more critical the
congestion problem, the more severe the penalties must be
so as to discourage a significant number of automobile commuters from using overcrowded facilities during peak periods. A small differentiation in peak versus nonpeak road
tolls or all-day versus short-term parking fees will discourage only trips of marginal urgency—such as shoppers
getting an early start—and have little effect on the major
factor in the problem, the daily commuter.
However, if a program of pricing and supply disincentives
is to be effective, there must be alternatives to the existing
peak-period use of overcrowded facilities to which commuters can turn. It is essential that the capacity of the
transit system be improved and ride-sharing programs be
promoted prior to the initiation of pricing penalties. If
these options are not available the imposition of penalties
on individual commuting by private automobile not only
will be ineffective in reducing peak-period congestion, but
also will create resentment against the concept itself, which
may preclude its being attempted again with better
preparation.
The transit treatments recommended for this package include priority services on expressways and arterials to make
transit even more competitive to automobile use by reducing
travel times. Supporting services in the form of downtown
circulation systems and local transportation in residential
areas will improve ridership of the express service. A CBD
circulation system can provide transit riders with greater
mobility during the day. Dial-a-ride feeder services to suburban express stops would provide the most attractive form

of residential transportation service, but in some areas
park-and-ride lots may be a more viable alternative.
The ride-sharing approaches suggested include the entire range of individually organized carpools, employersponsored carpooling and vanpooling, and subscription
buses, operated as cooperatives by the users or for profit
by a commercial transit company.
Compatibility with Other Approaches
This package can benefit from the support of almost all of
the remaining candidate techniques with the exception of
the two traffic engineering approaches. Both maximizing
use of existing facilities and freeway surveillance and
control work toward increasing the number of vehicles
using the roadways by improving traffic flow, whereas this
package seeks to reduce the number of vehicles.
The compatible techniques, however, cannot all be applied simultaneously in the same locations. This is also true
of elements in the basic package itself. Transit and carpooling are competitive for the same riders, and therefore
are generally held to be conflicting techniques. Their inclusion in the same program is based on the assumption that
they will be applied separately to different parts of the total
problem. Transit should be promoted for trips that begin
and end in relatively high-density areas, whereas carpools
will originate and terminate in locations that cannot easily
be served by transit.
Similarly, New Towns and planned neighborhoods can
all reduce travel demands along the overcrowded route or
in the CBD, but do so from different locations.
Efforts to reduce the supply of parking in the CBD can
be encouraged by changing building codes with regard to
off-street parking where they currently require business and
residential structures to accommodate the vehicles driven by
customers, employees, and residents. Changes in zoning
can encourage the relocation of home and work in closer
proximity and increase density of land use to permit efficient transit services. Communications substitutes for travel
to work also reduce demands for the use of overcrowded
roads and CBDs, and, in turn, become more attractive as
costs of commuting increase through pricing policies.
Implementation of staggered or flexible work hours can
be supportive to this package if carefully handled. If transit provides the primary alternative mode of commuting,
and local transit operators are willing to provide frequent
and fast service over an extended peak period, more riders
can be comfortably accommodated. This can result in more
commuters selecting transit over driving. However, if ride
sharing is the principal alternative to private commuting,
shifting of work hours should probably be confined to adjusting arrival and departure times for entire institutions.
Carpools tend to be made up from people working for the
same organization, and can be very difficult to arrange if
different sections of the organization or individual employees have different work schedules. Packages of techniques
that can be successfully combined with this package are
changes in work hours, changes in land use, and transit
treatments. Although the prearranged ride-sharing package
can be supportive of this package, it does contain some

conflicting elements. Therefore, it is difficult to accurately
rate the compatibility of these two packages even though
the individual technique of carpooling is an essential component of this pricing package. Individual techniques within
this package could be used, with special care taken to ensure that the added elements perform a supportive role. The
traffic engineering package is in basic conflict with the
purpose of discouraging use of facilities through pricing
techniques.
Applicability
Two alternative versions of this pricing package are suggested for application to different types of congestion problems. The first combines road pricing through variable tolls
with parking controls; the second relies exclusively on manipulating parking supply and user costs to provide disincentives to peak-period use of facilities.
The combination of road pricing and parking controls is
especially suited to larger urban areas where congestion
problems exist both in the CBD and along limited travel
corridors. Road pricing is an effective disincentive to individual use of private vehicles for commuting where access
from major residential development is restricted by geographical barriers (such as bodies of water and mountains)
to only a few routes. San Francisco is a good example of
such an area, inasmuch as its central city lies at the northern tip of a peninsula between the Pacific Ocean and San
Francisco Bay. Access to the CBD from residential communities along the peninsula is limited to two major routes,
while commuters north and east of the city can reach the
CBD only across bridges.
Where access to the CBD is not geographically restricted,
road pricing serves only to divert users to other parallel
routes and does not discourage commuters from driving
into the CBD. Because severe congestion in itself leads
rush-hour drivers to seek alternative routes, little added
benefit would be derived from instituting a program of road
pricing where alternative routes exist. Therefore, the second version of this package, which relies solely on parking
controls to provide pricing penalties for individual use of
private vehicles for commuting, is recommended for broader
application to cities of all sizes where geographical limitation of access routes is not a factor.
This package, in either version, is specifically directed
toward inhibiting the use of private vehicles during peak
commuting hours, but permitting and even encouraging
such use at other times. It should be applied to cities
where congestion occurs in the CBD or along certain access routes only at rush hours. If congestion is an all-day
problem, other solutions, such as the package of traffic cells
and auto-free zones, should be used instead.
The feasibility of either version of this package depends
on provision of sufficient attractive alternatives to individual peak-period commuting by private car. In larger cities
where the termination of most trips to work is in the CBD,
an efficient high-capacity transit system is essential. Where
a significant number of work trips is made by commuters
passing through the congested CBD to other destinations,
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Changes in land use
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Traffic engineering
techniques

--a well-developed-- ride-sharing- program may prove -more- -- be --very- effective in reducing use by--private - automobiles - withOut seriously blocking traffic flow along the route and
effective than transit in reducing the number of vehicles
in the CBD. This would prove more satisfactory than atused for these trips.
tempting to collect tolls in the central city, where the
Costs and Effectiveness
back-up of vehicles passing through the toll facility could
create
traffic problems. The cost of constructing a toll stacosts
of
implementing
Direct Costs and Benefits. — Direct
tion on a well-used major route could be expected to be
the proposed package will vary according to the number of
about $500,000. Annual maintenance -and operations would
approaches included and characteristics of the road netprobably range between $75,000 and $100,000.
work, existing transit resources, and other elements of the
Costs of implementing parking controls will vary accordindividual city. Where the critical congested roadways are
ing
to the size of the area involved and the number and
bridges, tunnels, or expressways for which tolls are already
type of ownership of off-street parking facilities. In all
being collected, costs of implementing variable user charges
cases, costs will be negligible compared to approaches callare negligible. All that is required is to select and test the
ing for major construction or acquisition of equipment.
effectiveness of a pricing schedule, and to identify one or
On-street parking can be banned by painting curbs or
more toll-collection lanes for high-occupancy vehicles. In
placing signs indicating hours during which parking is perthe initial year of the program, an investment of $50,000
mitted. If parking meters are used, their unit cost over the
should cover the original selection, monitoring, and revision
initial
5-year period is approximately $100, including inof the fee schedule, if necessary, and marking of special
stallation,
maintenance, and the expenses of collecting and
lanes. Subsequent expenses could be expected to be abaccounting for revenues. This does not include enforcement.
sorbed in the normal operation of the facility.
Imposing a variable schedule of parking fees in public
Where access to the congested roadway is not presently
off-street parking lots would initially require at least $50,000
controlled, toll collection stations would have to be conto select a schedule, monitor and evaluate it, and possibly
structed, or the burden of discouraging automobile commodify the rates during the first year of the program. Costs
muting would have to be borne entirely by parking conof maintaining the program should add nothing to the
trols. If there are no alternatives to the travel corridor, a
normal operating expenses.
toll station located at the residential end of the route could
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Imposing a new system of parking taxes for the use of
privately owned facilities could generate initial planning
expenses of $25,000 over that involved in setting price
schedules for public parking. Assuming a moderately senior civil servant as the program director, with two field
people, a secretary, and office space, the program could
require an annual operating budget of $150,000.
Costs of improving public transit services could require
a major investment and annual operating deficit. It might
be possible to allocate existing equipment and personnel to
expand the time period of peak service on the express portion of the system without adding to the inventory, but it
is more likely that capacity of the system would have to
be increased. The additional buses would cost between
$500,000 and $1,000,000, for example, but could be acquired under an UMTA capital grant and UMTA is now
permitted to assist communities with operating costs. There
will be additional costs associated with priority transit service. Transit priority on expressways can be inaugurated
for less than $50,000, but features such as ramp modifications can substantially increase this figure. Priority on CBD
arterials may prove slightly more expensive if these changes
are permanent ones. The costs of park-and-ride programs
vary widely according to the type of parking used and the
extent of the program. New demand-responsive feeder services in suburban areas can run as high as $20 per vehiclehour. These services, too, may be partially subsidized
through federal transportation programs. CBD circulation
systems would probably be the least expensive element of
the transit system, as it should be primarily a matter of
reallocating existing resources, but it will certainly require
subsidization.
The final cost of this package would be for promotion
and matching of rides for a carpooling program. The cost
of such a program for a single large firm should not exceed
$10,000. On the other hand, the initial six months of the
carpool program in Portland, Ore., cost $250,000. Again,
federal funding is available for such efforts.
The combined effectiveness of road pricing and parking
controls with sufficient transit and ride-sharing alternatives
could be expected to reduce the number of single-occupancy
private vehicles on the controlled corridors by 10 to 20 percent. Experience in San Francisco indicates that variable
tolls alone result in shared vehicles increasing to 10 percent
of total vehicles using the facility. Impacts on congestion
in the CBD will vary, depending on what percentage of total
downtown traffic arrives via the controlled roadways. However, imposition of parking taxes alone has been found to
reduce use of parking lots by as much as 15 percent. A
significant increase in parking fees in Boston has been estimated to reduce vehicle-miles traveled by 7 percent in the
CBD. It is possible that the combined impact of the program could reduce the number of private vehicles on CBD
streets during peak commuting hours by as much as 10 to
15 percent.
Under the proper circumstances, this program can be
highly effective in reducing peak-period congestion both on
heavily used roadways and in the CBD at relatively modest
cost.
indirect Impacts.—The main components of this pack-

age, road pricing and parking controls, can create a number
of indirect impacts, primarily through reduction of CBD
traffic. Such a reduction not only would permit CBD traffic
to flow more easily and thereby reduce accidents, but the
free flow, in turn, also would reduce automobile emissions
that are especially high during idling. The impact on air
quality should be even greater than on congestion. Noise
levels and safety for pedestrians would be improved by this
program, but not significantly, because vehicles will still
continue to use the CBD streets.
However, the major impact of these techniques would be
on CBD business activity. Central cities, and particularly
their CBDs, are already suffering from loss of business activity and land values because of existing congestion problems. It is possible that by placing even greater barriers to
travel to the CBD in the form of road pricing and parking
penalties, business activity in some sectors may decline even
further and some establishments may choose to relocate
outside of the city center. Over the long run, however, this
dispersal of economic activity should improve the livability
of the urban areas, but some short-term losses may be felt
by individual business concerns and some temporary reduction in the value of CBD property and tax revenues could
result.
The indirect impacts of both the transit and carpooling
techniques included in this package are not clear. In theory,
use of either does contribute to reductions in energy consumption and air pollution, and more importantly, allows
better economic use of land retrieved from parking.
Timing.—The major elements of this package can be
implemented immediately where a toll authority is already
in existence. Should a new authority need to be created and
toll facilities constructed, between one and two years might
be required. Parking controls for on-street and public facilities can be carried out almost immediately, but at least
six months would probably be necessary to create new taxing programs for privately owned facilities.
Public transit improvements that involve reallocation of
existing resources can also be implemented immediately, but
acquisition of new vehicles can take as long as three years.
Establishment of bus priority on expressways and arterials
may require up to two years, but normally this can be accomplished in one year or less. Also, development of new
suburban feeder systems would require a minimum of two
years before they were fully operational.
Promotion of ride sharing and modification of work hours
among private organizations could begin immediately, but
would probably take six months or more to become effective. In all, this package can be considered a good shortterm move to alleviate peak-period congestion.
Feasibility
institutional Considerations.—Implementation of the major
components of this package may require creation of new
governmental entities. As previously noted, a road pricing
program may require creation of a local toll authority.
Also, appr.oval of the state and federal governments may be
necessary for imposing tolls on roadways constructed with
their aid. Parking controls may require creation of a new
parking authority if privately owned lots are to be included
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in the program. The alternative is for this program to be
limited to public parking and managed by the city agency
currently responsible for public facilities.
The transit treatments of this package can involve a
number of government agencies, including: local transit
operators, municipal transportation departments, local transit districts, regional councils of governments, state highway
departments, and the U.S. Department of Transportation.
Although each group will not be involved in every component of these transit treatments, it will be advisable, in terms
of this package, to discuss the techniques with all groups
and seek their cooperation and aid. Although carpooling
can be implemented without involving government agencies,
the effectiveness of this technique in achieving the desired
impact on congestion is better ensured by coordination with
other agencies involved in the total program, especially the
toll and parking authorities. Funding from FHWA is available for carpool programs. The various transit components
of this package are eligible for financial aid from FHWA
and UMTA.
Public Acceptance—As long as sufficient transportation
alternatives are provided, public acceptance of this program
should be possible to obtain. Road pricing has the least
political feasibility of the techniques in this package, but
this problem can be mitigated by initiating the program
with reductions in existing user charges to off-peak users
and gradually increasing peak-period charges to the point
where they effectively discourage rush-hour driving of private vehicles. Less public opposition has been shown to
parking controls, and this can be reduced by publicizing
special rates for carpools and the availability of transit
services.
Acceptance by Private Organizations.—Private organizations that presently use expensive downtown land area for
employee parking should welcome the opportunity to reduce the number of spaces needed and convert the area
saved to more profitable use. Large firms also support
carpooling for similar reasons and in many cases have
sought to institute carpooling, vanpooling, or subscription
bus services on their own. This is important, for if carpooling is to play an important role in this package, the
support of large employers is crucial.
Owners of private parking lots and CBD retail establishments might object initially through fears of losing business, as was the case in San Francisco, but it should be
possible to demonstrate that increased short-term parking
capacity and improved CBD circulation improves the attractiveness of the downtown area for customers of these
establishments.
Compatibility with Existing Laws.—Le gal problems will
exist in establishing a new toll authority, if this is necessary, especially as the roadway will generally be controlled
by the state rather than the local government. However,
most states now are actively seeking solutions to traffic congestion other than construction of additional roadways and
their cooperation could be expected. Establishing a new
taxing policy for privately owned lots would also involve
changes in existing local laws, and may be fought intensely
by owners. The remaining techniques of this package would
not require any changes in existing laws.

Readiness for Implementation.—All elements of this candidate package have been experimented with and are technologically ready for immediate implementation. It should
be noted that road pricing systems requiring complex sensing devices and meters are not suggested as a part of this
package.
However, no attempt has yet been made to use all of
these elements in a coordinated, mutually supportive program with the specific goals of reducing congestion on
limited-travel corridors and the CBD. The effectiveness of
these approaches used in conjunction with each other is not
known. The limited applicability of road pricing restricts
use of the first version of this package to areas with limitedaccess corridors, but the alternate version, relying on parking controls as the major component, offers a practicable
solution for many cities of all sizes and configurations.
Therefore, this package is evaluated as ready for implementation on an experimental basis, with intensive monitoring of immediate impacts and periodic evaluation and
modification of pricing penalties until the desired results are
achieved.
Package No. 3: Restriction of Access

This package of techniques is designed to alleviate severe
traffic congestion in selected areas of central cities by restricting the use of private vehicles within these areas. Two
different basic approaches may be employed: traffic cells,
in which through automobile travel is prohibited, and autofree zones, which no private vehicles are permitted to enter.
In either approach, mobility within the restricted area is
ensured by the development of pedestrian facilities, supplemented where necessary by transit circulation systems. Improvements to maximize the capacity of surrounding streets
and access roads are essential to ensuring that new congestion problems are not created by traffic diverted from the
controlled area. Figure 7 shows the composition of this
package and its relation to other congestion-reduction
packages and techniques.
Traffic cells prohibit through traffic by dividing an area
into cells or zones. Pedestrians and transit vehicles are permitted to cross boundaries between these cells, but private
vehicles are prohibited from doing so. Private automobile
travel from one cell to another is allowed only via arterial
roads on the perimeter of the controlled area. Zonal
boundaries within the area are marked with white lines or
small raised barriers, and street signs direct drivers destined
for locations across these boundaries to the most efficient
perimeter route.
In auto-free zones all use of private automobiles is prohibited, and access to the area is permitted only to emergency vehicles (fire trucks, ambulances, etc.) and to delivery trucks at hours of the day when they will not interfere with pedestrian use of the area. Auto-free zones may
cover only two or three city blocks or may extend over a
much larger area.
Smaller auto-free zones that can be comfortably covered
on foot are designed exclusively for pedestrian use, and
include benches, planting, fountains, free-standing display
cases, and tables and chairs for refreshment service. These
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facilities may occupy the former roadway, the level of
which can be raised so that there is no longer a curb that
might serve to inhibit pedestrians from using that section
of the street. Larger auto-free zones require some form
of transit circulation that will provide easy access to all
parts of the restricted area.
Three alternative approaches to restricting vehicle access
are possible through use of this package: traffic cells or
auto-free zones used separately, or a combination of the
two. With the third alternative operation of private vehicles
is also restricted within the individual traffic cells (usually
to a single, circular, one-way route on the outer edges of
each cell) and the interior of the cell is developed for
pedestrian use as an auto-free zone.
Options are also available on the extent to which autofree zones are developed for pedestrian use, as follows:
Occasional pedestrian streets, in which temporary barriers close off streets normally used by vehicles on certain
days of the week or special seasons of the year (such as
Christmas or summer tourist months). Local shops may
move display cases, tables and chairs, and potted plants out
onto the sidewalk or into the street itself as attractions to
pedestrian shoppers, or independent artisans and craftspeople may set up temporary booths or displays on carts,
creating an air of a village market day.
Regularly scheduled traffic bans, usually prohibiting
vehicular use of streets during hours of the day when stores
are open. Deliveries to retail establishments in the restricted area are permitted only at hours before or after
the traffic ban is in effect. On-street parking is usually
permanently removed and sidewalks are extended out into
that area, permitting the addition of permanent street
furniture, fountains, and planting. Awnings or overhanging sun screens are occasionally extended from restaurants,
and tables and chairs are moved out onto the sidewalk for
outdoor lunch and refreshment service.
Permanent pedestrian areas, in which private vehicles
are banned at all times. Streets are totally repaved, with
road surfaces raised to the level of the sidewalks so that
any psychological barrier to pedestrian use of the former
roadway is eliminated. Benches, fountains, and gardens are
introduced, and if transit circulation is provided these facilities are placed so as to route foot traffic in safe separation from transit vehicles.
It is also feasible to stage the development of auto-free
zones through these three levels of pedestrian accommodation so that gradual changes are made in the status of the
area. Costs associated with the initial level—occasionally
closing the street to vehicular traffic—are very low, and no
permanent barriers or pedestrian facilities are required. It
is possible to experiment with such auto-free zones with
limited funding, observe impacts on local traffic patterns
and business in the area, and modify the location or extent
of the restricted area where necessary before investing more
substantially in extending sidewalks, repaving streets, or
making other permanent changes. If the initial experiment
is successful, public support may be generated for more
ambitious developments and increased funds may be made
available.

Although the long-range purpose of restricting access is
to discourage use of private automobiles in congested downtown areas, it is essential to the viability of the controlled
area to provide parking accommodations for those who cannot or who do not wish to ride public transit. However, if
transit services are improved, more commuters may be persuaded to leave their cars at home, and the capacity of these
facilities can eventually be reduced. For traffic cells, parking is best located within the boundaries of each zone so
as not to further burden the heavily used perimeter roads.
Where the interiors of the traffic cells are established as
auto-free zones, parking accommodations should be located
on the routes designated for vehicle use at points within
comfortable walking distance of destinations within the
pedestrian area.
Parking facilities for auto-free zones independent of a
system of traffic cells may be located immediately adjacent
to the restricted area or in dispersed locations with transit
shuttle service between the parking area and the auto-free
zone. Lower land costs for dispersed parking accommodations will compensate in part for the additional costs of
providing the shuttle service. More visitors and shoppers
will be attracted to the pedestrian area if parking and
shuttle services are provided at no charge; costs can be met
by the city budget, but more often they will be covered by
contributions from business establishments within the restricted area who profit from the increased patronage.
An efficient and attractive transit circulation system is
essential to successful functioning of both traffic cells and
auto-free zones, unless the area is so small that it can be
easily covered on foot. Service should be frequent and
reach all parts of the area. There should be accommodation for shoppers' packages, and vehicles should be easy to
enter and exit. Again, more users will be attracted to the
pedestrian area if the transit service is provided at no
charge. Where this is the case, the city should consider
use of innovative transit vehicles that allow riders to board
and leave at several points along the sides, rather than
traditional buses that require passengers to enter only at
the front so that the driver may collect their fares. Local
weather conditions also will influence the selection of transit vehicles. In rainy cities of the Pacific Northwest, for
example, vehicles will be completely enclosed, may have
drip-free holders for wet umbrellas at each seat and upholstery and floor coverings that will be safe and sturdy
when wet. Marquees over boarding areas would also probably be provided. In the milder climates of Florida and the
Southwest canopy-covered, open, articulated buses, such as
those serving the Disneyland parking lot and the Atlantic
City boardwalk, may be the most suited to the purpose.
The circulation system should not only provide access to
parking facilities, but also connect with regional transit
routes that can bring people into the area without their
having to drive. This would extend the benefits of reduced
congestion to other parts of the city beyond the restricted
area. Transit use would be promoted by constructing a
transfer facility with seating, lockers for checking packages,
and change machines. A highly developed public information system—displayed route maps and schedules, directional signs, and either direct telephone connections to a
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Figure 7. Schematic of package No. 3: Restriction of access.

centralized transit information service or a manned station
within the facility that would also sell transit tickets—would
be desirable. Merchants in the area might also use this
facility as an information center to guide visitors to shops
and restaurants. The combined services would be especially
attractive to tourists.
Traffic engineering techniques that maximize the use of
existing facilities must be applied to peripheral roadways to
avoid inadvertently shifting congestion from the controlled
area to another location. The full range of techniques
available for improved lane separation, directional signs,
signalization, etc., are described in detail earlier and discussed later in Package No. 7: Traffic Engineering.
Special attention must be given to selection and design
of access points to traffic cells and parking facilities adjacent to auto-free zones to prevent cOngestion as cars
slowly enter and leave these locations. Pairs of one-way
streets flowing in opposite directions around the controlled

area can better accommodate a slow turn-in lane without
interrupting the flow of other traffic, and should reduce the
potential for accidents. Prohibiting on-street parking on
these perimeter streets, either permanently or at peak
commuting hours, would also improve flow and reduce
accidents.
In larger cities the existing urban freeway system is often
superimposed over the older street pattern of the CBD,
rather than circling around it. Traffic cells developed in
such areas can use these overhead freeways in place of a
peripheral road system by limiting access to the freeway to
only one point in each cell. The right-hand lane must be
strictly reserved for slower-moving vehicles entering and
exiting the freeway at these points to reduce the potential
for accidents when vehicles traveling at high speeds suddenly come upon those waiting to turn off or just coming
onto the freeway. In many cases it probably will be necessary to prohibit through traffic from using this lane throughout its entire route through the downtown area.
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Compatibility with Other Approaches
This package of techniques restricting vehicle access is compatible or neutral with regard to all but one of the other
candidate techniques, carpooling, which represents a competitive alternative to transit for trips to the CBD, and
works counter to obtaining sufficient ridership to justify
frequent and easily accessible transit service. If the decision
is made to provide transit service as the alternative to private auto use, carpooling programs will interfere with the
efficiency and viability of that transit service. Improvements to transit through priority systems on arterials and
freeways, feeder services in outlying areas, and marketing,
on the other hand, are considered to be the most important
of the supportive techniques. An integrated transit system
can connect these restricted areas to major residential areas,
providing an alternative to driving and reducing the need
for parking. Marketing incentives to off-peak travel, in the
form of free transit fares or short-term parking coupons
provided by retailers, can be effective in attracting tourists
and shoppers to these areas.
Parking controls and freeway surveillance and control
systems can be useful in preventing new congestion problems outside of restricted areas. Zoning and building codes
can be modified to promote the type of new development
that will make areas more attractive and may be necessary
in some cities to eliminate requirements for off-street parking accommodations within individual office buildings and
large retail establishments. Planned neighborhoods may add
residential developments to existing commercial land uses
within these areas, contributing to the long-range goal of
bringing places where people live and work closer together.
Changes in land use and redevelopment of downtown structures can also be carried out in areas adjacent to those
where vehicle access is restricted, under the encouragement
of improvements taking place there and extending its positive impact on the CBD environment.
Other packages of techniques that can be combined in
their entirety with this basic package of restricting vehicle
access are transit treatments, traffic engineering, and changes
in land use.
Applicability
Traffic cells are particularly applicable to larger cities where
the downtown area is old, and widening streets or superimposing a new freeway system would destroy much of the
charm and historical value of the old central city. It is also
an especially useful technique where downtown roadways
carry considerable through traffic because alternative routes
are lacking. Seattle is an example of this type of problem;
Puget Sound to the west and mountains and lakes to the
east of the city make the north-south route the only possible
one in the region.
Auto-free zones are applicable to CBDs of both large and
small urban areas. In smaller cities, access to the auto-free
zone will continue to be primarily by private automobile
because the relatively low population densities cannot support intensive transit operations. In larger cities much of
the travel to the controlled area can be made by transit, and
parking facilities will become relatively less important.

Care should be taken, regardless of the size of the city,
that any one auto-free zone remains small enough to provide an attractive pedestrian environment and a neighborhood identity. Too large an area will require a level of
transit circulation services that may interfere with freedom
of pedestrian movement. If a widespread banning of private vehicles in the central city is being attempted, a system of traffic cells, each developed with a central auto-free
zone, would function more effectively.
Costs and Effectiveness
Direct Costs and Benefits.—Experience in Europe indicates
that basic costs of establishing traffic cells are moderate. In
Gothenburg, $30,000 was spent for a public information
program prior to introduction of the new system, and an
additional $50,000 was spent on marking zonal borders and
placing road signs. Approximately $2,000,000 was spent in
Bremen for a similar project, but these costs included provision of underground and multiple-story parking facilities
and improvements to existing streets, including pedestrian
facilities.
The costs of developing auto-free zones can vary widely,
depending on the amount of new construction desired and
support facilities and services required. First-stage, occasional pedestrian streets will involve public expenditures
only for placing and removing barriers and enforcing vehicle restrictions by the city police department. Other
optional costs would be incurred by participating local
business establishments and independent craftsmen. Experience in U.S. cities for second- and third-stage developments involving some construction presents a range of
$75,000 to several million dollars. If no major land acquisition, clearance, and redevelopment is involved, and no
additional transit service is required, costs will lie at the
lower end of the scale and cover primarily the repaving of
streets and sidewalks and the provision of street furniture,
lighting, and planting to enhance pedestrian use. At the
other end of the spectrum is a complete redevelopment program where new streets, parks, underground parking facilities, public transit, and high-rise office and apartment buildings may cost as much as $25 million.
Assistance in funding such projects is available to local
government under a number of federal programs through
the Departments of the Interior, Housing and Urban
Development, and Transportation.
The costs of a downtown circulation system will vary
according to local requirements. However, that cost can
easily be determined in advance. It will consist of any necessary capital expenditures (generally new, smaller buses,
and signs and schedules) and 100 percent of the operating
and maintenance costs. Although operating costs vary
slightly with passenger load and average speed, it should
be possible to predict both ridership and average operating
speeds within a satisfactory range.
The capital expenditures involved in a circulation system
are eligible for funding from both FHWA and UMTA. As
noted earlier, downtown merchants and large employers are
often willing to pay part or all of the operating costs of
downtown circulation services because of either increased
revenue or increased employee mobility.
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The costs of techniques that make maximum use of existing facilities are also difficult to predict. One-way street
conversion and on-street parking restrictions are low-cost
measures that may cost as little as $2,000 to $5,000. Channelization and design modifications will vary significantly in
cost according to the amount of construction involved.
Funds for these engineering techniques are often available
through various state highway programs, as well as TOPICS
and other federal road construction programs.
Traffic cells are extremely effective in reducing traffic
congestion. In Gothenburg traffic volume has been reduced
by 70 percent, and air pollution and traffic accidents have
been reduced. Retail trade in the city has increased.
Traffic congestion within the auto-free zones can be completely eliminated under this program, because only emergency vehicles and off-hour delivery vans are permitted to
enter the area. Adequate provision of public transit access
and proper location of major parking facilities should also
prevent creating new congestion problems outside the area.
On the whole, experience with restricting automobile traffic
in selected areas has demonstrated reduced congestion in
the area itself and no serious increases in congestion
elsewhere.
Combining traffic cells and auto-free zones with a high
level of transit service can remove traffic entirely within
central portions of zones, and may reduce over-all congestion in the controlled area by as much as 80 percent.
Indirect Impacts.—Some dislocation of the downtown
economy should be expected during the initial phases of a
program restricting vehicle access while people become accustomed to new travel patterns. However, experience indicates that business in the controlled area will benefit in the
long run. Some traffic problems may be created initially
along the border streets and at the entrances to the cells,
but these can be eliminated with the application of traffic
engineering techniques and greater use of transit.
The major indirect cost of extensive redevelopment programs that may be undertaken in connection with the creation of new auto-free zones is the dislocation of businesses
and loss in local property tax revenues when existing structures are torn down to make room for new uses. These
should also be evaluated carefully by the local authority
when estimating project costs.
Air and noise pollution associated with automobile traffic
will be significantly reduced by this package. Sharp reductions in vehicle and vehicle-pedestrian accident rates can
also be expected as a result of restricting access of private
automobiles.
Timing.—Steps necessary to physically closing off streets
to vehicular traffic can be carried out immediately; an autofree zone can be created simply by placing temporary,
moveable barriers at either end of block-long shopping
streets. No more than a few weeks would be necessary to
provide the road markings and directional signs for a system of traffic cells.
However, no attempt should be made to institute extensive changes in vehicle access in CBDs until adequate provisions have been made for transit circulation and parking,
and the peripheral road system and entry points have been
improved as necessary to accommodate increased demands.

It is also wise to conduct a public information program
prior to the initiation of the controls so that former users
of the central area road system can plan travel alternatives.
Techniques of closing zones to private vehicles and developing a pedestrian enviropment on former streets have
been successfully demonstrated and can be applied immediately by other cities. There is also considerable experience both in the U.S. and abroad in providing related
parking facilities and internal transit systems, as well as in
major redevelopment of downtown properties.
Auto-free zones can be developed in stages, as previously
indicated. Initially, streets may be closed off for selected
periods of the day. Unfixed benches and potted plants can
be brought in and street entertainments provided to emphasize the special quality of the area. Later, should the
experiment prove successful, streets can be permanently
closed to private vehicles and repaved for pedestrian use.
Finally, selected structures can be replaced with new buildings more in keeping with the revised character of the area
and long-range goals for the development of the city.
Feasibility
Institutional Considerations.—Creation of a system of traffic cells can be undertaken solely by a local government.
However, the city may wish to consult with FHWA or the
state transportation agency in this process. This technique
has never been attempted in the United States, but funding
for a traffic cells experiment may be made available under
either an UMTA demonstration grant or the FHWA traffic
improvements program.
Auto-free zones may also be undertaken solely by cities,
but funding for various aspects of these developments is
available from the federal departments of the Interior,
Housing and Urban Development, and Transportation. Coordination of activities under several federal assistance programs can pose difficult problems, and city governments
not familiar with these programs may find it helpful to
obtain the services of an experienced project manager.
A downtown circulation system can be developed by the
city and local transit operator, with federal support. The
necessary traffic engineering modifications can be made by
the city with financial aid from the TOPICS program.
Public Acceptance.—Experience in Europe indicates that
public response to traffic cells should be favorable. Some
initial objections to this package may be voiced when
people are not yet used to the system, or details of operating the program have yet to be adjusted. Reaction in the
long run should be positive as improvements in the environment of the controlled area become apparent. Where
the city center includes structures of historic and cultural
value that are preserved and made more accessible by a
system of traffic cells, public support of the program should
be especially strong.
Acceptance by users of auto-free zones has been found
to be readily obtained. Shoppers and tourists are attracted
to the area and local residents are proud of the improvements to a formerly deteriorated neighborhood.
Acceptance by Private Organizations.—Active participation of private business in the controlled area will contribute to the success of such programs. There may be some
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initial criticism of the scheme because of concern over
losing customers or employees, or proposed assessments for
street improvements and support of transit. Local shopkeepers in Bremen, for example, were sharply critical because strangers found it difficult to find their way through
the restricted area, but improvements in signs and distribution of guide maps solved this problem. Initial fears of loss
of business have proved not to be justified: in Tokyo, 219
of 274 shops surveyed reported increased sales; increases in
retail sales of 15 to 35 percent were reported in Rouen,
France; and increases of between 10 and 30 percent have
been recorded on Nicollet Avenue in Minneapolis. Support
for the program can be expected to grow as local firms see
the benefits of increased business activity.
Co'npatibiliry with Existing Laws.—There should be no
difficulty in carrying out these programs under the existing
authority of local governments. Changes in the designation
of public roads to restrict vehicle access would be necessary. Some changes in zoning ordinances and building
codes might be necessary if new types of structures were
to be added to those presently in the proposed auto-free
zone.
Readiness for Imple,nentation.—Because all of the techniques described have been implemented previously, they
are available for immediate application. Careful evaluation
of existing travel demands should be made to determine
needs for parking and public transit before these facilities
and services are designed.
In addition, there is a need to carry out periodic evaluation of the impacts of the new development, not only within
the restricted area itself, but also in areas outside the zone
that may be affected. This information not only will help
the individual city to improve its program where necessary,
but also will provide valuable data for other cities considering this package of approaches as a possible solution
to their own congestion problems.
Although the technique of reducing CBD congestion
through traffic cells has not yet been tried in the United
States, models exist in Gothenburg and Bremen. Implementation techniques have been designed and have proved
feasible, and are available for use in U.S. urban areas.
Techniques of improving pedestrian facilities, constructing
underground and multi-story parking structures, and developing supporting transit systems are well known in the
U.S. and are accessible to cities selecting this program.
Modifications would have to be designed to accommodate
the unique characteristics of individual urban areas, but the
basic technology for all segments of the program is ready
for application.
Package No. 4: Changes in Land Use

This package combines techniques for changing existing
patterns of land use in urban areas so that places of residence and work, shopping and recreation are brought closer
together. Traffic congestion is alleviated by reducing basic
demands for travel, especially at peak commuting hours, as
many work trips become short enough to be accomplished
by walking and bicycling instead of driving.
Techniques are included in the package for modifying

land use throughout all parts of metropolitan areas: CBDs
and central cities, suburbs, and currently undeveloped lands.
Changes in zoning and building codes permit the new construction of apartment houses in CBDs within convenient
walking distance of downtown offices and stores. Planned
neighborhood projects upgrade older residential areas in
central cities, from which people employed in the CBD can
commute by short transit or pedestrian trips. Changes in
zoning ordinances can also introduce new employment opportunities into suburban areas formerly reserved exclusively for residential use, reducing needs for long commuter trips to work in other locations. New Towns can
be constructed in dispersed locations providing a balanced
development of housing, employment, and recreation facilities in close proximity; trips between home and work
are accomplished within the self-sufficient New Towns, often by walking or bicycling, and do not contribute to peakperiod congestion in and around the central city.
Figure 8 shows the composition of this package and its
relation to other packages and techniques.
It was suggested earlier that lasting solutions to peakperiod traffic congestion will ultimately depend on changing
the form of urban areas so that needs for travel, especially
for daily commuting trips, are reduced. This package is
designed to achieve that goal. However, the changes in
allocation of land use that it proposes can be implemented
only slowly. Government action in providing a regulatory
environment that permits more efficient urban design can
be taken immediately, but carrying out these changes rests
largely with the private sector, which must rehabilitate or
construct new facilities, develop new sites, and relocate
businesses and homes.
Government can supply some impetus to private action
through funding assistance for construction, tax relief for
relocating commercial and industrial firms and families, and
developing public facilities and services that enhance the
desirability of certain locations. However, even with these
incentives it will be many years before a new, efficient
urban environment can be created and the full benefits of
reduced congestion can be realized.
This package is strongly recommended as a long-term
solution to peak-period traffic problems. It can be initiated
at the same time as other programs aimed at the immediate
relief of congestion, lending increasingly effective support
to these short-term efforts and ultimately providing a lasting
solution to the problem.
Of the approaches to more efficient urban design included
in this package, the most important is modifying current
zoning practices to permit mixed land uses. Residential
units can then be added to the CBD within walking distance of downtown jobs and industry can be brought out
to residential suburbs closer to those who would otherwise
need to commute long distances to the central city.
Care must be taken to ensure the insulation of residential development from the noise and air pollution and traffic
hazards that can be generated by commercial and industrial
activities. CBD apartment complexes should be provided
with safe pedestrian access to offices, shops, restaurants, and
theaters, perhaps by a system of underground or overhead
walkways. Rehabilitated city residential streets should be
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Figure 8. Schematic of package No. 4: Changes in land use.

closed to through traffic. New commercial and industrial
developments in suburban areas should be located at natural
divisions between residential neighborhoods and provided
with sufficient access road capacity to avoid traffic use of
residential streets.
New Towns can also play an important role in improving the distribution of different activities so as to reduce
needs to travel, especially at peak commuting hours. These
self-sufficient communities can offer housing, shopping, recreation, and jobs within short distances of each other. Special facilities can be designed to enhance pedestrian and
cycling travel within the community. The most successful
New Towns appear to be those constructed as satellites
around existing urban centers, connected to them by highspeed transit that permits residents of these communities to
take occasional advantage of the greater shopping, entertainment, and cultural opportunities of the central city.
However, these satellite towns must be provided with a
sufficient number and range of employment opportunities

and be located far enough away from the central city to
discourage daily commuting trips to the city.
Redevelopment of deteriorated residential areas in older
sections of urban centers can also contribute to bringing
more people closer to their places of employment, shopping,
and recreation. As in-town residential properties are upgraded they become more desirable to middle- and upperincome families whose livelihood is derived in the CBD.
Some of the original lower-income residents may find it
necessary to seek new housing as rents in the rehabilitated
area rise. If wisely planned, this dislocation of low-income
city families can be turned from a hardship to an advantage. The development of low-cost, possibly subsidized,
housing in suburban areas closer to industrial and agricultural jobs can open up new employment opportunities
that were impossible to take advantage of because of difficulties in commuting from the central city.
The basic concept underlying all of these techniques is
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to reallocate urban land uses so as to create new complete
"communities" inside and around existing cities within
which most day-to-day activities can be carried out. Not
only does this offer a long-range solution to peak-period
traffic congestion in and out of the city center, but it also
holds the promise of a more satisfying way of life for the
urban population.
Compatibility with Other Approaches
Modification of land uses in the city center may include
creation of auto-free zones and traffic cells, which enhance
the pedestrian environment and discourage commuting by
private automobile. New high-rise apartment buildings can
be constructed within a pedestrian complex of commercial
structures as part of a major CBD clearance and redevelopment project. Where neighborhoods of historic or architectural value are being preserved through rehabilitation,
new residential units can be created by subdividing former
city mansions. Special care in maintaining the unique
architectural features of such structures can make these
units highly desirable, especially if traffic is diverted away
from the area and the original narrow streets are reserved
for pedestrian use.
Road pricing and parking controls support efforts to move
places of residence and work closer together by placing
penalties on commuting. Road pricing can be especially
effective in discouraging daily commuting to the central city
from new satellite developments. Parking policies that
penalize all-day users of CBD accommodations will reinforce the road pricing sanctions.
The substitution of communications for travel to work
provides an opportunity to those who live in suburbs or
New Towns to carry on business activities with concerns
located in the CBD without daily commuting to the central
city. Such trips as may be necessary can be made at
off-peak hours.
Where travel to work, shopping, and other activities cannot conveniently be made by walking or bicycling, local
transit services should be provided. These may be transit
circulation systems in higher-density areas or some form of
demand-responsive services where housing and other facilities are more dispersed. Use of transit should be promoted
by public information services and other marketing techniques.
The availability of public transit will reduce the need to
use private vehicles for these trips. Many families may find
it possible to function without owning their own car, by
walking, bicycling, or using transit for local trips, and renting cars only for vacation trips or other special occasions.
An additional advantage to this scheme is that different
types of cars may be selected for different purposes: a
camper or station wagon for vacation trips, a small sports
car for an afternoon in the country, or a large passenger
car for taking visitors on a tour of local points of interest.
The aim of these measures is not to eliminate all use of
private automobiles but to relieve urban dwellers of their
dependence on cars for day-to-day transportation, especially
commuting to work.

Applicability
There is probably no city in the United States that would
not profit by reexamining its current land-use controls and
modifying its existing development pattern to bring places
of residence, commercial and industrial activity, and cultural and recreational facilities within easier reach of one
another. The combined influences of traditional planning
theory that advocated the separation of urban functions and
the growing ownership and use of private cars have generated peak-period congestion problems even in small cities.
However, this package of techniques to modify land use
is designed primarily for large metropolitan areas where
residential development is largely confined to suburbs, and
severe peak-period congestion problems result from daily
commuting between these residential areas and the central
city. These concepts might also be useful to clusters of
small communities seeking ways to achieve the benefits of
a larger urban complex, but avoid its disadvantages.
Costs and Effectiveness
Direct Costs and Benefits—Rebuilding existing cities so that
they can become stimulating and friendly environments for
the people who live there generates costs so large as to be
meaningless in the context of local programs to alleviate
traffic congestion. Local government can, however, provide
a regulatory environment to promote these changes by revising existing land-use plans and zoning and building codes.
Costs of these activities will vary according to the size of
the area involved and the degree of planning detail. At the
lower end of the scale, single-purpose zones can simply be
redesignated for multiple-use development at no costs beyond those normally budgeted for the agencies and commissions involved. Detailed plans for planned neighborhood
redevelopment may range between $50,000 and $250,000.
Long-range master plans for the realignment of entire urban
areas, including specific designs and implementation schedules for large-scale redevelopment, can cost upwards of
$500,000.
Because the major burden of urban redevelopment must
be borne by private investors, changes in response to revised land-use controls will be made only gradually. Years
may elapse between the drawing up of new land-use plans
and their implementation. Local governments are cautioned
not to invest too heavily in costly detailed planning for
projects that cannot be carried out immediately.
Urban environments are volatile, planning concepts
change, and proposals that appear practical now may later
prove to be unworkable or inappropriate; when the opportunity for implementation finally arrives, the detailed planning will have to be done again. Opportunities will arise
from time to time, however, to redevelop a few blocks in
the CBD or an old downtown residential area, or to relocate job opportunities in a suburban area or a New Town.
With the appropriate land-use policies each of these opportunities can be utilized as a small step toward achieving
the over-all goal of creating livable communities within
large urban complexes.
The Federal Government was very active in assisting in
the development of planned neighborhoods and New Towns
during the 1960's. Planned neighborhoods were eligible for
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funding under the Urban Renewal or Model Cities programs. Although many of these programs were successful,
others fell short of producing the benefits anticipated. These
programs have recently been curtailed. Sources of future
federal assistancc arc not yct known, but it is generally
expected that they will come from Community Development Grants.
The extent of benefits that can be realized from better
allocations of land use can only be speculated upon. It is
believed, however, that even limited efforts in relocating
employment centers and residential facilities close to each
other can bring significant improvement to peak-period
traffic problems. It has been estimated that by arranging
land use so that apartment house development and highdensity employment areas are closely tied together and
housing developed for a wide range of income groups within
10 minutes of large employment centers, auto trips in the
Washington-Baltimore area could be reduced by as much as
20 percent.
Indirect Impacts—Poor planning that fails to protect the
residential environment can result in costs to the community
or air and noise pollution and traffic hazards in neighborhoods devoted to residential use. Addition of new economic
activity in suburban areas may result in through traffic on
residential streets if not properly located and provided with
other means of access.
Indirect benefits to the community from this program
will be not only alleviation of traffic-generated accidents
and noise and air pollution, but also less tangible advantages in easing the strains of current urban life and reducing the time devoted to commuting and traveling to
shopping and recreation facilities. It can also generate
greater feelings of community and identity for residents of
large cities who now feel alienated.
Timing.—This package of approaches requires a number
of years before its effects on alleviating traffic congestion
can be felt. Redevelopment of CBD properties can take
between S and 10 years, whereas development of a New
Town can require 20 to 25 years. The program is recommended as a long-term scheme for achieving a lasting solution to traffic congestion rather than as a package of
immediately effective techniques.
Feasibility
Institutional Considerations.—As previously mentioned,
funding and technical assistance for the development of
planned neighborhoods and New Towns can be obtained
from agencies of the Federal Government. Development
of planned neighborhoods can be undertaken solely by a
city, but the creation of a New Town will involve a county
or regional planning commission. Zoning and building
codes can be modified by local planning departments with
no outside involvement at other levels of government. Where
counties maintain zoning authority over unincorporated
areas, their cooperation is essential to the success of adding commercial and industrial development to residential
suburbs located beyond city limits.
Public Considerations.—Considerable effort may be necessary to inform the public of the benefits of mixed land

uses and to overcome fears that the mixture will result
in deterioration of residential amenities and a lowering of
land values and property tax revenues.
Introducing industry and low-income housing to existing
suburban areas has been observed to meet initially with
considerable local opposition. Lower-income city residents
often fear being relocated to suburbs away from familiar
shops and old friends. A good public information program
and sensitive response to individual needs and concerns
can make the difference between acceptance of proposed
programs and their being delayed or even completely
abandoned.
Acceptance by Private Organ iza tions.—The cooperation
of private organizations is essential where industry and
commercial businesses are to be relocated in suburban areas
or in New Towns. It is also necessary for the redevelopment of both commercial and residential land uses within
the central city. Fortunately, it often is possible to find some
private organizations that see benefits to themselves in participating in these schemes. Their cooperation is essential
to the success of the undertakings, and these programs
should not be attempted until participation by private sector
investors is assured.
Compatibility with Existing Laws—Redevelopment of
property in the central city may involve condemnation of
land and forced relocation of businesses and residents. Although precedents for such actions exist, court proceedings
may be involved, causing considerable delays. If counties
do not presently possess zoning powers, the state should be
encouraged to grant these.
Attempts to bring industry and low-cost housing to established suburban residential communities may be in opposition to existing zoning and building restrictions. Unless
the community is willing to see these changed, implementation will not be possible.
Readiness for Implernentation.—All of the approaches
described in this program have been implemented individually and techniques for planning and carrying them out
are established. However, each of these techniques must be
adapted to the specific characteristics of the area in which
it is to be used, and considerable planning and evaluation of potential impacts should be carried out prior to
implementation.
Package No. 5: Prearranged Ride Sharing

This group of approaches to alleviating peak-period congestion is centered around the sharing of rides to work by
prearranged carpools, vanpools, subscription buses, and
sharing of taxis. This measure reduces congestion by increasing vehicle occupancy and consequently reducing the
number of vehicles used for commuting. Parking controls
and road pricing are included in this package to provide
economic incentives for creation and continued use of
carpools and other forms of ride sharing. Figure 9 shows
the composition of this package and its relation to other
packages and techniques.
Carpooling and ride sharing provide commuters with an
alternative to driving themselves to work individually in the
form of group use of a single vehicle. Usually, some route
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deviations at the beginning and the end of the trip provide
riders with pick-up at their own homes and delivery at their
specific places of work.
Ride sharing is most commonly carried out where a long
trip is involved and public transit is either inconvenient or
not available. Both origins and destinations are usually
concentrated within relatively small areas, and arrival and
departure times of the participants are similar.
Arrangements for ride sharing can be made independently
by the participants, or can be sponsored by large concerns
and government agencies, or even as a city-wide program.
Costs are normally shared by participants of carpools and
taxi-pools, but employers may subsidize all or part of the
costs of subscription vans and buses. Often, employers will
provide the information service for matching individuals to
others with whom they can share a ride; sometimes they
will permit an employee-organizer of ride sharing to spend
part of his regular work hours on this task.
Ride sharing can be carried out as an isolated technique,
but will be more effective in achieving widespread participation if it is supported by parking and road pricing policies. Use of parking controls and road pricing in this package is in a narrower context than the applications previously
discussed. In other applications the goal is to discourage
use of privately owned vehicles in general; in this context
a system of selective penalties is employed to favor private
vehicles used for ride sharing. The effect desired for this
package can be obtained by imposing limited parking policies. These selective policies may include reduced rates or
free parking in publicly owned lots and the reservation of
close-in, convenient spaces in company lots for carpools.
Some carpooling programs (such as in Portland, Ore.) provide park-and-ride spaces at centralized pick-up points in
residential areas, so that door-to-door pick-up can be
eliminated.
Road pricing can be designed to penalize drivers traveling alone in their own vehicles during peak commuting
hours while offering •reduced rates for carpools using the
same facilities. An example of this is toll-free use of bridges,
tunnels, or expressways for private vehicles carrying three
or more persons. This package does not advocate creation
of new toll facilities, but rather the use of such facilities
already in existence.
Coin patibility with Other Approaches
Ride sharing to points in the CBD may also be encouraged
by the presence of a downtown transit circulation system
that can take riders between the parking lot and their places
of work and provide additional mobility during the noon
hour. These systems have been successful in many U.S.
cities where employment is concentrated in the CBD.
Changes in building codes that permit employers to reduce
the amount of parking provided for employees can serve
as an additional incentive for business firms to participate
in ride-sharing programs.
As previously noted, staggered work hours and the package of work-hour changes are highly conflicting with this
package. Attempts to institute staggered or flexible work
hours within an organization sponsoring ride sharing can

make it more difficult to match riders with the same travel
needs. The Pueblo (Cob.) Army Depot was forced to
reduce its staggered work hours to encourage carpooling
during the recent (1974) energy crisis.
The relationship between this package and the remaining
transit techniques is more complex. Some experiments have
been made in allowing shared vehicles to use reserved bus
lanes on freeways and arterials. Theoretically the greater
utilization of the exclusive lanes better justifies implementation costs; in practice, however, permitting private vehicles
access to these lanes increases the difficulties of enforcement. Also, it is believed that transit and carpools are
potentially competitive; if both modes are developed along
the same commuter route, implementation costs will be
greater but ridership will be much the same as if only one
new mode had been offered.
Traffic engineering approaches are considered incompatible with this package because their implementation may
encourage drivers to continue or revert to single-occupancy
commuting.
Applicability
Unlike many of the other packages, this package has wide
applicability. It can be used to reduce congestion without
regard to city size or form. However, prearranged ride
sharing functions best when the following conditions
prevail:
Both origins and destinations are concentrated within
relatively small areas with a long trip in between.
Arrival and departure times are concentrated within a
fairly short interval.
Disincentives to travel are present, either personal
(inability to drive, no car available) or general (long commute route, severe roadway congestion, or parking restricted by lack of space or high cost).
Ride sharing is particularly applicable to large business
and government organizations located outside of existing
transit routes. Many of the most successful programs have
been developed by single, large employers located in relatively isolated situations and drawing their labor force from
residential communities some distance away.
However, carpools an4 subscription buses have also been
successfully used in bringing commuters to the downtown
areas of large cities (such as Washington, D.C., and Los
Angeles) that are served by public transit. All that is required to attract riders is that the service have some of the
following attributes: more direct, more easily accessible,
more comfortable, and not significantly more expensive
than the available public transit.
Costs and Effectiveness
Direct Costs and Benefits.—Carpools can be organized and
operated by private individuals at savings to participants
over their former travel to work in separate cars. Organization-wide programs will involve an initial expense promoting participation and matching riders, but because of the
current availability of both computer and manual matching
techniques this will probably not exceed $10,000 even for
a very large organization.
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Sponsoring organizations may also purchase vans or buses
to transport groups of employees. The best known and
most successful example of this approach is the vanpool
operated by the 3M Company in St. Paul, Minn. Costs of
maintenance and operation are paid by the riders.
Buspools are often operated by private transit companies
on a profit-making basis. However, the residents of Reston,
Va., have organized a nonprofit bus club for daily commuting to Washington, D.C., in which costs are shared by users.
Community-wide ride-sharing programs are more difficult
to promote and implement because so many separate organizations are involved. For the initial six-month period
of the Portland, Ore., program, a budget of $250,000 was
allocated from an UMTA grant. The major expense of this
program has been for personnel, but $58,000 was allocated
for advertising and $60,000 for the provision of incentives.
As experience with this technique grows, it is expected that
the costs of a community-wide ride-sharing program can be
reduced.

Federal assistance for promotion of group riding programs is available to local governments from both UMTA
and FHWA. FHWA 90/ 10 matching grants can be obtained through Federal Aid Urban Assistance funds. Federal funds are also available for constructing fringe parking
lots for carpools and buspools and carpool-only miniparking lots within the right-of-way of Interstate System
interchanges.
No accurate measures of the impact of ride-sharing programs on congestion have been made. Data show that
average vehicle occupancy for employees of organizations
strongly promoting carpooling can be as high as 4.1 persons per car. If over-all vehicle occupancy in congested
cities could be increased to one-half that amount, theoretically a 25 percent reduction in the numjer of vehicles
on the road could be realized. However, it is more realistic
to expect 5 to 10 percent reductions in congestion from
implementation of this package.
Indirect lmpacts.—Indirect benefits of carpooling and
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Figure 9. Schematic of package No. 5: Prearranged ride sharing.

40
other ride-sharing schemes accrue mainly to employers and
consist primarily of being able to reduce parking accommodations and use the freed land for other, more profitable, purposes. Some employers also find that problems
with late arrival at work are reduced when ride sharing is
instituted. The public in general should benefit from reductions in fuel consumption and air and noise pollution.
No disbenefits should be experienced by any particular
socioeconomic group under this package.
Timing.—Ride sharing programs can be implemented
very quickly, especially when the vehicles to be used are the
employees' own cars. If vans or buses must be acquired,
delays of a few months may be experienced. Large-scale
matching programs may also take several weeks to complete, but both computer programs and manual techniques
have been developed and may be obtained from FHWA.
However, ride-sharing arrangements are often short-lived.
Brought about by intense promotion at the time of the 1974
gasoline shortage, many new carpools were abandoned when
gasoline became more easily available. Subscription buses
and vanpools on the other hand, which are usually driven
by a single employee-organizer who makes a small profit if
his vehicle is filled, tend to retain riders better than carpools do.

business. In practice, insurance companies have been very
flexible and have cooperated with large-scale carpooling
projects such as the one in the Dallas area.
Compatibility with Existing Laws.—No legal difficulties
are encountered in the implementation of ride-sharing programs. Some changes in existing regulation of toll facilities and public parking lots may be involved in setting
special reduced rates for shared vehicles.
Readiness for Implementation—The one technological
problem associated with carpooling and other ride-sharing
approaches was the development of usable computer and
manual matching techniques. Several such programs are
now available for use by both individual organizations and
city agencies. In addition, there has been a great deal of
experience with ride sharing in recent years, and information on these programs is now becoming available. Therefore, all elements of this package can be implemented
immediately.
Knowledge of actual impacts of ride-sharing programs,
however, is not known, and it is essential that the sponsoring agency or department monitor the program to measure
its effectiveness and value to participating institutions and
to the community. Such data would also be helpful to other
urban areas considering the application of this package to
their own congestion problems.

Feasibility
Institutional Considerations.—Funding and technical assistance for ride-sharing programs are available from FHWA
and UMTA. Where preferential tolls are to be offered as
an incentive, the local toll authority must be involved in the
program. Other than these considerations, communities and
employers have the ability to institute and operate ridesharing programs on their own.
Public Acceptance—Public approval of ride-sharing
schemes is readily obtained, but this approval commonly
represents a general acceptance of the idea for the community as a whole rather than a personal commitment to
participate. Efforts must be made to provide sufficient rewards in the form of preferred-location and reduced-fee
parking and special low or free tolls. Participation can be
stimulated by fuel supply crises or sharp increases in fuel
costs, but may disappear when the crisis situation is over
or the cost increase is accepted as normal.
Acceptance by Private Organizations.—Private organizations must also be motivated to participate in ride-sharing
programs. Savings in the costs of providing parking and
the opportunity to put parking areas no longer necessary
to higher economic use, are common motives. Ride-sharing
programs may also permit the organization to obtain and
hold a higher quality of personnel, especially if the facility
is located where public transit service is adequate. Major
auto insurance companies contacted by the study team indicated that carpooling would not interfere with insurance in
force if no money transactions were involved. Problems
might arise if nondriver members became part of a carpool
and sought to pay their share of the expenses. However,
such arrangements are common in a number of areas and
several insurance agents indicated that payment would not
be withheld on claims or insurance cancelled unless it became obvious that the driver was operating a transport

Package No. 6: Communications Substitutes for Travel
This package is centered around the technique of using
communications in place of travel to work. It supplements
this basic technique with road pricing and parking controls
that attach penalties to commuting and with the development of New Towns, which provide dispersed locations for
new communications centers and work at home that might
otherwise be carried out in the overcrowded CBDs of
central cities.
Although individual business organizations, especially
those whose product is information (e.g., finance, insurance, research), can undertake an independent program of
substituting communications for work trips, a significant
reduction in peak-period congestion can only be realized
through a communitywide effort that includes supportive
techniques. Figure 10 shows the composition of this package and its relation to other packages and techniques.
Commercial communication services designed for interoffice or intraoffice communications could be used to
(1) develop new locations for employment and residence
and (2) move urban workplace destinations closer to employees' homes. These are the two operations examined
for this package. They may be understood as representing
two major stages on the scale of communications-assisted
changes in the locational pattern of office employment.
Individual approaches likely to enhance the communications substitution process are road use and parking pricing
measures, which would tend to raise the price of travel
relative to that of communications, making the latter alternative economically more attractive. These techniques, like
communications, can result in changes in urban form, and
by their economic sanctions against daily commuting by
autos, encourage workers to seek residential proximity to
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Figure 10. Schematic of package No. 6: Communications substitutes for travel.

their employment locations. This package envisions communications substitutes providing the same kind of alternatives to auto use as are demanded by commuters in the
pricing package, but provided in that case by transit services and carpooling techniques. Here the communications
alternatives would be offered initially and the pricing techniques introduced to discourage the daily commuter from
using crowded highway facilities during peak periods.
Also compatible is the development of New Towns, as
both techniques encompass two steps or stages. Developing
new home-work locations includes developing growth centers both inside and outside existing urban areas, while
moving work closer to home can be accomplished by dispersion of individual firms or diffusion of office-type work.
The communications networks required for the different
urban forms would vary in structure and in geographical

coverage. The terminal hardware components and system
capabilities would cover the full range of existing equipment
and new types of components would be added as they are
developed. This equipment would serve the following
functions.
Audio conferencing with recording.
Numerical information (data bank) access with copying.
Written information (library) access with copying.
Computation and programming (computer).
Facsimile transmission and reception.
Video conferencing with taping.
Some of these capabilities may be unnecessary for certain types of industries, whereas other specialized procedures or systems may need to be designed for other indus-
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tries, such as the airlines reservation system or remote word
processing (secretarial and editorial services). All but the
last of these capabilities could be effected using existing
telephone bandwidth capacities, and so these functions are,
strictly speaking, within the current state of the art.

which it is not economical to provide in a smaller city
(entertainment, specialized health services, some retail purchases), but these types of trips do not typically contribute
to peak-period congestion.

Compatibility with Other Approaches

Direct Costs and Benefits. —The direct and indirect costs of
implementing a program of new location development or of
bringing workplaces closer to homes are nearly impossible
to estimate with assurance. However, some indications are
given in the following.
Information on the additional direct costs due to communications for new location development requirements
may be forthcoming or inferable from the final results of
the New Rural Society project. Most existing estimates of
the cost of moving are for a future cable-based system and
its hardware components, with capital investment requirements ranging from $1 to 2 billion per 100 million subscribers (or $1 to 2 billion per year) up to $30 to 50 billion
by 1985-90, and user charges of $1,000 for hookup, plus
$200 to $700 for equipment purchase and about $20 per
month for home subscription services. On a local level,
per subscriber costs for installation of a limited 2-way cable
system are estimated at from $100 to $1,200, the latter
being equivalent to telephone installation. However, cablebased systems are likely to be used only for home services,
such as remote shopping; it is the phone-based network that
will be the basis for meaningful business applications. Dispersion to a number of urban satellite centers, made possible by greater application of communications techniques,
can save both the company and the employee money.
Both road pricing and parking controls could add significantly to the implementation costs of this package. If
there was an existing toll system on affected expressways
and bridges or tunnels, the costs of implementing variable
tolls would be small. If a new toll system was required,
initial capital costs would range from $250,000 to $500,000
and annual maintenance and operating costs would fall between $75,000 and $100,000. As detailed in previous
packages, the costs of implementing a coordinated downtown parking scheme can range from a few thousand dollars
for a new parking meter system to well over $150,000 for
a system of parking taxes in privately owned facilities. It
is expected, however, that the revenues generated from both
types of pricing systems would more than offset their initial
costs.
Detailed discussion of the costs involved in implementing
a New Town was presented earlier under "Package No. 4:
Changes in Land Use." The Federal Government, through
HUD, has previously been very active in providing support
in this area, but future funding is uncertain.
The long-term effects of bringing workplaces closer to
homes and development of new locations could be very
important. The literature lends support to the view that
dispersal of workplaces within the metropolitan area can
result in shorter commutes, whereas further dispersal outside the metropolitan area may not increase congestion but
probably will result in longer work trips.
Regarding the relocation of jobs to smaller urban areas
or to rural areas, this approach should result primarily in

This package can be considered to be compatible with the
technique of mixed zoning and the changing land uses
package, because all of these techniques also act to change
urban form and would allow development of new homework locations within existing urban areas.
Transit and traffic engineering techniques conflict with
this package, because they encourage commuting to centrally located employment areas (such as CBD5) while this
package encourages dispersal. Carpooling and ride sharing
are similarly incompatible because they depend on high
levels of travel demand. All of the packages except for
changing land use contain some incompatible elements
although the pricing package is generally supportive.
Applicability
Both approaches (develop new locations and move work
closer to home) could be adopted as long-range measures
to prevent congestion in any size city where a congestion
problem exists. There is no reason to think that only large
cities are structured such that small outlying nonurban activity centers or urban satellite centers could not be developed to hold a larger proportion of the city's jobs. Large
cities in particular might profit most in the long run from
a policy to encourage location of new employment outside
the center city. The small and medium-sized cities to which
growth might be shifted could experience an increase in
congestion, unless they also followed a policy of dispersing
location of new employment to several activity centers.
Towns on the low end of the city-size scale (below 50,000)
should not be excluded if rural development or New Town
development is considered as an option.
Because in the long run a successful dispersion policy
would fundamentally alter work-trip patterns by shortening
trips and taking them away from the CBD, it should be
seen as impacting primarily on CBD congestion. There
would be positive impact on freeway traffic if trips are
shortened sufficiently. Depending on the size of the areas
defined as satellite centers, some work traffic that at present
uses freeways could shift back to arterials for the shorter
trips, and intersatellite freeway trips could also be reduced
as more work trips would be within satellites rather than
between them. Congestion on arterials could increase to the
extent that trips are diverted from freeway to arterial networks, but would decrease to the extent that fewer trips
originating outside a satellite center would terminate within
it.
Development of new locations, on the other hand, would
be likely to affect equally all types of congestion in the area
of traffic to the extent that the new centers turn out to be
largely self-sufficient with regard to employment. New
traffic obviously would be created on the routes connecting
the new location with the nearest metropolitan area as
people drive in to make use of the facilities and service
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a simple transfer of traffic from more- to less-congested
facilities. Principal surface arterials and minor arterials in
small urban areas are congested far less than those in
urbanized areas, and freeways in small urban areas, although only slightly less congested than those in urbanized
areas, can more easily be avoided by peak-hour motorists.
indirect /rnpacts.—Although there are benefits in energy
savings and transportation cost savings, no one has investigated possible indirect social costs. One possible effect that
has been suggested is that the new urban forms would
hasten the deterioration of existing CBDs. But it is more
probable that relieving downtown congestion through this
package of techniques would improve economic wealth of
the CBD.
Experts in this field claim that there would be energy use
savings from implementing a communications-relocation
policy; none have looked specifically at the pollution or
safety issues, but obviously a reduction in the gallons of
gasoline consumed implies a reduction in air pollutants
emitted by cars. Nille's modeling exercise, designed to determine the effects of dispersing the employees of a Los
Angeles insurance company to 18 small locations in existing commercial centers close to workers' residence, shows
that the energy operating cost of "commuting with telecommunications" is less than 5 percent of that of commuting by private auto, and less than 10 percent of commuting by mass transit at normal load factors. An offhand
estimate is that if 10 percent of the nation's urban commuter population were to be transferred to dispersed work
centers, roughly 150 billion kilowatt-hours a year would be
saved on a national basis.
In spite of the many potential benefits of this package,
several important equity considerations arise. Communications substitutes are less likely to be viable travel alternatives
for lower-income workers and those in professions with
little choice of work patterns. These types of workers and
income groups are often unable or unwilling to move to
New Towns. At the same time, the pricing and parking
mechanisms incorporated in this package would pose tremendous hardships on those very people, who often have
little choice but to drive to work in congested areas during
peak periods. Consideration should be given to providing
these special groups with other more practicable travel
alternatives, such as specialized transit.
Tin7ing.—Timing is a difficult parameter to estimate for
this package. Although the systems and equipment required are currently available, the combination of communications technology and land-use changes is a significant new step for any government to consider. Again,
although such an approach can be begun tomorrow, major
pre-implementation feasibility studies would be required to
estimate the impact of the implementation of this package
on a number of significant variables.
Implementation of an experimental or pilot project to
substitute communications for travel by relocating jobs
could probably require a year or two of initial detailed
planning. The results of this experimental stage would provide valuable guidance, and perhaps stimulus, to adoption
of communications work patterns by certain types of
information-oriented industries. Even so, it may be at

least ten years before these organizations would be able to
evaluate the pilot example, and if it is a success and shows
potential for cost-cutting, five more years before significant
impacts on congestion and other measures could be detected. However, the attractiveness of this approach, despite its uncertainties and unknowns, is its promise of a
permanent reduction in over-all travel to work.
Feasibility
institutional Considerations.—The institutional considerations of this package are not fully known at the present
time. However, it is expected that the role of federal, state,
and local governments will be primarily in regulation (FCC,
POCs), granting CATV franchises and funding research
and development demonstrations (HUD, NSF, DOT). It
does not seem likely that the impetus for this approach will
come from institutions.
Public Acceptance.—To the extent that consumers attach no positive value to travel to work as a good in itself,
there is no reason why the working public should not accept
the idea of working closer to home within the urban area
as long as their job opportunities are not constrained. Public acceptance of developing new employment centers, however, may be encouraged by the opportunity to find just the
home, neighborhood, schools, and amenities in a city or
town with limited employment opportunities.
Acceptance by Private Organizations.—Private sector
motivation to invest in dispersal was discussed earlier. There
is little motivation for a developer to trouble with recruiting
employers for a New Town if he can make just as much
or more of a profit by building a planned community of
residential structures alone. The key to the decision to
adopt communications applications to change work location patterns is private profitability. Unless an innovative
approach either (a) can make or save money for someone
or (b) falls within what is broadly agreed to be the domain
of public responsibility (as traffic control and public transit service), theoretical evaluations of their potential benefits
to society in terms of reducing peak-period congestion will
not be effective. Because the communications and land
development industries are clearly in the private sector, it
is their private profitability and not the social benefits which
should be the focus of further work in this area.
Compatibility with Existing Laws.—No legal or regulatory barriers exist at present to hold back use of communications in dispersed workplace locations. Some cities or
towns might object to being developed if the citizens think
the community has reached the optimum size and that
further development is undesirable. Development of new
satellite developments must conform to local land-use
policies.
Readiness for implementation.—Although existing technology is more than adequate for implementation of the
communications systems needed under this package, improvements in equipment could be made that would lower
user costs and increase the capacity of these systems. More
importantly, however, the greatest barrier to implementation is simply lack of real-life evidence of a business firm
or community that has undertaken to apply communications facilities to reduce home-to-work—not intraoffice—
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trips and has followed through by monitoring the results.
The success of this first application may in turn depend on
the adequacy of the local telephone infrastructure to handle the increased load. A research team is currently working with the telephone company serving an insurance
company, to determine the impacts of the required communications facilities on the local telephone network and
the associated costs.
Package No. 7: Traffic Engineering

This package combines a number of individual traffic engineering approaches that maximize the service level of a
given system facility. The combination of approaches reduces congestion by controlling or removing impediments
to traffic flows while at the same time increasing the level
of service of an existing traffic network. The thrust of this
package is on coordinating the planning, joint implementation, and monitoring of a comprehensive engineering
approach to traffic congestion. The packaging of these
individual engineering techniques stresses to public decisionmakers the need to identify the total system impacts of their
implementation, including social, environmental, and institutional benefits and disbenefits. The applicability of the
package and its components is primarily determined by the
incidence and location of congestion, which in turn is largely
a function of city size. For this reason, the package is
divided into two basic approaches, which are discussed
collectively as well as independently. Figure 11 shows the
composition of this package and its relation to other
packages and techniques.
Maximum use of existing facilities actually involves a
combination of several practical traffic engineering techniques, including signalization, land-use and directional
control, channelization, and other capacity optimization
schemes. Many of these concepts may be used individually
to enhance the effectiveness of the existing facility system;
others, when combined, may prove to further their impact
on peak-hour congestion. Arterial traffic congestion is
heavily influenced by unexpected or erratic disruptions in
traffic flows. Some of these techniques attempt to remove
impediments such as drivers entering or leaving parking
facilities or the congestion caused by traffic accidents, by
reducing the incidence of these activities. Others, such as
channelization, increase the actual capacity of the arterial.
Most of the elements comprising this technique are low in
cost, thereby making their use very cost effective.
The installation of traffic signals has the inherent characteristic of increasing delay, and thus congestion, through
their stop-and-go format. This can be offset by decreasing
accident experience or severity and by increasing travel
speeds. A system of interconnected signalized intersections,
for example, can provide better traffic progression during
peak periods.
Reversible lanes are an accepted technique used to
provide additional directional capacity during morning and
evening peaking. Experience in Chicago, Los Angeles, and
Milwaukee has shown a significant increase in directional
volume without a significant change in accident experience.
Use of one-way streets operated in directional pairs has

proven very successful in increasing the volume of traffic
funneled through a corridor. Implementation of a system
of one-way streets has had a corresponding impact on accident experience. The success of this procedure can be
partially attributed to elimination of possible traffic conflicts.
On-street parking restrictions implemented during peak
periods are most effective in increasing volume throughput
and in reducing potential conflicts, which cause accidents
and more congestion. This technique can be a very effective
low-cost element in this package.
Other techniques, such as channelization and prohibition
of turning movements, are designed to physically separate
the vehicles and reduce conflicting vehicular movements.
As expected, accident experience is greatly reduced. Lighting of streets and intersections is another technique that can
be used in areas where driver visibility may be impaired due
to adjacent land-use activities or the design of the facility.
This has been effectively used in reducing nighttime accidents or accidents on those winter days where a portion of
the morning and evening peaks may occur during darkness.
There are numerous cases where the geometric design
features have been altered to decrease traffic congestion.
These modifications are made or sponsored by all levels of
government and are not restricted to a single jurisdiction.
This approach to spot improvements has been very effectively implemented.
In urban areas containing an access-controlled, highdesign highway facility that experiences traffic congestion
at one or more time periods, these techniques of maximizing use of existing facilities should be combined with freeway surveillance and control. There are variations of freeway surveillance and control measures which can be used
to increase the effectiveness of this technique. Within the
specific technical approach a subset of measures can be
added to solve an array of specific problems. As discussed
earlier, ramp metering to control entering traffic at fixed or
predetermined rates can be a very effective technique for
specific congested locations. However, for an entire freeway
corridor or the inclusion of the CBD, the system may require signs or other real-time driver information systems,
interconnected arterial intersections, real-time control of the
ramp, and special-vehicle priority systems. The more complex the traffic congestion the larger the array of potential
solution options and the relative initial cost.
Practical approaches to increasing the capability of the
existing street systems to facilitate movement of traffic in
the vicinity of the freeway are essential to effective implementation of this package. The freeway must be considered
as an integral component of the surface transportation system. Any changes, modifications, or alterations in one subcomponent may have an adverse effect on the corridor,
adjacent streets, and the origin-destination patterns of the
trip-maker. It is therefore imperative that where freeway
surveillance and control is used, techniques that maximize
the use of existing facilities are also included.
Compatibility with Other Approaches
Many other techniques can have a significant impact on
peak-hour traffic congestion and can be considered as an
optimal addition to this package. The benefits to be derived
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from their implementation may be marginal but generally
are not considered to be counterproductive or conflicting in
their effectiveness. One example of such a technique is the
use of parking controls. Elimination of on-street parking
during periods of traffic congestion can be most effective in
reducing the number of conflicts associated with vehicle
maneuvers, and it essentially adds an additional traffic lane.
In addition, parking controls may cause a shift in travel
mode, which may have a positive effect on freeway traffic
volume. This is most effective when there are few major
activity centers, thereby reducing the number of work-trip
origin-and-destination pairs needed to be served by radial
transit systems.
The arterial network of a city is likely to experience a
high degree of traffic congestion, largely due to its dual
functions of facilitating through traffic movement and pro-

viding access to adjacent land-use activities. These two
functions are often in conflict in an operational situation,
a conflict best seen in the degree of traffic congestion that
arterials experience in peak periods. An approach to controlling this conflict is to discourage access to adjacent landuse activities. This can be done through parking restrictions as previously mentioned (and discussed in detail
elsewhere in this report) and by controlling land-use activities. Use of mixed zoning, New Towns, planned neighborhoods, and building codes can be an effective way to control
trip generation and attractions associated with any particular land-use activity; and these techniques can also be used
to restrict accessibility to the land use or facility in question.
Furthermore, they can be used to guard against significant
unplanned or unprogrammed changes in land use, which
can cause a shift in travel pattern and travel demand, creat-
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ing major traffic problems on the existing freeway and adjacent street network. For these reasons, these techniques
and the changes-in-land-use package are considered to be
complementary or supportive.
Another compatible option could be the institution of a
staggered work-hours program. A staggered work-hours
program among major employers can have a significant influence on reducing localized congestion on arterials serving that location. However, to be effective in reducing freeway congestion and increase the opportunity for this package to be successful, the program must be coordinated
among those major employers to insure that their staggering
plans are complementary to one another and not counterproductive. Indeed, an uncoordinated program by major
individual employers may create traffic congestion rather
than relieve it. Finally, carpooling programs combined with
parking privileges can enhance a traffic modification designed to increase the use of the existing arterial system.
Some techniques may be dysfunctional if used with this
package. Road pricing techniques, for example, can be
counterproductive if the delay incurred in daily implementation of the collection mechanism creates congestion or a
corresponding decrease in the service level. Road pricing
would also have the effect of creating congestion on alternate routes, which is noncompatible with this package. It
should be noted, however, that although road pricing is in
conflict with the maximum use of existing facilities, and
therefore is in conflict with this package, it is somewhat
compatible with the technique of freeway surveillance and
control. The use of tolls or fees collected at ramp entrances
is a way to restrict traffic and a simple scheme of ramp
metering. In addition, this technique is effective in reducing
the demand for travel by private automobile on the freeway, thereby enhancing the level of service.
Traffic cells and auto-free zones, which comprise the
restricting entry package, are conflicting techniques because
their implementation may automatically create serious congestion on surrounding arterials and streets.
There are important contingencies associated with these
two techniques. There are cases where use of traffic cells
and auto-free zones may be applied to enhance the maximum use of existing facilities. Through reduction of signalized intersections and channelization of traffic flow along
designated corridors, the flow of traffic may be significantly
facilitated. However, if sufficient street facilities required
to handle the additional diverted traffic cannot be obtained,
increased congestion and delay will result. Therefore, caution is advised when a package of traffic engineering techniques augmented by these techniques is proposed.
The transit techniques package and its various components are considered to be in conflict with this package.
This is due to the tendency of all transit treatments to reduce the level of service of an existing arterial and may
cause a traffic shift to local streets.
These examples tend to focus on how misuse of, or lack
of coordination among, the various techniques presented in

this report can create conflicts that lead to increased traffic
congestion. As previously stated, the combined package
must be considered in light of its effect on traffic congestion
in particular areas.
Applicability
As previously indicated, maximum use of existing facilities
is well suited for use in any type of city, whereas freeway
surveillance and control is appropriate for larger urban
areas only. Because maximum use of existing facilities is
actually a combination of several traffic engineering techniques, their applicability is discussed in terms of the general type and location of congestion they are designed to
alleviate. In implementing this package, a city should use
any or all of the following approaches that are appropriate
to the types of congestion it faces.
Signalization is effective in reducing bottlenecks at intersections, usually the most demanding point in a traffic network. On-street parking restrictions are appropriate where
congestion is being created by friction with the traffic flow
caused by parking maneuvers. One-way street operations
have proven successful in reducing congestion caused by
friction between opposing traffic streams or where intersection operations need to be simplified. These conditions
are generally found on narrow streets in older sections of
a CBD, but this technique is applicable only where one-way
pairs can be provided (a single one-way street is normally
inappropriate). A reversible-lane operation is very useful
where there is a definite directional peak in the morning
which is reversed in the afternoon. Channelization and
prohibition of turning movements are appropriate where
congestion is caused by a number of conflict points between
crossing traffic movements at intersections. Lighting of
streets and intersections should be used where, for any
reason, driver visibility is impaired.
Freeway surveillance and control should be considered
where congestion may be caused by the geometric design
of the facility, freeway incidents that restrict traffic movement, and ramp operations. The degree to which the entire technique or particular elements of it are implemented
is related to the problems that exist. In urban areas with
freeways that are beginning to experience traffic congestion
during the traditional peak periods, a simple fixed-rate
ramp-metering program combined with practical traffic engineering techniques to increase the efficiency of the existing street systems may be the optimum solution. In other
uses, surveillance systems with ramp metering have been
installed in Houston, Tex.; Los Angeles, Calif.; and Chicago, Ill. Although attempts have been made to use helicopter surveillance techniques, television surveillance has
been more successful.
A good example of this technique's application is the
system currently being installed in Dallas. For areas such
as Dallas, with extensive freeways and a multitude of major
activity centers, a comprehensive system combining many
of the elements may be required. The Dallas case is a full
application of the two techniques in this section and an
extension of the surveillance and traffic signal control sys-
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tems to the freeway corridor. This includes computer control of the freeway frontage roads and other selected arterial
streets.
Costs and Effectiveness
Direct Costs and Benefits.—Most of the maximum use techniques presented are inexpensive to implement and have
been shown to be very cost effective. These spot-type improvements are made at the local level, with existing staff
ability, and through normal budget limitations; cooperation
and support may be available through the highway transportation agencies at the state and federal levels. Many of
the applications may not require special budgetary provisions. Direct costs of implementation vary with the magnitude of the problem and the solution concept to be used.
The direct benefits to be realized are usually measured in
terms of savings in travel time and delay, traffic volume
change, level of service provided, and decrease in accident
costs.
In the area of traffic signal modifications, average initial
costs can vary from $200 to $550,000 as shown in the
Sunnyvale and Tallahassee cases, respectively. The high
cost in the Tallahassee case was for installation of a central
computer to handle traffic signals at 25 intersections. Only
5 percent of the cost was paid by the city and county. The
costs of the Sunnyvale case involved both a survey and a
change in the signal timing program to affect periodic traffic
progression on preferred routes. However, the costs for
updating a traffic signal with fully actuated or semi-actuated
equipment are approximately $35,000 per intersection.
Traffic signals are intended to control traffic movements
and cause traffic delay by their stop-and-go routine, but use
of this technique can be justified on the basis of accident
experience. Although a system of interconnected signalized
intersections can be effective in increasing travel speeds on
preferred routes, the costs associated with delay and stops
may be increased. Therefore, an analysis of total delay and
other direct costs may be desired prior to solution alternatives selection.
Use of reversible lanes required an initial cost of from
$2,000 per lane in Los Angeles, to a total cost of $72, 000 in
a Chicago experiment. This technique has been effective in
reducing peak-period congestion by allowing a 20 to 50 percent increase in two-way traffic volume and a 20 percent
reduction in travel times. No cases were found which
showed an increase in accidents, with a decrease in accidents reported in some projects.
One-way street conversion is another low-cost measure
thatmay cost as low as a few thousand dollars, depending
on the degree of implementation. The potential effectiveness of this technique was discussed earlier. Average travel
speeds have been increased approximately 5 mph with 'a
significant one-third increase in traffic volume in some cities
that have implemented this technique. Another significant
factor is the reduction in accident experience recorded in
the cases reviewed.
Channelization and other design modifications vary significantly in costs because of the variation in application.
As in the previous cases there have been significant reductions in total accidents and the severity of accidents. Traffic

speeds were increased by as much as 10 mph in some cases.
In other cases the annual delay cost was reduced from
$24,000 to $38,000 despite significant increases in traffic
volume.
With the use of parking restrictions, documented case
experience has shown that the direct cost of implementation
is very low and the benefits to be anticipated are significant.
For example, traffic speeds have showed a 5-mph increase
with a corresponding peak-hour travel time reduction of
approximately 25 percent for automobiles and 10 percent
for local buses. Delays and stops were reduced by as much
as 50 percent without a change in accident experience.
The costs associated with implementation of freeway
surveillance and control can be high, depending on the
degree of implementation and local conditions. Generally,
it is not considered a low-cost capital improvement but is
incremental in that the system can be made operational in
phases. In addition, the initial capital costs are quite
variable.
Current ramp metering systems similar to those installed
in Milwaukee and Los Angeles County cost approximately
$6,000 per ramp. The usual annual operating and maintenance costs are approximately $1,000 per ramp.
The Chicago Area Freeway Surveillance Project, which
electronically monitors 90 miles of freeway and controls
48 on-ramps, cost approximately $4.5 million for implementation, not including $359,000 for the central computer.
In addition to the annual operation and maintenance cost
the emergency traffic patrol that handles freeway incidents
has an annual budget of approximately $1.5 million.
The North Central Expressway project in Dallas initially
comprised the mainline of the freeway and 35 ramps Controlled by a central computer at an initial cost of $450,000
exclusive of the computer. A system of eight television
cameras was installed later at a cost of $10,000 per camera
installation. The system was later expanded to include the
frontage road control systems, which cost approximately
$800,000 including the computer system.
Other costable items include the installation of changeablemessage signs on the Los Angeles area freeway for a total
cost of $1.2 million with an option for additional signs at
$20,000 to $25,000 each.
The cost-effectiveness of these programs can be measured
by their impact on traffic flow. For example, the Chicago
expressway ramp control systems have reduced travel time
over a 10-mile section by 45 percent, accidents by 17 percent, and congestion by 60 percent.
The effectiveness of the Milwaukee freeway ramp control program can be seen in the peak-hour volume increase
of 4 percent and a vehicle speed increase of approximately
20 percent. Implementation of this technique on the Detroit Lodge Expressway considerably improved traffic flow
conditions and reduced accidents. While in operation the
program's annual benefits were estimated to be approximately $675,000.
The Los Angeles expressway program of ramp control
of six ramps on the Harbor Freeway has enhanced the
traffic flow. For example, travel time has been reduced by
32 percent and estimated annual public savings amount to
$325,000. Similar experience has been recorded on the
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Houston Gulf Freeway project; traffic volume has increased
9 percent, travel time has been reduced by 25 percent, and
estimated annual public savings amount to $262,000.
Indirect Impacts—Many of the techniques that maximize use of existing facilities may have some impacts on
adjacent land-use activities. For example, restriction of
parking on arterials in commercially zoned areas during
peak periods may cause changes in consumer activities.
Prohibition of turning movements and conversion of CBD
streets to one-way pairs may have a similar impact. In
general, the greater the number of controls instituted to
program traffic movements, the less flexibility the driver has
in operating the vehicle. Although these controls are aimed
at reducing peak-hour traffic congestion, actual travel patterns may be altered, which can lead to an increase in distance traveled. In the cases previously cited, the benefits
measured were in terms of traffic volume increase, accident
reduction, and delay costs along a route or at a specific
location. To determine the over-all effect of these measures
requires consideration of the entire area. There may be an
increase in the travel distance required to satisfy origin-anddestination pairs. This would be reflected in some tradeoff
of travel times, speeds, and distances, as well as corridor or
route impacts if any.
A program of freeway surveillance and control will aid
in moving traffic at controllable service volumes, thereby
enhancing the drivers' attitudes toward continuing their
travel habits. Only when traffic congestion, travel time, or
travel cost reach unacceptable levels and feasible alternative travel modes are made available will travel patterns and
habits change. This technique provides a short-term solution to freeway traffic congestion, thereby continuing to
foster auto travel. This will have the effect of increasing
congestion elsewhere, which can be alleviated by the maximum use of existing facilities; but regardless, increased auto
travel will result in increases in energy consumption and air
pollution.
Timing.—Most of the maximum use techniques can be implemented in a very short time frame and do not require extensive programming or budgetary requirements. The more
complex alternatives involving a major design modification
(such as construction of a grade-separated interchange) in
the past have required a one- to three-year planning-toimplementation period. Today this time period for major
changes involving heavy construction may take eight years,
including public hearings, environmental impact statements, and other pre-construction requirements. However,
most of the techniques considered here are immediately
implementable.
From the experience to date, installation of a freeway
surveillance and control system requires approximately
three years from the planning phase to implementation.
This includes ramp metering projects and installation of
electronic surveillance on the freeway.
Feasibility
Institutional Considerations—The institutional considerations of this particular package are minimal. Traffic engi-

neering solutions can be carried out entirely by local governments, although state and federal technical aid and
support is available. Freeway surveillance and control systems are generally operated and maintained by state highway agencies or by the city; but because of the high costs involved, research, development, capital investments, installation, and construction have been funded by the state and
federal governments.
Public A cceptance.—There is general acceptance by the
public of the implementation of these techniques. Maximum use of existing facilities requires a short-term "phasing
in" of the modifications to ensure compliance and to overcome any difficulties that may initially develop. Because of
the past experience of the public in the use of these techniques, general compliance can be expected. When freeway surveillance and control has been implemented, some
difficulties have developed when ramps are closed during
certain time periods. For this reason, an educational program may be required to inform the public of the intent
of the project. For example, it may be important to provide information on how to interpret the signs and signals
when driving on an entrance ramp that is metering the flow
of vehicles onto the freeway. This aids in implementing the
package and increases its immediate impact.
Acceptance by Private Organizations.—Experience has
shown that acceptance of engineering techniques and the
over-all package may vary. In specific locations, particularly where land-use activities may be adversely effected, the
approach can cause conflicts with private organizations;
e.g., the removal of on-street parking from in front of shopping stores. Another example of a potential conflict is an
improvement that creates more traffic volume and higher
speeds in a residential area. Again, implementation of these
techniques requires consideration of the impact on areas
adjacent to the actual target arterials.
Generally, private organizations are receptive to freeway
surveillance and control because it provides for greater accessibility throughout the area. Again, conflicts may develop when use of the private automobile is restricted or
access to the freeway is restricted or denied in certain
locations during peak periods. This is discussed in more
detail elsewhere in this report.
Compatibility with Existing Laws.—The implementation
of this package or a variation of techniques does not appear
to be hindered by any legal obstacles. Most areas have
experience in implementing several of the maximum use
techniques presented in this package; consequently, no difficulty is anticipated. Although experience with freeway surveillance and control is not as common, it has been demonstrated throughout the United States, thereby providing
precedent for its use.
Readiness for Implementation.—The procedures and
technology currently exist to readily implement this package. The degree of sophistication desired in the control and
response mode of the freeway surveillance and control
package may require some hardware and software development. However, it is expected that most applications will
center around the current state-of-the-art programs.
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Package No. 8: Transit Treatment

This package of techniques is aimed at making transit more
competitive with the private auto along the major urban
travel corridors and in the congested downtown and major
activity centers of larger urban areas. This is accomplished
by providing priority for express transit systems along freeways and arterials and making these services accessible at
both ends of the communter route by extended-area transit
in residential areas and circulation systems in the CBD.
Marketing techniques, such as reduced fares and park-andride facilities, provide additional incentives to transit use.
Figure 12 shows the composition of this package and its
relation to other packages and techniques.
Effectiveness of this package in reducing peak-period
traffic congestion is dependent not on the number of travelers carried in the peak period by the transit system, but on
improved traffic flows along streets, arterials, or highways.
This in turn is dependent on the number of peak-period
drivers diverted to transit treatments. To be effective this
package must create a situation along certain major travel
corridors that not only diverts a sufficient number of travelers to transit to decrease traffic congestion, but also does
so in a manner that tends to inhibit the redevelopment of
congestion.
This package is designed to capture the cumulative impact of as many individual transit approaches and incen-

tives as possible. Express buses, even in mixed traffic, offer
an improved transit service that is as fast as private cars
on the line-haul portion of a trip and may be sufficiently
attractive to divert a number of travelers to transit. Giving
priority to express bus services along major urban travel
corridors offers an even more attractive transit package by
providing transit service that is faster than private cars
along the line-haul portion of the trip. In addition, the
priority given to express buses in congested downtown
streets ensures, that the time gained over the auto on the
line-haul portion of the trip is not lost. Priority given to
both express buses and the "local" downtown circulation
system increases the attractiveness of transit commuting to
work. Moreover, the downtown circulation service removes
some of the fears that auto drivers may have about easy
midday mobility if they do not drive their cars to work; it
also reduces the number of short noon-hour auto trips that
add to midday congestion in the CBD. A no-fare downtown
circulation system can offer additional incentives; combined with the arterial priority system, special circulation
buses offer an attractive service to a number of different
users, including peak-period auto drivers. When such a system is implemented, advertising and promotional programs
and improved public information services are required, and
these marketing techniques can contribute to increases in
ridership.
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Figure 12. Schematic of package No. 8: Transit treatment.

Conflicting Packages
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Three types of express bus treatment along highways and
expressways are recommended for use in this package:
Express buses in mixed traffic on existing major
freeways.
At-grade contra-flow priority lanes on existing expressways and freeways during peak periods.
At-grade with-flow priority lanes on existing expressways and freeways during peak periods.
Busways, additional lanes constructed for exclusive bus
rights-of-way, are not proposed because of their high costs.
The most successful express bus systems offer service
along relatively long corridors from residential districts to
well-defined and fairly concentrated employment sites; most
utilize a park-and-ride service rather than transit feeder
service. However, transit feeder service may be required
in some communities. When express bus service is considered for initial service or expansion as part of this package, the need for feeder services should be investigated,
preferably by being offered for some time as a test run.
Although it is no longer thought necessary that a bus
priority lane carry as many passengers per hour as private
autos would if they were using that lane, ridership may be
substantially below that number in some areas. Along travel
corridors with sufficient ridership to warrant an express service but insufficient ridership to warrant priority treatment,
express bus services can still be very attractive in mixed
traffic, especially if they are given priority treatment on
downtown arterials as envisioned by this package.
If sufficient ridership exists to warrant granting higheroccupancy vehicles priority over autos traveling along the
same expressways and freeways, this package provides for
selection of the least costly and most immediately implementable method—a system of manually placed barriers
during peak periods. Both with- and contra-flow priority
lanes can make use of underutilized lanes of traffic in the
off-peak direction; thus they become relatively cheap to
implement and they impose the least burden on auto traffic
in adjacent lanes. Although most planned bus priority systems call for construction of at-grade or grade-separated
right-of-way on the expressway, that solution is far from
the most cost-effective for the majority of American cities.
Contra-flow lanes are by far the cheapest and easiest
priority treatment of express buses because they require the
fewest ramp alterations.
However, this technique cannot be applied on freeways
where peak-hour flow is equally heavy in both directions.
In such cases a lane of traffic in the with-flow direction
would have to be removed from auto availability to create
a priority lane.
Where this occurs planners and decision-makers must
make a policy decision: does the greater potential capacity
of the bus justify the heavy imposition on existing auto
traffic that would occur if a full lane (or two) were removed from auto availability? The decision would be based
in part on the number of auto drivers that would be expected to switch to transit if auto traffic significantly increased due to imposition of the bus-priority lane.
It is more difficult to determine whether a with-flow or
a contra-flow lane would be more efficient in the downtown

area of most cities. Such decisions depend on local conditions, including the number and extent of the one-way street
system as well as the routing of both the express buses performing their distribution function and the special downtown circulation system. This package envisions both types
of buses using the same reserved curbside lane. Regardless, inclusion of preferential treatment for transit vehicles
on downtown streets is necessary in order to maintain or
increase any gains in travel time brought about by express
or priority transit services on freeways. In areas that are
heavily congested for long periods of the day, it may be
feasible to allow transit travel priority at the expense of
auto traffic, because the downtown circulation system, by
providing mobility for all travelers, offers a service competitive to that of the auto in congested areas while reducing the need for parking facilities. Some cities have
found that the presence of both express and local buses in
the same priority lane did cause a slight delay in the express
service. Part of this problem may be handled by better
scheduling, but most cities just accepted this delay because
the priority concept still brought about marked increases
in both types of bus service.
Free downtown circulation systems have had a record of
success in both increasing transit ridership and decreasing
downtown traffic congestion. Peripheral-area parking services will attract more users if offered in conjunction with
a free circulation system.
Downtown circulation systems often show fairly heavy
ridership throughout the day. Some of this ridership represents an increase in discretionary riding, but it also represents substitution of some short auto trips for those who
drive their cars to work. Making such circulation systems
free is designed to attract as many substitutions for auto
travel in downtown congested areas as possible.
Free off-peak service has been shown to be an effective
means to divert transit ridership from peak to off-peak
hours. In addition, such fare reductions have been associated with slight increases in over-all system ridership.
This diversion of travelers to off-peak periods is designed
to accomplish two objectives. The first is to reduce peak
use of transit facilities, thus making transit more attractive
to the traveler who must travel in peak periods and increasing peak-period system operating efficiency. The second objective is to increase the over-all operating efficiency of the
transit system by encouraging use of generally underutilized
equipment in off-peak periods.
Compatibility with Other Approaches
This particular package is compatible with many other techniques and packages; primarily because these techniques
and packages, whether social or socioeconomic approaches,
incorporate some transit component in their operation.
Staggered work hours, when implemented efficiently, allow
the transit system to better utilize its excess capacity on
both sides of the morning and evening peaks. Moreover,
staggered work hours programs can be successfully combined with express bus service, especially when large employment concentrations are being served. The pricing techniques (road pricing and parking controls) encourage use
of transit by creating economic sanctions against commut-
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ing by auto and thereby increasing the attractiveness of
transit. Auto-free zones and traffic cells also increase transit ridership by limiting or prohibiting the use of autos.
Furthermore, these techniques offer the opportunity to redesign transit facilities and impose priority transit in certain areas. Finally, zoning and building codes can be used
to limit the supply of off-street parking and encourage
drivers to turn to transit for trips to congested areas.
Traffic engineering techniques, maximum use of existing
facilities, and freeway surveillance and control are not appropriate for use with this package. Because the primary
goal of these techniques is to increase road capacity, they
are in direct conflict with the creation of bus priority lanes.
More importantly, the impact of these techniques is to
encourage increased use of private vehicles, which is directly opposed to the aims of this transit technique package.
Communications techniques, which have a neutral relation
to most techniques and packages, are considered conflicting
with transit treatments as their widespread use would lead
to declines in transit use. The effect of carpooling and ride
sharing on this package is uncertain. Priority lanes may be
opened up to carpools, increasing the effective capacity of
the lane and further justifying their creation. Care must be
taken, however, to assure that this does not interfere with
transit vehicles, especially on entrance and exit ramps. This
report takes the position that these techniques are conflicting because they compete for the same riders, and evidence
from experiments in California seems to support this view.
Applicability
The thrust of this package is on two problem areas at the
same time; downtown area congestion ann, to a lesser degree, arterial and highway congestion outside the downtown
area, especially along corridors of heavy travel demand.
This package would be applicable to medium or large cities
with residential suburbs and concentrated downtown or
other central areas that are heavily congested for most of
the day. The package promises a measurable reduction in
downtown traffic congestion but is less optimistic about the
impact of these measures on expressway corridor traffic
flows.
Express bus service is appropriate for cities with fairly
fixed travel corridors of between 8 and 14 miles with either
a common CBD or central area destination; these are the
conditions that are most conducive to successful express bus
services. The package also envisions a city with fairly substantial transit ridership but not operating at or near potential capacity; it assumes that an increase in transit ridership
during the peak period would be beneficial to both the road
and transit systems.
The decision to attempt a priority treatment for express
bus services depends on both the number of vehicles and
the number of passengers actually carried in each vehicle
in the priority lane. If the expressway priority lane were
open to only buses, it would have to carry in excess of
3,000 passengers per hour to equal the auto-carrying capacity of that lane, assuming an average occupancy of
1.5 persons per auto. This passenger volume is equivalent
to 60 full 53-passenger buses running on 1-minute headways. Of course, the carrying capacity of the lane could

be increased by opening it to carpools, but this may create
operational difficulties; allowing carpools to use the lane
would require policing, as exemplified by the Bay Bridge
(San Francisco) experience. Special exit ramps for carpools would be necessary inasmuch as the priority lanes
envisioned in the downtown area in this package would
exit onto downtown "bus only" lanes.
Priority treatment is most applicable in cities with highdensity corridors and high potential transit ridership where
traffic flows are heavily weighted in one direction during the
peak period. This condition implies that there are opportunities for using underutilized lanes of traffic in the nonpeak direction for bus priority lanes. It is worthwhile to
note that the four most significant contra-flow expressway
projects so far operate only in the AM peak when the flows
are extremely weighted in one direction; the flows in the
evening peak are also heavily weighted in one direction, but
are not considered intense enough to justify use of a transit priority lane. If there is not an existing lane that is currently underutilized, some cities may nonetheless choose to
remove one or more lanes of traffic from auto use in the
peak direction in order to provide greater transit incentives
through the ensuing increase in traffic congestion. Such a
policy would convert existing heavily utilized lanes of auto
traffic to transit priority lanes as a purposeful public policy
of discouraging auto travel to downtown areas. This could,
in effect, create prohibitive sanctions against auto use on
specific heavily traveled routes and could effectively be
applied in older, densely populated cities where roadway
facilities were built several decades ago or where natural
bottlenecks like bridges and tunnels create congestion in
both directions in the peak period.
Applicability of the remaining techniques in this package
(circulation systems and marketing) is not restricted by
urban size or form; the techniques have been successfully
used to reduce congestion in many CBDs and central areas.
Their only requirement is an existing transit system. Their
impact as part of this package, however, will be significantly
greater than if they were used alone.
Costs and Effectiveness
Direct Costs and Benefits. —The capital costs of this entire
package are generally low, although operating costs may be
high. In general, capital costs are limited to five areas:
Transit system capital expenditures, if any, for new
rolling stock for either express or circulation service.
Costs involved in modifying expressways for peakhour priority lanes.
Costs involved in constructing or modifying exit and
entrance ramps to give priority to transit.
Costs involved in converting arterial curb lanes into
priority transit lanes.
Costs of providing and maintaining peripheral parking
lots.
These costs will vary from city to city; most of the capital expenditures involved are eligible for both FHWA and
UMTA funding under the Highway Act of 1973 and the
Transit Assistance Act of 1974. If new transit vehicles are
required, a substantial time delay should be anticipated, be-
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cause most manufacturers are significantly behind in their
production.
Costs of the modifications to be made to the highways
and arterials in question should be small. On expressways
these will involve some reworking of the median strip, restriping of lanes, a system of signing, and adjustments in
entry ramps for the transit vehicles; most of the projects
analyzed earlier spent less than $50,000 on these changes.
Reworking of ramp entrances may prove to be the most
expensive part of expressway alterations, but this can also
vary from city to city.
Modifications to the arterial system in the downtown area
may prove somewhat more expensive because these will be
permanent installations; again they will require re-striping
of lanes and a system of traffic signs. On streets where curb
parking has been permitted, a simple solution is simply to
ban such parking and use the additional space for the
priority lane. On streets where this lane is already committed to vehicular traffic, it will be necessary to reduce the
lanes available for automobile use in order to create a lane
for the exclusive use of transit vehicles.
If peripheral parking facilities are not currently owned
by either the transit system or the municipality, they must
be purchased or leased. If the city or transit operator currently owns a parking facility and operates it for a fee,
revenues lost by instituting free parking must be assessed
against this package as a cost. However, parking areas of
public facilities not normally used during working hours,
such as stadiums, may be available; the only cost of using
them for commuter park-and-ride facilities is then for
surveillance and maintenance.
The major operating expenses will be borne by both the
transit authority and the agency responsible for manually
converting traffic lanes to transit priority lanes during peak
periods.
Costs to the transit authority will consist of additional
operating losses occasioned by increasing services on the
line-haul express routes, providing new or improved feeder
services, and operating the CBD circulation system at no
fare. These additional costs will vary from city to city,
depending on the existing level of service and the increased
efficiency of operation of the new level of service, but can
be assumed to range between $0.75 and $1.10 per vehiclemile. It is possible that improved travel speeds on the linehaul portion of the service and increases in ridership may
compensate for additional operating costs of the new express
services.
As indicated earlier, feeder services to line-haul facilities
have only been self-supporting when they have had significant nonfeeder ridership that continues through nonpeak hours of the days. This may indicate that it is more
useful to simply reroute local buses to intersect with express
routes. The viability of conventional feeder services to the
express line-haul services is unknown and will vary from
community to community; it may be more cost-effective in
some cities to provide expanded park-and-ride facilities.
The costs of the no-fare downtown circulation system will
consist of any necessary capital expenditures (generally
new, smaller buses, and signs and schedules) and 100 percent of the operating and maintenance costs.

Although operating costs vary slightly with passenger
load and average speed, it should be possible to predict
both ridership and average operating speeds within a satisfactory range for improvements to existing routes. It is
more difficult to predict ridership on any additional express
routes; it probably would be wise to assume low ridership
or, alternatively, high subsidy requirements for a preestablished but adequate time period. At the end of that
period a decision should be made, based on actual ridership
at the time, whether to continue the service, modify it in
some way, or abandon it because it is too costly. (This is
recommended over the more common practice of assuming
large initial ridership and then being forced to seek adequate subsidy when the ridership does not materialize.
The major operating costs that must be carried by the
traffic agency are (a) the manual change-over to priority
lanes during different peak periods and (b) policing of
downtown priority lanes. In Boston the cost of manually
placing barriers and traffic cones was more than $500 per
day. Some experts feel that the addition of more permanent
signing mechanisms and other devices will reduce operating
costs significantly. However, for all the contra-flow projects investigated, long-term operating costs exceed implementation costs.
The success of this group of techniques in reducing
actual peak-period traffic congestion depends in large measure on the number of auto drivers diverted to transit in
peak periods; even dramatic increases in transit ridership
along major arteries and expressways have not been accompanied by decreases in traffic congestion. There appears to be a number of reasons for this; express transit
riders may be former transit riders who have switched to
a more efficient routing. They may also be new travelers
or former carpool members. In addition, there is evidence
that auto drivers who normally traveled in the slopes of the
peak period switch to more traditional peak times to take
advantage of the decrease in traffic brought about by the
bus priority system; thus, a new peaking phenomenon
occurs.
Congestion on freeways and arterials may also be increased where former automobile lanes have been allocated
to the exclusive use of transit vehicles. This congestion
may be created deliberately to discourage commuters from
driving their cars into the CBD. This package relies on the
greater attractiveness of transit vehicles, both on expressways and downtown arterials, to divert a significant number
of former auto drivers to transit—only in this way can this
package justify both preemption of one or more lanes of
traffic for transit use and the daily operating costs involved
in manually changing priority lanes.
When priority treatments are applied to freeways with
no excess capacity, a different impact is expected: this
approach aims at first producing traffic congestion, which
is then used to produce a sizeable diversion to transit. This
is done to limit the number of private vehicles entering the
CBD because of CBD congestion or to reduce air pollution
and energy consumption. Theoretically, this diversion to
transit should ultimately decrease traffic congestion along
these travel corridors. Of course, the greater decrease in
downtown or central area congestion is expected because
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of the dual reinforcement of superior line-haul service and
local transit priority combined with a no-fare policy. Unfortunately there is not much actual experience with the
conscious preemption of heavily utilized lanes of traffic;
both California and New York are planning to implement
demonstrations of the feasibility of this concept.
Both priority approaches promise sizeable diversion of
travelers to transit; it is not known if the traffic congestion
created by the second approach along expressway travel
corridors will ultimately abate as more and more travelers
change to transit. It is possible to be more optimistic about
the result of both approaches on downtown congestion; the
fare incentives to transit and the availability of service that
may be superior to the auto in a congested area have
brought about measurable decreases in traffic congestion in
a number of areas. Many cities are quite enthusiastic about
the concept of free downtown transit service, even without
priority treatment.
Downtown circulation systems have been very successful
in attracting ridership in the last five years; recent experiments with downtown systems show dramatic increases in
ridership and some measurable decreases in traffic congestion. Peripheral parking facilities used as downtown parkand-ride services, either in conjunction with specialized
transit services or in conjunction with regular transit service, have not been equally successful. This is thought to
be due to the reluctance of commuters who have already
driven part of the way to work to change modes so close
to their destination. As part of this package, however,
peripheral parking can be expected to be more effective.
This technique is recommended because most cities can
create peripheral parking facilities at very small cost, and
the minor deviation that might be required for routing of
the downtown circulation system may well be justified in
terms of reduced numbers of private cars in the CBD. If
parking costs were a significant factor in such a package
for any individual city, however, that city might well reexamine the need for the peripheral parking feature of this
package.
This package of techniques promises more significant
traffic reduction in congested downtown areas than along
travel corridors into that downtown area. The package is
envisioned as a good test of the effectiveness of mixtures
of techniques with both primary and secondary impacts on
traffic congestion.
Both priority treatments, but particularly those that impose significant restrictions on autos in adjacent lanes, may
never be advanced solely as a tool to control traffic congestion; they generally will be invoked to deal with environmental and energy concerns, perhaps in line with recent
EPA requirements. If so, use of this package could and
may be justified on a number of independent grounds; these
should be borne in mind when discussing both costs and
political feasibility.
The success of this package, then, depends in large measure on its correct application to a relevant situation. Even
then, there may be additional problems. The return of offpeak drivers to peak times when a transit priority system
brings about increased traffic flows may indicate that most
drivers are willing to tolerate current levels of traffic con-

gestion and only techniques which penalize them further,
such as road pricing, can prevent this recurrence of traffic
congestion.
Indirect Impacts.—Priority transit treatments have the
potential to create additional imposition on adjoining lanes
of auto traffic. If this increase in congestion is tolerated by
current drivers, and they do not relieve the situation by
switching to transit, a number of serious problems arise.
Total trip time will increase for all auto travelers while
gasoline consumption and pollution will also rise. Even if
auto drivers are finally forced to switch to transit, the other
impacts in the interim period may have created serious
health and energy problems.
In addition, this package centers on existing downtown
and heavily built-up employment concentrations. This has
two major implications. First, it may act to revitalize and
strengthen the downtown of cities at the expense of suburban and other urban complexes. In this regard, downtown merchants and large downtown employers are often
willing to pay part or all of the costs of downtown circulation services either because of increased revenue or increased employee mobility. This potential source of revenue should not be forgotten; it is one way to capture some
of the increases in commercial profits generated by both
the system itself and any reduction in traffic congestion it
produces. Second, by addressing travel problems only in
existing employment concentrations it fails to capture transit workers in new or developing employment centers, particularly in the suburbs. These new employees' travel
habits will grow up around use of the private car and not
around transit.
Timing.—Technically, this package of techniques is implementable immediately, especially if most of the transit
options can be undertaken without purchase of new equipment. Should the transit authority need to provide new
buses there is now a substantial wait before these vehicles
can be delivered by manufacturers. However, the downtown circulation or feeder systems can utilize more readily
available smaller vehicles. The expressway lanes are easily
implemented in most areas; the longest time would be required for provision of special freeway access and egress
ramps. These changes generally require a year or less. The
same is true for installation of downtown arterial markings,
barriers, and signs. However, before any of these activities
are begun, six months to a year should be devoted to studying the feasibility, application, and possible impacts of this
package.
Feasibility
Institutional Considerations.—Because all of the techniques
in this package are transit treatments, the institutional considerations of this package are minimal. Bus priority on
expressways involves the greatest number of agencies, primarily because it is a relatively new transit technique. These
programs have previously involved the following agencies:
FHWA, UMTA, state departments of transportation, regional councils of government, transit authorities, counties,
and cities. The other techniques in this package typically
require only the cooperation of local governments and local
transit operators. As previously mentioned, some funding

54
for all five techniques is available from UMTA and FHWA.
Public Acceptance—This entire package requires the
acceptance of the general public in two ways. First, the
public must approve of the policy of granting priority to
transit vehicles; this has been the case with most of the
operations discussed previously. Second, the public must,
by and large, honor the temporary barriers and stay out of
priority lanes. It is precisely because people will use the
lane if not stopped that contra-flow lanes are often suggested
for priority treatments, inasmuch as they tend to be selfregulating. Policing and enforcement will be necessary for
with-flow reserved lanes even if physical barriers are provided, but the need for policing should decrease over time,
especially where permanent physical barriers to auto travel
are constructed. If transit priority lanes take over some existing heavily utilized traffic lanes, there may be a great deal
of public opposition from drivers who are accustomed to
using that route. Their initial response will be to, protest
the reduction in automobile lanes, and diversion to transit
will come only after they have accepted the additional congestion of their particular routes as a permanent change.
In general, the other components of this package have been
well received. If public officials feel they have over-all
community support for such a package, they may feel safe
in implementing it; other officials may seek such solutions
only under the type of duress provided by the EPA.
Acceptance by Private Organizations.—Businesses in
downtown commercial areas tend to profit from the overall impact of downtown priority transit and circulation
systems. However, because priority transit often removes
parking from immediately in front of their entrances, and
delivery and service calls to downtown commercial and
business enterprises along the route of the arterial bus-only
lane may be hampered, merchants may initially pose difficult problems. Downtown merchants often are unwilling

to consider any alterations in existing parking or traffic
patterns because they fear these changes will reduce their
revenues. These commercial enterprises must be provided
with alternate service entrances and delivery times; in Los
Angeles a downtown bus lane was disrupted by delivery
vehicles parking in what was formerly the curb lane because
no alternative delivery entrances were available.
Because this package is aimed at improving travel into
and within the central city, suburban merchants and other
business establishments may oppose the subsidization of
transit operations that will exclusively benefit the CBD. Revitalization of downtown activities may take place at the
expense of suburban shopping centers, and this package
should not be implemented without recognizing this as a
possible side effect. Over-all urban development policies
should be consulted to determine whether such shifts in
economic activity are desired by the community, and
whether additional efforts, such as improving suburban
transit circulation, should be made to maintain suburban
businesses.
Compatibility with Existing Laws.—None of the individual techniques or the package of techniques would require any change in existing laws.
Readiness for !mplementation.—All of the individual
techniques that comprise this package have been tested and
are considered ready for immediate implementation. Aside
from delays in purchase of new transit equipment, implementation of this package should meet with no serious
obstacles. The most critical factor in its implementation
may be the willingness of the public agency involved to
either absorb the costs as payment for the external benefits
to the community (such as decreased traffic congestion and
enhanced environmental factors) or the agency's ability to
recoup some of the costs from the community.

CHAPTER THREE

INTERPRETATION, APPRAISAL, AND APPLICATION
To assist local agencies in selecting effective and workable
solutions to their particular peak-period traffic congestion
problems, the eight packages of congestion-reduction techniques were evaluated in terms of anticipated benefits and
costs, and feasibility. Because none of the combinations of
techniques has yet been implemented as a package, the
conclusions presented here reflect subjective judgments.
They are drawn largely from the evaluations of the individual techniques reviewed in Chapter Two. However, they
have been modified to incorporate changes in effectiveness,

costs, indirect impacts, and feasibility that are expected to
result from the application of these techniques within a
coordinated program.
Summary ratings of each of the packages with regard to
separate elements of benefits and costs and feasibility are
first presented. This is then followed by a composite ranking of the eight program options as solutions to the five
types of peak-period congestion problems found to be
common to many urban areas.
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BENEFITS AND COSTS
Direct Costs and Effectiveness on Congestion
Table 2 cnmpares the. effectiveness in alleviating traffic congestion and direct costs of implementation of the proposed
packages. Impact on congestion in each of the five prob-

lem areas ranges from 0 (not effective) through 3 (highly
effective). Direct costs range from 0 (none) to 3 (over
$1 million), and distinguish those that would be borne by
local government and others for both basic and additional
or optional costs. In an attempt to suggest an over-all guide
to the relative cost-effectiveness of the different packages,

TABLE 2
RATINGS OF EFFECTIVENESS AND DIRECT COSTS OF PROPOSED PACKAGES
OF CONGESTION-REDUCTION TECHNIQUES

Cost of Implementation **

Effectiveness on Congestion *
Major Problem Areas Special Problem
Areas

Package

Basic

Additional

Generalized Ratio
of Effectiveness
CBDs CBDs Urban Roadways Roadways Local
Local
of
of Free- with
with
Gov't Others Gov't Others and Direct
Cost to
Large Small ways Strong
Limited
Local
Cities Cities and One-Di- Options
Government
Arte- rectional for
rials Flow Alternative
Routes

Work-Hour
Changes

2

1

1

2

2

1

1

1

3

2/1

Pricing
Techniques

3

3

1

1

3

1

2

1

3

3/1

Access
Res triction

3

3

1

1

2

1

2

2

3

3/1

Land-Use
Changes

3

1

2

2

3

2

3

1

3

3/2

Prearranged
Ride
Sharing

2

1

2

2

3

1

1

1

1

2/1

Communications Substitutes
for Travel

1

0

2

2

2

1

3

1

3

2/1

Traffic
Engineering Techniques

2

2

3

3

1

2

3

1

3

2/2

Transit
Treatments

3

1

3

3

3

2

3

3

1

3/2

*

0 = Not effective, 1 = Slightly effective, 2 = Moderately effective, 3 = Significantly
effective.

** 0 = None, 1 = Under $300,000, 2 = $300,000-$l million, 3 = Over $1 million.

*
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generalized ratings of effectiveness and direct cost to local
government are presented as ratios.
The transit treatment package is judged to be highly
effective in four of the five congestion problem areas, and
represents probably the best all-around solution to an urban
area with a broad range of peak-period traffic difficulties.
Pricing techniques function well on roadways with limited
options for alternative routes as well as in CBDs, whereas
the restriction of access package is particularly suited to
problems of CBD congestion in both large and small cities.
Traffic engineering techniques are best applied to freeway
and arterial congestion, especially those burdened by strong
one-directional commuter traffic. Impacts of work hours
changes, prearranged ride-sharing, and communications
substitutes packages on peak-period congestion are found
to be only moderately beneficial because only a relatively
small percentage of commuters is affected.
Basic costs to local government of all of the packages
would not exceed $1 million, although heavy investment by
state and federal government is necessary to the traffic engineering and transit packages and by private entities for
land-use changes and communications substitutes. Five of
the eight packages could be basically implemented by local
government for less than $300,000: work hours changes,
pricing techniques, restriction of access, ride sharing, and
communications substitutes. Additional costs that may be
incurred generally fall on others than local government. In
most cases they represent federal grants for major improvements to transit and for urban redevelopment that may be
undertaken in support of the basic programs.
Packages of pricing techniques and restriction of access
appear to be the most generally effective measures for their
costs. Costs of the work hours changes, the communications
substitutes, and the prearranged ride-sharing packages are
also low, but are not rated as effective as those mentioned
above. Packages of land-use changes and transit treatments
require an investment of $300,000 to $1 million on the part
of local government, but are rated as significantly effective.
The traffic engineering techniques package involves substantial costs to local government, as well as to other levels of
government, but is generally not as effective in reducing
traffic congestion as many of the other packages.
Indirect Impacts
Table 3 summarizes the indirect benefits and disbenefits
expected as a result of implementing the eight congestionreduction packages. Net benefits are indicated by plus (+)
symbols and net disbenefits by minus (—) symbols. Where
benefits and disbenefits are considered as balancing each
other out, a zero (0) is shown. In another attempt to provide an over-all evaluation of the various packages, a generalized rating of the combined indirect impacts is suggested for each potential program.
In only two instances can potential disbenefits be expected to accompany implementation of the proposed
congestion-reduction packages. Restriction of access will
place additional traffic burdens on peripheral roadways and
will interrupt the flow of vehicles at entry points to traffic
cells and parking facilities. Although these undesirable

effects can be mitigated by improving the capacity of
peripheral roads and reserving slow lanes for entering and
exiting facilities, some congestion problems should be expected during the initial phases of the project. Eventually,
however, this problem should disappear as drivers find alternative routes and more commuters are persuaded to use
the improved transit facilities.
Equity problems cannot be avoided in pricing schemes.
Low-income workers, whose limited skills offer them fewer
options in selecting work locations and hours, will feel the
penalties of the system to a larger extent than the labor
force in general. Sufficient options in transit and ride
sharing can help to relieve some of this inequity.
In the remaining cases benefits either outweight or
equalize disbenefits that would result indirectly from applying the proposed packages of congestion-reduction techniques. All of the packages hold the promise of reduced
environmental pollution, either by decreasing the number
of vehicles used for commuting or by improving traffic flow.
All but two of the packages (work hours changes and traffic
engineering techniques) would result in energy savings
through reduced consumption of automotive fuels. Decreases in accident rates could be expected to result from
all but one of the packages (restricting access), where congestion problems at entry points to controlled areas and
parking facilities may balance out those eliminated within
the restricted zones.
Beneficial changes in long-range travel demands and patterns are anticipated from six of the eight proposed packages, especially in response to modifications in land use that
reduce the needs for long commuting trips. Area-wide reductions in peak-period traffic congestion could be expected
from implementing the packages of work-hours changes,
land-use changes, prearranged ride sharing, communications
substitutes, and transit treatments. Economic benefits are
associated with pricing techniques, restriction of access, and
prearranged ride sharing, whereas transit improvements
would provide increased urban mobility for those who are
now restricted by their inability to drive or lack of access to
private cars.
Both public and private institutions could anticipate some
tangible benefits from programs involving restricted access,
land-use changes, ride sharing, and communications substitutes for travel to work. The over-all evaluation of the
packages of congestion-reduction techniques indicates that
six of the eight proposed programs would result in greater
indirect benefits to the community than disbenefits, and the
remaining two packages would yield an acceptable balance
of positive and negative impacts.
Time Factors
Table 4 compares the eight congestion-reduction packages
with regard to two important time factors: the lapse of
time that should be expected between initiation of each of
the proposed programs and the realization of benefits in
reduced congestion; and the lasting quality of these benefits. Three of the packages of techniques could bring immediate relief to peak-period traffic congestion: workhours changes, pricing techniques, and prearranged ride
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TABLE 3
RATINGS OF INDIRECT BENEFITS AND DISBENEFITS ASSOCIATED WITH THE
PROPOSED PACKAGES OF CONGESTION-REDUCTION TECHNIQUES *

Package

Work-Hour
Changes

Other Long- Energy Environ- Public Economic Equity Institutional GeneralSystem Range Conser- mental Safety Impacts Consider-Considerations ized SumTraffic Travel vation Pollution
ations
nation of
Coriges- Demands
Net Benetion
and
Public Private fits and
Patterns
Disbenefits
+

+

0

+

+

0

0

Pricing
Techniques 0

+

+

+

+

+

-

-

+

+

+

0

+

Land-Use
Changes

+

+

+

+

+

Prearranged
Ride
Sharing

+

0

+

+

+

Access
Restriction

0

0

0

0

0

+

0

+

+

+

0

0

+

+

+

+

0

+

+

+

Communications Substutes
for Travel +

+

+

+

+

0

0

+

+

+

Traffic
Engineering Techniques

0

0

0

+

+

0

0

0

0

0

Transit
Treatments +

+

+

+

+

0

+

0

0

+

* + = Net benefits, - = Net disbenefits, 0 = Benefits and disbenefits balance.

sharing. These benefits could also be expected to be lasting under the first two, but there is still some risk that ride
sharing, even with the support of compatible techniques,
will tend to lose its original impetus over time,
Three other packages offer midterm solutions to peakperiod traffic congestion, requiring between one and three
years before their potential benefits can be realized. These
are programs for restriction of access, traffic engineering
techniques, and transit treatments. Improvements in traffic
flow brought about by application of the traffic engineering

package, however, are evaluated as short-lived, because
none of the elements in the program is directed at modifying basic travel demands and patterns. It is expected that
reduced travel times and alleviation of congestion problems
will eventually attract commuters to the improved route
and recreate the original crowded conditions.
Packages of techniques to change land uses and substitute
communications for work trips offer lasting solutions to
peak-period congestion, but their full benefits cannot be
expected for at least three years after the program is mi-
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TABLE 4
RATINGS OF TIME FACTORS ASSOCIATED WITH THE PROPOSED
PACKAGES OF CONGESTION-REDUCTION TECHNIQUES

Package

Time Lapse Before
Benefits are
Realized

Duration
of Benefits

Work-Hour Changes

1 year

Lasting

Pricing Techniques

1 year

Lasting

Access Restriction

1-3 years

Lasting

Land-Use Changes

3 years

Lasting

Prearranged Ride Sharing

1 year

Short-lived

Communications Substitutes for
Travel

3 years

Lasting

Traffic Engineering Techniques

1-3 years

Short-lived

Transit Treatments

1-3 years

Lasting

tiated. Local government can readily take action in modifying land-use designations and providing the opportunities
for use of dispersal communications facilities, but significant impacts on commuter travel will only be realized
through adoption of these measures by large segments of
the private sector. Communities may find it desirable to
undertake two different programs, one with short-term
effectiveness to bring immediate relief to pressing congestion problems and a second directed toward achieving a
lasting solution.
FEASIBILITY

Table 5 rates the feasibility of implementing each of the
eight packages of congestion-reduction techniques. The
program utilizing traffic engineering techniques to improve
road capacity shows the highest potential for implementation, being rated as excellent under all categories of feasibility criteria. Prearranged ride-sharing programs are rated
as excellent except in the area of public relations.
Packages of changes in work hours, restriction of access,
and transit treatments are also considered to be highly acceptable for current implementation, although feasibility
ratings with regard to certain criteria are less than excellent.
Availability of essential funding and technical support is
estimated to be only fair for the work-hours changes pack-

ages, and the cooperation of private organizations must rely
on intensive public relations efforts. Techniques of handling restricted access so that the economy of the controlled
area is not disrupted and new congestion problems are not
created are not so highly developed as would be wished; this
is reflected in the lower ratings for technical assistance and
state of the art, and accounts for some anticipated difficulties in obtaining acceptance for these programs from private organizations. Problem areas with the transit treatments package are deficiencies in the availability of services
for low-density transit markets, and in persuading drivers to
adopt this new mode of commuting.
The over-all feasibility of the three remaining packages
is rated as moderate. At present, funding for development
of communications systems is difficult to find, and costs of
equipment are high. Although the state of the art is sufficiently advanced to permit such operations, better and less
expensive equipment is needed to gain the support of
enough private organizations to have a significant impact
on peak-period congestion. The package of techniques for
changes in land use is rated as excellent with regard to two
feasibility criteria—technical assistance and public acceptance of the concept. However, some problems may be
experienced in obtaining funding and the active participation of both individuals and business organizations in carry-

59
TABLE 5
RATINGS OF THE FEASIBILITY OF IMPLEMENTING THE PROPOSED
PACKAGES OF CONGESTION-REDUCTION TECHNIQUES *
Accep- Compati- State Generalized
Summation
of
tance by bility
of
with
the
Private
Organi- Existing Art Feasibility
for ImpleLaws
Funding Technical Concept Partici- zation
mentation
pation
Assistance
Essential
Institutional
Support

Package

Public
Acceptance

Work-Hour
Changes

2

2

3

3

2

3

3

3

Pricing
Techniques

2

2

2

1

1

2

2

2

Access
Restriction

3

2

3

3

2

3

2

3

Land-Use
Changes

2

3

3

2

2

2

2

2

Prearranged
Ride Sharing

3

3

3

1

3

3

3

3

Communications
Substitutes
for Travel

1

2

3

2

3

3

2

2

Traffic
Engineering
Techniques

3

3

3

3

3

3

3

3

Transit
Treatments

3

2

3

1

3

3

3

3

* 0 = Unacceptable, 1 = Poor, 2 = Moderate, 3

ing out the goals of such programs. Existing land-use and
zoning regulations can be changed, but lack of actual experience in large-scale reallocations of urban land leaves
only theoretical rather than proven guidelines as to the
optimum size and location of new multi-activity urban
communities,
The pricing techniques package is evaluated as having
the lowest feasibility for current implementation, with particular problems in obtaining the support of private organizations and the approval and participation of private
individuals. It should be noted, however, that none of the
eight proposed packages is found to be less than moderately
feasible over all. No unacceptable feasibility ratings were

Excellent.

thought to be justified, because critical problems inherent
in certain individual techniques have been reduced by packaging them with other supportive measures. Similarly, in
the five instances where poor ratings were given for mdividual feasibility criteria, these are outweighed by the larger
number of higher ratings for other criteria. In short, five
of the proposed packages are evaluated as excellent and the
remaining three as moderate with regard to over-all feasi.
bility for current implementation.
Although packaging of congestion-reduction techniques
improves the feasibility of the individual approaches in general, it may generate new problems in the area of essential
institutional support where several public and private en-

.

M
tities become involved in the program. Some of the most
important and difficult tasks of the local agency responsible
for its implementation will be to select from the many federal and state assistance programs available those that will
be compatible and appropriate to the goals of the local program, and to coordinate the efforts of these various agencies. Special care must be taken to prevent inadvertent
working at cross-purposes, or the imposition of general,
nationwide, or statewide objectives where they are not
appropriate to the local situation.

work, and improved routes are not so likely to become
recongested as in large cities.
Transit treatments and land-use changes are rated as
moderately effective mid-range and long-range packages of
techniques, whereas programs of ride sharing and workhours changes are thought to be only marginally useful in
small cities. The package of communications substitutes is
rated as ineffective in this problem area.

RECOMMENDATIONS FOR APPLICATION OF
PROPOSED PACKAGES

Peak-period congestion on urban freeways and arterials can
best be alleviated by major shifts in mode of commuting to
public transit that can be achieved with the development of
the integrated suburb-to-CBD system called for in the transit treatments package. The traffic engineering package,
combining freeway surveillance and control with improvements in the capacity of existing roadways, can also be
highly effective, but is rated below transit because of the
tendency for congestion to reappear on routes where driving
conditions have been improved.
Land-use changes that eliminate needs for long commuter
trips to work are believed to offer long-lasting solutions to
the problem of overcrowded urban road systems, but the
benefits from implethenting this package of techniques cannot be expected to be felt for some years. More immediate
solutions can be provided by the prearranged ride-sharing
or work-hours changes packages, although the percentage
of total users of the road system participating in such programs will be relatively small and benefits will be limited.
Commuters traveling to the CBD can also be discouraged
from using the overcrowded road system during peak periods by programs that restrict vehicle access to downtown
areas and penalize all-day parking. Communications substitutes for travel to work can also reduce the number of
rush-hour automobile commuters. The effectiveness of these
three packages of techniques, however, is highly dependent
on the share of total work trips that terminate in the CBD.
Most urban areas have major employment centers outside
of the CBD that generate peak-period congestion on freeways and arterials, and these trips will not be affected by
programs focused on the city center. For this reason, these
three packages were rated as less effective in reducing congestion on the urban freeway and arterial system.

Five common types of peak-period traffic congestion have
been identified.
Table 6 ranks the eight proposed packages of techniques
for their relative suitability as solutions to each of these
congestion problems. This ranking represents a summation
of the preceding evaluations of effectiveness, cost, indirect
impacts, and feasibility of the packages.
Before presenting and discussing the recommendations,
however, four caveats should be noted. First, the evaluations are based on very few firm data and largely represent
estimates of the study team, supported by informed opinion.
Second, the process of summarizing requires that the overriding characteristic be identified and complexities and contradictions of the real situation be momentarily ignored.
Third, the packages presented do not represent the only
possible combinations of techniques that could be applied
to these congestion problems; others might be designed that
could be highly effective in different urban areas. And,
finally, these programs are evaluated with reference to theoretical problem settings; the unique characteristics of individual urban areas may affect the cost, effectiveness, indirect impacts, and feasibility in ways that cannot be
represented in these general recommendations.
CBDs of Large Cities

The optimum solution to peak-period congestion in CBDs
of large cities is believed to be the package of transit treatments, followed closely by the packages of pricing techniques and restriction of access. Changes in land use offer
substantial long-range benefits, whereas changes in work
hours and prearranged ride-sharing packages are recommended as moderately effective short-term solutions. Traffic
engineering techniques and communications substitutes
packages are evaluated as least effective in dealing with
the severe congestion conditions that occur in large CBDs.
CBDs of Small Cities

Congestion in CBDs of small cities responds best to the
pricing techniques package designed for small cities, which
is focused on parking controls. Restriction of access is believed to be the second most effective solution. Traffic
engineering techniques that improve the capacity of the
road system are found to be beneficial in small cities; the
relatively limited economic activity of the community sets
the upper limits of the number of commuters traveling to

Urban Freeways and Arterials

Roadways with Strong One-Directional Flow
Roadways that exhibit strong one-directional flow in the
morning rush hours and comparable flow in the reverse
direction during evening peaks can best be relieved of congestion by the traffic engineering package. Techniques of
utilizing lightly traveled lanes in directions opposing the
heavy flow which are part of this package particularly offer
low-cost, readily implemented solutions. The transit package offers the next best solution by significantly reducing
the number of vehicles required to transport commuters
over these routes.
Prearranged ride-sharing programs serve the same purpose and are rated as the third most effective option, primarily on the basis of their potential for immediate ef-
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TABLE 6
RANKING OF THE PROPOSED PACKAGES AS SOLUTIONS TO FIVE
COMMON TYPES OF CONGESTION PROBLEMS *
MajorProblem Areas

Special Problem Areas

CBDs
of
Large
Cities

CBDs
of
Small
Cities

Urban
Freeways
and
Arterials

Roadways
with Strong
One-Directional
Flow

Roadways
with Limited
Options for
Alternative
Routes

Work-Hour Changes

5

7

5

5

5

Pricing Techniques

2

1

8

7

1

Access Restriction

4

2

6

8

6

Land-Use Changes

3

5

3

4

3

Prearranged Ride
Sharing

6

6

4

3

4

Communications Substitutes for Travel

8

8

7

6

8

Traffic Engineering
Techniques

7

3

2

1

7

Transit Treatments

1

4

1

2

2

Package

* 1 = Most effective, 8 = Least effective.

fectiveness. Changes in land use, however, promise more
lasting benefits by reducing basic needs to travel along these
routes, and communities may wish to consider implementing both of these packages, the first to provide near-term
improvements in traffic flow and the second to achieve a
more satisfactory long-range solution.
The package of work-hours changes can be used to spread
the peak demand over a longer period. Techniques of providing communications substitutes for travel may also be
effective where the congested roadway provides access to
concentrations of financial, research, and similar activities
that lend themselves well to independent work at dispersed
locations. The packages of restriction of access and pricing
techniques may also be effective if the congested route leads
into the CBD, where these disincentives to peak-period
automobile commuting can be applied. However, these
packages are useful only under these prescribed conditions,
and are rated lower on the scale for not being universally
applicable to the problem.

Roadways with Limited Options for Alternative Routes

The package of pricing techniques appears to offer the
optimum solution to peak-period congestion on bridges,
tunnels, and other roadways for which options in alternative routes are limited. Not only can the penalties for peakperiod commuting by individual drivers deter the use of
these crowded facilities, but additional benefits also can be
realized elsewhere in the urban transportation system by
the reduction in vehicles entering the central city.
Improving transit services to accommodate former drivers is a part of the pricing techniques program, but good
results could also be expected from application of the transit treatments package, even without the benefits of pricing
penalties. Congestion in itself on these restricted routes
may generate changes of mode if transit services are of high
quality.
Changes in land use are seen as the primary long-range
solution to congestion problems created by geographical
limitations of access to the central city. Such solutions can

62
be much more cost-effective than continuing to accommodate masses of commuters over or under bodies of water
or through mountain passes.
Some relief to the peak-period congestion of limitedoption routes can be obtained through the packages of prearranged ride sharing and work-hours changes. Programs
of restriction of access may also be of benefit if the destinations of many of the commuters lie in the city center.
Traffic engineering techniques and communications substitutes are rated as having the lowest potential for dealing
with this problem.
Over-All Application of Proposed Packages

The package of transit treatments is rated as having the
highest over-all applicability to the full range of common
peak-period congestion problems of urban areas, and offers
a mid-term (1 to 3 years) effectiveness at moderate cost to
local government. Its indirect impacts on the community
are generally beneficial, reducing congestion in other parts
of the total urban transportation system, consumption of
automotive fuel, air pollution, and accident rates. It is also
unique among the proposed packages in offering benefits in
improved mobility for those who do not drive or cannot
afford to own a car, and has an over-all high feasibility
rating.
Short-term benefits throughout the entire urban transportation system can be realized at relatively low cost

through application of the packages of work-hours changes,
prearranged ride sharing, and the more modest versions of
pricing techniques and restriction of access. Portions of the
traffic engineering package can also be implemented rapidly
and at low cost, but impacts of these programs tend to be
more localized and do not yield over-all reductions in peakperiod traffic congestion throughout the system.
The package of techniques for changes in land use has
been rated throughout this analysis as only moderately useful as a congestion-reduction treatment, primarily because
benefits from this program cannot be expected for some
time after its initiation. In recognition of the urgency of
existing congestion problems in so many urban areas, this
negative feature of land-use programs was given considerable weight when its over-all effectiveness and feasibility
were compared to those of other packages.
However, the study team believes that modifying urban
land uses represents the best long-range solution to peakperiod traffic congestion. Lasting improvements in the
balance of travel demands and system capacity can be
realized through bringing work and home locations closer
together, thus permitting substitution of pedestrian, bicycle,
or short auto travel for the lengthy commuter trips that are
now required. Other social and economic benefits associated
with improved allocation of land in and around cities may
also provide solutions to other critical urban problems in
addition to that of peak-period traffic congestion.

CHAPTER FOUR

CONCLUSIONS AND RECOMMENDATIONS
MAJOR CONCLUSIONS

Several important conclusions can be drawn from this research into solutions to peak-period traffic congestion that
should be of particular concern to designers of local
congestion-reduction programs. These are:
Traffic congestion is basically a supply-and-demand
problem. Because congestion conditions exist when demand
for roadway is greater than can be efficiently accommodated
by the existing road system, the problem must be treated by
increasing the capacity of the system to meet the demand
or by reducing demand so that it can be handled effectively
within the existing capacity.
In general, solutions aimed at reducing demand are
preferable to those aimed at the supply side of the equation.
Techniques that work toward decreasing the numbers of
vehicles attempting to use overcrowded roads during peak
commuting hours tend to provide more lasting solutions to
congestion than those that attempt to increase the capacity
of the system to meet the continually growing needs for
more commuter room.

Congestion is to a certain extent a self-regulating
phenomenon. Congestion in itself acts as a deterrent to
drivers choosing to add their vehicles to an already overcrowded roadway. When road capacity is increased, this
deterrent is weakened, and although, for a time, traffic flows
more smoothly, new users are soon attracted to the improved route until congestion conditions reappear.
The self-regulating phenomenon is more pronounced
in large urban areas than in smaller ones. The smaller
economic base in less-populated urban areas places limits
on needs to commute to work, and techniques directed
toward increasing road capacity may be relatively longlasting, especially if supported by other techniques aimed
at reducing travel demands in critical locations. However,
the larger, more volatile economy of major urban areas
produces an almost endless supply of commuters, who
quickly adjust their travel-to-work patterns to take advantage of improved traffic conditions.
None of the individual techniques studied demonstrates
a potential for significant reduction of traffic congestion.
The application of individual congestion-reduction tech-
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niques offers the promise, at best, of only marginal improvements to the movement of traffic throughout urban areas.
Certain restrictive techniques may be highly effective within
limited controlled areas, but may increase congestion in
other parts of the total system.
Joint implementation of compatible techniques can be
significantly more effective in reducing peak-period traffic
congestion. Many techniques are mutually supportive and
work better in combination than singly. In some cases, one
technique is essential to the successful application of another to the point that the latter will not function effectively without simultaneous implementation of the former.
Packages of mutually supportive techniques are recommended as the most effective congestion-reduction programs.
Different types of congestion problems require different solutions. No simple program can be expected to
provide an equally effective solution to all types of congestion problems. Even the eight packages recommended in
this study for their broad applicability are not suggested
as treatments for all five kinds of peak-period traffic problems; some are relevant to only two or three congestion
situations, whereas others depend on some modification of
component techniques to make them suitable for use in a
wider range of problem areas.
Many options are available for designing packages of
compatible techniques. Eight proposed packages of congestion-reduction techniques are described in this report.
Although they are believed to be among the most broadly
beneficial, they do not represent the only feasible combinations of techniques that can be applied successfully to local
congestion problems. Program designers should look for
combinations of approaches that are particularly suited to
their unique local situations. So long as care is taken to
avoid the simultaneous implementation of incompatible
techniques in ways that they will function counterproductively, other highly effective combinations can be utilized.
The optimum solution to peak-period traffic congestion lies in reshaping urban areas. Although the package
of transit treatments is evaluated as presenting the greatest
over-all applicability to current congestion problems, the
ultimate solution, not only to traffic congestion, but also
many other urban problems, lies in changing land use so
that places of residence and work are brought closer together and needs for long commuter trips are eliminated.
Basic costs to local government of initiating such changes
by modifying existing land-use plans and zoning ordinances
are small, but major investments over a number of years
from federal government and the private sector are necessary to translate the revised plans and ordinances into
physical realities.
A program combining short-range and long-range
solutions is recommended. The optimum plan for alleviating peak-period traffic congestion is believed to be the
adoption by local government of a dual program. Immediately effective packages of techniques that will produce
short-term improvements can be implemented simultaneously with long-range packages of techniques, such as
changes in land use and substituting communications for
travel to work, that will provide lasting solutions to the
problem.

RESEARCH NEEDS
Extent of Current Knowledge

It has frequently been stated throughout this report, particularly where it has been necessary to evaluate and compare congestion-reduction techniques and packages, that
remarkably few reliable data are available on the effectiveness and costs of these measures, and almost no information exists on the indirect social, economic, and environmental impacts that might result from their implementation.
Many of the individual techniques have been applied in
various locations both in this country and abroad, and these
experiences have been observed and reported. Often, however, these activities have been undertaken for purposes
other than specifically reducing peak-period traffic congestion, and their utility in this particular problem area has
largely been ignored.
The packages of techniques present an even greater information problem, because they are inventions of the study
team and have never, so far as is known, been implemented
as coordinated, mutually supportive programs. The scarcity
of information on the individual techniques is compounded
for the packages; the effects of interaction of the techniques
can only be speculated about.
Needs for further research in this entire subject area are
urgent. Problems of peak-period traffic congestion are widespread and are contributing significantly to urban blight and
the deterioration of city centers, to environmental pollution
and excessive consumption of automotive fuel, to the frequency of automobile-related accidents, and to the increase
in the stresses of urban living that are now characteristic of
cities.
As a guide to designing further NCHRP research programs on potential solutions to peak-period traffic congestion, the eight packages of congestion-reduction techniques
were evaluated as to (a) the extent of current knowledge
of their effectiveness, (b) costs, and (c) indirect impacts.
Special attention was directed toward the social, economic,
and environmental benefits and disbenefits that might be
generated indirectly by implementation of the packages,
because it was recognized that this area was the least
understood and was urgently in need of further study.
Once these detailed evaluations were made, each package was rated for its over-all potential for current application that reflected both its estimated effectiveness and feasibility and the extent to which these factors were reliably
established. This analysis was to assist in determining the
relative urgency of research needs; packages of high potential usefulness, but lacking in some area of essential information would lend priority to research in that area over that
exercised by packages of lesser potential subject to many
unknowns. Similarly, an information need common to a
number of packages would take precedence over one
applicable to only a single package.
In the companion publication to this document (see
"Foreword"), specific recommendations for research studies were selected on the basis of their relative urgency
among a number of potential studies of congestionreduction measures. These recommendations represent the
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study team's selection of the most critical information needs
within a subject area that in its entirety should be given
priority attention.
Effectiveness and Cost Data
The analysis undertaken indicated the extent of existing
knowledge on the eight packages of congestion-reduction
techniques with regard to their effectiveness in reducing
congestion and their direct costs of implementation. In
general, more information is available on costs of implementation than on the effectiveness of these measures in
reducing peak-period congestion, inasmuch as they have
been used more frequently for other purposes than alleviating peak-period congestion. Costs have been recorded where
no measures have been taken in changes in traffic flow.
Also, data on effectiveness suffer from lack of a standard
measure of congestion.
Current knowledge of the effectiveness of entire packages
of techniques is rated as insufficient for even rough estimates, except in the case of the traffic engineering package
where data on the two component techniques is of relatively high reliability. The best of the data on freeway
surveillance and control and maximizing use of existing
facilities are apparently derived from monitoring actual
applications of these techniques. None of the information
currently obtainable on the remaining individual techniques
is adequate for more than developing rough estimates of
their potential effect on peak-period congestion. Data are
particularly unsatisfactory on central city congestion impacts of road pricing, extended-area transit, New Towns,
and planned neighborhoods.
Cost data for implementing staggered work hours, carpooling, changing zoning and building codes, and the traffic
engineering techniques are sufficient for arriving at reliable
estimates for new applications. They are least satisfactory
for special-area transit, much of which is in the development stage;. traffic cells, of which only two European examples are known; and New Towns, which have involved such
large numbers of unrelated public and private entities to
achieve such widely divergent development goals that it is
impossible without further study to estimate total investment required for the type of development postulated in
the land-use package.
Indirect Impacts Data
The extent of current knowledge of the indirect benefits and
disbenefits that could be generated by application of
congestion-reduction techniques and packages was also
analyzed. Nine impact areas were identified; in none of
these areas are existing data considered sufficient to provide reliable guides to the effect of implementing any of the
eight packages of techniques. In nearly 40 percent of the
cases, information is considered insufficient even for arriving at rough estimates.
Certain of the individual techniques have been implemented and observed to the degree that reliable estimates
can be drawn from existing data in some impact areas.
These techniques include staggered work hours, carpooling,
transit circulation systems, and traffic engineering tech-

niques to maximize use of existing roadways. Least is
known about the indirect social, economic, and environmental effects of road pricing, communications substitutes
for travel, New Towns, transit marketing, and extendedarea services. In one case (planned neighborhoods) indirect impacts are better known than direct effects on congestion, because these programs have often been carried on
for social purposes and monitored for their effectiveness in
those areas.
Information needs exist in all nine impact areas, but they
appear to be most critical in the areas of long-range travel
demands and patterns, environmental pollution, public
safety, and both public and private institutional considerations. Economic impacts appear to be the most adequately
researched, and equity considerations are nearly as well
understood. These distinctions, however, are minor; needs
for further research in all areas are acute, especially with
regard to the implementation of packages of congestionreduction techniques.
Potential for Immediate Application

All of the proposed packages of congestion-reduction techniques presented in this report were designed as effective
and feasible solutions to peak-period congestion problems.
None of the packages has yet been implemented to test
these assumptions or to be sure of the indirect impacts on
the community that might result from their implementation.
In short, all are believed potentially beneficial, but none has
yet been proven to be.
Earlier in the study, before the concept of packaging
mutually supportive groups of techniques was developed, it
was assumed that an effective research program could be
designed on the basis of the state of the art of the several
candidate techniques: those proven effective would be
recommended for implementation; those apparently effective and currently feasible, but not yet tried, would be recommended for demonstrations; and those needing technological or conceptual development would be identified as
subjects for analysis and design research.
Subsequent study revealed that none of the candidate
techniques qualified under the first category, because no
satisfactory assessments had even been made of their specific impacts on peak-period traffic congestion and their
indirect effects on the functioning of the total urban transportation system or their social, economic, and environmental impacts on the community. Nor are any of the 17 candidate techniques in need of basic technological or conceptual
development, because approaches evaluated as not effective
and feasible were eliminated from further consideration.
Current needs for research on individual techniques lie
entirely within the demonstration category, in testing the
actual effectiveness of these approaches and evaluating their
indirect benefits and disbenefits.
Within this narrow range of readiness for immediate
implementation, however, the study team attempted to rank
the eight proposed packages of congestion-reduction techniques. The following order represents a combined evaluation of their presumed effectiveness and feasibility to the
degree to which these factors are known:
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Transit treatments.
Changes in work hours.
Carpooling.
Restriction of access.
Traffic engineering techniques.
Changes in land use.
Pricing techniques.
Communications substitutes.
Proposed Research Topics

Potential research topics identified by the preceding analyses
and the state-of-the-art analysis of individual techniques
were then evaluated in terms of four criteria:
Readiness of the relevant package or packages for
implementation.
Comprehensiveness of the topic to be researched.
Over-all social significance of the research topic.
Relevance of the research topic to NCHRP concerns.
Ten research topics emerged as recommendations for
further NCHRP-sponsored studies in the area of solutions
to peak-period traffic congestion. Evaluation of potential
research topics and recommended research is reported in
"Peak-Period Traffic Congestion: State-of-the-Art Analysis
and Recommended Research" (see "Foreword" for availability). These topics were presented in the appendix to
that report in the format of individual second-stage problem submittals used by AASHTO in designing annual research programs, each introduced by a review of the
rationale behind its selection.
The ten specific research efforts proposed for future
NCHRP programs are:
Development of a Standardized Monitoring System
for Evaluating Congestion-Reduction Programs.
Impacts of Congestion Solutions on Long-Range
Travel Demands and Patterns.
Impacts on Congestion of Increased Transit Ridership.
Institutional Impacts of Joint Implementation of Restrictive Congestion-Reduction Techniques.
Design of Demonstrations of Restricting Vehicle
Access.

Warrants for Priority Vehicle Lanes and Exclusive
Vehicle Ways.
Universal Guideway Concept.
Reassessment of Freeway and Arterial Geometric
Design Criteria.
Economic Impacts and Equity Considerations of
Pricing Techniques.
Demonstration of a Neighborhood Work Communications Center.
The most urgent research need in this area is represented
by the initial proposal, which would provide a widely
applicable standardized monitoring system for evaluating
and comparing alternative approaches to alleviating peakperiod traffic congestion. The proposed system would not
only supply information on direct effectiveness in treating
congestion, but would also examine associated costs of
implementation, feasibility factors, and the indirect social,
economic, and environmental impacts that occur as a result
of utilizing alternative congestion-reduction packages and
individual techniques.
Of the remaining nine research proposals, six are focused
primarily on the least understood elements of congestionreduction efforts—the indirect benefits and disbenefits to
the local environment, economy, and social structure, and
institutions. Another study seeks to assess the direct effectiveness of improving transit services, considered by the
study team as potentially the most broadly applicable of the
alternative treatments. One looks for a reassessment of
currently used freeway and arterial design criteria in light
of recent changes in vehicle design and regulation of speed
limits. Finally, a demonstration of the most innovative of
the treatments is iecommended—a neighborhood communications work center—in which the effectiveness, feasibility,
and indirect impacts of substituting communications for
travel to work can be observed and evaluated.
Each individual research statement is preceded by justification of its utility in terms of the four evaluation criteria
previously given. These criteria and the selection of the
ten research topics reflect the study team's emphasis on
research that will lead to the development of implementable
congestion-reduction strategy.

Published reports of the
NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM

are available from:
Transportation Research Board
National Academy of Sciences
2101 Constitution Avenue
Washington, D.C. 20418
Rep.
No. Title
-* A Critical Review of Literature Treating Methods of
Identifying Aggregates Subject to Destructive Volume
Change When Frozen in Concrete and a Proposed
Program of Research—Intermediate Report (Proj.
4-3(2)),
81p.,
$1.80
1 Evaluation of Methods of Replacement of Deteriorated Concrete in Structures (Proj. 6-8),
56 p.,
$2.80
2 An Introduction to Guidelines for Satellite Studies of
Pavement Performance (Proj. 1-1), 19 p., $1.80
2A Guidelines for Satellite Studies of Pavement Performance, 85 p.+9 figs., 26 tables, 4 app., $3.00
3 Improved Criteria for Traffic Signals at Individual
Intersections—Interim Report (Proj. 3-5),
36 p.,
$1.60
4 Non-Chemical Methods of Snow and Ice Control on
Highway Structures (Proj. 6-2),
$3.20
74 p.,
5 Effects of Different Methods of Stockpiling Aggregates—Interim Report (Proj. 10-3), 48 p., $2.00
6 Means of Locating and Communicating with Disabled Vehicles—Interim Report (Proj. 3-4), 56 p.
$3.20
7 Comparison of Different Methods of Measuring
Pavement Condition—Interim Report (Proj. 1-2),
29 p.,
$1.80
8 Synthetic Aggregates for Highway Construction
(Proj. 4-4),
13 p.,
$1.00
9 Traffic Surveillance and Means of Communicating
with Drivers—Interim Report (Proj. 3-2),
28 p.,
$1.60
10 Theoretical Analysis of Structural Behavior of Road
Test Flexible Pavements (Proj 1-4), 31 p., $2.80
11 Effect of Control Devices on Traffic Operations—
Interim Report (Proj. 3-6),
107 p.,
$5.80
12 Identification of Aggregates Causing Poor Concrete
Performance When Frozen—Interim Report (Proj.
4-3(1)),
47p.,
$3.00
13 Running Cost of Motor Vehicles as Affected by Highway Design—Interim Report (Proj. 2-5),
43 p.,
$2.80
14 Density and Moisture Content Measurements by
Nuclear Methods—Interim Report (Proj. 10-5),
$3.00
32 p.,
15 Identification of Concrete Aggregates Exhibiting
Frost Susceptibility—Interim Report (Proj. 4-3(2)),
$4.00
66 p.,
16 Protective Coatings to Prevent Deterioration of Concrete by Deicing Chemicals (Proj. 6-3),
21 p.,
$1.60
17 Development of Guidelines for Practical and Realistic Construction Specifications (Proj. 10-1), 109 p.,
$6.00
18 Community Consequences of Highway Improvement
(Proj. 2-2),
$2.80
37 p.,
19 Economical and Effective Deicing Agents for Use on
Highway Structures (Proj. 6-1),
$1.20
19 p.,
* Highway Research Board Special Report 80.

Rep.
No. Title
20 Economic Study of Roadway Lighting (Proj. 5-4),
$3.20
77 p.,
21 Detecting Variations in Load-Carrying Capacity of
Flexible Pavements (Proj. 1-5),
$1.40
30 p.,
22 Factors Influencing Flexible Pavement Performance
(Proj. 1-3(2)),
69 p.,
$2.60
23 Methods for Reducing Corrosion of Reinforcing
Steel (Proj. 6-4),
22 p.,
$1.40
24 Urban Travel Patterns for Airports, Shopping Centers, and Industrial Plants (Proj. 7-1),
116 p.,
$5.20
25 Potential Uses of Sonic and Ultrasonic Devices in
Highway Construction (Proj. 10-7), 48 p., $2.00
26 Development of Uniform Procedures for Establishing
Construction Equipment Rental Rates (Proj. 13-1),
33 p.,
$1.60
27 Physical Factors Influencing Resistance of Concrete
to Deicing Agents (Proj. 6-5),
$2.00
41 p.,
28 Surveillance Methods and Ways and Means of Communicating with Drivers (Proj. 3-2), 66 p., $2.60
29 Digital-Computer-Controlled Traffic Signal System
for aSmall City (Proj. 3-2),
82 p.,
$4.00
30 Extension of AASHO Road Test Performance Concepts (Proj. 1-4(2)),
$1.60
33 p.,
31 A Review of Transportation Aspects of Land-Use
Control (Proj. 8-5),
$2.00
41 p.,
32 Improved Criteria for Traffic Signals at Individual
Intersections (Proj. 3-5),
134 p.,
$5.00
33 Values of Time Savings of Commercial Vehicles
(Proj. 2-4),
74p.,
$3.60
34 Evaluation of Construction Control Procedures—
Interim Report (Proj. 10-2),
117 p.,
$5.00
35 Prediction of Flexible Pavement Deflections from
Laboratory Repeated-Load Tests (Proj. 1-3(3)),
117 p.,
$5.00
36 Highway Guardrails—A Review of Current Practice
(Proj. 15-1),
33 p.,
$1.60
37 Tentative Skid-Resistance Requirements for Main
Rural Highways (Proj. 1-7),
$3.60
80 p.,
38 Evaluation of Pavement Joint and Crack Sealing Materials and Practices (Proj. 9-3),
$2.00
40 p.,
39 Factors Involved in the Design of Asphaltic Pavement Surfaces (Proj. 1-8),
112 p.,
$5.00
40 Means of Locating Disabled or Stopped Vehicles
(Proj. 3-4(1)),
40 p.,
$2.00
41 Effect of Control Devices on Traffic Operations
(Proj. 3-6),
$3.60
83 p.,
42 Interstate Highway Maintenance Requirements and
Unit Maintenance Expenditure Index (Proj. 14-1),
144 p.,
$5.60
43 Density and Moisture Content Measurements by
Nuclear Methods (Proj. 10-5),
$2.00
38 p.,
44 Traffic Attraction of Rural Outdoor Recreational
Areas (Proj. 7-2),
$1.40
28 p.,
45 Development of Improved Pavement Marking Materials—Laboratory Phase (Proj. 5-5),
24 p.,
$1.40
46 Effects of Different Methods of Stockpiling and
Handling Aggregates (Proj. 10-3),
102 p.,
$4.60
47 Accident Rates as Related to Design Elements of
Rural Highways (Proj. 2-3),
173 p.,
$6.40
48 Factors and Trends in Trip Lengths (Proj. 7-4),
70 p.,
$3.20
49 National Survey of Transportation Attitudes and
Behavior—Phase I Summary Report (Proj. 20-4),
$3.20
71 p.,

Rep.
No. Title
50 Factors 1nfluencing Safety at Highway-Rail Grade
113 p.,
Crossings (Proj. 3-8),
$5.20
51 Sensing and Communication Between Vehicles (Proj.
3-3),
105 p.,
$5.00
52 Measurement of Pavement Thickness by Rapid and
Nondestructive Methods (Proj. 10-6),
82 p.,
$3.80
53 Multiple Use of Lands Within Highway Rights-ofWay (Proj. 7-6),
$3.20
68 p.,
54 Location, Selection, and Maintenance of Highway
Guardrails and Median Barriers (Proj. 15-1(2)),
$2.60
63 p.,
55 Research Needs in Highway Transportation (Proj.
20-2),
66 p.,
$2.80
56 Scenic Easements—Legal, Administrative, and Valuation Problems and Procedures (Proj. 11-3), 174 p.,
$6.40
57 Factors Influencing Modal Trip Assignment (Proj.
8-2),
$3.20
78 p.,
58 Comparative Analysis of Traffic Assignment Techniques with Actual Highway Use (Proj. 7-5), 85 p.,
$3.60
59 Standard Measurements for Satellite Road Test Program (Proj. 1-6),
$3.20
78 p.,
60 Effects of Illumination on Operating Characteristics
of Freeways (Proj. 5-2)
148 p.,
$6.00
61 Evaluation of Studded Tires—Performance Data and
Pavement Wear Measurement (Proj. 1-9),
66 p.,
$3.00
62 Urban Travel Patterns for Hospitals, Universities,
Office Buildings, and Capitols (Proj. 7-1),
144 p.,
$5.60
63 Economics of Design Standards for Low-Volume
Rural Roads (Proj. 2-6),
$4.00
93 p.,
64 Motorists' Needs and Services on Interstate Highways
(Proj. 7-7),
$3.60
88 p.,
65 One-Cycle Slow-Freeze Test for Evaluating Aggregate Performance in Frozen Concrete (Proj. 4-3(1)),
$1.40
21 p.,
66 Identification of Frost-Susceptible Particles in Concrete Aggregates (Proj. 4-3(2)),
$2.80
62 p.,
67 Relation of Asphalt Rheological Properties to Pavement Durability (Proj. 9-1),
$2.20
45 p.,
68 Application of Vehicle Operating Characteristics to
Geometric Design and Traffic Operations (Proj. 310),
$2.00
38 p.,
69 Evaluation of Construction Control Procedures—
Aggregate Gradation Variations and Effects (Proj.
10-2A),
$2.80
58 p.,
70 Social and Economic Factors Affecting Intercity
Travel (Proj. 8-1),
$3.00
68 p.,
71 Analytical Study of Weighing Methods for Highway
Vehicles in Motion (Proj. 7-3),
$2.80
63 p.,
72 Theory and Practice in Inverse Condemnation for
Five Representative States (Proj. 11-2),
44 p.,
$2.20
73 Improved Criteria for Traffic Signal Systems on
Urban Arterials (Proj. 3-5/1),
$2.80
55 p.,
74 Protective Coatings for Highway Structural Steel
(Proj. 4-6),
$2.80
64 p.,
74A Protective Coatings for Highway Structural Steel—
Literature Survey (Proj. 4-6),
275 p.,
$8.00
74B Protective Coatings for Highway Structural Steel—
Current Highway Practices (Proj. 4-6),
102 p.,
$4.00
75 Effect of Highway Landscape Development on
Nearby Property (Proj. 2-9),
$3.60
82 p.,

Rep.
No. Title
76 Detecting Seasonal Changes in Load-Carrying Capabilities of Flexible Pavements (Proj. 1-5(2)),
$2.00
37 p.,
77 Development of Design Criteria for Safer Luminaire
Supports (Proj. 15-6),
82 p.,
$3.80
78 Highway Noise—Measurement, Simulation, and
Mixed Reactions (Proj. 3-7),
$3.20
78 p.,
79 Development of Improved Methods for Reduction of
Traffic Accidents (Proj. 17-1),
163 p.,
$6.40
80 Oversize-Overweight Permit Operation on State Highways (Proj. 2-10),
120 p.,
$5.20
81 Moving Behavior and Residential Choice—A National Survey (Proj. 8-6),
129 p.,
$5.60
82 National Survey of Transportation Attitudes and
Behavior—Phase II Analysis Report (Proj. 20-4),
$4.00
89 p.,
83 Distribution of Wheel Loads on Highway Bridges
(Proj. 12-2),
$2.80
56 p.,
84 Analysis and Projection of Research on Traffic
Surveillance, Communication, and Control (Proj.
3-9),
$2.40
48 p.,
85 Development of Formed-in-Place Wet Reflective
Markers (Proj. 5-5),
$1.80
28 p.,
86 Tentative Service Requirements for Bridge Rail Systems (Proj. 12-8),
$3.20
62 p.,
87 Rules of Discovery and Disclosure in Highway Condemnation Proceedings (Proj. 11-1(5)),
28 p.,
$2.00
88 Recognition of Benefits to Remainder Property in
Highway Valuation Cases (Proj. 11-1(2)),
24 p.,
$2.00
89 Factors, Trends, and Guidelines Related to Trip
Length (Proj. 7-4),
59 p.,
$3.20
90 Protection of Steel in Prestressed Concrete Bridges
(Proj. 12-5),
$4.00
86 p.,
91 Effects of Deicing Salts on Water Quality and Biota
—Literature Review and Recommended Research
(Proj. 16-1),
$3.20
70 p.,
92 Valuation and Condemnation of Special Purpose
Properties (Proj. 11-1(6)),
$2.60
47 p.,
93 Guidelines for Medial and Marginal Access Control
on Major Roadways (Proj. 3-13),
147 p.,
$6.20
94 Valuation and Condemnation Problems Involving
Trade Fixtures (Proj. 11-1(9)),
$1.80
22 p.,
$2.40
95 Highway Fog (Proj. 5-6),
48 p.,
96 Strategies for the Evaluation of Alternative Transportation Plans (Proj. 8-4),
111 p.,
$5.40
97 Analysis of Structural Behavior of AASHO Road
Test Rigid Pavements (Proj. 1-4(1)A),
35 p.,
$2.60
98 Tests for Evaluating Degradation of Base Course
Aggregates (Proj. 4-2),
98 p.
$5.00
99 Visual Requirements in Night Driving (Proj. 5-3),
$2.60
38 p.,
100 Research Needs Relating to Performance of Aggregates in Highway Construction (Proj. 4-8),
68 p.,
$3.40
101 Effect of Stress on Freeze-Thaw Durability of Concrete Bridge Decks (Proj. 6-9),
$3.60
70 p.,
102 Effect of Weldments on the Fatigue Strength of Steel
Beams (Proj. 12-7),
114 p.,
$5.40
103 Rapid Test Methods for Field Control of Highway
Construction (Proj. 10-4),
$5.00
89 p.,
104 Rules of Compensability and Valuation Evidence
for Highway Land Acquisition (Proj. 11-1),
$4.40
77 p.,

Rep.
No. Title
105 Dynamic Pavement Loads of Heavy Highway Vehicles (Proj. 15-5),
94 p.,
$5.00
106 Revibration of Retarded Concrete for Continuous
Bridge Decks (Proj. 18-1),
$3.40
67 p.,
107 New Approaches to Compensation for Residential
Takings (Proj. 11-1(10)),
$2.40
27 p.,
108 Tentative Design Procedure for Riprap-Lined Channels (Proj. 15-2),
75 p.,
$4.00
109 Elastomeric Bearing Research (Proj. 12-9), 53 p.,
$3.00
110 Optimizing Street Operations Through Traffic Regulations and Control (Proj. 3-11),
100 p.,
$4.40
111 Running Costs of Motor Vehicles as Affected by
Road Design and Traffic (Proj. 2-5A and 2-7),
$5.20
97 p.,
112 Junkyard Valuation—Salvage Industry Appraisal
Principles Applicable to Highway Beautification
(Proj. 11-3(2)),
$2.60
41 p.,
113 Optimizing Flow on Existing Street Networks (Proj.
3-14),
414.p.,
$15.60
114 Effects of Proposed Highway Improvements on Property Values (Proj. 11-1(1)),
42p.,
$2.60
115 Guardrail Performance and Design (Proj. 15-1(2)),
$3.60
70 p.,
116 Structural Analysis and Design of Pipe Culverts
(Proj. 15-3),
155 p., $6.40
117 Highway Noise—A Design Guide for Highway Engineers (Proj. 3-7),
$4.60
79 p.,
118 Location, Selection, and Maintenance of Highway
Traffic Barriers (Proj. 15-1(2)),
96 p.,
$5.20
119 Control of Highway Advertising Signs—Some Legal
Problems (Proj. 11-3(1)),
$3.60
72 p.,
120 Data Requirements for Metropolitan Transportation
Planning (Proj. 8-7),
$4.80
90 p.,
121 Protection of Highway Utility (Proj. 8-5),
115 p.,
$5.60
122 Summary and Evaluation of Economic Consequences
of Highway Improvements (Proj. 2-11),
324 p.,
$13.60
123 Development of Information Requirements and
Transmission Techniques for. Highway Users (Proj.
3-12),
239 p.,
$9.60
124 Improved Criteria for Traffic Signal Systems in
Urban Networks (Proj. 3-5),
$4.80
86 p.,
125 Optimization of Density and Moisture Content Measurements by Nuclear Methods (Proj. 10-5A),
$4.40
86 p.,
126 Divergencies in Right-of-Way. Valuation (Proj. 114),
57p.,
$3.00
127 Snow Removal and Ice Control Techniques at Interchanges (Proj. 6-10),
$5.20
90 p.,
128 Evaluation of AASHO Interim Guides for Design
of Pavement Structures (Proj. 1-11),
111 p.,
$5.60
129 Guardrail Crash Test Evaluation—New Concepts
and End Designs (Proj. 15-1(2)),
89 p.,
$4.80
130 Roadway Delineation Systems (Proj. 5-7), 349 p.,
$14.00
131 Performance Budgeting System for Highway Maintenance Management (Proj. 19-2(4)),
213 p.,
$8.40
132 Relationships Between Physiographic Units and
Highway Design Factors (Proj. 1-3(1)),
161 p.,
$7.20

Rep.
No. Title
133 Procedures for Estimating Highway User Costs, Air
Pollution, and Noise Effects (Proj. 7-8),
127 p.,
$5.60
134 Damages Due to Drainage, Runoff, Blasting, and
Slides (Proj. 11-1(8)),
$2.80
23 p.,
135 Promising Replacements for Conventional Aggregates
for Highway Use (Proj. 4-10),
$3.60
53 p.,
136 Estimating Peak Runoff Rates from Ungaged Small
Rural Watersheds (Proj. 15-4),
$4.60
85 p.,
137 Roadside Development—Evaluation of Research
(Proj. 16-2),
$4.20
78 p.,
138 Instrumentation for Measurement of Moisture—
Literature Review and Recommended Research
(Proj.21-1),
60p.,
$4.00
139 Flexible Pavement Design and Management—Systems Formulation (Proj. 1-10),
64 p.,
$4.40
140 Flexible Pavement Design and Management—Materials Characterization (Proj. 1-10),
118 p.,
$5.60
141 Changes in Legal Vehicle Weights and Dimensions—
Some Economic Effects on Highways (Proj. 19-3),
184.p.,
$8.40
142 Valuation of Air Space (Proj. 11-5),
48 p.,
$4.00
143 Bus Use of Highways—State of the Art (Proj. 8-10),
406 p.,
$16.00
144 Highway Noise—A Field Evaluation of Traffic Noise
Reduction Measures (Proj. 3-7),
$4.40
80 p.,
145 Improving Traffic Operations and Safety at Exit Gore
Areas (Proj. 3-17)
120 p.,
$6.00
146 Alternative Multimodal Passenger Transportation
Systems—Comparative Economic Analysis (Proj.
8-9),
$4.00
68 p.,
147 Fatigue Strength of Steel Beams with Welded Stiffeners and Attachments (Proj. 12-7),
85 p.,
$4.80
148 Roadside Safety Improvement Programs on Freeways
—A Cost-Effectiveness Priority Approach (Proj. 207),
$4.00
64 p.,
149 Bridge Rail Design—Factors, Trends, and Guidelines
(Proj. 12-8),
$4.00
49 p.,
150 Effect of Curb Geometry and Location on Vehicle
Behavior (Proj. 20-7),
$4.80
88 p.,
151 Locked-Wheel Pavement Skid Tester Correlation and
Calibration Techniques (Proj. 1-12(2)),
100 p.,
$6.00
152 Warrants for Highway Lighting (Proj. 5-8),
117
p.,
$6.40
153 Recommended Procedures for Vehicle Crash Testing
of Highway Appurtenances (Proj. 22-2),
19 p.,
$3.20
154 Determining Pavement Skid-Resistance Requirements
at Intersections and Braking Sites (Proj. 1-12),
64
p.,
$4.40
155 Bus Use of Highways—Planning and Design Guidelines (Proj. 8-10),
161 p.,
$7.60
156 Transportation Decision-Making—A Guide to Social
and Environmental Considerations (Proj. 8-8(3)),
135 p.,
$7.20
157 Crash Cushions of Waste Materials (Proj. 20-7),
$4.80
73 p.,
158 Selection of Safe Roadside Cross Sections (Proj.
20-7), 57 p.,
$4.40
159 Weaving Areas—Design and Analysis (Proj. 3-15),
119 p.,
$6.40

Rep.
No. Title
160 Flexible Pavement Design and Management—Systems Approach Implementation (Proj. 1-1A),
54 p..,
$4.00
161 Techniques for Reducing Roadway Occupancy During Routine Maintenance Activities (Proj. 14-2),
55 p.,
$4.40
162 Methods for Evaluating Highway Safety Improve150 p.,
$7.40
ments (Proj. 17-2A),
163 Design of Bent Caps for Concrete Box-Girder Bridges
124p.,
$6.80
(Proj. 12-10),
164 Fatigue Strength of High-Yield Reinforcing Bars
(Proj. 4-7),
$5.60
90 p.,
165 Waterproof Membranes for Protection of Concrete
Bridge Decks—Laboratory Phase (Proj. 12-11),
70 p.
$4.80
166 Waste Materials as Potential Replacements for High$5.60
way Aggregates (Proj. 4-1A),
94 p.,
167 Transportation Planning for Small Urban Areas
(Proj. 8-7A),
$4.80
71 p.,
168 Rapid Measurement of Concrete Pavement Thickness
and Reinforcement Location—Field Evaluation of
Nondestructive Systems (Proj. 10-8),
63 p.,
$4.80
169 Peak-Period Traffic Congestion—Options for Cur$4.80
rent Programs (Proj. 7-10),
65 p.,

Synthesis of Highway Practice
No. Title
1 Traffic Control for Freeway Maintenance (Proj. 20-5,
Topic 1),
$2.20
47 p.,
2 Bridge Approach Design and Construction Practices
(Proj. 20-5, Topic 2),
$2.00
30 p.,
3 Traffic-Safe and Hydraulically Efficient Drainage
Practice (Proj. 20-5, Topic 4),
$2.20
38 p.,
4 Concrete Bridge Deck Durability (Proj. 20-5, Topic
3),
$2.20
28 p.,
5 Scour at Bridge Waterways (Proj. 20-5, Topic 5),
$2.40
37 p.,
6 Principles of Project Scheduling and Monitoring
(Proj. 20-5, Topic 6), 43 p., $2.40
7 Motorist Aid Systems (Proj. 20-5, Topic 3-01),
$2.40
28 p.,
8 Construction of Embankments (Proj. 20-5, Topic 9),
$2.40
38 p.,

No. Title
9 Pavement Rehabilitation—Materials and Techniques
(Proj. 20-5, Topic 8),
$2.80
41 p.,
10 Recruiting, Training, and Retaining Maintenance and
Equipment Personnel (Proj. 20-5, Topic 10), 35 p.,
$2.80
11 Development of Management Capability (Proj. 20-5,
Topic 12),
$3.20
Sop.,
12 Telecommunications Systems for Highway Administration and Operations (Proj. 20-5, Topic 3-03),
$2.80
29 p.,
13 Radio Spectrum Frequency Management (Proj. 20-5,
Topic 3-03),
$2.80
32 p.,
14 Skid Resistance (Proj. 20-5, Topic 7),
66 p.,
$4.00
15 Statewide Transportation Planning—Needs and Requirements (Proj. 20-5, Topic 3-02),
41 p.,
$3.60
16 Continuously Reinforced Concrete Pavement (Proj.
20-5, Topic 3-08),
$2.80
23 p.,
17 Pavement Traffic Marking—Materials and Application Affecting Serviceability (Proj. 20-5, Topic 305),
44 p.,
$3.60
18 Erosion Control on Highway Construction (Proj.
20-5, Topic 4-01),
$4.00
52 p.,
19 Design, Construction, and Maintenance of PCC
Pavement Joints (Proj. 20-5, Topic 3-04),
40 p.,
$3.60
20 Rest Areas (Proj. 20-5, Topic 4-04),
38 p.,
$3.60
21 Highway Location Reference Methods (Proj. 20-5,
$3.20
Topic 4-06),
30 p.,
22 Maintenance Management of Traffic Signal Equipment and Systems (Proj. 20-5, Topic 4-03)
41 p.,
$4.00
23 Getting Research Findings into Practice (Proj. 20-5,
Topicli)
24p.,
$3.20
24 Minimizing Deicing Chemical Use (Proj. 20-5,
Topic 4-02),.
$4.00
58 p.,
25 Reconditioning High-Volume Freeways in Urban
$4.00
Areas (Proj. 20-5, Topic 5-01),
56 p.,
26 Roadway Design in Seasonal Frost Areas (Proj. 20-5,
104 p.,
$6.00
Topic 3-07),
27 PCC Pavements for Low-Volume Roads and City
$3.60
Streets (Proj. 20-5, Topic 5-06),
31 p.,
28 Partial-Lane Pavement Widening (Proj. 20-5, Topic
$3.20
5-05),
30 p.,
29 Treatment of Soft Foundations for Highway Embankments (Proj. 20-5, Topic 4-09),
25 p.,
$3.20
30 Bituminous Emulsions for Highway Pavements (Proj.
$4.80
20-5, Topic 6-10),
76 p.,
31 Highway Tunnel Operations (Proj. 20-5, Topic 5-08),
$3.20
29 p.,
32 Effects of Studded Tires (Proj. 20-5, Topic 5-13),
$4.00
46 p.,
33 Acquisition and Use of Geotechnical Information
$4.00
(Proj. 20-5, Topic 5-03),
40 p.,
34 Policies for Accommodation of Utilities on Highway
Rights-of-Way (Proj. 20-5, Topic 6-03),
22 p.,
$3.20
35 Design and Control of Freeway Off-Ramp Terminals
$4.40
(Proj. 20-5, Topic 5-02),
61 p.,
36 Instrumentation and Equipment for Testing Highway
Materials, Products, and Performance (Proj. 20-5,
$4.80
70p.,
Topic6-01),

THE TRANSPORTATION RESEARCH BOARD is an agency of the National

Research Council, which serves the National Academy of Sciences and the National
Academy of Engineering. The Board's purpose is to stimulate research concerning the
nature and performance of transportation systems, to disseminate information that the
research produces, and to encourage the application of appropriate research findings.
The Board's program is carried out by more than 150 committees and task forces
composed of more than 1,800 administrators, engineers, social scientists, and educators
who serve without compensation. The program is supported by state transportation and
highway departments, the U.S. Department of Transportation, and other organizations
interested in the development of transportation.
The Transportation Research Board operates within the Commission on Sociotechnical Systems of the National Research Council. The Council was organized in 1916
at the request of President Woodrow Wilson as an agency of the National Academy of
Sciences to enable the broad community of scientists and engineers to associate their
efforts with those of the Academy membership. Members of the Council are appointed
by the president of the Academy and are drawn from academic, industrial, and governmental organizations throughout the United States.
The National Academy of Sciences was established by a congressional act of incorporation signed by President Abraham Lincoln on March 3, 1863, to further science and
its use for the general welfare by bringing together the most qualified individuals to deal
with scientific and technological problems of broad significance. It is a private, honorary
organization of more than 1,000 scientists elected on the basis of outstanding contributions to knowledge and is supported by private and public funds. Under the terms of its
congressional charter, the Academy is called upon to act as an official—yet independent—advisor to the federal government in any matter of science and technology,
although it is not a government agency and its activities are not limited to those on
behalf of the government.
To share in the tasks of furthering science and engineering and of advising th' federal
government, the National Academy of Engineering was established on December 5,
1964, under the authority of the act of incorporation of the National Academy of
Sciences. Its advisory activities are closely coordinated with those of the National
Academy of Sciences, but it is independent and autonomous in its organization and
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