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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 transpor-
tation develops increasingly complex problems of wide interest 
to highway authorities. These problems are best studied through 
a coordinated program of cooperative research. 
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contributions to the solution of highway transportation problems 
of mutual concern to many responsible groups. The program, 
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FOREVVORD This manual is for use by transportation planners, traffic engineers, and transit 
operators involved in planning, programming, and implementing all types of low-cost 

By Staff transportation improvements. Although it is oriented to near-term improvements in 
Transportation urban areas of all sizes, the approach and information presented also may be of interest 

Research Board to agencies engaged in longer range, rural or statewide planning and implementation. 
The manual presents guidelines and recommendations on approaches and procedures 
for (1) identifying and assessing problems, (2) identifying and screening potential 
solutions to these problems, (3) determining the information needed to make design 
and operational decisions, (4) selecting and applying techniques to produce this in-
formation, and (5) formulating priority improvement programs. 

The body of information on developing, assessing, and implementing TSM actions 
has grown significantly in recent years. Studies have addressed the planning, design, 
and operation of TSM improvements; presented techniques for analyzing general types 
of improvements; and assessed the likely impacts of different TSM measures. In 
addition, the U.S. Department of Transportation has sponsored demonstrations of 
several TSM options and disseminated results to state and local planning agencies. 

Nevertheless, there is still general consensus among practitioners that a number 
of problems remain with procedures for identifying, evaluating, and implementing 
low-cost TSM projects. The applicability of many proposed actions, the complexity 
of many analytic methods, the responsiveness of planning activities to the immediacy 
of TSM, and the difficulties in establishing priorities among projects are problems 
frequently cited by transportation agencies responsible for TSM project development,v' 
programming, and implementation. The need for simplified procedures that adpe 
these problems was the impetus for this research (NCHRP Project 7-11). 

The research reviewed existing procedures and techniques for evaluating proposed 
TSM actions and developing priority programs of these actions. Few gaps were 
identified, with most related to limited information on the actual performance of TSM 
actions in different settings. More serious deficiencies were noted in when and how 
techniques were applied, and in the overall approach commonly taken to planning 
and programming TSM actions. The research effort responded to these deficiencies 
by (1) developing a planning/programming framework well suited to the low-cost 
and quick-response objectives of TSM, (2) summarizing information to help agencies 
identify appropriate TSM solutions to-ommon problems and screen these potential 
actions for applicability in local,et(gs, and (3) preparing guidelines to help agencies 
determine the information eded to evaluate proposed actions and select appropriate 
techniques for preparing-that information. 

This manual prnts the research findings in a form directly applicable by 
transportation pr'essionals at municipal, regional, and state agencies. It documents 
a practical, 'problem-oriented approach to identifying, developing, evaluating, and 
progr3mming TSM actions. Its tables, guidelines, and information summaries will 
assi agencies in applying the approach to identify feasible, workable, and low-cost 



solutions to near-term problems in their communities. Analysis procedures are pre-
sented that will help agencies develop potential solutions into packages ready for 
programming and implementation, and sample applications and case studies illustrate 
their use. 

The research conducted as background for preparation of the manual is docu-
mented in a separate report: "Low-Cost TSM Projects; Simplified Procedures for 
Evaluation and Setting Priorities." That report is not published in the regular NCHRP 
report series, but a limited number of copies are available at a cost of $6.00 per copy. 
(or microfiche may be purchased at a cost of $4.50) upon written request to the 
Cooperative Research Programs, Transportation Research Board, 2101 Constitution 
Avenue, N.W., Washington, D.C. 20418. In addition to describing the scope, approach, 
findings, conclusions, and recommendations of the research, the agency report contains 
the following supporting material: 

Responses to questionnaires and interviews conducted to determine the re-
sponsibilities, resources, needs, and perceptions of agencies involved in planning, 
programming, and implementing TSM actions. 

An annotated bibliography of literature reviewed in conducting the study. 
A review of packaging and programming techniques. 
A review of action classification schemes and other procedures used to identify 

and screen TSM actions. 
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SIMPLIFIED PROCEDURES FOR EVALUATING 
LOW-COST TSM PROJECTS 

USER'S MANUAL 

SUMMARY 	 Many problems exist with approaches commonly taken in 
planning and programming low-cost transportation improvements, 
and with procedures available to support these activities. Too 
frequently, transportation systems management, or TSM, has been 
viewed as a checklist or catalogue of actions, even though many 
actions are inappropriate in specific situations faced by most 
transportation agencies. Undue emphasis has been placed on 
unique and exotic actions, instead of on practical approaches to 
addressing observable and resolvable problems. Although work-
able, low-cost actions have been implemented in most urban 
areas, TSM planning also has produced "wishlists" of projects 
that will take years to implement and projects that have proven 
inoperable. 

The problem-oriented approach to short-range planning and 
programming presented in this manual can be applied to avoid 
these problems. In this approach, low-cost transportation 
improvements are explicitly considered as versatile means of 
resolving specific problems, improving operational efficiency, 
or accommodating anticipated near-term growth and development. 
Planning and project development efforts are focused on the 
following tasks: 

Understanding the operations of specific transport facili-
ties and services and determining the underlying causes of 
identified problems. 

Carefully screening actions, so only feasible, acceptable, 
and potentially effective solutions are considered. 

Refining candidate actions into detailed physical, opera-
tional, and other changes that are tailored to specific problems 
and sites. 

The approach also introduces financial considerations and policy 
objectives early in the planning process. Problems and 
resources for their resolution are regularly reviewed by a 
community or agency, allowing realistic priorities, objectives, 
and expectations to be established. 

In addition to presenting the recommended approach and 
illustrating its application in situations typically faced by 
state, regional, and municipal agencies, the manual contains an 
extensive Reference Handbook compiled to support agencies in 
applying the approach. The handbook contains tables, guide-
lines, notes, literature references, and other information 
sources prepared to help agency staff in the following aspects 
of project planning: 

Identifying and screening potential solutions to problems 
they are attempting to resolve. 

Determining the information needed to make project design 
decisions. 

Selecting and applying appropriate techniques to produce 
this information. 



Organization of the Manual 

The manual is organized into three parts so that it can func-
tion both as a procedural or instructional guide and as a 
reference manual; their contents are briefly described as fol-
lows: 

Part I -- Introduction and Procedural Guide. Chapter One 
briefly summarizes the problems in TSM that led to. the develop-
ment of this manual, and introduces the approach recommended for 
planning and programming low-cost transportation improvements. 
Chapter Two describes strategic management activities conducted 
by transportation agencies, and recommends changes in the acti-
vities that will improve the efficiency and effectiveness of an 
agency's short-range planning and programming efforts. Chapter 
Three presents an engineering or design approach to project 
planning and development that is recommended for application 
within the strategic management framework, and discusses some 
key issues in the analysis and evaluation of proposed projects. 
Chapter Four provides an example application of the recommended 
project planning procedure, and shows how material in the 
Reference Handbook is applied in project analysis and design. 

Part II - - Reference Handbook. 	The handbook contains 
tables, guidelines, information sheets, and other aids compiled 
to assist projects planners and engineers in identifying, 
screening, analyzing, and evaluating TSM actions. The contents 
are organized as follows: 

Screening Aids 

Action identification tables that provide general 
approaches and types of TSM actions to consider 
for solving several typical problems. 

Profiles on various actions that present conditions 
where they are applicable and effective, issues 
and potential problems to consider in their 
design and operation, factors to be considered in 
their analysis and evaluation, and sources of 
more detailed information on their design and 
performance. 

ct Estimation and Analysis Aids 

- Guidelines on developing efficient analysis plans 
and selecting relevant performance measures. 

- Method selection tables that identify appropriate. 
techniques for estimating measures in different 
planning situations. 

- Notes that describe and illustrate simplified or 
refined estimation techniques that are not pre-
sented in readily available literature. 

Additional Planning and Evaluation Aids 

-. Notes on various problem assessment, packaging, and 
program development techniques, including bene-
fit/cost and cost-effectiveness analysis. 

- Information sources including a basic reference 
library for planners in small communities and 
addresses of agencies that distribute information 
on TSM actions and analysis procedures. 

Part III -- Applications. Five case studies are presen-
ted that show how the recommended approach to project planning 
and program development can be adapted to different situations. 



The manual is not intended as a stand-alone reference; 
indeed, it could not be self-contained and cover the breadth of 
TSM. It attempts to compile a lot of information in a useful 
form, but frequently refers users to other documents for more 
detailed information on TSM actions and analysis techniques. 
The manual should be treated as a working document, with users 
adding references, action profiles, notes on techniques, case 
studies, and other information to meet their specific needs. 

Readers Guide 

Agency administrators of short-range management and plann-
ing functions should review Part I. The discussion of strategic 
management activities in Chapter Two will be of particular 
interest, because it recommends changes that should improve the 
efficiency and effectiveness of the agency's short-range project 
planning and priority programming activities. 

Project managers should read Part I, especially the recom-
mended approach to project planning presented in Chapter Three. 
They also should review Parts II and III so they can assist pro-
ject staff in applying the manual in specific planning studies. 

Engineers and planners engaged in project planning and 
development should read Chapters Three and Four of Part I to 
understand the recommended approach, and review some of the 
applications presented in Part III. Part II should be reviewed 
to gain enough familiarity with its contents so it can be used 
as a reference document in the course of project planning. 

General readers may find Part I useful in understanding 
the procedures and decisions involved in planning and program-
ming low-cost transportation improvements. The Screening Aids 
and Infornation Sources in Part II will be of interest to 
readers seeking information of specific actions and their appli-
cability to local situations. 



PART! 
INTRODUCTION AND PROCEDURAL GUIDE 

cHAPTER ONE 

A NEW APPROACH TO IMPLEMENTING TRANSPORTATION 
SYSTEMS MANAGEMENT 

PURPOSE OF MANUAL 

A growing body of literature describes 
the philosophy of Transportation Systems 
Management (TSM) and its role in the 
planning process, and sets forth technical 
procedures for classifying improvements 
and measuring their effectiveness. Too 
often, however, this literature overlooks 
the immediate-action nature of TSM actions 
and the limited data and staff resources 
available to most communities considering 
their implementation -- factors that 
mandate 	simplified, 	coordinative 
approaches to evaluating improvements and 
setting priorities. 

The research leading to this manual 
also identified other problems with TSM 
planning that deal primarily with the 
general approach or framework often ap-
plied in developing and evaluating 
actions. Too frequently, TSM has been 
viewed as a planning process "requirement" 
rather than an action program. TSM ac-
tions often are proposed not as rational 
responses to identified needs or problems, 
but as concepts to be inserted blindly 
into a region's Transportation Improvement 
Program (TIP), independent of ongoing sys-
tem improvement efforts. The actions have 
come to be considered almost for their own 
sake rather than as creative solutions to 
problems. In addition, their analysis 
frequently has been conducted in a frame-
work designed for long-range policy and 
major capital planning, rather than for 
short-range problem solving leading to 
projects designed in sufficient detail for 
immediate implementation. As a result, 
TSM has beeen dismissed as irrelevant by 
large segments of the transportation plan-
ning and operations community, even in 
areas where it might effectively be 
applied. 	 - - 

The concept of TSM is not new; many of 
its components represent some 75 years of 
efforts by planners and engineers to im-
prove the operational efficiency of trans- 
portation 	facilities 	and 	networks. 
Traffic engineering, parking management, 
transit service improvements, street use 
priorities, 	and 	various 	regulatory, 
pricing and operations management improve-
ments have been designed and implemented 
in all sizes of communities. Many of 
these low-cost physical and operational 
improvements have been the focus of other 
programs such as TOPICS, Transit Develop-
ment Planning, and High Hazard Locations. 

What is new in TSM is the emphasis on 
coordifiation, and the incorporation of a 
variety of managerial, regulatory and low-
cost physical and operational actions into 
the transportation planning, funding, and 
implementation processes established by 
the U.S. Department of Transportation 
(USDOT) and other agencies. 

The manual was developed to assist 
state, regional, and municial agencies in 
using TSM as a means of solving near-term 
problems through the implementation of 
low-cost, 	workable, 	and 	publicly 
acceptable transportation improvements. 
It presents and demonstrates a practical 
approach to short-range planning and 
program development that can be applied to 
integrate TSM into an agency's on-going 
transportation planning and implementation 
processes. Its Reference Handbook draws 
on the profession's extensive experience 
with planning and implementating low-cost 
improvements; 	it 	provides 	tables, 
guidelines, and notes on TSM actions and 
their analysis, as well as references to 
reports and manuals covering specific 
aspects of TSM. 

OUTLINE OF APPROACH 

The approach is designed to guide the 
transportation agency in the planning of 
TSM projects by providing a series of 
logical steps that start with the 
identification and definition of a 
problem, 	and 	proceed 	through 	an 
increasingly 	detailed 	process 	of 
elimination and refinement of candidate 
actions until a workable solution is 
chosen, 	designed, 	programmed, 	and 
implemented. A focus on implementation 
enables the planner or engineer to 
systematically discard proposed actions 
that do not help solve the identified 
problem(s), and to mix and refine those 
that do until a solution is reached or 
found infeasible within the constraints 
imposed by the local situation (e.g., 
physical barriers or lack of funds to 
widen a right-of-way). 

The attributes of most problems addres-
sed by TSM actions are well defined, 
because they are based largely on direct 
observations and measurements of existing 
conditions or on specific development pro-
posals. Operational, performance, travel, 



and other informational data useful in 
designing actions often are available from 
system inventories and monitoring or from 
previous studies, or can be collected 
through field measurements or interviews. 
In many instances, the actions and their 
potential effectiveness also are well 
known, and the design and analysis of many 
commonly imp1emnted actions already have 
been codified in manuals regularly used by 
transportation agencies. Even when TSM 
actions are considered as part of a policy 
study (e.g., a study of actions to reduce 
regional energy consumption), the identi-
fication of specific problem areas, the 
existence of design standards or warrants, 
and a goal of near-term implementation 
often can serve to impose a project design 
focus on their analysis. 

Its action orientation and detailed 
information base make TSM planning funda- 
mentally 	different 	from 	long-range 
planning. The process used for TSM plan-
ning should reflect these differences, 
which are summarized in Table 1, and not 
mimic the comprehensive "alternatives 
analysis" process that has been developed 
for long-range planning. With few excep-
tions, it is not necessary to carry out 
extensive analysis and prepare tables dis-
playing the many potential transportation, 
social and environmental consequences of 
alternative investments and policies to 
determine good, low-cost solutions to 
near-term problems. 

A more fitting approach to TSM project 
planning is one in which the following 
questions are sequentially answered in 
arriving at a workable and acceptable sol-
ution (if any can be designed): 

Will the proposed actions solve the 
problems or meet primary planning 
objectives? 

If effective in solving the prob-
lems, do the actions help achieve other 
objectives of the agency or community? 

Can any community, environmental, or 
institutional impediments to implementa-
tion be overcome by modifying or supple-
menting the actions? 

Differences between TSM and longer 
range, more expensive improvements also 
should be considered in setting TSM in-
vestment priorities and policies. The 
orientation of TSM actions toward solving 
near-term problems precludes a formal pro-
gramming process in many cases, because 
officials may be under pressure to quickly 
implement actions once they have been de-
signed. In addition, because TSM projects 
are implemented for a variety of reasons, 
many of their objectives may be difficult 
to quantify or compare.The types of cost 
commitments (e.g., "up-front" versus re-
curring) incurred as a result of program-
ming TSM actions also can vary consider-
ably. A traffic engineering project, for 
example, may have a significant construc-
tion cost partially funded by outside 
sources, and require only minor mainten-
ance over a 5- to 10-year period; in 
contrast, a carpoo.l matching project en-
tails a commitment of relatively uniform 
funding over that same period for opera-
tions and promotion, and may have to be 
totally funded from local sources. With 
some actions, the planning costs may be a 
significant portion of initial implementa-
tion costs, so the decision to start a 
study is in itself a major programming 
decision. The usual approach of develop-
ing programs along modal lines in response 
to the priorities of and funds available 
to individual implementing agencies, of 
course, often impedes the coordination 
required for solving many corridor, sub-
area, or region-wide problems (e.g., 
coordinated traffic engineering, parking 
policy, and transit actions to solve a 
congestion problem). And even with this 
attempt to simplify the problem, agencies 
with restricted budgets still are left 

Table 1. Key differences between TSM and long-range planning. 

TSM Long-Range 

Problenm Clearly defined, Dependent on growth scenarios 
observable and projected travel 

Scale Usually local, Usually corridor or regional 
subarea or 
corridor 

Objectives problem-related Broad, policy-related 

Options Few specific actions Several modal, network, and 
alignment alternatives 

Analysis Usually analogy or Based on trip and network 

Procedures simple operational models 
relationships 

Response Time Quick response is Not critical 
essential 

Product Design for implement- Preferred alternative for 
ation further study or detailed 

design 



with lengthy lists of projects from which 
only a few can be selected for near-term 
implementation. 

The approach recommended to TSM 
improves the coordination of planning and 
programming decisions so that both can be 
made efficiently and effectively. Thi.s is 
accomplished by broadening the concept of 
programming into strategic management, in 
which policy and programming questions 
(e.g., what problems to resolve? and how 
much to spend?) are addressed, in contrast 
to project or tactical planning, which is 
primarily concerned with answering design 
or specification questions (e.g., what 
actions will help solvea specific 
problem? and how should they be designed 
and implemented?). Key features of this 
process are: 

A consistent assessment of problems 
and an understanding of their causes. 

The establishment of realistic 
objectives for TSM actions designed to 
solve the problems. 

The setting of fiscal and other 
guidelines for design and development of 
actions. 

The identification of potential 
actions that are appropriate and feasible 
in the problems' setting. 

The 	systematic 	design 	of 
implementable projects that combine or 
"package" actions as necessary to meet the 
objectives 	established 	for 	problem 
solution. 

The remainder of Part I covers in 
detail the approach recommended for 
planning and programming TSM actions. 
Chapter Two describes the overall approach 
and strategic management activities, such 
as 	needs 	assessments 	and 	capital 
budgeting, that provide a framework for 

efficient project planning. Chapter Three 
describes tactical or project planning 
activities required to develop effective 
solutions. The use of the manual in 
-project planning is illustrated in Chapter 
Four, which serves as an introduction to 
Parts II (a Reference Handbook) and III 
(Applications). 

KEY TERMS 

Some of the terms used in this manual 
may need clarification; the following is a 
brief glossary: 

action: either a type of physical or 
operational change (e.g., "reversible 
lanes" or "employer vanpool program") or a 
specific change (e.g., ban parking along 
Main Street between Spruce and Elm from 7 
to 9 AM). In general, the implied level 
of detail increases as planning progresses. 

package: a group of actions, either 
general or specific, proposed to solve a 
specific set of problems. 

program: a list of specific actions 
and packages to be implemented during the 
next fiscal period(s), usually I or 2 
years, supplemented with funding and 
scheduling information. 

project 	or 	tactical 	planning: 
activities that develop detailed solu-
tions to a specific set of problems. 

strategic management: activities that 
establish an agency's, community's or 
region's needs, objectives, priorities, 
and improvement programs. 

strategy: a general approach that can 
be taken to solving specific problems 
(e.g., 	"improve . traffic 	flow" 	or 
"encourage ridesharing"). 

CHAPTER TWO 

A STRATEGIC MANAGEMENT FRAMEWORK 
FOR TSM 

Strategic management is a set of 
activities undertaken to provide an effi-
cient, problem-oriented framework for 
planning, 	designing, 	evaluating, 	and 
implementing low-cost TSM projects. It 
covers not only the programming of recom-
mended projects, but also the setting of 
realistic guidelines for design and 
development so projects can be funded and 
implemented without excessive delays. A 
careful assessment of needs in relation to 
available funding, a key aspect of strate-
gic management, helps an agency to sort 
out problems that should and can receive 
immediate attention, and to set reasonable 
expectations for the performance of solu-
tions to those problems. Even rough 
guidelines for problem identification and 

solution design can direct an agency's 
planning and design efforts toward 
developing 	useful 	and 	implementahie 
actions -- the-basic purpose of TSM; they 
also help (1) to ensure that limited funds 
are spent effectively and equitably, and 
(2) to demonstrate consistency and equity 
to elected officials and the general pub-
lic. 

The recommended framework is shown 
schematically in Figure 1. It draws on 
traditional planning, programming, and 
policy-setting mechanisms employed by 
transportation agencies and their elected 
or appointed overseers. The major dif-
ference is a change of empbasis,  with more 
effort being spent on the coordinated 
assessment of problems. and fiscal 



Strategic Activities 

Estimate Finarial Resources 

Identify and Assess Problems 

Reconcile Problems with 
Available Funds 

Update Planning and 
System Monitoring Programs  

Tactical Activities 

Analyze Problems and Their 
Setting 

Identify and Screen Candidate 
Solutions 

Design, Analyze, and Evaluate 
Solutions 

Recommend an Action Plan 

Update Implementation Program 

Schedule Project Implementation 

Figure 1. TSM improvement planning and programming process. 

resources, and less on matching designed 
projects with allocated funds. In the 
framework, programming is not treated as 
an appendage to project planning and 
design; rather, limitations in funding and 
other key programming considerations (such 
as equity and cost-effectiveness) are 
addressed in several management and 
planning activities, and programming deci-
sions are made as early as possible. The 
framework clearly separates activities 
that involve the development of a specific 
project (tactical) from those that involve 
the management of an agency's resources 
(strategic). 

In applying the framework, an agency 
should periodically review its backlog of 
identified problems and improvement propo-
sals and its (anticipated) planning and 
implementation budgets. Based on the 
review, standards and policy guidelines 
should be revised for assessing the pre-
sence and severity of problems and for 
designing and implementing TSM actions to 
resolve the problems. The review also can 
be used for a preliminary allocation of 
funds among categories of problems to pro-
vide working budgets for engineers and 
planners charged with designing solu-
tions. The standards should not be 'set 
with the idea of restricting needs identi-
fication, for such identification is 
necessary to obtain a complete assessment 
of overall funding requirements. The pur-
pose is to place current program develop-
ment within the confines of near-term 
resources. While projects can still be 
designed to meet general, good-practice 
standards, initial stages designed under  

the strategic standards may be necessary 
to ensure that some immediate action can 
be taken to address the more serious prob-
lems. 

Once standards and guidelines have been 
set that match anticipated funds, tactical 
or project-level planning can be carried 
out (on a local site, corridor, or subarea 
basis) to solve addressable problems with 
the expectation that solutions can be 
funded and implemented. Many smaller 
scale programming decisions can be made by 
project engineers in the course of 
developing packages of TSM actions; only a 
few projects may have to undergo a formal 
priority programming and approval process. 

STRATEGIC MANAGEMENT ACTIVITIES 

Strategic management is carried out by 
all types of transportation agencies as 
part of their internal planning, budget-
ing, and management. In short-range plan-
ning, line agencies (such as city traffic 
and parking departments and transit 
authorities) typically conduct all six 
activities shown in Figure 1 within their 
operational jurisdictions. MPO's and 
state DOT offices often provide necessary 
coordination and technical support, and 
may take the lead in developing and up-
dating programs. Although procedures 
currently used by an agency may be adequ-
ate for carrying out its responsibilities, 
changes in some areas may be desirable to 
improve the efficiency with which low-cost 
improvements are planned and programmed. 
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Each of the strategic planning activi-
ties shown in Figure 1 is described 
briefly below. The descriptions are not 
intended to be comprehensive, and are not 
presented as a rigid series of steps which 
must be followed. Instead, they present 
key features that should be incorporated 
in the procedures used by an agency to 
carry out its near-term planning and 
management responsibilities. 

Estimate Financial Resources 

Funds available to a transportation 
agency for planning, implementing and 
operating low-cost improvements primarily 
'come from the following sources: 

User fees collected by the agency, 
including fares, tolls, parking charges, 
fuel taxes, and vehicle registration fees. 

Programmed funds from federal and 
state agencies, which may be earmarked for 
specific modes or uses such as transit 
capital expenses or highway safety 
improvements. 

General and miscellaneous funds 
allocated to the agency from state or 
local sales, property, income, or other 
tax receipts. 

Estimating the funds likely to be avail-
able from these diverse sources over the 
coming 2 to 6 years is an important part 
of an agency's short-range strategic plan-
ning. 

Simplified 	procedures 	have 	been 
developed for estimating revenues and 
other funding sources. NCHRP Synthesis 72 
(1) discusses some of the revenue fore-
casting techniques used by state DOT's, 
and provides references to descriptions 
and examples of their use. In addition, 
the Federal Highway Administration's 
Program Management Division has produced a 
series of papers on financial planning and 
revenue forecasting for Statewide Finan-
cial Planning Seminars sponsored by that 
agency. Any agency not forecasting avail-
able funds should revise these sources for 
applicable techniques. 

In many situations, a single trend line 
forecast 	will 	be 	sufficient 	for 
estimating user fees and funds that are 
distributed by formula. If user fee or 
fare policy changes are proposed, however, 
an analysis of travel volume and revenue 
impacts usually is desirable. The Impact 
Estimation and Analysis Aids in the 
Reference Handbook recommend techniques 
for estimating those impacts. 

An important issue in financial plan-
ning, even in the short term, is the un-
certainty that must be placed on estimated 
funding levels from all sources due to 
inflation and other factors beyond an 
agency's control. To deal with uncer-
tainty in its fiscal planning, an agency 
should make pessimistic and optimistic 
forecasts in addition to estimating a most 
likely funding level. The lower forecast 
provides a baseline to ensure that all 
critical problems receive some attention, 
while the higher level indicates the 
amount of extra tactical planning  

warranted to ready contingency projects 
for implementation if available funding 
exceeds expectations. 

Identify and Assess Problems 

Problem 	Sources. 	Problems 	are 
identified or presented to transportation 
agencies from a variety of sources. Some 
are identified in a controlled manner 
through monitoring and observation conduc-
ted by an agency; others are identified by 
outside sources. Principal sources of 
problems commonly solved using TSM are: 

Field Reconnaissance -- Field 
inspections of traffic and transit operat-
ing conditions often will identify local 
problems such as peak-hour traffic conges-
tion and queues, traffic penetration of 
residential neighborhoods, illegal parking 
practices, pedestrian-car conflicts, goods 
loading problems, and overloaded transit 
service. 

Transportation PerformanceAnalysis 
-- Performance data such as traffic 
volumes, travel times and delays; transit 
patronage, running times and load factors; 
and parking accumulation, turnover, and 
duration often are routinely collected by 
operating agencies as part of system 
monitoring activities. 

Requests 	and 	Complaints 	- - 
Complaints received directly from the pub-
lic, through the media, or from elected 
officials are valuable in identifying 
problems. Requests from staff, other pub-
lic agencies, elected officials and 
developers also may identify problems with 
existing operations, but more frequently 
ask an agency to examine ways of handling 
emergencies or major events, of allowing 
land development to occur without disrupt-
ing the transportation system (such 
requests are often part of a permit 
approval process), of making system 
improvements that reduce user and operat-
ing costs, or of taking advantage of fund-
ing programs. 

Financial Analysis - - Problems in 
the management of public transport and 
parking systems can be determined from 
cost-revenue analysis; problems include 
inadequate pricing, excessive or redundant 
services, excessive operating, mainten-
ance, or administrative costs, and low 
productivity. 

Policy Objectives -- Problems 
sometimes can be identified where particu-
lar services or conditions in areas or 
communities do not meet broad policy 
objectives adopted at some level of 
government. Air quality, energy conserva-
tion, carpooling promotion, and mobility 
for the elderly and handicapped are 
examples of national policies that may be 
augmented by state and regional direc- 
tives; transit coverage and revenue/cost 
ratios are examples of regional for state) 
policy objectives. 

New Facility Planning - - Planning 
and design activities for new transporta-
tion facilities often forecast changes in 
travel volumes on existing facilities and 



services in the affected corridor or sub-
area, or indicate places where service 
quality or capacity improvements are 
desirable to support the proposed facility. 

Problem Assessment. A strategic review 
and assessment can help sort out 
"problems" identified by these viewed 
sources and determine which need immediate 
attemtion. Many problems identified 
through reconnaissance, monitoring, com-
plaints, and requests can be reviewed and 
assessed at set intervals (e.g., quarterly 
or semiannually), and handled as part of a 
regular system evaluation process. Some 
of these may be straightforward to assess, 
and have commonly applied solutions that 
can be designed and implemented indepen-
dently of other problems and agencies. 
Other problems, particularly those involv-
ing an executive or legislative mandate or 
extensive interagency coordination to 
resolve, may require special study. Some 
problems may be well defined or quanti-
fied, while others may be expressed as 
more general concerns even where viewed as 
major problems (e.g., truck traffic on 
residential streets). 

The task of sorting out and assessing 
problems so they can be addressed in an 
efficient manner is not an easy one. A 
number of questions should be answered as 
part of this process, including: 

Is the perceived problem a real 
one? Or does it represent a data error or 
an infrequent event? 

Does the problem require immediate 
attention? Or can it be deferred for at 
least a few years? 

Is the problem strategic in that it 
adversely affects basic transportation 
services (e.g., a major bottleneck on an 
approach to the CBD)? 

Can low-cost TSM actions be imple-
mented to solve the problem? Or are 
capital-intensive improvements needed? 

What is the approximate cost of 
resolving or alleviating the problem? 

What funds are available to finance 
the implementation and operation of 
problem solutions? 

What agencies must be involved in 
developing and implementing solutions for 
the problem? 

A checklist of questions directly related 
to an agency's responsibilities can be a 
useful aid in sorting out problems. 

Field reconnaissance and performance 
analysis, two of the problem sources noted 
above, also can help answer some of these 
questions. To simplify those activities, 
many transportation agencies have devised 
worksheets for recording and appraising 
physical and operational conditions on the 
facilities and services they operate, and 
use this information both to identify and 
assess problems. Depending on the 
agency's responsibilities, an assessment 
normally should include: 

Geometric and alignment character-
istics (e.g., pavement width, lane width, 
and horizontal and vertical curvature). 

Physical condition (e.g., damage and 
wear on structures, roadbed, pavement and 
curbs). 

Signing (e.g., signal and sign 
design and placement, and striping design 
and condition). 

Safety (e.g., accidents and acci-
dent rates, presence and condition of 
warning devices, guardrails or other pro-
tection). 

Service quality (e.g., operating 
speeds, delays, volume/capacity ratios, 
schedule adherence and coverage). 

Productivity (e.g., passenger-miles 
or passengers boarded per vehicle-mile, 
per vehicle-hour or per driver-hour). 

Cost recovery (e.g., percentage of 
operating costs covered by farebox 
revenues). 

In many cases, ratings or scores can be 
assigned to specific facilities or serv-
ices and compared to standards or criteria 
to measure the severity of a problem. 
Notes on Evaluation and Packaging Tech-
niques in the Reference Handbook discuss 
some of the problem assessment procedures 
(often referred to as deficiency or suf-
ficiency evaluations) that currently are 
used by transportation agencies. 

The periodic monitoring and systema-
tic appraisal of transportation facilities 
and services are very important parts of 
strategic management, because these acti-
vities provide an agency with information 
necessary to carry out its responsibili-
ties as the manager of a public invest-
ment. A performance analysis should be 
part of this process, but it need not be a 
detailed or elaborate rating scheme. For 
example, consistent criteria that can be 
applied to distinguish categories of prob-
lems such as "critical," "severe," "moder-
ate," and "slight" are sufficient for most 
agencies. Critical problems, for example, 
might include: 

Structural or physical conditions 
that restrict the use of a bridge or high-
way segment. 

A high frequency of transit vehicle 
breakdowns that hamper the provision of 
basic services. 

Signal systems that frequently 
malfunction and hinder smooth and safe 
operations. 

Air pollution "hot spots" far in 
excess of standards. 

On-street parking that interferes 
with traffic flow and transit operations. 

The assessment should produce a fair 
and realistic portrayal of problems and 
their relative importance. Sometimes 
observation will suffice; sometimes data 
collection and analysis will be needed. 
Checklists and simple worksheets should be 
used whenever possible to prepare and pre-
sent information and appraisals. Problem 
assessment, however, should not become so 
complex that it precludes timely decisions 
and prompt actions. 
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Reconcile Problems With Available Funds 

The performance standards an agency 
uses to identify and assess problems 
should reflect the local operating 
environment and financial resources avail-
able for their resolution. If standards 
are set too high, several years worth of 
expected funding will be required to 
address an agency's current list of 
"critical" and "severe" problems, and the 
list will lengthen if new problems arise 
and current "moderate" and "slight" prob-
lems worsen at a faster rate than solu-
tions can be funded and implemented. The 
use 	of "level- of -service C" or "seats for 
all €ransit 'riders" t 'identify severe 
peak-period problems in radial corridors 
of large cities, for example, would pro-
duce chronic backlogs of unattended prob-
lems. In contrast, a realistic setting of 
standards should produce a list of prob-
lems that can largely be resolved using 
anticipated funds, with almost all severe 
or nondeferable situations addressed over 
a reasonableperiod (e.g. , 2 to 6 years 
depending on the size of the current back-
log). 

Guidelines or standards used in 
designing and evaluating problem solutions 
also should be reviewed as part of strate-
gic management. Although standards based 
largely on accepted highway and transit 
design and operations practice (or on 
local, state, and national policy objec-
tives) may provide good measures of an 
agency's long-term "needs" and set an 
upper bound on its potential improvement 
budget, these standards usually provide 
poor guidance for near-term systems man-
agement. The use of high standards in 
designing improvements often produces a 
"wishlist" of projects that exceeds avail-
able funds and allows only the most criti-
cal problems to be solved. An adjustment 
of design guidelines may enable an agency 
to resolve or alleviate more of its prob-
lems, and generally results in a more 
beneficial or cost-effective investment of 
limited funds. The use of 10-foot turn, or 
travel lanes on urban arteries, for 
example, may allow operational and capa-
city improvements to be made at many prob-
lem sites where the expense of widening to 
comply with a 12-foot standard would pre-
clude an improvement. 

Transportation agencies in several 
states have developed or applied proce-
dures that extend the concept of a tradi-
tional needs analysis to consider funding 
limitations, primarily in response to 
declining funds for statewide highway con-
struction, reconstruction, resurfacing, 
and maintenance (1, 2). In some cases, 
impact estimation techniques (such as 
speed/flow curves) have been used in con-
junction with benefit/cost or cost-
effectiveness analysis to examine the 
implications of different performance and 
design standards. A study of proposed 
major highway improvement projects in 
Wisconsin (1, 3) showed that lower cost 
improvements 	e.g., 	widenings,spot 
improvements, 	2-lane 	freeways, 	and 
bypasses) 	were 	more 	cost-effective 
solutions in many urban and rural 

corridors than the 4- and 6-lane freeways 
initially proposed using previous design 
policies. The inclusion of the lower cost 
alternatives in a recommended 6-year 
program increased the overall program 
benefits and allowed most of the 
identified capacity and service quality 
problems to be addressed. In effect, 
state policy was revised to favor solu-
tions that (1) solved near-term capacity 
and 	service-level 	deficencies, 	and 
(2) were in line with limited construction 
budgets. TSM itself represents a similar 
response to fiscal, effectiveness and 
equity concerns, because its low-cost 
actions allow a community to respond to 
several problems instead of concentrating 
limited funds on solutions to a few. 

The adjustment of standards and guide-
lines to reflect funding levels does not 
have to be a complex process. Agencies 
with jurisdiction over only a few types of 
facilities or services will need few indi-
cators to assess their performance. Even 
large agencies, once they have examined 
the cost implications of current standards 
and established more realistic guidelines, 
should find periodic review and adjustment 
a simple process. What is needed is only 
a few, simple performance guidelines that: 

Provide a reasonably consistent 
basis for judging deficiencies, and 
clearly distinguish critical, nondeferable 
needs from less severe problems. 

Allow planners and engineers to 
design solutions that can be implemented 
with available funds. 

The guidelines and standards should remain 
consistent over a 3- to 6-year period, and 
not fluctuate in response to changes in 
annual budgets and in the number of prob-
lems "arising" each year. This implies 
that anticipated problems and budgets need 
to be smoothed over time, so that an 
agency is truly thinking in terms of man-. 
aging a resource. While the complexity of 
funding sources, limitations placed on 
their use, and changes in their annual 
budgets will often require the reschedul-
ing of actions, realistic performance 
standards will provide a benchmark that is 
sufficiently accurate for "programming" 
problems assessed either on a case-by-case 
basis or as part of an agency's periodic 
review of its domain. 

Update Planning and System Monitoring Programs 

Project planning must be carefully 
scoped if problems designated for early 
solution are to be efficiently and effec-
tively resolved. Questions that should be 
raised and at least partially answered at 
this point include: 

Can a detected problem be treated in 
isolation, or is it better addressed in 
combination with other related problems 
identified in the same vicinity or along 
the same travel corridor? (For example, 
intersection delay and accident problems 
along an artery might best be solved with 
a package that includes signal coordina-
tion along the artery.) 
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Are there problems expected to occur 
in near future that might be efficiently 
addressed along with more immediate 
problems? (For example, improvements to 
an artery might allow for travel in the 
parking lanes, reversible lanes, and/or 
additional access points once adjacent 
sites are redeveloped.) 

Is the solution of a given problem 
likely to introduce new problems or shift 
problems to nearby areas? (For example, 
closing a street to create a pedestrian 
mall may create traffic congestion on 
adjacent streets if bypass routes are not 
planned.) 

Is a detected, problem a symptom of a 
more fundamental problem? (For example, 
increased crosstown travel that creates 
traffic congestion on radial segments 
where dog-leg movements are necessary.) 

Are special data collection or 
analysis efforts required to resolve a 
problem? And, if so, how can the data 
collection be tailored to staff and 
funding resources? 

Although detailed answers to many of 
these questions may have to be deferred 
until project or tactical planning 
(discussed in Chapter Three) is under way 
and additional data have been assembled, 
available information usually can be used 
to organize an efficient project planning 
work program. This program defines the 
scope of each project planning study, and 
should include the following types of in-
format ion: 

Boundaries of the study area. 
Problems to be addressed or objec-

tives to be accomplished, with an indica-
tion of priorities. 

Indication of solution approaches to 
examine. 

Issues to consider in designing and 
evaluating solutions. 

Guidance on funding available for 
implementation and operation. 

As part of this program, interrelated or 
contiguous problems should be considered 
together in corridor and subarea studies, 
and interagency task forces should be 
organized where appropriate to conduct, 
coordinate, or oversee these studies. In 
addition, system monitoring programs might 
be revised to collect any new data 
required for the planning studies, and to 
intensely monitor facilities and services 
where problems appear to be developing or 
worsening. Manuals developed by USDOT and 
other agencies provide guidance 'on the 
types and amount'of data required in dif-
ferent situations (4, 5). 

Update an Implementation Program 

Once theplanning of a project has been 
completed (using the 4-phase process 
described in Chapter Three), an agency may 
(1) immediately commit funds for imple-
menting the recommended actions, (2) defer 
a decision until funds are available or an 
annual or other periodic programming meet-
ing is convened, or (3) resubmit the prob- 

lem for further analysis with revised 
guidelines for developing solutions. The 
first option clearly is preferred in TSM, 
given its quick-response objective. Stra-
tegic management promotes the use of that 
option, because agency officials often 
will know from previous budget and stan-
dard reviews if a package of TSM actions 
can be programmed and implemented immedi-
ately without jeopardizing the implementa-
tion of solutions to more severe problems. 

In general, project packages committed 
to implementation at completion of design 
should have several of the following 
characteristics: 

Be designed to solve one or more 
severe or critical problems. 

Consist of actions that are proven 
to the point where officials are confident 
of their estimated costs and their effec-
tiveness in solving the identified prob-
lems. 

Have low costs or be almost 
financially self-supporting. 

Use special funding sources, or draw 
on sources with ample funds. 

Have design specifications that do 
not depend on other planned or committed 
projects. 

A more difficult programming task is to 
allocate uncommitted funds among pro-
jects competing for their use, i.e., to 
select project packages not yet committed 
to implementation for inclusion in a 1-, 
2- or 3-year improvement program. Tech-
niques have been developed to assist in 
this task, and some are described in the 
Notes on Evaluation and Packaging Tech-
niQues in the Reference Handbook. 
Although some of these techniques (e.g., 
benefit/cost of cost-effectiveness) can be 
useful in examining some trade-offs in-
volved in programming decisions, none is 
well suited for rigorous application to 
the diversity of problems and actions 
covered by TSM, or to the small scale of 
most projects. 

Informal approaches that are suitable 
for packaging actions or setting priori-
ties in a project analysis also are of 
limited use. For example, a simple rule 
such as "improve the arterial street sys-
tem first" might work as a guide for 
staging roadway improvement in a corridor 
study, but does not work in developing a 
community or regional program if complex 
trade-offs involving different modes and 
objectives are involved. 
"Issues that may complicate the 

development of a short-range improvement 
program include: 

Allocating matching funds for dif-
ferent federal and state programs (e.g., 
transit capital grants vs. federal aid to 
urban systems). 

Providing for private investment in 
the community (e.g., improving access to a 
proposed office park). 

Responding to citizen concerns 
(e.g., reducing traffic on residential 
streets). 
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Equitably distributing improvements 
(e.g., funding small improvements in 
several parts of the community vs. concen-
trating on a computerized traffic si.gnal 
system in the downtown). 

The best approach appears to be the 
application of an iterative process that 
begins with sorting unfunded project pack-
ages into a few categories ofpriority 
largely based on the severity of the prob-
lems they solve, the number of people they 
benefit, and the costs of their implemen-
tation and operation. The agency would 
then assign funds to each category, start-
ing with the highest priority, until all 
budgets were exhausted. After funding 
each category, officials should step back 
and examine the program as a whole to see 
if it meets other objectives of the agency 
or region (for example, an,  equitable 
geographic distribution of projects), and 
move packages into or out of the program 
as required to meet these objectives. 
Such a filtering scheme is used by the 
Toronto Transit Commission in selecting 
bus route changes (6). 

In applying the process, alternative or 
optional packages should be considered for 
some project study areas. For example, 
intersection realignments designed to 
solve safety problems along an arterial 
corridor might form a basic package for 
that site, and be assigned to a high 
priority category for programming. Other 
recommended improvements to the cor-
ridor, such as signal coordination to 
improve traffic flow, could form supple-
mentary or "second-stage" packages and be 
assigned to lower priority categories that 
might be deferred for a few years. Pro-
ject planning activities, discussed in 
Chapter Three, should allow for this 
flexibility by developing realistic stag-
ing sequences. 

Projects prev iously programmed but not 
yet implemented also should be reviewed, 
because some might be displaced by higher 
priority projects that have been planned 
since the last program update. 

The objective of this activity should 
be a list of project packages to be imple-
mented in the next 1 to 3 years matched 
with allocated or anticipated funds. The 
program also should list some contingency 
projects that can be readied for implemen-
tation if supplementary funds become 
available or if problems arise that cancel 
or defer programmed packages. In effect, 
proposed projects are separated into three 
categories: 

1.. Implement unless funding or other 
problems develop. 
Implement if supplementary budgets 
are approved. 
Defer to later programming periods. 

There is no need to rank projects as a 
whole or within each category, and the 
limited accuracy of most cost and effec-
tiveness estimates will not support a 
detailed ranking. 

Schedule Project Implementation 

The actual scheduling of programmed 
packages may be performed in conjunction 
with program development or as a separate 
step. The schedule will depend on several 
factors, including: 

The availability of funds for their 
implementation. 

An agency's contract procurement 
procedures. 

The need for detailed engineering or 
environmental impact studies. 

Review and approval procedures 
required by funding sources. 

Coordination with system operating 
procedures, such as bus route scheduling 
and run cutting. 

The availability of staff to super-
vise or conduct the implementation. 

Although scheduling techniques, such as 
PERT or CPM networks, are used at some 
state DOT's, an informal or manual proce-
dure is adequate for transportation agen-
cies in most cities. 

SUMMARY OF FRAMEWORK FEATURES 

Strategic management draws on proce-
dures used both in the public and private 
sector to control and monitor limited 
resources. It is not a rigid proces, but 
one that can be adapted to the needs and 
responsibilities of individual agencies. 
It is well suited to TSM, for it enables 
investment and operational decisions to be 
made on an on-going basis so an agency can 
respond quickly to problems. It is direc- 
ted 	toward 	project 	design 	and 
implementation, not toward proposals, 
plans, and reports. 

Standards and guidelines set for 
assessing problems and designing solutions 
are key to strategic management. They 
allow funding limitations to be considered 
early, and enable an agency to quickly 
determine which problems can be addressed 
right away and which must be deferred. 
They provide an agency with the means to 
maintain consistency among the problems 
addressed and the projects designed and 
implemented for their resolution. In 
effect, strategic management enables 
short-range planning and project develop-
ment to be undertaken in an efficient, 
uniform manner related to critical needs 
and available resources, while remaining 
consistent with broader systems operation, 
mobility, and other objectives. 

The absence of formal techniques in the 
recommended framework should not be 
regarded as a weakness, or as an argument 
for arbitrary or subjective decision-
making. On the contrary, the framework 
encourages a series of objective decisions 
that can be presented clearly and 
succinctly to elected officials and the 
public, specifically: 
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What are our critical problems? 
How were they determined to be cri-

tical? 
What funds are available for their 

correction? 
How should the funds be spent? 

These decisions can be documented in 
annual reports, service and design 
warrants, problem assessment sheets, 
project summary sheets, and program imple-
mentation schedules. 

An important feature of the framework 
is that it helps reduce effort wasted in 
planning projects and designs that cannot 
be funded and implemented. Conversely, 
the detailed designs needed for implement-
ing solutions to "programmed" problems can 
be developed in a pragmatic and efficient 
manner knowing that they will not become 
obsolete before implementation because of 
changes in travel patterns, costs, or 
funding 	availability. 	Interagency 
cooperation fostered during planning and 
design can be continued directly into 
implementation and operation, and not dis-
sipate as a result of changes in agency 
personnel or priorities while package 
components await funding. 

As an illustration of its application, 
the Pennsylvania Department of Transporta-
tion recently initiated a special program 
to make better use of federal highway 
funds (7). The program was targeted at 
low-cost highway projects that reduced 
congestion delays, accidents, and energy 
consumption. After experiencing difficul-
ties in selecting projects submitted by 
county agencies, state officials took the 
following actions: 

Developed checklists of questions to 
help sort out problems and screen actions. 

Established funding guidelines for 
different types of corridors. 

Established evaluation criteria 
(e.g., a minimum benefit-cost ratio, a 
minimum federal participation rate, and a 
minimum daily traffic level) that would 
apply to all projects. 

Distributed a set of standard tech-
niques for estimating the corresponding 
evaluation measures. 

As a result, their programming task was. 
simplified to the selection of the best 50 
percent of submitted projects from the 
selection of the best 5 percent a year 
earlier. 

CHAPTER THREE 

PLANNING TSM PROJECTS WITHIN 
THE FRAMEWORK 

Strategic management activities set up 
a policy framework in which low-cost pro-
jects can be efficiently planned and 
implemented. They provide the planner or 
engineer with sufficient information and 
guidance to allow project planning to be 
conducted as an engineering, operations or 
design effort. They i1entify:, 

The problems to be addressed. 
The resources available for imple-

menting solutions (e.g., approximate level 
of available funds and any restrictions on 
their use). 

Guidelines and standards to apply in 
designing 	and 	evaluating 	solutions, 
including any secondary impacts that 
should be considered. 

This chapter shows how individual TSM pro-
jects can be efficiently planned within 
the strategic framework. The first sec-
tion describes a 4-phase tactical planning 
process that leads to a recommended design 
ready for implementation. The second sec-
tion discusses issues in the analysis and 
evaluation of projects that should be con-
sidered throughout the four phases. 

TACTICAL PLANNING--A 4-PHASE PROCESS 

With the establishment of realistic 
strategic 	guidelines, 	project 	or 
"tactical" planning activities can be 
conducted in a 4-phase process that 
culminates in TSM actions that are ready 
for implementation. This process is shown 
schematically in Figure 2. It involves a 
sequence 	of 	increasingly 	detailed 
decisions that lead to a workable 
solution. The key to this process is 
simplicity; an analyst is never required 
to seek or estimate information more 
precise or complex than is necessary for 
the immediate decision. It can be carried 
out by traffic engineers, transit service 
planners, or transportation planners 
working individually or together to solve 
a variety of near-tern problems. 

The TSM project planning phases shown 
in Figure 2 are described in the following 
in terms of a corridor or subarea study 
undertaken to solve several problems; 
their application to an isolated problem 
would be much simpler.For example, a 
study of accident records (in Phase 1) 
might indicate that conflicts during left-
turns are the cause of an intersection 
accident problem. In that case, Phases 2 



Phase 1 -- Analyze Problems and Their 
Setting 

Assemble and review information 	-_ - - - - - 
Analyze existing and anticipated 
conditions 	 I 

Phase 2 -- Identify and Screen Candidate 	 I 
Solutions 	 I 

Identify candidate strategies 	 I 
and actions 	 I 
Screen actions for applicability 	- - - - 
and effectiveness 

Specify initial package(s) for 	 I analysis 
Reassess basic approach if 
objectives or.strategies 
prove infeasible 

Phase 3 -- Design, Analyze, and 	 I Evaluate Solutions 

Plan the analysis 

Analyze performance of solution 
packages 

Analyze secondary impacts of 
solution packages 

Phase 4 -- Recommend an Action Plan 
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Figure 2. Project planning phases. 

and 3 might be limited to a physical and 
operational assessment of left-turn lanes 
and signal phases. 

Example case studies in Chapter Four 
and Part III of this manual show similar 
adaptations of the process in a variety of 
settings. The following discussion should 
not be viewed as a rigid process, but as a 
process that can be simplified or changed 
to meet the needs of specific applications. 

Phase 1 - Analyze Problems and Their Setting 

A 	thorough 	"conditions 	analysis" 
conducted early in project planning can 
provide information needed to identify and 
develop effective solutions. Even where 
the "problems" are related to proposed 
development or nontransportation concerns 
such as urban vitality, the knowledge 
gained from a conditions analysis will 
assist in the identification both of 
opportunities for improvement and of clear 
and realistic objectives to guide project 
design. 

la. Assemble and review information. 
Problem identification and assessment  

conducted as part of strategic management 
will provide some information on the 
problems and their causes, but it may not 
be sufficiently detailed for project 
analysis and design. . More information may 
be needed to determine the underlying. 
deficiencies in the transportation system 
that cause or contribute to the perceived 
"Problems"; otherwise, an analyst may be 
dealing only with a few symptoms. Infor-
mation on the problems' setting, including 
any development plans and short-term 
travel forecasts, should be assembled and 
reviewed to identify opportunities for 
action, constraints that may affect the 
feasibility or design of. solutions, and 
travel that should be accommodated by any 
proposed actions. Anticipated land use 
and travel changes also may lead to prob-
lems on other facilities in the immediate 
area, and their resolution in conjunction 
with immediate problems oftem will be 
cost-effective. A conditions analysis 
also may have to extend beyond the immedi-
ate problem area; for example, congestion 
on an arterial may be caused by drivers 
bypassing expressway congestion, and thus 
must be viewed as a corridor problem. 
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A useful way of addressing many of 
these issues is to graphically illustrate 
information related to the problems and 
their setting. A simple display of prob-
lems on corridor or community base maps 
often can show relationships among the 
measured or perceived problems, highlight 
underlying causes, and lead to coordinated 
solutions. An example of a problem map is 
shown in Figure 3. 

In addition to "mapping" problems, 
plots of traffic volumes, travel times, 
queue lengths, transit loads, and other 
performance measures can help agency 
officials and others understand how well 
or poorly existing transport facilities 
and services operate, and provide a bench-
mark for assessing the effectiveness of 
proposed solutions The plots also indi-
cate where information is lacking, and may 
need to be supplemented by field surveys 
or counts. 

If additional data collection appears 
warranted, the analyst should make a quick 
pass through subsequent planning steps; 
specifically, he should: 

Anticipate results of survey or 
counts. 

Identify and screen solutions that 
would be indicated by the expected results. 

Draft an analysis plan for designing 
and evaluating the solutions. 

This exercise will indicate if the data 
collection is necesary, identify the key 
information that should be collected, and 
aid in the preparation of an efficient 
collection effort. 

lb. Analyzeexistingandanticipated 
conditions. A field reconnaisance often 
will help an agency understand the 
operation of existing facilities and the 
causes of identified problems. Analyses 
of accident reports, traffic or rider 
counts, and other information also is 
useful. Techniques described in the 
Imnact Estimation and AnalysisAids in the 
Reference Handbook can be used to estimate 
capacities and other performance mesaures 
that are difficult to measure directly. 
The aids also cover travel forecasting and 
other techniques that can be applied to 
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analyze 	conditions 	resulting 	from 
anticipated growth or development in the 
study area. 

Estimation techniques used in project 
design and analysis also can be used at a 
"sketch planning" level to give an agency 
a better understanding of identified 
problems. As an example, a manual traffic 
assignment technique might be used to 
determine which trip flows entering or 
passing through a subarea encounter long 
delays, low average travel speeds, or 
circuitous routings. Such analysis may 
connect problems that appeared unrelated 
at first glance, and indicate solutions 
that would be overlooked if individual 
"problems" are treated separately. 

Phase 2 -- Identify and Screen Candidate Solutions 

Several improvement concepts initially 
may appear promising, particularly in a 
study area with many related problems. 
These concepts need to be carefully 
screened for applicability, feasibility, 
and likely effectiveness in the specific 
study area if an impleinentable set of 
actions is to be developed efficiently. 
The Reference Handbook contains two 
screening aids that can assist transporta-
tion agencies in performing this phase. 
The first, a set of TSM Action Identifica-
tion Tables, identifies approaches to 
solving general problems in which trans-
portation agencies are commonly involved, 
and lists TSM actions that could be imple-
mented separately or in combination as 
part of each approach. The second, a set 
of TSM Action Profiles, provides guide-
lines on the applicability of several of 
the actions identified in the tables, 
along with design and operational consi-
derations and other information useful in 
their screening. An agency's service, 
design, or operational warrants also 
should be applied in conducting this 
phase, and any previous analyses of simi-
lar problems should be reviewed. 

The three steps in identifying and 
screening are as follows. 

2a. Identify candidate strategies and 
actions. Once the problem is clearly 
defined, the analyst should look for 
general approaches and strategies to 
pursue in developing solutions (such as 
"improve traffic flow" or "encourage 
transit use"), as well as specific types 
of actions that might be implemented as 
part of these strategies (such as signal 
improvements or increased bus frequency). 
The scales of action (e.g., implementation 
within an employment center versus along 
approach 	corridors) 	also 	must 	be 
considered so other agencies and actors 
can be brought into the planning process. 
In effect, an analyst needs to step back 
from the results of the problem analysis 
and broadly consider potential courses of 
action that might be relevant to his 
specific 	problems, 	objectives, 	and 
setting. These may include transit 
actions to help solve traffic problems and 
operational actions to help solve capacit 
problems. This step should produce (I 
some basic, feasible approaches to solving 

the problems and (2) actions that might 
form the core of packages designed to 
implement these approaches. The TSM 
Action Identification Tables in the 
Reference Handbook are designed to assist 
in this step. 

Screen actions for applicability 
and effectiveness. Candidate strategies 
and actions must then be screened to see 
if they are realistic in terms of the 
actual or anticipated land uses and 
densities 	(for 	example, 	adequate 
population densities to support a transit 
route extension), transportation system 
and facility characteristics (for example, 
adequate rights-of-way to allow a 2-way 
left turn lane), and travel volumes and 
patterns (for example, long commutes to 
make vanpooling attractive). Physical, 
operational, and political feasibility 
should be considered as well (for example, 
existing medians and channelization that 
would interfere with a reversible lane). 
Information on their likely effectiveness 
should be obtained to help weed out 
ineffective actions and indicate the need 
for packaging in designing solutions. 
Potential impacts that might require 
mitigation also are useful to identify at 
this time, because they may affect the 
feasibility or basic design of proposed 
packages. 

At this stage of the process, analysts 
may look for information on actions 
implemented in similar situations or for 
general "rules of thumb" as the basis for 
making 	screening 	decisions; 	simple 
sketch-planning analyses also may be 
appropriate. The TSM Action Profiles in 
the 	Reference 	Handbook 	provide 
applicability 	conditions 	and 	other 
screening information. 

Specify initial package(s) for 
analysis  . 	The actions that survive the 
screening step usually are not suffi-
ciently detailed to permit implementation, 
and a starting point is needed for analy-
sis and design. In many situations, the 
nature of the problems almost mandates the 
solutions, so a single package will suf-
fice; in others, two or three packages 
representing 	different 	strategic 
approaches may provide a better starting 
point. Unlike systems planning, however, 
these "alternatives" will be modified, 
refined, discarded, or combined as 
necessary during the design process in 
Phase 3. 

Phase 3 -- Design, Analyze, and Evaluate Solutions 

The fleshing out and refinement of the 
preliminary packages to produce implement-
able actions entails a series of detailed 
decisions concerning their design and 
operation. All analysis should be 
directed at providing information for 
those decisions, and should be as simple 
as possible. The Reference Handbook con-
tains Impact Estimation and Analysis Aids 
designed to help an analyst structure an 
efficient analysis and select appropriate 
estimation techniques for carrying out the 
analysis. Key analysis and evaluation 
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issues are discussed later in this chapter. 

The design, analysis, and evaluation of 
project packages is an iterative process 
involving the following steps. 

Plan the analysis. An analysis 
plan should be prepared that covers 
factors and criteria to be used in 
evaluating solutions; performance and 
impact measures and other information 
needed for their design and analysis; and 
techniques for estimating the measures. A 
carefully scoped plan will help avoid 
unnecessary and wasted effort, and ensure 
that the measures and information are 
prepared in sufficient detail for their 
intended use in analysis and evaluation. 
The plan is not rigid, and should be 
modified as new insights are gained in the 
course of the analysis. The next section 
of this chapter discusses key issues in 
preparing an analysis plan and presents an 
example. 	The TSM Action Profiles in the 
Reference Handbook list potential evalua-
tion factors and measures for several 
actions, and the Impact Estimation and 
Analysis Aids provide detailed guidelines 
on selecting performance measures and 
estimation techniques. 

Analyze- performance of solution 
packages. The initial action packages 
defined in Phase 2 first should be 
analyzed in terms of primary performance 
measures, i.e., those that determine the 
extent to which the actions solve identi-
fiedproblem(s) or meet design objec-
tive(s). The choice of primary measures 
will reflect the circumstances and actions 
involved, but usually involves one or more 
of the following categories: 

Service quality (e.g., travel time 
or speed). 

Capacity (e.g., vehicle and person 
carrying rates). 

Volumes/usage 	(e.g., 	traffic 
volumes, transit ridership or vehicle 
occupancy). 

Safety (e.g., accidents or traffic 
conflicts). 

Cost (e.g., capital, operating and 
maintenance). 

Other measures, such as retail sales, 
aesthetics, air quality, and noise reduc-
tion also can be primary measures in 
situations where they are key factors in 
making design decisions. 

The analysis should be viewed as a 
search for a good solution that meets 
financial, physical, and other con-
straints, not as an "alternatives analy-
sis" where package specifications remain 
fixed. Consequently, actions should be 
modified, added, or discarded if analysis 
indicates that the changes would improve 
the performance of a package while 
retaining its feasibility. If the per-
formance analysis indicates that the ini-
tial packages do not adequately solve the 
problems, the incremental contribution (or 
performance) of individual actions can be 
estimated and used as a basis for expand-
ing or reducing their importance in the 
package. Cost-effectiveness or benefit/ 
cost analysis can be used in comparing 

actions and packages; these techniques are 
discussed in the Notes on Evaluation and 
Packae7ing Techniaues in the Reference 
Handbook as are other approaches that 
agencies have used in deveJoping and 
assessing packages of TSM actions. Major 
or minor design modifications may be 
suggested by the analysis, as may the need 
for additional or supportive actions. If 
no packages appear able to solve the prob-
lems, the problems themselves may have to 
be reassessed or new evaluation or design 
criteria established. 

3c. Analyze secondary impacts of 
solution packages. Only at this stage, 
after action packages have survived the 
tests of feasibility and effectiveness, 
should "secondary" issues and impacts be 
analyzed. Depending on the specifics of 
the problems and actions involved, the 
following issues might be examined: 

Public 	opinion 	or 	community 
acceptance. 
Institutional or legal issues. 
Social, environmental, or economic 
issues. 

As with the primary evaluation fac-
tors, the packages should be modified as 
required to bring the impacts to accept-
able levels. If major modifications are 
made, their performance should be checked 
to ensure that desired levels are still 
achieved and that the problems are still 
resolved. 

Any interagency agreements that are 
required for smooth implementation and 
operation should be in preparation at this 
time to ensure that proposed packages are 
feasible. For example, discussions with 
the police department to draft an enforce-. 
ment plan will indicate if adequate space 
has been provided for patrol cars and 
apprehended vehicles. The TSM Action Pro-
files in the Reference Handbook contain 
similar design and operational considera-
tions for several actions, as well as 
references to reports and articles that 
describe operational experiences. Another 
NCHRP report (9) discusses the institu-
tional issues involved in implementing 
various congestion-reduction measures. 

Phase 4 -- Recommend an Action Plan 

The task of assigning priorities to 
short-range transportation projects is not 
easy. 	In the final analysis, this task is 
in the domain of elected officials and 
their appointed representatives. Profes- 
sional 	transportation 	planners 	and 
engineers, however, have the responsibi-
lity of recommending projects and of pre-
senting sufficient information about 
available alternatives to ensure that the 
final choices can be made on a rational 
and justifiable basis. 

Following analysis and design, a TSM 
action or package for the study area 
should be recommended for implementation 
or for programing along with actions 
directed at other problems. The key to 
TSM is implementation, so the action plan 
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should consist of an implementahie 
"design" (e.g., detailed engineering or 
operational plans), not a proposal for 
further study. The plan also may include 
schedules for a staged implementation, any 
required review and design activities 
(e.g., preparation of an EIS), and recomm-
endations for possible supportive actions 
by other agencies. 

In many cases, a staging sequence that 
meets anticipated project budgets will he 
obvious to agency staff. In other cases, 
cost-effectiveness or benefit/cost analy-
sis may be useful; these techniques are 
described in the Notes on Evaluation and 
Packaging Techniciues of the Reference 
Handbook along with other techniques that 
have been used to package and stage 
actions. 

A major part of this phase often is the 
presentation of recommendations to policy 
setting and programming officials or 
agencies, providing them with sufficient 
information to adopt the recommendation 
and support or justify the investment 
needed to implement and operate the pack-
age. Presentations to merchants and comm-
unity groups also may be needed to obtain 
political support. 

In sunhlnary, the 4-phase process pro-
vides a practical and flexible framework 
for developing TSM solutions. An analyst 
may proceed quickly through the steps in 
tackling a simple problem, while a complex 
corridor or subarea problem analysis may 
involve considerable iteration and refine-
ment in Phase 3 to develop a workable and 
acceptable solution. The "process" is a 
means to this end, and any paper products 
are merely incidental or supporting docu-
ment S. 

Case studies (in Part III of this 
manual) illustrate the application of the 
4-phase planning process in a variety of 
settings, while the Reference Handbook 
(Part II) is designed to support agencies' 
staff in carrying out the process. The 
Handbook includes: 

Tables that identify strategies and 
types of TSM actions to consider in 
developing solutions to several common 
problems. 

Profile sheets on selected TSM 
actions that note conditions under which 
they are applicable and effective, prob-
lems potentially encountered in their 
implementation and operation, performance 
and impact measures often considered in 
their analysis, and sources of detailed 
information on their design and perform-
ance. 

Tables that recommend estimation 
techniques and procedures for use in com-
mon planning and design circumstances, and 
cite references for more detailed descrip-
tions and application examples. 

Notes that describe the use of 
selected estimation techniques that are 
not presented in readily available publi-
cat ions. 

Notes on problem assessment and 
packaging techniques, and on the applica- 

tion of cost-effectiveness and benefit/ 
cost analysis. 

The remainder of this chapter discusses 
key issues in the analysis and evaluation 
of project packages and presents an 
example analysis plan. Chapter Four uses 
a corridor study to illustrate the appli-
cation of the 4-phase process and the 
Reference Handbook. 

KEY ANALYSIS AND EVALUATION ISSUES 

Analysis and evaluation may occur 
throughout the 4-phase project planning 
process 	previously 	described. 	For 
example, a conditions analysis (in Phase 
1) may involve the estimation of near-term 
travel growth, a screening of possible 
actions (in Phase 2) may involve a rough 
estimate of their effectiveness in 
reducing 	travel 	delays, 	and 	the 
development of an implenientable project 
(in Phase 3) may involve the estimation of 
travel speeds and implementation costs, 
and an assessment of potential safety and 
air quality impacts. 

The approach taken in a specific 
analysis will depend largely on the prob-
lems and characteristics of the study area 
and the proposed actions. Certain 
aspects, however, are common to all analy-
ses: 

The establishment of factors and 
criteria for judging the merits of pro-
posed solutions and deciding on a course 
of action. 

The identification of performance 
and other impact measures that are 
required for assessing options and making 
decisions. 

The chaining of performance and 
impact measures for efficient estimation 
and assessment. 

Guidelines on these aspects of analy-
sis are presented in this section, 
followed by an example of their applica-
tion in preparing an analysis plan for a 
typical subarea study. An analyst should 
be familiar with this material before 
applying the Impact Estimation and 
Analysis Aids contained in the Reference 
Handbook, because it provides guidance in 
limiting the amount of estimation and 
analysis necessary to develop workable and 
feasible TSM packages. 

Establishing Evaluation Factors 

Evaluation of existing transportation 
facilities and services is accomplished 
using factors such as safety, physical 
integrity, service quality, productivity 
or cost that are considered "important" by 
agency or elected officials. "Measures" 
of how specific facilities and services 
perform with respect to these factors are 
obtained, and compared to standards to 
determine if their performance is "good," 
"bad," "acceptable," etc. Examples of 
transportation standards are: 
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A minimum operating speed of 25 mph 
on city arterials outside the CBD during 
peak travel periods. 

A minimum boarding rate of 20 
passengers per vehicle-hour on crosstown 
bus routes. 

A maximum ½-nile walk to a bus stop 
in areas with a residential density over 
4,000 people per square mile. 

Factors influenced by transportation 
also may be considered in evaluating the 
system or its components; a common example 
is air quality, for which maximum hourly 
concentrations of carbon monoxide or other 
pollutants might be established. Often 
objectives 	associated 	with 	these 
"indirect" factors are vague, such as 
"allow for economic growth" or "maintain 
vitality 	of 	the 	central 	business 
district"; nonetheless, they represent 
considerations that are important and may 
influence 	the 	operation 	of 	the 
transportation system. 

The evaluation of proposed actions 
should similarly be directed at the deci-
sions to be made in designing and imple- 
nenting solutions. Proposed solutions 
that are not major investments do not need 
tests more rigorous than those applied to 
existing facilities and services. In 
effect, performance evaluation carried out 
in Phase 3 of project planning should be a 
simul ated "sufficiency" 	or 	"conditions 
analysis" of proposed and anticipated con-
ditions conducted to determine the extent 
to which proposed actions solve problems. 

In general, only a few factors are 
needed to assess the effectiveness of pro- 
posed actions; these are the factors that 
determined the existence of problems. 
Even where indirect factors such as air 
quality are primary in the evaluation, 
desired levels of performance often can be 
transforned into direct transportation 
criteria. Examples are flow separations 
required to meet safety criteria and traf-
fic volume reductions or traffic flow 
improvements necessary to meet air quality 
criteria. 

Additional criteria, however, often are 
required to determine if the proposed 
packages: 

Conform with general objectives such 
as fiscal responsibility, energy con-
servation, or safe system operations. 

Have other impacts or side effects 
that may thwart or impede implementation. 

Create transportation or related 
conditions that fail to meet established 
standards. 

Merit implementation before actions 
recommended to solve problems at other 
sites. 

These "secondary" criteria usually can be 
less detailed and often are qualitative 
rather than numeric thresholds. Examples 
are: 

To keep enforcement and maintenance 
efforts with the capabilities of existing 
personnel. 

Not to degrade air quality. 
To maintain convenient routes for 

pedestrian access and circulation. 
To maintain access for goods 

delivery and emergency vehicles. 

The numbers and complexity of these 
secondary considerations will depend on 
the type, severity, and extent of the 
specific problems; the scale and com-
plexity of the study area; and the basic 
approach proposed to solve the problem. 

Identifying Performance and Other Measures 

Performance measures of existing and 
proposed operations are key to the analy-
sis, design, and evaluation of TSM 
actions. Existing performance levels are 
used to identify and assess problems and 
determine the applicability of candidate 
solutions, while measures of anticipated 
performance levels (or changes from exist-
ing performance levels, i.e., impacts) are 
used in judging proposed solutions. 

Performance niiiiffés of existing faci-
lities and services are particularly 
important in short-range analysis, because 
much of the information on which design 
decisions will be based can be obtained 
through the observation and analysis of 
existing operations. Examples of perform-
ance measures are average peak speeds and 
segment vehicle volumes on a street seg-
ment, transit route boardings and load 
factors, and annual agency naintenance and 
operating costs. Factors influencing 
travel, such as land use, population, 
employment, and auto ownership, may be 
included in the base, because they 
determine the applicability and useful 
life of many actions. So too, may factors 
affected by transportation such as air 
quality and noise levels. Some data are 
used directly in evaluation, and others to 
derive or calculate evaluation factors. 
Most importantly, this information base 
provides an understanding of how a parti-
cular portion of the transportation system 
functions. 

Values of the measures required for 
assessing existing conditions usually can 
be obtained through direct measurement, 
although many often can be derived or 
estimated to sufficient accuracy levels at 
far less cost. An assessment of proposed 
or anticipated conditions of course 
requires the estimation of the same 
measures, and these may have to be supple-
mented by forecasts of additional items 
(e.g., travel volumes) that are directly 
obtained for existing conditions. In 
making these estimations, the analyst is 
attempting to create a model or snapshot 
of anticipated operations that can be 
assessed in the same way as existing 
operations. Consequently, if a factor is 
only of minor importance in evaluating 
existing conditions, little effort should 
be spent in estimating measures used in 
the equivalent "after implementation" 
evaluation. 

Despite the wide variety of TSM 
actions, applications, and impacts, most 
potential performance measures and other 
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information useful for their analysis can 
be grouped into the following categories: 

Capacity/Supply, or measures of the 
amount 	of 	transportation 	provided. 
Examples are lane-miles, maximum vehicle 
or person processing or carrying rates, 
number of parking spaces, sidewalk width, 
transit fleet size, and bus-miles. 

Service Quality, or measures of the 
service offered to individual users or 
groups of users. Common examples are 
point-to-point travel times, door-to-door 
or journey times, intersection delay 
times, wait times, fees, fares, and "out-
of-pocket" auto operating costs. The 
degree of safety or absence of hazards 
encountered in travel is another important 
service quality measure. The chance of 
getting a seat on a transit vehicle or of 
understanding a sign, signal, or pavement 
marking also can be considered service 
quality measures, as can aggregate 
accessibility and mobility measures. 

Volume, or measures of travel or use 
of transportation services and facili-
ties. These measures may be aggregate or 
pertain only to specific facilities, 
modes, routes, or times of day. Travel 
measures also may be segmented by trip 
purpose, by origin or destination, or by 
traveller characteristics such as income 
or age. 

Financial, or measures of the direct 
costs and revenues of transportation 
facilities, services, and systems. The 
most 	common 	cost 	measures 	are 
implementation or capital costs and annual 
operating, maintenance, administrative, 
and enforcement costs. Other financial 
measures 	are 	subsidy 	levels 	and 

revenue/cost ratios. 
S. Public_"Cost", or measures of broad, 

negative consequences of travel. Amounts 
and rates of fossil fuel consumption, 
noise, and air pollutant emissions and 
accumulations are the most common measures 
associated with TSM. Acceptable levels or 
rates are often set for these costs, 
because although they can be affected by 
physical and operational decisions, they 
cannot be eliminated without severely 
restraining 	travel 	or 	significantly 
increasing direct system or user costs. 
Accidents, as opposed to safety hazards, 
can be considered in this category. 

6. Economic Activity, or nesures of 
land use and development. These measures 
cover any economic or demographic changes 
that proposed actions will have to 
accommodate to be effective, as well as 
any disruption or displacement anticipated 
as part of implementing the actions. Only 
rarely will the ongoing operation of a TSM 
action have any measurable impact on land 
use or economic activity. 

As with evaluation factors, the choice 
of performance and impact measures for any 
specific analysis should reflect the 
characteristics of the problems and the 
proposed solutions. For example, percent 
of bus-miles with standees, percent of 
riders entering the CBD without seats, and 
average bus loads at a screen line all are  

performance measures potentiall.y useful in 
assessing actions designed to alleviate 
bus crowding, but the • choice among then 
depends on the specific definition and 
location of the problem. 

Chaining Performance Measures 

There are general relatiOnships among 
the performance measure categories that 
establish the order in which measures are 
estimated, even though their order of 
application or importance in an assessment 
may vary. These relationships should be 
taken advantage of in an analysis of TSM 
actions, because they can greatly simplify 
the preparation of data used in evaluating 
proposed solutions. 

Figure 	4 	shows 	the 	general 
relationships among the six categories of 
measures. The boxed section contains 
direct transportation measures (i.e., 
capacity, service quality, and use). 
These measures, combined with existing or 
forecast levels of land use, economic 
activity, and demographics will determine 
the amount of travel in a study area. 
Estimates of these measures must be in 
balance or "equilibrium" if a solution's 
effectiveness 	is 	to 	be 	accurately 
assessed. This does not mean that the 
three relationships shown in the figure: 

Use = f (activity, service quality) 
Service quality = f (capacity, use) 
Capacity = f (use, service quality) 

all must be considered in a specific 
analysis - - indeed, that case is a rare 
exception in TSM planning. Simplifying 
assumptions generally can be made that 
limit an analysis to only one or two of 
these relationships. For example, in 
considering a local traffic congestion 
problem, an analyst can assume that peak 
period traffic volumes will not be 
affected by the intended service quality 
improvement. He may have to scale or 
adjust existing volumes, however, to 
account for growth or development 
anticipated in the corridor or subarea 
over the next 5 years. The analysis then 
would reduce to either (1) determining the 
supply 	characteristics 	or 	capacity 
required to accommodate the forecast 
volumes at a desired service quality or 
(2) determining the service quality that 
would result from a specific improvement 
in 	capacity 	or 	supply. 	Similar 
simplifications are valid in analyzing 
most corridor and subarea problems, 
despite their apparent complexity. 

The importance of the direct measures 
should be fully understood. With the 
exception of labor or management effi-
ciency actions specifically designed to 
achieve financial objectives, transporta-
tion agencies accomplish objectives by 
modifying capacity or service quality. 
People may or may not respond to these 
modifications by changing their travel 
behavior (i.e., choice of mode, route, 
timing, frequency, or destination). The 
effectiveness of an action may depend 
heavily on the nature of this response, 
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The 	dependence 	of 	derived 	and 
intermeasures should be fully appreciated 
in analyzing and developing solutions. 
Because reasonable estimates of these 
impacts can be developed quickly using 
values of direct measures and tables or 
simple equations, their estimation should 
be limited to specific needs for design 
decisions and the support of recommenda-
tions. Except where used as primary 
evaluation factors, these impacts rarely 
have to be estimated every time a proposed 
solution is specified or refined during 
the design process. 

To illustrate, an engineer designing an 
intersection improvement to solve con-
gestion and safety problems might sequence 
or chain his "estimation" activities as 
follows: 

Public 	 Financial 
"Costs" 	 Measures 

(e.g., noise or 
air pollution) 

Figure 4. Basic relationship among performance 
measures. 

whether or not it was intended or 
desired. Consequently, most of the esti-
mation activity should be spent on these 
direct measures. Even where they are not 
used as primary evaluation factors, the 
quality of an evaluation (i.e., the confi-
dence that is placed on the recommenda-
tions) will depend largely on the accuracy 
of the direct measure estimates. 

The impact categories below the box in 
Figure 4 contain derived measures; i.e., 
the values of these measures depend on 
values of direct transportation measures. 
Some, such as accidents, air pollutant 
levels, and transit revenues, may be 
measured 	directly 	from 	existing 
operations, but this does not alter their 
dependence on capacity, use and/or service 
quality levels. They essentially mirror 
the quality of physical and operational 
services under prevailing travel pat-
terns. In assessing proposed actions, 
these measures are derived from the speci-
fied or estimated values of direct 
measures using engineering estimates, unit 
rates, allocation formulas, or other 
simple equations or models. 

A third major type of measures, not 
shown, consists of intermeasures that are 
developed by combining direct and/or 
derived measures. Intermeasures may be 
used in project evaluation, or to compare 
the relative merits of different actions 
being considered for an investment pro-
gram. Intermeasures include productivity 
measures (such as passenger-miles per 
vehicle-hour), efficiency measures (such 
as 	bus-miles 	per 	driver-hour), 	and 
cost-effectiveness measures (such as 
energy or travel time savings per dollar 
invested). 	In 	general, 	they 	are 
interpretive measures that help place a 
scale on performance levels and impacts. 

Existing 	peak-hour 	turning- 	and 
through-vehicle flow counts would be 
adopted (or adjusted for growth) to pro- 
vide 	design 	volumes 	(volume/usage 
measures). 

A channel/signal option, such as 
left-turn lanes and revised phasing, would 
be specified (capacity/supply measures). 

Delay reductions would be calcula-
ted using critical lane or capacity analy-
sis and a qualitative estimate of safety 
improvement would be made to determine if 
the option met performance objectives 
(service quality measures). 

Once 	an 	acceptable 	design 	was 
developed, engineering estimates of con-
stuction and annual operating costs would 
be made to determine if the solution met 
funding guidelines (financial measures). 

S. If needed for program development or 
to "sell" the recommended solution, 
approximate estimates of annual accident 
cost savings, emission reductions and 
energy savings could be derived using 
simple equations and look-up tables 
(public cost measures), and/ or various 
"benefits" 	could 	be 	compared 	with 
annualized costs to measure the action's 
cost-effectiveness (intermeasures). 

This simple illustration shows how 
performance and other information is 
efficiently prepared for use in making and 
supporting decisions. The same principles 
apply in more complex analyses. 

In practice, however, an analyst may be 
tempted to extend or embellish the "chain" 
and generate information that is not 
required for assessment or is of 
questionable significance. Impacts or 
changes in performance produced by indivi-
dual TSM actions typically are small or 
limited to specific groups of users (e.g., 
riders on a few bus routes or drivers 
traversing a few road segments during peak 
periods). These changes may be difficult 
to detect after a project is implemented, 
because they are likely to he small rela-
tive to sampling and collection errors and 
to growth and other unrelated events. 
Changes in factors normally measured at a 
more aggregate level (e.g., route, sub-
area, corridor, or system) are even harder 
to detect, and may not even occur or be 
perceived. For example, a 40-second time 
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savings resulting from improvements to two 
adjacent intersections will be a major 
improvement at that scale and be apprecia-
ted by drivers using the intersections, 
but will not affect trip-making, route 
choices or even local air pollutant read-
ings. At another location, however, simi-
lar improvements may divert drivers from 
other congested segments to the point 
where even local delay improvements are 
difficult to measure. In either case, some 
measures are not worth estimating, because 
they will not be observable after the pro-
posed actions are implemented. Conversely, 
if these hard-to-detect changes are part 
of the problem statement and evaluation 
criteria, the scope of the action has to 
be extended or packaged with other actions 
until these impacts are detectahie. 

These considerations are shown graphi-
cally on Figure S, which deals with bus 
lanes and similar actions that might be 
implemented to increase bus operating 
speeds and improve schedule adherence. 
Small savings in running times resulting 
from a limited action may be measured by 
the operator and even noted by riders, but 
not be sufficient to affect travel deci-
sions and fleet requirements. A more 
extensive action may allow the operator to 
offer at least comparable service with 
fewer buses, producing savings in labor 
requirements and other operating costs; 
even further expansion may produce measur-
able ridership increases and node shifts. 
However, if major savings in operating 
costs or energy use are desired, expensive  

actions normally beyond the scope of TSM 
(such as busways) may be required. 

Preparing an Analysis Plan 

A useful aid in determining the 
measures required for an analysis is to 
construct a flowchart of relevant evalua-
tion factors and performance measures. 
Such a display can help an analyst decide 
if all evaluation factors are being 
addressed, if additional information is 
necessary to estimate evaluation measures, 
and if the proposed measures have compat-
ible levels of detail. This mapping of 
measures is shown on Figure 6, which shows 
the analysis plan for a curb bus lane pro-
posed for a major downtown street during 
peak commuting hours. 

The action has been proposed to reduce 
transit operating costs by increasing 
operating speeds and reducing their vari-
ability. Reduced travel times on buses 
and improved access to employment sites 
(resulting from accompanying route modifi-
cations) may encourage more commuters to 
use transit. Improvements to traffic flow 
resulting from parking hans and turn 
prohibitions associated with the bus lane, 
however, will produce time savings for 
auto users and thus limit potential shifts 
in mode. Auto travel from corridors not 
affected by the bus lane will obscure the 
measurement of any changes in auto use. 
As a result, the primary evaluation of the 
lane can be limited to the measures shown 
in the left half of the flowchart. 

I 	Passenger Time Savings 

ents in schedule Reliability 

Reductions in Fleet Requirements 

Increases in Transit Ridership 

Reductions in cBD Traffic Volumes 

Energy Savings 

Figure 5. Typical effects of action scale 
on impact measurement. 
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. 	estimate implementation 

Figure 6. Sample analysis plan. 

A ban on parking and loading is 
proposed to free lanes for buses, and 
right-turn restrictions are proposed at 
sel ected 	intersections 	to 	minimize 
conflicts between autos and buses. The 
right half of the flowchart shows that the 
potential impacts of these other package 
components also will be considered, and 
that the package may be modified if their 
impacts appear significantly negative. 	In 
most cases, a qualitative estimate of 
their magnitude is sufficient to assess 
the need to revise the package. Note that 
potential energy and air quality impacts 
are not estimated because they have no 

bearing on the design or implementation of 
a solution package in this particular 
study area, and they are not expected to 
be significant. 

This is a simplified example. In a 
typical subarea, other problems probably 
would have been identified that would 
require analysis (such as auto cir-
culation patterns or mode shares) in the 
primary evaluation step. Nonetheless, the 
example illustrates how a carefully 
structured analysis can limit the need for 
estimation, and focus efforts on the 
design 	of 	workable 	and 	acceptable 
solutions. 

CHAPTER FOUR 

APPLYING THE REFERENCE HANDBOOK IN 
PROJECT PLANNING 

The Reference Handbook in Part II of 
this manual has been compiled to assist 
transportation agencies in applying the 
planning framework described in the 
preceding chapters. It provides practical 
guidance for transportation planners, 
traffic engineers, and transit operators 
in (1) identifying and screening potential 
solutions to their transportation prob-
lems, (2) determining information needed 
to make specific project decisions, and 
(3) selecting and applying techniques to 
produce this information. The major sec-
tions of the Reference Handbook, which are  

color-coded for easy reference, contain 
the following information: 

. Action Screening Aids (blue section) 

Tables that identify general 
approaches and types of TSM 
actions to consider in develop-
ing solutions to problems. 

• Prof iles 	of TSM actions 	that 
present conditions where they are 
applicable, 	problems 	poten- 
tially 	encountered 	in 	their 



implementation 	and 	operation, 
performance and impact measures 
to be considered in their analy-
sis, and sources for more 
detailed information on their 
design and performance. 

Impact Estimation and Analysis Aids 
(yellow section) 

Guidelines 	on 	preparing 	an 
information base and selecting 
performance measures for an 
analysis of TSM actions and 
packages. 

Tables that recommend appropri-
ate, simplified estimation tech-
niques and provide references to 
documents 	that 	describe 	the 
techniques 	in 	detail 	and/or 
illustrate their application. 

Descriptions of estimation tech-
niques that are not presented in 
readily available literature. 

Additional Planning and Evaluation 
Aids (green section 

Notes on evaluation and packag-
ing techniques. 

A basic reference library for 
planners and engineers in small 
agencies and a list of the pri- 
mary 	sources 	(i.e., 	federal  

agencies, institutions, and non- 
profit 	organizations) 	for 
up-to-date information on TSM 
implementation experience and on 
simplified 	analysis 	and 
programming techniques. 

Several example case studies (see Part 
III of this manual) have been developed to 
illustrate the use of the framework and 
the reference handbook in representative 
strategic and tactical planning applica- 
tions. 	The case studies also: 	(1) pre- 
sent specific techniques for problem 
assessment, solution design and analysis, 
and program development; and (2) illus-
trate how information on diverse problems, 
analysis results, and designed solutions 
can be consistently presented to support 
and document recommendations and aid offi-
cials in program development. 

The example case study presented in the 
remaining pages of this chapter serves as 
an introduction to the Part II Reference 
Handbook and the Part III Applications. 
The example is based on a simple corridor 
study conducted in Lewiston Maine (10), a 
small, 	old 	industrial 	city 	with 
approximately 40,000 inhabitants. To 
emphasize the important aspects of each 
phase of the 4-phase project planning 
process, 	the 	presentation 	is 	more 

structured and formal than is necessary in 
an actual analyses. 	The case studies in 
Part 	III 	present 	more 	realistic 
applications of the process. 
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Lisbon Street Corridor 
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Purpose: This case illustrates (1) the 
4-phase project planning process described 
in Chapter Three, (2) the use of the 
Reference Handbook in that process, and 
(3) the standard format of the case 
studies presented in Part III. 	It also 
shows the importance of careful problem 
assessment and of setting realistic design 
guidelines. The development of solutions 
in this small city setting was relatively 
straightforward once those tasks had been 
accomplished. 

Site Description: 	The site, shown below, 
is a 2-mile corridor connecting the 
Lewiston (Maine's) CBD with residential 
districts and a turnpike interchange. 
Lisbon St., the major artery, is a two-
lane street that carries between 5,01)0 and 
8,000 vehicles per day. 	It is flanked by 
strip development, while the remainder of 
the corridor is mainly residential. 

SITE MAP 

PHASE 1: ANALYZE PROBLEMS AND THEIR SETrING 

The study was prompted by accident and 
congestion-related problems noted in on-
going monitoring of the city's arterial 
street system, and by complaints from 
corridor residents and merchants concern-
ing delays and unsafe driving conditions. 
City and state agencies flagged the corri-
dor as probably needing improvement, and 
conducted field observations, counted 
turning and through movement at intersec-
tions (to supplement existing tube counts 
collected as part of on-going monitoring), 
made travel time runs

'
and compiled acc-

dent report data to provide information 
for a more rigorous assessment of existing 
conditions. The deficiency criteria shown 
below were used in that assessment, along 
with criteria on the physical condition of 
the 	road 	surface, 	curbs, 	signals, 
markings, and signs. These criteria are 
regularly used by the Maine DOT and city 
traffic 	departments 	to 	assess 	the 
operation and condition of urban arterial 
highways. 

DEFICIENCY CRITERIA 

Supply/Capacity 
- lane width under 11' on a major artery 
- signs and pavement markings not in confor- 

mance with MUTCD 
- traffic control not in conformance with 

MUTaD standards 
- curb turning radii less than 20' 
- sight distance at intersections not in 

conformance with ITE/AASHTO standards 

Service Quality 
- intersection level-of-service ler than 

"C" (or critical lane volume in excess of 
1200 cars per hour) 

- road segment level-of-service lower than 
"C" (or average lane volume in excess of 
1200 cars per hour) 

- peak travel speed under 20 m. 
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DHFICIENCY CRITERIA (continued) 

Accidents 
- 3-year average accident rate exceeds 

statewide average with 95% confidence; 
average rates; 
signalized intersection: 	1.22 per mill. 

entering vehicles 
unsignalized intersection: .39 per mill. 

entering vehicles 
road segment: 	 3.74 per mill. 

vehicle-miles 

Worksheets were prepared for use in the 
conditions analysis of intersections and 
road segments; a completed intersection 
worksheet is shown below. Much of the 
worksheet 	simply 	organized 	directly 
measured or observed information. Two 
sections, however, were used to apply 
simple analysis techniques recommended in 
the Handbook's Impact Estimation and 
Analysis Aids. In the capacity section (E 
below), turning movement counts and signal 

phase diagrams were used to identify cri-
tical lane volumes, with their sum used to 
calculate a service level ratio for the 
intersection (critical lane analysis). In 
the accident section (F below), a critical 
accident rate was determined for the 
intersection and compared to the observed 
rate to determine if there was a statisti-
cally significant accident problem (criti-
cal rate analysis). 
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The performance measures tabulated or 
calculated in the worksheets were plotted 
to provide profiles of conditions along 
the corridor artery; examples are shown 
below. These profiles showed which sec-
tions of the corridor had problems and 
where problems were likely to develop if 
traffic increased along or across the  

corridor. They also highlighted possible 
relationships among observed problems, for 
example, high congestion levels at the 
adjacent East and Essex St. intersec-
tions. The right-hand margin of the 
profiles notes problem causes determined 
through analysis and field observations. 
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Willow to Androscoggin: 
- awkward lane transition 
- parked cars restrict sight 

distance at intersections 
- conflicts between parking and 

moving cars 

Essex/East: 
- traffic signal operation 

D. St. Croix to Cassell: 
- curb parking conflicts 
- uncontrolled turning movements 

to/from strip development 
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The problems identified in the assess-
ment were summarized on a site map, as 
shown below. The problem map also shows 
the corridor segments, determined using 
problem similarities and interrelat ion-
ships, that were used to simplify the 
analysis of solutions (in Phase 3). 

PROBLEM SUMMP,RY 

Notes on existing and anticipated 
conditions in the corridor were made 
during the assessment to identify any con-
straints on and opportunities for improve-
ment. These notes, also shown below, 
provided some of the feasibility condi-
tions used to screen potential actions 
(during Phase 2). 

High accident rates 
- curb parking conflicts 
- uncontrolled turning movements 

to/from strip development 

High accident rates 
- awkward lane transition 
- parked cars restrict sight 

distance at intersections 
- conflicts between parking and 

moving cars 

Low average travel speed 
- traffic signal phases and timing 
- curb parking near intersections 

High delays and accident rates 
- traffic signal phases and timing 

NOTES ON P1)BLEM STING 

Bartlett/Pleasant Sts. do not provide access 
to commercial establishments; any upgrading 
likely to be opposed by residents. 

No other feasible, parallel routes exist; 
Lincoln and Webster Sts. serve different 
corridors 

No land use changes expected in near-term 
that would change travel volumes or patterns 
in corridor. 

Lisbon St. right-of-way sufficient to 
accomodate near-term traffic given expected 
low growth in region. 

Moderate traffic improvements are not expected 
to change regional or corridor travel, so 
improvement analysis can be limited to narrow 
corridor along Lisbon St. 

Air quality in corridor meets EPA standards. 
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Limited financial resources were avail-
able for solving the problems identified 
in Phase I; accordingly, guidelines for 
screening potential solutions to reflect 
those limitations were developed by pro-
ject engineers and the task force over-
seeing the project. The principal guide-
lines were as follows: 

Physical improvements were limited 
to those that required no new or 
minimal additional right-of-way. 

Management actions were limited to 
those with no institutional barriers 
that could prolong the implementa-
tion period. 

Operational actions were limited to 
those that could be accomplished 
with a minimum of new traffic con-
trol equipment. 

The 	guidelines 	effectively 	limited 
consideration to traffic and parking 
operations and management improvements; 
ridesharing and transit actions were 
considered inappropriate or ineffective 
and discarded, and physical improvements 
were ruled out by cost limitations. 

TheAction Identification Tables in the 
Handbook would be applied at this point to 
identify 	candidate 	strategies 	and 
actions. A portion of the table for prob-
lems at isolated intersections is shown 
below; other strategies and actions would 
be obtained from the corridor problem 
table. 

SAMPLE ACTION IDENTIFICATION rBLE (portion) 

1 	
Action Identification Table 1: 
Isolated Problems at Intersections or on Street Segments 

Underlying 	 Actions Applied 	Actions Applied 
Transportations 	Corrective 	 at 	 on 

Deficiencies 	 Strategies 	 Intersections 	Street Segments 

Problem 1, 	Vehicle Flow Conflicts and Accidents 

Turning and —l.A. Reduce delays - New signals - 2-way left turn 
parking move- and conflicts - Signal phasing lanes 
cents inhibit by separating and timimg - Expanded off- 
traffic flow flows changes street parking 

- Turn lanes or loading areas 
- Striping - On-street parking 
- Traffic police restrictions or 
- Islands removal 

IS. Reduce delays - Left turn - Medians 
and conflicts prohibitions - Side street and 
by diverting - Jug-handles curb cut closures 
movements - On-street parking - On-street parking 

restrictions near restrictions or 
intersections removal 

- Expanded off- 
street parking 
or loading areas 

Inadequate sight—s.- lC. Increase time 	- New signals or 	- Speed restriction 
or stopping dis- 	available for 	stop signs 	- on-street parking 
tances 	 driver reaction - Signal phasing 	restrictions or 

and timing 	 removal' 
changes4 	 - Warning devices 

- Warning devices 

Problem 2: Traffic Congestion 

Turning and 	. 	2A&s. Same as strategies lASS listed 
parking move- 	 for "Vehicle Flow Conflicts and 
cents inhibit 	 Accidents" 
traffic flow 

Inadequate cap- 	- 2C. Reduce delays 	- New lanes2  
acity to handle 	by adding 	- Signal timing 
peak traffic 	 capacity 
volumes 
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The screening guidelines established 
for the project, site conditions and pro-
fessional judgment were used to screen the 
candidate strategies and actions for 
feasibility and effectiveness. The Action 
Profiles in the Handbook are designed to 
aid in the screening process; they 
describe conditions under which an action 
is likely to be applicable and effective, 
identify problems potentially encountered 
in implementing or operating the action, 
and cite reports that discuss the action's 
design and operation in detail. An 
example is shown below. 

The worksheet on the following page 
illustrates the screening process. The 
"candidate 	strategies/actions" 	column 
lists appropriate strategies and actions 
cited in the Action Identification Tables; 
the "notes and comments" column lists 
feasibility, effectiveness, and other 
assessments made by the project engineer 
and his staff; and the "Pursue?" column 
presents the judgments of the engineer. 

SAMPLE ACTION PROFILE (portion) 

8 	Profile 8: 	On-Street Parking Bans During Peak Periods 

Curb lanes designated for parking can provide an inexpensive resource for 

increasing a Street's traffic carrying capacity, particularly if periods of 

heavy traffic flow do not overlap with periods of high parking use. Parking 

bans near intersections also can provide space for turning lanes or additional 

through lanes, increasing an intersection's capacity. 

Problems Addressed: 

Traffic congestion consistently develops in an 
employment center or along an arterial street 
during peak travel periods. 

Delays at intersections contribute to air 
pollutant concentrations in excess of stand-
ards. 

Conditions for Application: 

Absence of high-turnover, high-occupancy park-
ing
in  

- Commercial establishments such as news-
stands, dry cleaners, drug stores, and conven-
ience stores are patronized by people making 
quick stops on their way to or from work. 
Unless very convenient parking is available to 
patrons of these stores, either off-street or 
along side streets, a curb parking ban will be 
difficult to enforce and will be strongly 
opposed by store owners. 

Absence of other curb uses - The use of the 
curb, lane by buses, taxis or autos stopped to 
pick up or discharge passengers, or by truck 
loading or unloading goods will lower its 
capacity for moving vehicles. If the curb 
lane currently is heavily used for these pur-
poses, a parking ban will likely be ineffec-
tive unless other controls are established, 
such as a loading ban or a bus-only operation. 

Space for turning movements - The curb lane is 
part of the turning radius normally available 
to cars turning into or out of the right-hand 
travel lane. If turning volumes are high and 
turning movements are hampered by reduced 
radii, the capacity added by the new lane may 
be minimal, and accidents may increase. 

Pedestrian buffer - Cars parked in the curb 
lane provide a buffer between pedestrians and 
vehicular traffic. If the curb directly abuts 
a narrow or heavily-used sidewalk, the use of 
the curb lane by moving vehicles may present a 
hazard to pedestrians. 

Potential Evaluation Factors: 

Congestion reduction: 

change in average travel speed or level-of- 
service along streets affected by the 

Potential Evaluation Factors: (Cont'd.) 

action, including parallel arteries on 
which parking is not restricted (5% to 20% 
improvement possible depending on existing 
congestion and midblock interference levels) 

Street operations: 

- signing and other implementation costs 
- change in parking enforcement costs 
- change in parking revenues, including fines 

Commercial activity: 

- change in sales of commercial establish-
ments along street 

- change in number of patrons entering stores 
during hours of parking ban 

Transit operations: 

- change in operating costs of transit routes 
serving the corridor or center 

References: 

D.C. Department of Transportation, 
Metropolitan Police Department, Office of 
the Corporation Counsel, 'Improved Parking 
and Traffic Enforcement in the District of 
Columbia' (April 1977) 45 pp. 

Peat, Marwick, Mitchell and Company, 'Study 
of Parking Management Tactics, Volume 2: 
Overview and Case Studies, • Report No. 
FHWA-PL-79- 021 (December 1979) 237 pp. 

Boston MA case study discusses a peak 
period ban in the downtown. 

Pontier, W.E., P.W. Miller and W.H. Kraft, 
Edwards and Keicey. Inc., 'Optimizing Flow 
or Existing Street Networks', NCHRP Report 
113, Washington DC (1971) 414 pp. 

Presents a before-after analysis of 
parking restrictions near intersections in 
Louisville (KY) and Newark (NJ). 
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C1NDI DAE STRAT'EGIES ,cria.is !DTES /c0MMENTS PURSUE? 

Separate traffic flows at intersections 
to reduce accidents and delays 

- 	new traffic signals - 	malor intersections already signalized No 

- 	separate turn phases - 	significant turning movements at 5 Yes 
intersections 

- 	left-turn lanes - 	ditto; adequate right-of-way, but need to Yes 
remove parking 

- 	striping/islands - 	probably useful at some locations Yes 

Separate traffic floss on street 
segments to reduce delays 

- 	two-way left turn lanes - 	inadequate right-of-way No 

Divert turning movements to reduce 
accidents and delays 

- 	left-turn prohibitions - 	added traffic on side streets and driver No 
confusion rule this out 

- 	street and curb-cut closures - 	no alternative entrances to many abutting Maybe 
properties; entrances to some side streets 
could be closed but this would hinder access 
to off-street parking and residences; must 
be done selectively 

- 	medians - 	added travel distances and increased turns at No 
intersections 	(including illegal U-turns) 
would disrupt traffic more than existing 
midblock turns 

Move parking from street to reduce 
accidents and delays 

- 	remove parking near intersections - 	adequate vacancy rate in nearby spaces along Yes 
most of corridor, so little opposition expect- 
ed from merchants 

- 	remove parking in midblock - 	in most locations, adequate off-street or side Yes 
street parking exists near stores; may need to 
retain parking in some blocks of Libson St. 

- 	add off-street parking - 	not needed, vacant spaces can absorb cars No 
currently parking on Lisbon St. 

Increase time for driver reaction 
to avoid accidents 

- 	new signals, signs or warning - 	most intersections meet signal and signing Yes 

devices standards, but some signing could be improved 
- 	parking removal near intersections - 	should be effective in improving sight dist- Yes 

ance at problem 
T'dd capacity at intersections to 
reduce delays 

- 	new lanes - 	can use width of parking lanes to add turning Yes 
or through lanes if curb radii are increased 

- 	signal timing - 	retiming signals will add effective capacity Yes 
to at least two intersections 

Md capacity on street segments 
to reduce delays 

- 	new lane - 	existing parking lanes can be safely used as Yes 
travel lanes if curb radii are increased 

Md street capacity to corridor 
to.reduce delays 

- 	new segments or lanes on parallel - 	not feasibile in residential neighborhoods No 
streets 

Improve use of existing corridor capacity 
to reduce delays 

- 	signal coordination - 	physically interconnecting Essex/East St. Yes 
signals should be considered; manual 
coordination probably adequate elsewhere 

- 	reversible lanes - 	inadequate right-of-way; balanced traffic No 
- 	one-way pairs - 	too much local traffic; no good route for No 

other half of pair 
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Actions surviving the screening were 
combined into two initial packages for 
analysis, as shown below. The first con-
tained the minimum improvements needed to 
solve the problems identified along the 
corridor. It would improve traffic flow 
and reduce conflicts among flows by: (1) 
removing parking, (2) using the freed 
lanes for travel or turning movements, and 
(3) modifying signal operations. Curb 
radii increases would be required at most 
intersections to allow right turns to be 
made to and from the curb lane, and 
traffic signals would have to be relocated 

INITIAL ACTION PACKAGES 

or replaced at several locations to be 
visible from all approach lanes; there-
fore, these changes were noted so that 
they would be included in project specifi-
cations and cost estimates. 

A minor widening of the right-of-way 
along one section of the corridor artery 
was identified during field inspections as 
good opportunity to further reduce delays 
and improve traffic flow. Consequently, a 
second package was defined that included 
this action, even though its implementa-
tion probably would be deferred by limited 
funds. 

Package #1: improvements requiring only 	 • All sections: 
a small amount of new traffic control 	 - increase curb radii 
equipmant and no new right-of-way 	 - remove parking near major intersections 

Package #2: improvements requiring only 
a small amount of new traffic control 
equipment and/or right-of-way 

Section A (Willow to Androscoggin): 
- add turn and travel lanes through restriping 

Section B (Essex to East) 
- connect traffic signals 
- add turn lanes and phases 

Section C (Summit to South) 
- restripe for 2 approach lanes at intersections 

Section D (St. Croix to Cassell): 
- remove parking 
- restripe for 2 lanes in each direction 

. All actions included in Package *1 

Section A: 
- widen to add travel lanes 

PHASE 3: DESIGN, ANALYZE, AND EVALUATE SOLUTIONS 

A simple evaluation approach could be 
developed in this case based on the guide-
lines presented in the Impact Estimation 
and Analysis Aids in the Reference Hand-
book. The factors and criteria selected 
for assessing proposed solutions follow. 
Many are identical to the deficiency 
criteria used in Phase 1, and only a few 
required the estimation of performance 
measures. Safety and pedestrian circula-
tion factors, for example, were treated as 
design criteria. 

The Action Profiles in the Reference 
Handbook list potential evaluation factors 
and corresponding performance and impact 
measures that might be applied in the 
analysis of specific types of TSM actions. 

DESIGN AND EVALUATION CRITERIA 

Supply/Capacity 

- travel lanes at least 11' wide; 
left-turn lanes at least 10' wide 

- signs, signals and pavement markings 
in conformance with MUTCD standards 

- turning radii at least 20' 

Safety 

vehicles 
- provide adequate separation 

between turning and through 
traffic 

pedestrian 
- provide adequate buffer between curb 

travel lanes and sidewalk flows 
- provide safe crossing time during each 

signal cycle 
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Service Quality 

moving vehicles 
- LOS C or higher at intersections 

and along street segments 
- peak travel speed at least 20 mph. 

parking 
- provide spaces within 300' of all stores 

Financial 

- implementation budget limited to 
$200,000 

The analysis plan developed for the 
case study is diagrammed below. The plan 
addresses all the evaluation factors and 
criteria, and problem setting and screen-
ing information were used to simplify the 
analysis where possible. The major 
simplifying factor was the absence of 
(1) significant growth in the corridor, 
and (2) actions that might change travel 
patterns. 

ANALYSIS PLAN 

Use/Volume 

factor existing 
traffic counts 
to account for 
anticipated growth Service Quality  

. using peak hour 

 

Costs 

conditions, test estimate 

specify signal and 
for: 

- level-of-serv- construction 

lane operations ice "C" 
and design 

that: - 20 mph average costs 

- reduce delays travel speed 
- remove safety  

problems 
- maintain I 

pedestrian J circulation 	* ------- 
revise actions 
as required 

The Impact Estimation Aids section of 
the Reference Handbook contains (1) guide-
lines on selecting and applying estimation 
techniques, and (2) tables that recommend 
specific techniques for common analysis 
situations. A portion of the Method 
Selection Table for service quality is 
shown on the following page. 

The techniques selected for carryin 
out the analysis plan also are presente 
on the following page, along with notes on 
their application. 
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SAMPLE MEIODS SELECTION TABLE (portion) 

Methods Selection Table 2: 
Travel Time Estimation 

Scale and Type Appropriate References! 

of Analysis Techniques Tech. Notes* 

Spot or Segment Analysis 

Vehicular delays at 
intersections 

- 	check for acceptable - 	use capacity adequacy techniques cited in the 
level-of-service Methods Selection Table for Supply/Capacity estima- 

tion 

- 	estimate average travel - 	apply analytical techniques and worksheets 1-5 

time, delay or queue 
duration - 	apply simulation models of signalized intersection 8,9 

operations (mainly applicable to complex, high- 
volume intersections) 

- 	set signal timing to - 	apply Webster's equation or similar procedure 7 

minimize delays 

Vehicular travel time along 
roadway segment 

- 	check for acceptable - 	use capacity adequacy techniques cited in the 
level-of-service Methods Selection Table for Supply/Capacity estima- 

tion 

- 	estimate average - 	use curves relating speed to volume/capacity ratio 1,6 
travel time for different types of roadways see TN *3 

Travel time along transit - 	apply an analytical procedure to calculate route see TN *4 

route segment segment running times 

- 	use average operating speeds observed under similar 21,22, 
conditions see Profile 

Sheets for 
transit 
actions 

For numbered references, refer to text section of Method Selection Aid *2. Tech. Notes cited may be found 
in the Notes on Selected Techniques Section. 

TECHNIQUES AND ZIPPLICATION NOTES 

S Service Quality 

- Traffic delays at intersections - Use 
critical lane method to test specific 
lane and signal options for achievement 
of level-of-service C during peak hour. 

- Average travel speed - Intersection 
improvements and parking restrictions 
shcnld be sufficient to meet 20 mph 
standard. Proposed phasing sequences 
shald be checked for interference. 

- Parking availability - Field survey showed 
vacancy rates along side streets and in 
adjacents lots are adequate to accoinodate 
any reductions in on-street spaces. 

- Pedestrian access and circulation - 
Existing sidewalks and crosswalks are 
sufficient to accommodate increased flows. 
Anticipated pedistrian and turning traffic 
volumes do not warrant phase separations. 
Signal timing must continue to allow 
adequate crossing time for pedestrians. 

S Safety 

Examine accident records to 
identify correctible safety problems. 

Supply/Capacity 

Specify different signal phasings and lane 
configurations and operations for analysis 

Financial 

Prepare cost estimates for engineering and 
construction/implementation of recommended 
actions. Changes in on-going street 
maintenance costs are expected to be 
minimal. 

Public Costs 

- Accidents - Intersection safety improve-
ments identified in safety analysis 
should sufficiently reduce accident rates. 

- Air quality - No problems exist or are 
anticipated in the corridor. 
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The design and operation of seven 
intersections, and of short segments 
between three pairs of these intersec-
tions, were key in solving the safety and 
delay problems, so these locations were 
examined first. The principal "tech-
niques" selected for design and analysis 
at these locations were: 

A detailed examination of accident 
records and safety conditions. 

The application of "good traffic 
engineering practice" to specify 
operational plans. 

The use of critical lane analysis 
and Webster's signal timing equation 
to test for operation at level-of-
service C or higher. 

PHASE 4: RECOMMEND AN ACTION PLAN 

The cost of implementing the designed 
solution, was approximately ¶200,000, which 
was expected to require a phased implemen-
tation over a 3- to 5-year period because 
of funding limitations. As a result, the 
corridor planning team grouped the 
recommended improvements into three logi-
cal stages for final engineering and 
construction, as shown below. The first 
two stages covered improvements that (1) 

E(DMMDED ACTION PLAN  

The worksheets developed for Phase 1 were 
used in the critical lane analysis. 

Once functional designs had been 
developed for the key intersections and 
segments, the same techniques were applied 
to the remainder of the corridor as 
necessary to address remaining safety, 
delay, and speed problems and to provide 
lane continuity and transitions along the 
corridor artery. A final check of signal 
phasing and timing was made to ensure no 
conflicts were imtroduced between inter-
sections that could lead to delays and 
queues. Finally, state summaries of bid 
data were used to estimate final engineer-
ing and implementation costs. 

addressed the most significant problems 
and (2) were feasible for implementation 
in the first 2 or 3 years. The 
"potentially deferred" improvements were 
to be designed along with stage 2; they 
might be implemented in that stage if 
additional funds became available, but 
most likely would be implemented in the 
fourth or fifth year. 

Stage 1 ($55,000) 

Section A (Willow to Androscoggin) 
- restripe for 1 eastbound and 2 westbound 

lanes 
- paint transition zone to start of curb 

parking 
- increase curb radii 

Section B (Essex to East) 
- change lane use designations 
- change traffice signal phases and timing 
- increase curb radii 

Stage 2 ($60,000): 

Section Cl (South St.) 
- relocate traffic signal heads 
- prohibit parking near intersections 
- restripe for 2 approach lanes 
- increase curb radii 

Section Dl (St. Croix to Scribner) 
- remove parking and restrip for 2 lanes 

in each direction 
- upgrade traffic signal hardware 
- increase curb radii 

Potentially Deferred ($75,000): 

Section C2 (Summit to Dumont) 
- prohibit parking near intersections 
- restripe for 2 approach lanes 
- increase curb radii 

Section D2 (Apple to Cassell) 
- remove parking and restripe for 2 lanes 

in each direction 
- increase curb radii 
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Detailed diagrams of the recommended 
improvements were prepared to carefully 
document the action plan for engineers and 
implementing agencies; an example is shown 
below. 

Portions of the plan have been 
implemented, and the remainder will be 
scheduled as funds become available. 

SEGMENT IMPROVEMENT DIAGRAM 

PROJECT SEGMENT LOCATION 

-I-- 

	

	 -\ 
.1• 41 x 

NOTES 
RETIME SIGNALS AT LISBON-EAST AND 
LISBON-ESSEX, NEW PHASING, CYCLE 
LENGTH, PHASE SPLITS, ADD ALL RED 
CLEARANCE; MAINTAIN EXISTING 
INTERCONNECTION 

INSTALL NEW AND REFURBISH EXISTING 
PAVEMENT MARKINGS AS SHOWN 
INSTALL NEW REGULATORY SIGNS AS 
SHOWN 

CURS RADII IMPROVEMENTS AS SHOWN 
INSTALL BACKPLATES ON ALL SIGNAL 
HEADS 

SIGNING SCHEDULE 

/ ISE.EO,IM*TflOC*CONI 30001303 

i:' 
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Transportation Systems Management (TSM) 
is a broad concept covering a variety of 
physical, 	operational, 	regulatory, 	and 
managerial actions that can be quickly and 
cheaply designed and implemented to affect 
the use and performance of transportation 
facilities. Only a few of these actions, 
however, are likely to be feasible and 
effective means of solving any specific 
problem. Planners, engineers, and other 
problem-solvers need to quickly focus 
their analysis and design efforts on. the 
few appropriate actions if a solution is 
to be implemented in the near-term. 

Two screening aids are presented to 
assist transportation agencies in select- 

ing candidate TSM actions that are likely 
to be feasible and effective in solving 
their particular problems. The first, a 
s e t 	of Action 	Identification Tables, 
identifies approaches to solving general 
problems in which transportation agencies 
are commonly involved, and lists TSM 
actions that could be implemented 
separately or in combination as part of 
each approach. The second, a set of Ac-
tion Profiles, provides guidelines on the 
applicability of several of the actions 
identified in the tables, along with de-
sign and operational considerations and 
other information. 

TSM Action Identification Tables ..................40 

TSM Action Profiles .......................59 
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TSM Action ldentificatio.n Tables 

The Action Identification Tables that 
follow are designed to assist agencies in 
identifying 	general 	approaches 	and 
specific types of TSM actions that are 
potentially applicable in solving short-
term transportation problems. The tables 
are organized around five factors or para-
meters that are helpful in identifying 
potential solutions; these are: 

Location or scale of problem. 

Nature of (perceived) problem. 

Underlying deficiency in trans-
portation system. 

Strategy or approach to solution. 

Location or scale of action 
inplenentation. 

An engineer or planner should use these 
parameters in sequence to identify appro-
priate TSM actions for further analysis 
and eventual implementation, as discussed 
in the following. 

The location or scale of a problem is a 
major determinant of the types of actions 
that may be required for its solution or 
mitigation. Six basic problem locations 
are covered by the tables: 

Spot locations (intersections) and 
segments (streets) 

Corridors 

Residential communities 

Employment centers 

Commercial centers 

Regional 

While this is not an exhaustive list, most 
other problem locations will resemble one 
or more of the types on this list. Some 
may be composites that require the user to 
examine more than one table; the most ob-
vious example is a central business dis-
trict that functions both as an employment 
center (covered in Table 4) and a com-
mercial center (covered in Table 5). 

Each problem location table covers 
three to six types of problems commonly 
addressed at least in part, by urban 
transportation agencies. These problems 
are listed in the following table. 

PROBLEMS (X)VERED IN ACTION IDENTIFICATION TABLES 

1. Isolated Intersections or Street Segments 

Vehicle Flow Conflicts and Accidents 
Traffic Congestion 
Pedestrian Safety 

2. Corridors 

Traffic Congestion on Freeways 
Traffic Congestion on Arterial Streets 
Crowded Transit Vehicles 
Traffic Congestion on Cross-Corridor 
Roads 

3. Residential Communities 

Through Traffic on Residential Streets 
Declining Sales in Town Centers 
Inadequate Transit Service 
Traffic Congestion in Town Centers 
Unsafe or Inadequate Routes for 
Pedestrians and Cyclists 

4. Employment Centers 

Traffic Congestion in or near Center 
High Commuting Cost or Inadequate 
Access to Workforce 
Substandard Air Quality 
Lack of Business Expansion Space 
Unsafe Pedestrian Circulation 
Commuter Parking on Residential 
Streets near Center 

5. Commercial Centers 

Traffic Congestion in or near Center 
Community Resistance to Commercial 
Expansion Plans 
Crowded or Unsafe Pedestrian 
Circulation 

6. Regional (including State and National) 

High Transit Operating Cost and 
Deficits 
High Energy Consumption 
Vulnerability to Energy Supply 
Disruption 
Unacceptable Air Quality 
High Accident or Insurance Rates 
Constrained Mobility of Non-Drivers 
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Again, the problem names and table organi-
zation should not be rigidly applied. For 
example, in dealing with a traffic conges-
tion problem at thre or four inter-
sections along an arterial Street, a 
planner should look at both the isolated 
intersection (Table 1, Problem 2) and the 
corridor (Table 2, Problem 2) tables to 
identify potential solutions. 

Problems perceived by transportation 
officials and others often arise from dif-
ferent types of underlying deficiencies 
(e.g., conflicts between pedestrians and 
turning vehicles). Some common deficienc-
ies are listed for each problem (in the 
first column of the tables) to help 
planners address problem causes and not 
secondary symptoms. Note that the tables 
identify 	only 	those 	deficiencies 
associated 	with 	the 	transportation 
system. For example, although declinim 
sales in town center (Table 3, Problem 2 
might be exacerbated by the listed 
transportation, deficiencies (e.g., heavy 
use of center streets by through traffic), 
changes in the socioeconomic characteris- 
tics 	of 	residents 	and 	increased 
competition from shopping centers are 
likely to be more significant causes of 
the problem. 

Different •approaches or strategies 
(e.g., add capacity or reroute through-
traffic) can be pursued in solving many 
problems, and appropriate strategies for 
each deficiency are indicated in the 
second column of the tables. In practice, 
a planner often would use a combination of 
strategies to address a problem, because a 
combination of deficiencies is present in 
most cases. For example, to deal with a 
problem of through-traffic on residential 
streets (Table 3, Problem 1), a combina-
tion of reducing travel times on adjacent 
arterial streets and blocking through-
routes over residential streets might be 
examined, with the strategy mix depending 
on local conditions. The identification 
of distinct strategies in the tables, how-
ever, helps set specific objectives to 
guide the. design, evaluation, and packag-
ing of TSM actions. 

The actions listed for each strategy 
are grouped by scale or location of imple-
mentation to help combine problems for 
analysis and solution, establish appropri-
ate study area boundaries, and identify 
agencies and groups that should be involv-
ed in planning and implementing a solution 
package. For example, many of the prob-
lems associated with an employment center 
will require actions both within the cen-
ter and along major approach corridors, so 
limiting the study area to the center will 
produce only partial solutions to those 
problems. 

The actions listed for each scale or 
location category are in no particular 
order, i.e., the last listed is not neces-
sarily less effective than the first. 
Most actions listed under "throughout ur-
ban area," however, should be viewed as 
supportive or supplemental to other, more 
focused actions, and would typically be a 
part of a solution package addressing a 
problem that is widespread. 

Many of the actions listed may be fa-
miliar to an agency and simple to plan and 
implement, while others will require care-
ful planning or the involvement of other 
agencies. 	Prof iles on several actions 
outside the experience of many communities 
are provided in the next section of the 
Handbook to assist agencies in planning 
and designing these actions. 
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1 	Action Identification Table 1: 
Isolated Problems at Intersections or on Street Segments 

Under lying 
Transportations 	 Corrective 
Deficiencies 	 Strategies  

Actions Applied 	Actions Applied 
at 	 on 

Intersections 	Street Segments 

Problem 1: Vehicle Flow Conflicts and Accidents 

Turning and 	--lA. Reduce delays 
parking move- 	 and conflicts 
ments inhibit 	 by separating 
traffic flow 	 flows 

- New signals 
- Signal phasing 

and timimg 
changes 

- Turn lanes 
- Striping 
- Traffic police 
- Islands 

- 2-way left turn 
lanes 

- Expanded off-
street parking 
or loading areas 

- On-street parking 
restrictions or 
removal1- 

lB. Reduce delays 
and conflicts 
by diverting 
movements 

rA 

- Left turn 
prohibitions- 

- Jug-handles 
- On-street parking 

restrictions near 
intersections1  

- Medians 
- Side street and 

curb cut closures 
- On-street parking 

restrictions or 
removal1  

- Expanded off-
street parking 
or loading areas 

- Speed restriction 
- On-street parking 

restrictions or 
removal1  

- Warning devices 

Inadequate sight--lC. Increase time 	- New signals or 
or stopping dis- 	available for 	stop signs

e  tances 	 driver raction - Signal phasing 
and timing 
changes4  

- Warning devices 

Problem 2: Traffic Congestion 

Turning and 	- 2A&B. Same as strategies 1A&B listed 
parking move- 	 for 'Vehicle Flow Conflicts and 
ments inhibit 	 Accidents' 
traffic flow 

Inadequate cap- --2C. Reduce delays 	- New lanes2  
acity to handle 	 by adding 	- Signal timing 
peak traffic 	 capacity 
volumes 

Problem 3: Pedestrian Safety 

Conflicts bet- - 3A. Reduce conflict - Islands 
ween pedestrian 	 by separating 	- New signals3  
and vehicular 	 flows 	 - Signal phases 
traffic 	 - Crosswalk strip- 

ing 
- Traffic police 

1 Restrictions may be limited to hours of peak traffic flow. 
2 Lanes may be added through parking removal, re-striping and/or widening. 
New pedestrian signals may be demand-actuated or tied to existing (or 
modified) progression. 
Changes could include an all-red phase or extended amber. 



43 

Action Identification Table 2: 	 2 Problems in Corridors 

Underlying 	 Actions Applied 	Actions Applied 	Actions Applied 

Transportation 	 Corrective 	 Along 	 in Subareas in 	 throughout 

Deficiencies 	 Strategies 	 Corridor 	or near Corridor 	Urban Area 

Problem 1: Traffic Congestion on Freeways or other Major 
Facilities (such as Bridges or Tunnels) 

Insufficient 	1A. Reduce travel 
capacity to 	 delays by add- 
handle peak 	 ing capacity 
traffic volumes 	 to facility 
at acceptable 
service level 

- New lanes re-
served for buses 
and carpools 

- New reversible 
lanes 

- Extended ramps 
and merge zones 

lB. Reduce travel 
delays through 
more effective 
use of existing 
capacity 

1C. Reduce travel 
delays by en-
couraging 
travelers to 
use transit 
and carpools 

10. Reduce travel 
delays by en-
couraging trips 
to be made at 
less-congested 
times 

lE. Reduce travel 
delays by 
encouraging 
short trips to 
use arterial 
streets 

- Ramp metering 
- Contra-flow or 

reversible lanes 
- Ramp closures 
- Travel in break- 

down lane during 
peak 

- Bus and carpool 
lanes 

- Ramp meter by-
passes 

- Park/ride lots 
- Park/pool lots 
- Added express 

buses 
- Extended feeder 

bus routes 

- Reduced off-peak 
or increased peak 
tolls 

- Ramp metering 
- Ramp closures 

- Bus and car-
pool ramps and 
lanes 

- Modified transit 
distribution 
routes 

- Increased 
parking fees 

- Carpool prio-
rity in park-
ing lots 

- Employer pool-
ing programs 

- Employer sub-
sidy of tran-
sit passes 

- Flexible work-
ing hours 

- Reduced of f 
peak or in-
creased peak 
parking rates 

- New lanes and 
segments 

- Signal coordina-
tion 

- Street and in-
ter section 
geometry 
improvements 

- Transit passes 
- Bus and carpool 

information and 
marketing 
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Underlying 	 Actions Applied 
Transportation 	 Corrective 	 Along 
Deficiemoies 	 Strategies 	 Corridor  

Actions Applied 
in Subareas in 
or near Corridor 

Actions Applied 
throughout 
Urban Area 

Problem 2: Traffic Congestion on Arterial Streets and Highways 

Insufficient 	2A. Reduce travel 
capacity to 	 delays by add- 
handle peak 	 ing capacity 
traffic volumes 	 in corridor 
at acceptable 
service level 

2B. Reduce travel 
delays through 
more effective 
use of existing 
capacity1  

- New lanes 
- New segments par-

alleling or by-
passing congested 
segments 

- Under/overpasses 

- Peak period on-
street parking 
and loading bans 

- Signal timing and 
phases 

- Signal coordina-
tion 

- Modified inter- 
section geometry 

- Reversible lanes 
- 2-way left-turn 
lanes 

- Medians 
- Turn prohibitions 

or rerouting 
- Access control 
- One-way pairs 

Reduce travel 
delays by en-
courag ing 
travellers to 
use transit and 
car poo 18 

Reduce travel 
delays by 
encouraging 
trips to be 
made at less-
congested times 

Reduce travel 
delays by en-
couraging trips 
to use parallel 
freeways 

- Bus and carpool 
lanes or bypasses 

- Signal pre- 
emption 

- Limited-stop or 
express buses 

- Expanded bus 
routes 

- Increased bus 
frequency 

- Park/ride lots 

- Actions listed 
under strategies 
lA and 1B: Reduce 
travel delays by 
adding capacity 
to freeways or 
through making 
more effective 
use of their 
existing capacity 

- Modified transit 
routes 

- Employer pooling 
programs 

- Employer subsidy 
of transit passes 

- flexible working 
hours 

- Reduced off-peak 
or increased peak 
parking rates 

- Geometric and 
signalization. 
improvements on 
access roads 

- Transit passes 
- Bus and carpool 

information and 
marketing 

1 Many of the actions listed may be applied on cross streets to 
allow more green time on the corridor artery (while 
maintaining level of service on the cross streets). 
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Action Identification Table 2: 2 Problems in Corridors 

Underlying Actions Applied Actions Applied Actions Applied 
Transportation Corrective Along in Subareas in throughout 
Deficiencies Strategies Corridors or near Corridor Urban Area 

Problem 3: 	Crowded Transit Vehicles 

Crowded buses Reduce peak - Increased fre-. - Articulated buses 
slow running load factors by quency on 	exist- - Expanded transit 
times and incon- ' adding capacity' ing routes fleet 
venience pas- to corridor - New express or 
sengers limited-stop ser- 

vice 
- New local bus 

routes 

Reduce peak - Increased fre- - Flexible working - Reduced off-peak 
load factors quency in shoul- hours fares 
by diverting der periods - Increased peak 
trips to off fares 
peak times 

Problem 4: 	Traffic Congestion on Cross-Corridor or Access Roads 

Insufficient Reduce travel - New segments 
capacity to delays by cre- - Intersection 
handle peak ating new ac- realignment 
traffic volumes cess paths - Signals and phases 
at acceptable - Signal coordina- 
service level tion 

Reduce travel - New segments 
delays by in- - New lanes 
creasing the - Street and inter- 
effctive cap- section geometry 
acity of exist- improvements 
ing roads - Access control 

- Signal coordina- 
tion ' 



3  Action Identification Table 3: 
Problems in Residential Communities 

Underlying 	 Actions Applied 	Actions Applied 	Actions Applied 
Transportation 	Corrective 	 in or near 	 in or near 	 throughout 
Deficiencies 	 Strategies 	Town Center 	 Neighborhoods 	Urban Area 
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Problem 1: Through Traffic on Residential Streets 

Delays on main —0-1A. Reduce travel 
streets provi- 	 times on exist- 
ding alternative 	ing arterial 
routes 	 routes 

ILI, 
lB. Create new & 

faster route(s) 

/ 
Main streets 	—0-1C. Increase travel 
provide less 	 time and reduce 
direct routes 	 directness on 

routes using 
residential 
streets 

- New lanes 
- Street and inter- 

section geometry 
- Signal coordina- 

tion 
- Parking removal 

or restrictions 

- New segments 
- Street and inter- 

section geometry 
- Signal coordina- 

tion 

- Speed control 
devices 

- One-way streets 
with offsets 

- Barriers across 
segments and 
intersections 

Problem 2: Declining Sales in Town Centers 

	

Inadequate ac- —0-2A. Reduce auto 	- New segments 
cess from neigh- 	travel time 	- Street geometry 
borhoods 	 from neigh- 	- Added parking 

\ 	borhoods to 
center 

2B. Improve service - Merchant delivery - Modified bus - Reduced transit 
quality of non- or shopper vans routes fares for short, 
auto access - Merchant - Community transit off-peak trips 
from neighbor- transit rebates - Shared-ride taxi - Bus specifica- 
hoods to center - Bicycle/moped - New walkways and tions that aid 

storage and crossingo passengers with - Waiting shelters - Bikeways packages 

Inadequate or —0-2C. Reduce pedes- 
unsafe pedes- trian travel 
trian circula- time within 
tion within \ 	center 
center 

2D. Reduce con- 
flicts between 
vehicles and 
pedestrian 
traffic 

Heavy use of 	—0-2E. Divert through 
center streets 	 traffic to new 
by through 	 or improved 
traffic 	 alternative 

routes  

- Street closures 
- Wide sidewalks 
- New crossings 

- Street and inter- 
section geometry 

- Signals and phases 
- Traffic flow 

management 
- Street closures 

- New segments and 
lanes 

- Signal coordination 
- Speed control 

devices 
- Street closures 
- Traffic flow 

management 
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Action Identification Table 3: 
Problems in Residential Communities 3 

Underlying Actions Applied Actions Applied Actions Applied 

Transportation 	Corrective in or near in or near throughout 

Deficiencies 	 Strategies Town Center Neighborhoods Urban Area 

Problem 3: 	Inadequate Transit Service 

Inadaquate al- 	—e-3A. Improve cover- - Coordinated - Modified bus - Reduced fares for 
ternatives to 	 age and conven- schedules routes short, off-peak 

auto travel for 	ience by modi- - Waiting shelters trips 

intra-town trips 	fying existing - Transfer center - Extended service 
\ 	routes and hours 

schedules 

3B. Improve cover- - Community transit 
age and conven- - Shared-ride taxi 
ience by devel- - Family passes 
oping new 
service 

Inadequate ac- —ø-3C. Improve conven- - Extended or modi- 
cess to major ience of access fied routes 

centers outside to regional - Community feeder 
town transit routes transit 

- Park/ride lots 
- Timed transfers 

3D. Improve service - Reduced policy 
quality on headways 

regional trans- - New circumferen- 
it routes tial routes 

- Added express or 
limited-stop 
service 

- Extended service 
hours 

Problem 4: Traffic Congestion in Town Centers 

Inadequate —e-4A. Reduce travel - Street and intersec- 
street capacity delays through tion geometry 

more effective - Signals and phases 
use of existing - Traffic flow 
capacity management 

- Access control 
- Reduced on-street 

parking 
- Parking enforcement 

Inadequate —.e4B. Increase util- - Time limits and 
parking capacity ization of increased rates for 

existing spaces convenient spaces 

- Traffic flow con- 
\ trols to encourage 

use of remote lots 

Increase - New or expanded off- 
j 	capacity Street lots or 

garages 
- Side street conver- 

sion to parking 

Improve service - Actions listed - Actions listed - Actions listed 
quality on under under under 
other modes to strategy 2Bs strategy 2B: strategy 28: 
encourage their Improve non- Improve non- Improve non- 
use auto service auto service auto service 

quality from quality from quality from 
neighborhoods neighborhoods neighborhood 
to town center to town center to town center 
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3  Action Identification Table 3: 
Problems in Residential Communities 

 

 

Under lying 	 Actions Applied 	Actions Applied 

Transportation 	 Corrective 	 in or near 	 in or near 

Deficiencies 	 Strategies 	 Town Center 	 Neighborhoods 

Actions Applied 
throughout 
Urban. Area 

Problem 5: Unsafe or Inadequate Routes for Pedestrians and 
Cyclists 

Unsafe routes -k. Improve safety 	- New sidewalks 
of existing routes 	and crosswalks 

- New signs and 
signals 

- Signal phase 
changes 

- Wider sidewalks 
- Curb parking 

restrictions 

Inadequate 	—0- Add new routes 	- New sidewalks 

routes 	 and conveniences 	and crosswalks 
- New signs 

and signals 
- Signal phase 

changes 
- Sideways 
- Bicycle racks 
or lockers 

- Pedestrian/ 
bicycle bridges 

- New sidewalks 
and crosswalks 

- New signs and 
signals 

- Signal phase 
changes 

- New sidewalks 
and crosswalks 

- New signs and 
signals 

- Signal phase 
changes 

- Bikeways 
- Pedestrian/ 

bicycle bridges 



Action Identification Table 4: 
Problems at Employment Centers 

Underlying 	 Actions Applied 	Actions Applied 	Actions Applied 

Transportation 	 Corrective 	 in or near 	along Approach 	 throughout 

Deficiencies 	 Strategies 	 Center 	 Corridors 	 Urban Area 

Problem 1: Traffic Congestion In or Near Center 

Insufficent 	 1A. Reduce travel 
street capacity 	 delays through 
to handle peak 	 more effective 
traffic volumes 	 use of existing 
at acceptable 	 capacity 
service levels 

lB. Reduce travel 
delays by add-
ing capacity 

1C. Reduce travel 
delays by en-
couraging 
coninuters to 
use transit and 
carpóols 

- New signals and 
phases 

- Signal coordin-
ation 

- Reversible lanes 
- On-street parking 

and loading bans 
- Turn restrictions 
- One-way street 

system 

- New lanes and 
segments 

- Bus/carpool 
priority measures 

- Parking fees and 
space assignment 

- Bus pass subsidy 
- Employer pooling 

programs 
- Modified transit 

distribution routes 

- Expanded bus 
service 

- Express bus 
- Bus schedule 

coordination 
- Park/ride lots 
- Park/pool lots 
- Bus/carpool 

priority measures 

- Transit passes 
- Bus/carpool 

marketing 
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lD. Reduce travel 
delays by en-
cour aging 
comuters to 
travel at less 
congested times 

lE. Reduce travel 
delays by en-
courag ing 
through trips 
to use other 
routes 

- Staggered or 
flexible working 
hours 

- Reversible lanes 
- One-way street 

systems 
- Signals and timing 
- Street and inter-

section geometry 



4  . Action Identification Table 4: 
Problems at Employment Centers 

Underlying 	 Actions Applied 	Actions Applied 	Actions Applied 
Transportation 	Corrective 	 in or near 	along Approach 	throughout 
Deficieries 	 Strategies 	 Center 	 Corridors 	 Urban Area 
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Problem 2: High Comnuting Cost or Inadequate Access to 
Workforce 

Lack of direct -0- 2A. Reduce 2 	 - New lanes and 
routes from 	 travel times 	 segments 
residential 	 and costs by 	 - Signal 
consiunities 	 providing 	 . 	 coordination, 

f 	direct routes 	 timing and 

/ 	
phasing 

Traffic conges- —0- 2B. Reduce 2! - New lanes 
tion on routes travel times by - Signal coordin- 
from residential improving ser- ation 
coninunities vice quality of - Reversible lanes 

existing road- - On-street parking 
ways and loading bans 

Low service 	-0- 2C. Reduce travel - Shuttle bus from - Expanded bus 
quality on time and cost transit stations services 
alternatives to by providing or - Carpool matching - Transit schedule 
driving alone improving tran- - Bicycle/nped coordination 

sit and carpool storage - Subscription bus 
service - Vanpools - Bicycle/moped 

- Employer couTnuting lanes 
subsidies 

- Bus transfers 
- Handicapped 

Services 

Problem 3: Substandard Air Quality 

Inadequate 	—0- 3A. Reduce emis- 	- Actions listed 
street capacity 	sions by re- 	under strategies 
to handle peak 	 ducing vehicle 	lC and lD. 
travel to center 	volumes during 

peak hours 

3B. Reduce emis- 	- Actions listed 
sions by re- 	under strategies 
ducing traffic 	1A and lB. 
delays during 
peak hours 

Through traffic —0 3C. Reduce emis- 	- Actions listed 
using center 	 sions by 	 under strategy 
streets during 	 diverting 	lE. 
peak periods 	 through traffic 

to alternative 
routes 

Improperly 	-0- 3D. Reduce vehicle - Spot vehicle 	 - Bus maintenance 
maintained 	 emissions rates 	inspections 	 program 
vehicles 	 - Auto inspection 

procedures 
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Actions Applied 
throughout 
Urban Area 

Underlying 	 Actions Applied 	Actions Applied 
Transportation 	Corrective 	 in or near 	 along Approach 
Deficieries 	 Strategies 	 Center 	 Corridors 

Problem 4: Lack of Business Expansion Space 

Transportation Accomodate new - Actions listed - Actions listed 
network in or trips by making under strategies under strategy 
near center can- more effective 1A and 1C: Reduce 1C: 	Reduce 
not handle addi- use of existing travel delays by travel delays 
tional corrinuter capacity making more effec- by encouraging 
traffic tive use of exist- use of transit 

ing capacity and and carpools 
by encouraging use, 
of transit and 
carpools 

Relocate in- - Loading bans 
compatible 
land uses 

Increase - New lanes and seg- - Street and inter- 
city 	adja- rnents section geometry 
cent sites to - Street and inter- - Signals 
support conuner- section geometry - Modified bus 
cial develop- - Modified bus routes , routes 
ment - Loop/shuttle bus 

- Walkways 
- Signals and coordin- 
ation 

- Added off-street 
parking 

- Reversible lanes 
- One-way streets 

Problem 5: Unsafe Pedestrian Circulation 

Inadequate —0.- 5A. Increase - Widen sidewalks 
capacity for capacity for and crosswalks 
pedestrians walking and - New walkways 

waiting - Relocated bus stops 
- Waiting shelters 

Interference —.0- 5B. Reduce con- - Crossing design 
between vehicu- flicts between and operation 
lar and pedes- pedestrian and - Loop/shuttle bus 
trian traffic vehicular - New walkways 

traffic or overpasses 
- Modified transit 
routes 

- Relocated bus stops 

- Actions listed 
under strategy 
1C: Reduce 
travel delays 
by encouraging 
use of transit 
and carpools 
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Problems at Employment Centers 
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Actions Applied 
throughout 
Urban Area 

Underlying 	 ActionaApplied 	Actions Applied 

Transportation 	Corrective 	 in or near 	 along Approach 

Deficiencies 	 Strategies 	 Center 	 Corridors 

Problem 6: Comuter Parkingon Residential Streets near Center 

High user cost 	-0- 6A. Increase user - Resident permits 
differential cost of parking - Time limits 
between on-and on residential - Increased enforce- 
off-street streets ment and fines 
parking 

Inadequate 	-4- 6B. Reduce travel - Actions listed - Actions listed 
alternatives to time and user under 1C: Reduce under 1C: Reduce 

comnuting by cost On alter- travel delays by travel delays by 

auto natives modes encouraging corn- encouraging corn- 

/ to encourage muters to use inuters to use 

/ mode shifts transit and transit and 
carpools carpools 

Inadequate 	—4— 6C. Increase 	j5- - Added off-street 
parking capacity ing capacity spaces 
within center within center - Parking space 

requirements for 
businesses 

- Shuttle transit 
from remote spaces 

- Actions listed 
under 1C: Reduce 
travel delays by 
encouraging com-
muters to use 
transit and 
carpools 



5 Actlón Identification Table 5: 
Problems at Commercial Centers 
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Underlying 	 Actions Applied 
Transportation 	 Corrective 	 in or near 
Deficiencies 	 Strategies 	 Center  

Actions Applied 
along Approach 

Corridors 

Actions Applied 
throughout 
Urban Area 

Problem 1: Traffic Congestion in or near Center 

Inadequate 	 1A. Reduce travel 	- New lanes 
street capacity 	 delays by add- - New segments 
to handle peak 	 ing capacity 	- Intersection 
shopping traffic 	 geometry 
vo lurnes 

18. Reduce travel - Signal coordina- 
delays through tion 
more effective - On-street parking 
use of existing and loading 
capacity restrictions 

- Expanded off- 
street parking 
and loading areas 

- One-way street 
systems 

- Relocated bus 
stops 

- Street and inter- 
section goemetry 

- Turn lanes, sig- 
nal phases or 
controls 

- Side street and 
curb cut closures 

- Parking enforce- 
ment 

1C. Reduce traffic - Time limits and 
delays by re- increased rates 
ducing internal for convenient 
circulation spaces 
trips by auto - Reduced rates for 
(including remote spaces 
search for - New parking lots 
parking) or garages 

- Shuttle transit 
- Covered walkways 
- Parcel check and 

pick up points 



2B. Encourage 9i2E 
2.th9. trips at 
non-peak times 

- Flexible working 
hours 

- Four day workweek 
- Transit fare 

structure 

5  Action Identification Table 5: 
Problems at Commercial Centers 

Underlying 	 Actions Applied 
Transportation 	 Corrective 	 in or near 
Deficiencies 	 Strategies 	 Center 

Problem 2: Coninunity Resistance to Commercial Expansion Plans 

Transportation 2A. Increase ser- - Shuttle buses 
network on or vice quality - Covered walkways 
near center offered by and waiting areas 
cannot handle alternative - Merchant delivery 
increased modes to mini- vans 
traffic volumes mize traffic - Bicycle lanes and 

volume growth storage facili- 
ties 

- Bus lanes 
- Merchant shopper 

buses 
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Actions Applied 
	

Actions Applied 
along Approach 
	 throughout 

Corridors 
	 Urban Area 

- Expanded bus 
routes 

- Increased fre-
quency during 
peak shopping 
hours 

- Community transit 
- Shared ride taxi 
- Shuttle buses 

from transit 
stations 

- Expanded transit 
service hours 

- Family transit 
fares or passes 

- Revised taxi 
regulations 

Problem 3: Crowded or Unsafe Pedestrian Circulation 

Inadequate 	—0- 3A. Increase - Wider sidewalks 
capacity for for walk- - Auto-restricted 
pedestrians 	 ing and waiting zones 

pedestrians - New walkways 
- Relocated bus 

stops 
- waiting shelters 
- New crosswalks 

Interference 	—0- 3B. Reduce con- - Crosswalk design 
between vehicu- flicts between and operation 
lar and pede- pedestrian and - New walkways and 
strian traffic vehicular overpasses 

traffic - Loop/shuttle 
buses 

- Modified transit 
routes 

- Relocated bus 
stops 

- Auto-restricted 
zones 



Action Identification Table 6: 
Regional, State, and National Problems 

5.5 

Actions Applied 	Actions Applied 
in Corridors or 	throughout 

in Subareas 	Urban Area 

-'Modified routes 	- Modified cover- 
and service hours 	age, headway and 

service hour 
policies 

- Bus priority - Vehicle and 
measures driver schedul- 

- Modified routes ing procedures 
- Work rule changes 
- Fleet replacement 
- Management infor- 
mation systems 

- Increased fares 
- Modified fare 

structure 

- Modified routes - Transit passes 
- Schedule coordin- - Modified fare 

ation structure 
- Transfer centers 
- Bus priority 

measures 
- Park/ride lots 
- Express or lim- 

ited stop 
service 

- Employer pass 
subsidies 

Under lying 	 Actions Applied 
Transportation 	Corrective 	 at Spots or 
Deficiencies 	 Strategies 	 Segments 

problem 1: Hiqh Transit Operating Cost and Deficits 

1A. Reduce operat- 
costs by 

reducing vehi-
cle-miles oper-
ated 

lB. Reduce operat- 
costs by 

reducing labor 
requirements 
per vehicle-
mile 

Increase reve- 
nues 	raising 
fares 

Increase reve- 
nues 	in- 
creasing rider-
ship 



6  Action Identification Table 6: 
Regional, State, and National Problems 

Underlying Actions Applied Actions Applied Actions Applied 

Transportation Corrective at Spots or in Corridors throughout 

Deficieries Strategies Segments or Subareas Urban Area 

Problem 2: 	High Energy Consumption 

Too much energy Reduce fuel - Vehicle inspec- 
consumed in pro- consumption tion procedures 

viding personal rate (per ye- - Reduced excise 
transportation hide mile) and sales taxes 

by improving on new cars 

vehicle effi- - Bus maintenance 
ciency program 

Reduce fuel - Street geometry - Signal coordina- - Revised signal 
consumption - Revised signal tion location and op- 

rate (per operation - Flow management eration standards 

vehicle mile) - Street geometry - Right-turn-on- 
by reducing - Parking controls red standards 

traffic delays - Enforcement 
Reduce fuel - Employer pooling - Carpool matching 
consumption programs - Reduced transit 
rate 	(per- - Bus/pool priority fares 
passenger mile) measures on road- - Transit passes 
through incen- ways - Carpool/transit 
tives to use - Carpool toll and information 

transit and parking fee re- 
carpools ductions 

- Expanded bus ser- 
vice 

- Park/ride lots 
- Park/pool lots 
- Schedule coordin- 

ation 

Reduce fuel 	 - Increased parking - Increased fuel 
consumption 	 fees and tolls 	taxes 

rate (per 	 - Subarea entry 
passenger mile) 	 controls 
through disin-
centives to 
driving alone 
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Action Identification Table 6: 
Regional, State, and National Problems 

Underlying 	 Actions Applied 
	

Actions Applied 
	

Actions Applied 

Transportation 	 Corrective 	 at Spots or 
	

in Corridors 
	

throughout 
Deficieries 	 Strategies 	 Segments 

	 or Subareas 
	 Urban Area 

Problem 3: Vulnerability to Energy Supply Disruption 
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Improve conven-
ience of alter-• 
native modes of 
travel in auto-
dominated 
markets 

4B. Reduce emission 
rate (per vehi-
cle mile) by 
reducing 
traffic delays 

- Actions listed 
under strategy 
2B: Reduce fuel 
consumption rate 
by reducing 
traffic delays 

- Employer pooling 
programs 

- Transit schedule 
coordination 

- BUS transfer cen- 
ter s 

- Park/ride lots 
- Park/pool lots 
- Crosstown bus 

routes 

- Spot inspections 
- Increased en- 

forcement of 
vehicle standards 

- Actions listed 
under strategy 
2B: Reduce fuel 
consumption rate 
by reducing traf-
fic delays 

- Carpool matching 
- Transit/carpool 

information 

- Expanded bus 
operations 

- Bus/pool prior-
ities 

- Supplementary 
transit 

- vehicle inspec-
tions procedures 

- Reduced excise 
and sales taxes 
on new cars 

- Bus maintenance 
program 

- Increased fines 
for vehicle 
violations 

-Actions listed 
under strategy 
2B: Reduce fuel 
consumption rate 
by reducing 
traffic delays 

Prepare contin-
gency plans to 
increase tran-
sit and car-

capacity 
for necessary 
urban travel 

Problem 4: Unacceptable Air Quality 

Air pollutants. 	4A. Reduce emission 
produced by 	 rate (per vehi- 
motor Iehicles 	 cle mile) by 
exceed standards 	improving vehi- 

cle efficiency 

Reduce emission 
!.!. (per pass-
enger mile) 
through incen-
tives to using 
transit and 
carpool 

Reduce emission-
rate (per pass-
enger mile) 
through disin-
centives to 
driving alone 

- Actions listed 
under strategy 

Reduce fuel 
consumption rate 
through incen-
tives to using 
transit and 
car pool 

- Actions listed 
under strategy 

Reduce fuel 
consumption 
through disincen-
tives to driving 
alone 

- Actions listed 
under strategy 

Reduce fuel 
consumption rate 
through incen-
tives to using 
transit and 
carpoo]. 

- Actions listed 
under strategy 

Reduce fuel 
consumption 
through disincen-
tives to driving 
alone 



6  Action Identification Table 6: 
Regional. State, and National Problems 

Under lying 
	

Actions Applied 	Actions Applied 
	

Actions Applied 
Transportation 	 Corrective 	 at Spots or 	in Corridors or 

	
throughout 

Deficiemoies 	 Strategies 
	

Segments 	 - in Subareas 
	

Urban Area 

Problem 5: High Accident or Insurance Rates 
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Reduce accident 
rates by im-
proving roadway 
design and 
operations 

Reduce accident 
rates by im-
proving driver 
behavior 

Reduce accident 
rates by im-
proving vehicle 
safety 

- Intersection and 
segment design 

- Signals and 
phases  

- Intersection and 
segment design 

- Signals and 
phases 

- Traffic flow 
management 

- Pedestrian and 
bicycle circula-
tion improvements 

- Traffic law en-
forcement 

- Signal coordina-
tion 

- Improved warning 
and informational 
signs 

- Actions equiva-
lent to those 
listed under 
strategy 
4A: reduce emis-
sion rates by 
improving vehicle 
efficiency 

- Rotary, grade 
crossing and 
guardrail re-
placement 
programs 

- Revised design 
signing, strip-
ing and signal 
standards 

- Driver training 
- Revised signing, 

striping, and 
signal standards 

--Revised fine 
structure for 
traffic viola-
tions 

- Actions equiva-
lent to those 
listed under 
strategy 
4A: reduce emis-
sion rates by 
improving vehicle 
efficiency 

Problem 6: Constrained Mobility of Non-Drivers 

Alternatives to 
private auto 
travel in many 
markets are 
unava liable, 
inconvenient, or 
expensive 

6A. Increase cover- 
age 	conven- 
ience and 
reduce travel 
cost and time 
of alternative 
travel modes. 

- Shared-ride taxi 
- Community transit 
- Wheelchair cir- 

culation 
- Bicycle/moped 

paths and storage 
- Bus transfer cen- 

ters 
- New or modified 

bus routes 
- Waiting shelters 

- Revised taxi 
regulations 

- Special transit 
for handicapped 

- Revised bus 
design 

- Discount fares 
and passes 

- Carpool matching 
programs 



TSM Action Profiles 
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The strategies and actions listed in 
the Action Identification Tables present 
the range of approaches a planner might 
consider in developing TSM packages to 
solve most common problems. Some actions, 
however, may be inappropria.te or infeasi-
ble in specific locations or for solving 
specific problems. The Action Profiles 
that follow provide applicability and ef-
fectiveness considerations for selected 
TSM actions. This information, combined 
with a knowledge of local conditions, can 
be used to further screen candidate ac-
tions prior to initiating analysis and 
design activities. 

The actions covered by the Profiles are 
listed on the following pages, where they 
are grouped by location or scale of imple-
mentation. Not all of the actions listed 
in the Identification Tables are covered; 
the emphasis is on local, suburban, and 
corridor actions that are outside the ex-
perience of transportation agencies in 
many small to medium-sized urban areas, 
yet may be applicable to their problems. 

The Profiles provide the following in-
formation about each action: 

A brief description of the action 
that indicates how it is usually intended 
to work. 

A list of the problems that commonly 
would be addressed by the action, provid-
ing a check back to the action 
identification tables to confirm the 
action's appropriateness. 

A description of the land use and 
transportation conditions that typically 
affect the action's feasibility or effec-
tiveness, along with an assessment of the 
condition's importance. 

Issues that should be considered in 
designing, implementing, and operating 
the action, and problems that might arise 
in its implementation or operation. 

S. A list of factors that often are 
appropriate for assessing the action along 
with specific performance and impact 
measures and, in some cases, ranges of 
observed values. 

6. References to reports, manuals, or 
articles that provide more detailed infor-
mation on the action's feasibility or 
effectiveness and describe examples of the 
action's implementation. 

The information is organized for 
sequential application in screening a pro-
posed action, i.e., a user proceeds 
through a profile sheet and retains the 
action as a candidate as long as it. 
remains 	appropriate, 	feasible, 	and 
potentially effective. 

The first two items confirm the general 
applicability of the action to the prob-
lem. The third item contains specific 
"conditions for application" that ideally 
should be present at the site or created 
by implementing other actions. For 
example, concentrated employment, regular 
work hours and long commutes are condi-
tions that will contribute to the success 
of a proposed vanpool program. Some 
conditions are almost mandatory and affect 
the action's feasibility. For example, 
adequate capacity and connectivity on 
adjacent streets should be present if 
converting an important artery to a 

Westrian or transit mall is proposed. 
any required conditions are not present 

and cannot be developed by implementing 
other actions, the proposed action 
generally 	should 	be 	discarded 	as 
infeasible. Most applicability conditions 
are looser, but an action is unlikely to 
be effective unless one or two or those 
listed are present. 

The "design and operational considera-
tions" or "potential implementation prob-
lems" provide a secondary test of 
feasibility by indicating impacts that 
might block the action's implementation if 
not remedied by careful design, involving 
other agencies in planning the action, or 
by 	developing 	supporting 	actions. 
Examples are laws or ordinances that 
prevent shared-ride taxi service, traffic 
engineering and signal improvements needed 
to smoothly merge traffic flows at the 
ends of a one-way street pair, and 
increased enforcement to control use of 
ramp meter bypasses. 

Only when the proposed action has 
cleared these hurdles should the user re-
view the referenced literature to obtain 
more information about the action, or 
begin design and analysis activities. The 
"potential evaluation factors" listed in 
the profiles contain both qualitative and 
quantitative factors that might be impor-
tant in evaluating an action, and are 
included to help set up an efficient 
design and analysis effort; they are not 
to be taken as lists of measures that must 
be estimated under all circumstances. The 
Impact Estimation Aids section of the 
Handbook contains guidelines on when and 
how different factors should be used in 
analysis and evaluation. 
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INDEX TO P1)FILE SHEETS 

Actions Applied Locally at Intersections or on 
Street Segments 

8. Parking Bans During Peak Hours 
19. Two-Way Left-Turn Lanes 

Signal Phases for Left Turns 
Reroute Turning Traffic 

Actions Applied along Arterial Street Corridors 

7. Park-and-Ride Lots Along Transit Routes 
8. On-Street Parking Bans During Peak Periods 
16. One-Way Streets to Improve Flow 

Reversible Lanes 
Two-Way Left-Turn Lanes 
New Street Segments 
Signal Phases for Left Turns 
Reroute Turning Traffic 

28. Arterial Street Lanes Reserved for Express 
Buses or Carpools 
Bus Transfer Stations 
Expanded Regular-Route Bus Service 
Limited and Skip-Stop Bus Routes. 

. Actions Applied in Employment Centers 

1. Staggered Work Hours 
2 Flexible Working Hours 
8. On-Street Parking Bans During Peak Periods 
9. Parking Reserved for Short-Term Use 
10. Increased Parking Rates 
11. Parking Rate, Fine, and Time Limit 

Adjustments 
12. Expanded Off-Street Parking 
14. Freeway Ramp Closure 
16. One-Way Streets to Improve Flow 
18. Reversible Lanes 
20 New Street Segments 

Signal Phases for Left Turns 
Reroute Turning Traffic 
Use of Fleet Vehicles for Carpooling 
Employer-Based Carpool Matching Programs 
Employer Vanpool Programs 

27. Priority Freeway Access/Egress for Buses 
or Carpools 

29. Shuttle Buses or Vans 
30. Circulation Buses or Vans  

Actions Applied Along Freeway (or other major 
facility) Corridors 

Increased Peak Period Roadway, Bridge or 
Tunnel Tolls 
Toll Discounts for Carpools During Peak 
Periods 

7. Park-and-Ride Lots Along Transit Routes 
13. Freeway Ramp Control 
14. Freeway Ramp Closure 
15. Travel on Freeway Shoulders During Peak 

Periods 
27. Priority Freeway Access/Egress for Buses 

or Carpools 
31. Bus Transfer Stations 

Actions Applied in Residential Neighborhoods 

.5. Residential Parking Permits 
6. Neighborhood Traffic Barriers 
11. Parking Rate, Fine, and Time Limit 

Adjustments 
17. One-Way Streets to Impede Flow 
32. Expanded Regular-Route Bus Service 
35. Shared-Ride Taxi 

Community Transit Services 

Actions Applied in Commercial Centers 

9. Parking Reserved for Short-Term Use 
Parking Rate, Fine, and Time Limit 
Adjustments 
Expanded Off-Street Parking 

14. Freeway Ramp Closure 
16. One-Way Streets to Improve Flow 
17. One-Way Streets to Impede Flow 

New Street Segments 
Signal Phases for Left Turns 
Reroute Turning Traffic 
Shuttle Buses or Vans 
Circulation Buses or Vans 
Bus Transfer Stations 

34. Pedestrian-Only Streets 

Actions Applied Region-Wide 

Shared-Ride Taxi 
Elderly/Handicapped Paratransit Service 
Brokerage 
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Profile 1: 	Staggered Work Hours 	 1 
Sharp travel peaks and periods of congestion may occur on streets and transit 

routes serving an employment center if many employees are on common work 

schedules (e.g., 8:00 and 8:30 arrivals). By staggering the work schedules of 

firms or of sections of larger firms in the center (e.g., by having some 

employees start work at 7:45, 8:15, or 8:45), commuting trips to and from the 

center can be spread more evenly over acceptable commuting hours, with result-

ing decreases in congestion levels during peak periods. 

Problems Addressed: 

Traffic congestion consistently develops dur-
ing peak commuting periods in or near an em-
ployment center. 

Congestion is expected to increase if business 
expansion plans are approved and implemented. 

Transit vehicles serving an employment center 
are consistently overcrowded during parts or 
all of the peak commuting periods. 

Conditions for Application: 

Slack capacity - Fifteen- to thirty-minute 
periods of relatively low traffic should be 
consistently observable within the "acceptable 
hours" over which work trips are to be stag-
gered. These periods may be within the exist-
ing peaks or on their shoulders. The action 
will not be effective if congestion is fairly 
uniform during acceptable commuting hours or 
occurs randomly as a result of factors outside 
the employment center. 

Employment concentration - Unless the action 
is being implemented to relieve congestion on 
internal streets or immediate access roads, 
the center should contain, as a general guide-
line, at least 40% of the employment in a 1-
to 2-mile radius. Without this concentration 
of employment, rescheduling the centers em-
ployees is unlikely to have a significant 
effect on congestion levels on the surrounding 
street (or transit) network. 

Large firms - Staggering work hours within one 
or more large firms or government agencies 
(1000 or more employees) in the center may be 
sufficient to solve the congestion problem and 
is probably easier than staggering the hours 
of several small firms. 

Transit availability - Transit routes serving 
the center should have trips convenient to all 
common work schedules, otherwise some employ-
ees commuting by transit may be unable to 
reach their jobs if their work schedules are 
changed. 

Potential Implementation Problems: 

Not all businesses and labor organizations 
will be willing to cooperate. 

Some carpools and vanpools may disband if rid-
era whose schedules are shifted cannot be re-
placed. 

Potential Evaluation Factors: 

Time shifts of users (the means of accomplish-
ing other objectives): 

- change in passenger or vehicle volumes 
entering (AN) or leaving (PM) employment 
center during each 10- to 20-minute inter-
val of peak periods (5% to 15% volume re-
ductions during peak intervals are likely 
in a major center with several employers, 
and higher reductions are possible to 
achieve near large plants) 

Congestion reduction: 

- change in peak operating speeds or levels-
of-service on key streets or highway seg-
ments in or near the center 

Transit crowding: 

- change in average loads or load factors on 
transit routes entering (AN) or leaving 
(PM) the center 

Transit operations: 

- change in operating and maintenance costs 
on transit routes serving center 

- change in ridership and revenues on transit 
routes serving center 

References: 

Port Authority of New York and New Jersey, 
Staaaered Work Hours Study: Design and 
Implementation of Staggered Work Hours in 
Manhattan, Volume II: Technical Report 
(August 1977) 400 pp.,  NTIS No. PB-298938. 

Wagner, F.A., "Alternative Work Schedules: 
Impacts on Transportation," NCHRP Synthesis 
of Highway Practice 73, Washington DC 
(November 1980) 54 pp. 

Contains descriptions and impacts of 
programs for government employees in Ottawa 
and Toronto that combine staggered and 
flexible hours, and summarizes the findings 
of reference 1. 
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2 	Profile 2: 	Flexible Working Hours 

Fixed work schedules in an employment center often contribute to congestion 

levels on roads and transit routes used by commuters and hinder the ability of 

employees (or potential employees) to arrange family or neighborhood-based 

carpools. By allowing employees flexibility in their work arrival and depar-

ture times, individuals can arrange their commuting schedules to avoid conges-

tion peaks and coordinate travel with family and neighbors. 

Problems Addressed: 

Traffic congestion consistently develops dur-
ing peak commuting periods in or near an em-
ployment center. 

Congestion is expected to increase if business 
expansion plans are approved and implemented. 

Transit vehicles serving an employment center 
are consistently overcrowded during parts or 
all of the peak commuting periods. 

Inexpensive transportation is not available to 
employees or potential employees under current 
work schedules. 

Conditions for Application: 

Slack capacity - If the action is implemented 
to reduce existing congestion peaks on streets 
or transit vehicles, intervals with lower 
traffic density should exist during acceptable 
flex-time commuting periods. In general, the 
flex-time commuting period must be longer than 
the current commuting peak if the action is to 
be effective. 

Transit availability - if transit is used by 
20% or more of the employees, service should 
operate near peak frequency throughout the 
flex-time commuting period. 

Employment concentration - As a general guide-
line, the center should contain at least 40% 
of the employment in a 1- to 2-mile radius if 
schedule flexibility is to have a significant 
effect on congestion levels on the surrounding 
street (or transit) network. 

Large firms - Flexible work hours at one or 
more large firms or agencies (1000 employees 
or more) may be sufficient to solve the con-
gestion problem, and may be easier than gain-
ing the cooperation of several smaller firms. 

Potential Implementation Problems: 

The cooperation of businesses may be difficult 
to obtain, particularly those with assembly 
lines or other processes requiring the coor-
dination of employees' work hours. 

Potential Evaluation Factors: 

Time shifts of users (the means of accomplish-
ing other objectives): 

- change in passenger or vehicle volumes en-
tering (AN) or leaving (PM) the employment 
center during each 30-minute interval of 
peak period (5% to 15% volume reductions 
are likely during peak intervals) 

Congestion reduction: 

- change in peak operating speeds or levels-
of-service- on key streets or highway seg-
ments in or near the center 

Transit crowding: 

- change in average loads or load factors. on 
transit routes entering (AN) or leaving 
(PM) the center 

Transit operations: 

- change in operating and maintenance costs 
on transit routes serving center 

- change in ridership revenues on transit 
routes serving center 

References: 

Wagner, F.A., "Alternative Work Schedules: 
Impacts on Transportation", NCHRP Synthesis 
of Highway Practice 73, Washington DC 
(November 1980) 54 pp. 

Presents travel and traffic peaking 
characteristics, and the impacts of 
alternative work schedules on these 
characteristics 	reported 	in 	several 
evaluation studies. Examples include 
programs for government employees in 
Ottawa, Toronto and Washington DC. 

Barton-Aschman Assoc., Inc., Traveler 
Response to Transportation System Changes, 
Second Edition, prepared for USDOT/FEWA, 
Office of Highway Planning, Contract No. 
DOT-FH-11-9579 (July 1981) 400 pp. 

Presents options and summarizes results 
reported for programs instituted in Ottawa, 
San Francisco and New York. 
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Profile 3: 	Increased Peak Period Roadway, Bridge, or Tunnel Tolls 

Tolls are collected on major coninuter routes in some urban areas. An in-

crease, at least during peak periods, acts as an incentive for commuters to 

form carpools or use transit, thereby reducing the number of vehicles and 

travel times on the route. Peak period increases also may encourage some 

travelers to shift their trips to less-congested time periods or routes. The 

action may be used on weekends or holidays to encourage transit use and ride-

sharing for trips to beaches and other recreational areas. 

Problems Addressed: 

During peak commuting periods, traffic conges-
tion is prevalent on a toll facility or near 
the workplaces of commuters using the facility. 

Air pollutant concentrations that develop 
along the facility's corridor or near work-
places of commuters using the corridor can be 
attributed to traffic volumes and flow condi-
tions. 

Conditions for Application: 

Revenue maintenance - A base level of toll 
income usually is required to cover facility 
operating, maintenance, and debt service costs. 
Large diversions to other modes or facilities 
may occur if the toll increase is very large 
or if slack capacity exists on parallel facil-
ities. Such diversions may jeopardize basic 
revenue requirements, despite the increased 
fees collected from remaining users. 

Traffic cposition - A toll increase will 
probably have little impact on the timing of 
long-distance trips passing through the re-
gion, so its effect on congestion will be 
larger if peak period traffic consists primar-
ily of intra-regional travelers. 

Transit availability - The action will be more 
effective if express transit service, park/ 
ride and park/pool lots are available to 
commuters using toll facility. 

Potential Implementation Problems: 

Increased traffic enforcement may be necessary 
to avoid safety and flow problems at the tran-
sition to and from peak period toll rates. 

Commuters and local businesses shipping goods 
during peak periods may oppose the increase. 

Potential Evaluation Factors: 

Time, mode, or route shifts of users (the 
means of accomplishing other objectives): 

- changes in hourly vehicle volumes on 
facility during peak and shoulder periods 
(observed elasticities range from -0.13 to 

Potential Evaluation Factors (Cont'd.) 

-0.29, and depend on the availability of 
alternate free routes; -.2 is a good value 
for initial planning purposes) 

- changes in hourly vehicle volumes on paral-
lel facilities during peak and shoulder 
periods 

Congestion reduction: 

- change in peak operating speeds on facil-
ity, on parallel facilities, and/or on key 
streets in employment centers served by the 
corridor 

Air quality: 

- change in air pollutant emissions during 
peak periods along key portions of corridor 
and/or in employment centers 

Facility operations: 

- change in toll revenues 
- change in toll collection costs 

TransIt operations: 

- change in operating and maintenance costs 
on corridor transit routes 

- change in ridership and reenues on corri-
dor transit routes 

References: 

Eulash, Damian, Congestion Pricing A Research 
Summary, (The Urban Institute) July 1974. 

Examples: 

Port Authority of New York and New Jersey, 
Trans-Rudson Crossings 

East-West Expressway, Miami, FL 



Profile 4: 	Toll Discounts for Carpools During Peak Periods 

Tolls are collected on major comuter routes in some urban areas. Reduction 

in daily, weekly, or monthly tolls charged to vanpool or carpool drivers pro-

vides an incentive for comnuters to form pools, thereby reducing the number of 

vehicles and travel time along the route. The action also may divert carpools 

and vanpools onto the toll facility, thereby reducing congestion on parallel 

facilities. 
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Problems Addressed: 

During peak corrinuting periods, traffic conges-
tion is prevalent on a toll facility, its 
corridor, or near the workplaces of conmnuters 
using the facility. 

Air pollutant concentrations along the facil-
ity's corridor or near the workplaces of can-
muters using the corridor can be attributed to 
traffic volumes and flow conditions. 

Conditions for Application: 

Revenue maintenance - A base level of toll 
income usually is required to cover facility 
operating, maintenance, and debt service costs. 
Total revenues must not fall below this limit 
as a result of the discounts. 

Ridesharing potential - Employment concentra-
tions, high parking costs and large firms all 
make ridesharirtg attractive and convenient. 
The action will not be effective if users of 
the facility lack good opportunities to form 
carpools. 

Comnuter dominance - If the discount is to be 
effective in reducing congestion, peak period 
traffic on the toll facility should consist 
primarily of comuters. Also, opposition may 
develop if vacationers and other non-conmnuters 
are seen as being major beneficiaries of the 
discount. 

Limited transit service - If most conmnuter 
markets in the corridor are well served by 
transit, the action may divert more transit 
riders than auto drivers into carpools, mini-
mizing the impact on congestion levels while 
decreasing transit revenue. 

Toll booth operation - Time spent at toll 
booths (including waiting) by discount users 
should not exceed time spent by "exact-change 
lane" users not claiming discount. At many 
plazas, additional booths. will have to be 
manned to meet this condition, with a result-
ing increase in operating costs. 

Potential Implementation Problems: 

Increased weaving on approaches to toll booths 
may develop if "carpool only" booths are used 
without designated approach lanes. 

Potential Evaluation Factors: 

Mode or route shifts of users (the means of 
accomplishing other objectives): 

- changes in hourly vehicle volumes on facil-
ity during peak and shoulder periods (up to 
5% reduction in peak volume might be 
achieved) 

- change in hourly vehicle volumes on paral-
lel facilities during peak and shoulder 
periods 

Congestion reduction: 

- change in peak operating speeds on facil-
ity, or parallel facilities and/or on key 
streets in employment centers served by 
facility 

Air quality: 

- change in air pollutant emissions during 
peak periods along key portions of corridor 
and/or in employment centers 

Facility operations: 

- plaza modification costs 
- change in toll revenues 
- chang in toll collection costs 

Transit operations: 

- change S in operating and maintenance costs 
on corridor transit routes 

- change in ridership and revenues on corri-
dor transit routes 

References: 

(1) Barton-Aschman Assoc., Inc., Traveler 
Response to Transportation system Changes, 
Second Edition, prepared for USDOT/FHWA, 
Office of Highway Planning, Contract No. 
DOT-FH-11-9579 (July 1981) 400 pp. 

Presents a brief sununary of the elimination 
of tolls for buses and 3+ carpools on the 
San Francisco/Oakland Bay Bridge. 



References (Cont'd): 

(2) 	Rothenberg, M.J. and D.R. Sarndahl, 3BK and 
Associates, Priority Treathent of High 
Occupancy Vehicles, USDOT report No. 
FHWA/RD-80/062 (January 1981) 125 pp., NTIS 
* PB81-216582. 

Sumnarizes the travel time and volume 
impacts of reduced tolls on the Connecticut 
Turnpike and Hudson River Crossings into 
New York City. 
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PJ 	Profile 5: 	Residential Parking Permits 

Residential streets near employment Centers or transit stations are a source 

of free and often convenient parking for commuters. Their cars inconvenience 

residents who must park on the street, and may create a hazard for neighbor-

hood children. One solution is to sign neighborhood streets for residents 

parking only and issue windshield stickers or dashboard placards to residents. 

Problems Addressed: 

Commuters usurp parking spaces along residen-
tial streets. 

Commuters searching for parking on residential 
streets create a safety hazard and degrade the 
residential quality of a neighborhood. 

Conditions for Application: 

Residential density - The action is most bene-
ficial in neighborhoods that have a high resi-
dential density (typically over 15,000 persons 
per square mile) and Only limited off-street 
parking. 

Alternatives for commuters - Good transit 
service should be available to commuters 
currently parking on local streets, or slack 
parking capacity should exist within the em-
ployment centers to which the commuters are 
traveling. 

Segregated land uses - If residential blocks 
have many business, commercial or professional 
operations that require on-street parking for 
clients, the parking plan may become compli-
cated and 'difficult to establish and enforce. 

Potential Implementation Problems: 

Ticketing and towing illegally parked cars may 
have to be, increased to establish and enforce 
program. 

Provisions are needed for vehicles of visi-
tors, medical personnel, repairmen, and other 
people requiring access to residences. 

Provisions are needed for clients and employ-
ees of commercial activities in the neighbor-
hood. 

Potential Evaluation Factors: 

Parking availability in neighborhood: 

- occupancy of on-street parking spaces dur-
ing weekdays (rates of 100% or higher be-
fore implementation have been reduced to 
anywhere from 40% to 95% depending on land 
use and the design and operation of the 
action) 

Street use: 

- change in vehicles entering neighborhood 
during morning commuting hours 

Potential Evaluation Factors: (Contd.) 

Action administration: 

- revenues from fees and fines 
- administrative and enforcement costs 
- sign installation and maintenance costs 

Transit operations: 

- change in ridership and revenues on transit 
routes to employment center 

Parking operations: 

- change in parking revenues in and near em-
ployment center 

- change in occupancy rate of parking spaces 
in and near employment center 

References: 

Olsson M., and G. Miller, The Impact on 
Commuters of a Resident Parking Permit 
Program, The Urban Institute, Washington DC 
(December 1979), 30 pp. 

Describes the planning, implementation and 
evaluation of a residential permit program 
in Alexandria VA. 

Peat, Marwick, Mitchell and Co., "Study of 
Parking Management Tactics: Volume 2: 
Overview and Case Studies," Report No. 
FHWA-PL-79-021 (December 1979) 237 pp. 

Discusses the implementation and operation 
of permit programs, and tabulates the 
characteristics of programs in 11 cities. 
Case studies of overall parking management 
program describes permit parking in 
Arlington County (VA), Boston (MA), 
Montgomery County (MD) and San Francisco 
(CA). 

Simkowitz, H., L. Heder and E. Barber, "The 
Restraint of the Automobile in American 
Residential 	Neighborhoods," 	UA/TSC 
Project Evaluation Series, Report No. 
UMTA-MA-06-0049-78-3 (May 1978) 64 pp. 

Discusses design and legal issues in 
implementing a permit program, and present 
case study descriptions of programs in 
Cambridge (MA), San Francisco (CA) and 
Washington (DC). An appendix summarizes 
the parking policies of forty communities. 
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Profile 6: 	Neighborhood Traffic Barriers 

Grid streets and other open street patterns allow motorists to use residential 

streets 	to 	avoid 	traffic 	lights 	and 	bottle-necks 	on 	arterial 	streets. 	The 

added traffic and, 	in many cases, excessive speeds are a hazard to neighbor- 

hood residents and may degrade the quality of the neighborhood. 	A variety of 

barriers may be erected to create cul-de-sacs or to limit through or turning 

movements at intersections. 	Narrowing streets at intersections with arteries 

and other partial barriers may be used to visually block the use of neighbor- 

hood streets. 	Stop signs and one-way streets may also be used to discourage 

through traffic. 

Probless Addressed: Potential Evaluation Factors: 	(Cont'd.) 

Through traffic on residential streets creates Arterial streets: 
safety 	hazard 	and/or 	degrades 	residential 
quality of neighborhood. - 	change 	in 	operating 	speeds 	or 	levels-of- 

service 	on 	key 	sections 	of 	adjacent 
Conditions for Application: arterial streets 

Emergency access - All 	buildings must 	remain Action costs: 
accessible to fire engines and other emergency 
vehicles. - 	installation costs 

- 	annual maintenance costs 
Arterial 	service 	- Arterial 	streets bordering - 	change in enforcement costs 
neighborhood 	should 	have 	slack 	capacity 	and 
serve all traffic flows. Neighborhood service: 

Potential Implementation Problems: - 	change 	tour distance of routine dlivery 7in 
and service vehicles 

Barriers 	may 	impede 	neighborhood 	circulation 
and services such as mail delivery and garbage References: 
collection, 	so 	routes 	for 	those 	vehicles 
should be 	considered 	in developing 	a barrier (1) 	Simkowitz, 	H., 	L. 	Heder and E. Barber, 	"The 
plan. Restraint 	of 	the 	Automobile 	in 	American 

Residential 	Neighborhoods," 	UMTA/TSC 
Traffic controls (such as stop and turn prohi- Project 	Evaluation 	Series, 	Report 	No. 
bition 	signs) 	and 	partial 	barriers 	may 	be UMTA-MA-06-0049-78-3 (May 1978) 64 pp. 
difficult to enforce. 

Describes 	different 	types 	of 	barriers 	and 
A canplex circulation system that is confusing tabulates 	their 	use 	in 	37 	communities. 
to 	residents 	will 	be 	difficult 	to 	implement Case 	studies 	discuss 	neighborhood 	barrier 
and enforce. packages 	implemented 	in 	Berkeley 	(CA) 	and 

Seattle 	(WA). 
Residents may object to the appearance of low- 
cost barriers. (2) 	Wynne, 	G. 	(editor), 	Traffic 	Restraints 	in 

Residential 	Neighborhoods, 	Transaction 
Potential Evaluation Factors: Books, Rutgers University, New Brunswick NJ 

(1980). 
Neighborhood streets: 

(3) 	Dalby, E., Transportation and Road Research 
- 	change in traffic volume entering neighbor- Laboratory, 	"Area-Wide 	Measures 	in 	Urban 

hood 	(reductions may range from 10% to 60% Road 	Safety", 	TERL 	Supplementary 	Report 
depending on design and local conditions) 517, 	Crowthorne, U.K. 	(1979) 	21 pp.,  NTIS # 

PB80-158959. 
- 	change 	in 	the 	number 	of 	straight 	routes 

through neighborhood Discusses 	action 	as 	means 	of 	addressing 
coxrisunity-wide 	accident 	problems, 	and 

- 	change in vehicle speeds presents 	before-after 	data 	from 	small 
English cities. 

- 	change in safety or accidents 
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7 	Profile 7: Park-and-Ride Lots Along Transit Routes 

Transit routes operating in low density suburbs seldom can draw sufficient 

patronage from walk-one to meet system-wide productivity standards, and cir-

cuitous street patterns further hinder their operation. Strategically located 

park-and-ride lots can vastly expand a route's drawing area and increase its 

ridership while limiting its operation to arterial streets and expressways. 

Problems Addressed: 

Traffic congestion consistently develops along 
corridor or in major employment centers served 
by corridor during peak commuting periods. 

Air pollutant concentrations consistently 
develop along corridor or in major employment 
centers served by corridor during peak commut-
ing periods. 

Local transit routes operated in low density 
areas to meet regional service requirements do 
not meet productivity or cost recovery stand-
ards. 

Conditions for Application: 

Convenient sites - Lots are best located 
adjacent to arterial streets serving the 
intended drawing areas. Circuitous access 
routes will make the overall transit trip less 
attractive, reducing the desired mode shift. 
In addition, resident opposition is likely if 
traffic increases on residential streets near 
the lots. 

Direct transit routing - Buses should not have 
to detour far from their principal route to 
serve the lots. Detours increase bus operat-
ing costs and travel time, and the time 
increase will lower the potential mode shift. 

Auto availability - Prospective lot patrons 
must have access to autos for their commutes, 
so the action will be most attractive in areas 
with high auto ownership rates. 

Long commuting trips - As a general rule, 
park-and-ride lots should be at least 4 miles 
from the major employment centers served by 
the transit route. The major exceptions are 
interceptor lots along high frequency bus or 
rail lines serving the central business 
district. 

Poor auto service quality - The potential for 
mode shift is greater if highways in the cor-
ridor operate at level-of-service or worse and 
if parking costs are high in the employment 
centers served by the transit route. 

Conditions for Application (Cont'd.): 

Good transit service quality - Transit routes 
serving the lots should operate reliably on 
schedules convenient to commuters traveling to 
the major employment centers in the corridor, 
and ideally should require prospective patrons 
to leave home no earlier than for their cur-
rent commutes by auto. 

Safety and Security - Patrons will not be 
attracted to the lots if they seem unsafe for 
themselves or their vehicles. 

Design and Operational Considerations: 

Convenient sites may be expensive or difficult 
to acquire, so the leasing of church, drive-in 
theatre, or other parking sites not used dur-
ing standard working hours might be considered 
until sufficient patronage is established to 
justify a larger investment. 

Lots near residences may require fencing and 
landscaping for acceptance by the community. 

Good lighting and clear sight lines will help 
users, police and others maintain the safe 
operation of the lots. 

Transit deficits will increase if most lot 
users are diverted from parallel bus routes 
that continue to operate. 

Potential Evaluation Factors: 

Mode shift (to accomplish other objectives): 

- door-to-door travel times and out-of-pocket 
costs for park-and-ride trips from drawing 
areas to major employment centers served by 
the transit route(s) during peak commuting 
hours (5- to 20-minute savings possible de-
pending on location, service design and 
existing service quality) 

- travel times and out-of-pocket costs for 
corresponding auto trips 

- change in transit ridership on park-and-
ride and parallel routes 

- change in vehicle volumes on key street 
segments in corridor or employment centers 
during peak commuting periods 
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Potential Evaluation Factors: (Contd.) 

Congestion reduction: 

- change in peak operating speeds or levels-
of-service on key highway sections in 
corridor and/or in employment centers 

Air quality: 

- change in air pollutant emissions during 
peak period along key highway sections 
and/or in employment centers 

Transit cost recovery: 

- change in transit revenues on park-and-ride 
and parallel routes 

- change in annual transit operating costs on 
park-and-ride and parallel routes 

tt operations: 

- development cost of park-and-ride lots 
- annual operating and maintenance costs of 

lots 

References: 

Peat, Marwick, Mitchell and Co., "Study of 
Parking Management Tactics," Volume 2: 
"Overview and Case Studies," Report No. 
FHWA-PL-79-021, (December 1979) 237 pp. 

Case studies for Baltimore MD, Portland OR 
and Seattle WA briefly describe park and 
ride policies and operating experience. 

Levinson, H.S., C.L. Adans and W.F. Hoey, 
"Bus Use of Highways - Planning and Design 
Guidelines," NC.P Report No. 155, 
Transportation Research Board, Washington 
DC (1975) 160 pp. 

Presents typical layouts and design 
guidelines. 

References: (Contd.) 

Barton-Aschman Assoc., Inc., Traveler 
Response to Transportation System Changes, 
Second Edition, prepared for tJSWT/FHWA, 
Office of Highway Planning Contract No. 
DOT-I-11-9579 (July 1981) 400 pp. 

Discusses the use and mode choice aspects 
of park-and-ride lots along bus and rail 
routes on several cities, including 
Milwaukee, Hartford, Atlanta, Miami and 
Seattle. 
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8 	Profile 8: 	On-Street Parking Bans During Peak Periods 

Curb lanes designated for parking can provide an inexpensive resource for 

increasing a street's traffic carrying capacity, particularly if periods of 

heavy traffic flow do not overlap with periods of high parking use. Parking 

bans near intersections also can provide space for turning lanes or additional 

through lanes, increasing an intersection's capacity. 

Problems Addressed: 

Traffic congestion consistently develops in an 
employment center or along an arterial street 
during peak travel periods. 

Delays at intersections contribute to air 
pollutant concentrations in excess of stand-
ards. 

Conditions for Application: 

Absence of high-turnover, high-occupancy park-
ing - Commercial establishments such as news-
stands, dry cleaners, drug stores, and conven-
ience stores are patronized by people making 
quick stops on their way to or from work. 
Unless very convenient parking is available to 
patrons of these stores, either of-f-street or 
along side streets, a curb parking ban will be 
difficult to enforce and will be strongly 
opposed by store owners. 

Absence of other curb uses - The use of the 
curb lane by buses, taxis or autos Stopped to 
pick up or discharge passengers, or by truck 
loading or unloading goods will lower its 
capacity for moving vehicles. If the curb 
lane currently is heavily used for these pur-
poses, a parking ban will likely be ineffec-
tive unless other controls are established, 
such as a loading ban or a bus-only operation. 

Space for turning movements - The curb lane is 
part of the turning radius normally available 
to cars turning into or out of the right-hand 
travel lane. If turning volumes are high and 
turning movements are hampered by reduced 
radii, the capacity added by the new lane may 
be minimal, and accidents may increase. 

Pedestrian buffer - Cars parked in the curb 
lane provide a buffer between pedestrians and 
vehicular traffic. If the curb directly abuts 
a narrow, or heavily-used sidewalk, the use of 
the curb lane by moving vehicles may present a 
hazard to pedestrians. 

Potential Evaluation Factors: 

Congestion reduction: 

- change in average travel speed or level-of-
service along streets affected by the 

Potential Evaluation Factors: (Cont'd.) 

action, including parallel arteries on 
which parking is not restricted (5% to 20% 
improvement possible depending on existing 
congestion and midblock interference levels) 

Street operations: 

- signing and other implementation costs 
- change in parking enforcement costs 
- change in parking revenues, including fines 

Commercial activity: 

- change in sales of commercial establish-
ments along street 

- change in number of patrons entering stores 
during hours of parking ban 

Transit operations: 

- change in operating costs of transit routes 
serving the corridor or center 

References: 

D.C. Department of Transportation, 
Metropolitan Police Department, Office of 
the Corporation Counsel, "Improved Parking 
and Traffic Enforcement in the District of 
Columbia" (April 1977) 45 pp. 

Peat, Marwick, Mitchell and Company, "Study 
of Parking Management Tactics, Volume 2: 
Overview and Case Studies," Report No. 
FHWA-PL-79- 021 (December 1979) 237 pp. 

Boston MA case study discusses a peak 
period ban in the downtown. 

Pontier, W.E., P.W. Miller and W.H. Kraft, 
Edwards and Kelcey, Inc., "Optimizing Flow 
or Existing Street Networks", NCHRP Report 
113, Washington DC (1971) 414 pp. 

Presents a "before-after" analysis of 
parking restrictions near intersections in 
Louisville (KY) and Newark (NJ). 



71 

Profile 9: 	Parking Reserved for Short-Term Use 
	 Ee 

Commuters and other all-day visitors usually arrive at an activity center 

before shoppers and other part-time visitors, and consequently will tend to 

occupy the most convenient spaces. If capacity is limited, few spaces may 

remain for short-term users. Several measures can be taken to reserve spaces 

for short-term users; these include on-street parking bans during the peak, 

metered parking with enforced time limits, the designation of off-street 

facilities (or portions of those facilities) for short-term use, and the clo-

sure of certain spaces until the end of morning commuting period. Peak traf-

fic congestion problems also may be alleviated by reducing the number of 

spaces available to commuters. 

Problems Addressed: 

All-day parkers leave insufficient spaces for 
shoppers and other short-term visitors to an 
employment, commercial, or institutional 
center. 

Declining retail sales can be attributed to 
inadequate access by shoppers. 

Traffic congestion consistently develops in or 
near the center during peak commuting periods. 

Conditions for Application: 

Revenue maintenance - Total parking revenues 
should not decline below the amount required 
for debt service and facility operations and 
maintenance. All-day rates may have to be 
raised if revenues from reserved spaces do not 
match their previous income as all-day spaces. 

Transit availability - A limit on commuter 
parking will be easier to impose, and less 
likely to cause problems in adjacent residen-
tial neighborhoods, if good transit service is 
available to most commuters. 

Midday parking constraints - Full lots and 
garages, 80% or higher occupancy of on-street 
spaces, double parking, and drivers cruising 
for parking are good indications that inade-
quate parking is available during the day for 
short-term users. 

Potential Implementation Problems: 

The action may require increased and visible 
enforcement, and simple restrictions and clear 
signs will help this effort. 

Potential Evaluation Factors: 

Off-peak parking availability: 

- change in percent or number of spaces un-
occupied at the end of the morning commut-
ing period 

Potential Evaluation Factors (Contd.): 

Commercial activity: 

- change in number of people entering center 
during the day 

- change in retail sales in center 

Congestion reduction: 

- change in number of vehicles entering 
center during the morning commuting period 

- change in peak operating speeds or levels-
of-service on key sections or intersections 
in center 

Parking operations: 

- change in parking revenues during peak and 
midday periods 

- change in operating and enforcement costs 

Transit operations: 

- change in ridership and revenues on routes 
serving center during peak and midday 
periods 

References: 

(1) 	Peat, Marwick, Mitchell and Co., "A Study 
of Parking Management Tactics," Volume 2: 
"Overview and Case Studies," Report No. 
FHWA-PL-79-021 (December 1979) 237 pp. 

The case studies discuss some examples, 
including a 7 to 9:30 AM on-street ban in 
downtown Boston (MA), the sale of a limited 
number of employee parking permits in 
Eugene (OR), and short-term garages in 
downtown Portland (OR). 

Other Examples: 

Boston, MA, under common garage (designated 
spaces not opened till 10 a.m. for short-term 
use) 
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10 	Profile 10: Increased Parking Rates 

Parking rates provide a relatively direct means of regulating the amount of 

vehicular traffic in a major activity center. An increase in rates will 

encourage travelers to share rides to reduce an individual's costs, or to use 

transit. If the increase is limited to all-day rates, the action may free 

spaces for shoppers and visitors. If rates in commercial lots and garages are 

not directly regulated, a municipal tax or surcharge may provide an indirect 

means of increasing routes at those facilities. 

Problems Addressed: 

Traffic congestion consistently develops on or 
near the center during peak travel hours. 

Air pollutant concentrations develop in or 
near the center during peak travel hours. 

All-day parkers leave insufficient spaces for 
shoppers and other short-term visitors to 
center. 

Street capacity in or near the center is in-
sufficient to handle traffic volumes expected 
if business.expansion plans are implemented. 

Conditions for Application: 

Revenue maintenance - Parking revenues are 
used to cover the costs of debt service and 
facility operations and maintenance. Patron-
age loss may be high if the increase is large 
or if less expensive parking exists or can be 
developed near the center, and the resultng 
revenue loss may reduce income below minimal 
requirements despite increased fees collected 
from remaining users. 

Transit availability - The action will be more 
effective in reducing vehicle trips if good 
transit service is available to most employees 
working in the center. 

High parking occupancy rate - In the absence 
of business expansion plans, no more than 15% 
of off-street, all-day spaces should be vacant 
in a major employment center at the end of the 
morning commuting peak if the action is to 
appear justified. 

Potential Implementation Problems: 

Businesses may oppose the increase as limiting 
their ability to attract employees or custo-
mers. 

Garage and lot owners and users probably will 
oppose the increase. 

Residents of nearby neighborhoods may object 
to the increase if center users shift to park-
ing on their streets. 

Potential Evaluation Factors: 

Mode shift (the means of accomplishing other 
objectives): 

- change in vehicle volumes entering the 
center during the morning commuting period 
(elasticity to parking rates may vary from 
-.05 to -.30 depending on employer parking 
subsidies and the availability of transit 
and carpooling for commuting trips) 

. Congestion reduction: 

- changes in peak operating speeds, or levels-
of-service on key sections and intersec-
tions in center 

Off-peak parking availability: 

- changes in percent or number of spaces un-
occupied at the end of morning commuting 
period 

Air quality: 

- change in air pollutant emissions in center 
during peak commuting periods 

Parking operations: 

- change in parking revenues during peak and 
midday periods 

Transit operations: 

- change in ridership and revenues on transit 
routes serving center during peak and mid-
day periods 

Commercial activity: 

- change in number of people entering center 
during the day 

- change in retail sales in center 
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References: 

Peat, Marwick, Mitchell and Co., "Study of 
Parking Management Tactics," Volume 2: 
"Overview and Case Studies", Report No. 
FHWA-PL-79-021, (December 1979) 237 pp. 

Discusses pricing options, and tabulates 
measures enacted in 9 communities along 
with selected results. One of the case 
studies presented (San Francisco CA) 
included an increase in monthly parking 
rates. 

Kunze, R., C.. Heramb and T. Martin, 
"Impacts of Municipal Parking Fee Increases 
in Downtown Chicago", Transportation 
Research Record 786, washington DC (1980) 
pp. 21-30. 

Discusses the impacts of a fee increase at 
municipal garages in which all-day and 
monthly rates were doubled and hourly rates 
where raised by 30-40%. 

Pickrell, D. and D. Shoup, "Employer Subsi-
dized Parking and Travel Mode Choice", 
Transportation 	Research 	Record 	7.86, 
Washington DC (1980) pp.  30-39. 

Compares the mode choices of commuters with 
and without parking subsidies, and 
summarizes the changes that occured in 
Ottawa when the Canadian government began 
charging employees for using parking spaces. 
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11 Profile' 11: 	Parking Rate, Fine, and Time Limit Adjustments 

Some parking spaces within an activity center usually are much more convenient 

to commercial and business establishments than others. If parking fees, 

fines, and time limits do not reflect the relative quality of parking spaces, 

illegal parking and congestion are likely in the most densely developed parts 

of the center. This action can be applied to shift users to less-convenient 

and underused facilities. 

Problems Addressed: 

Drivers add to traffic congestion by double 
parking, or by searching or queuing for spaces 
convenient to stores. 

Conditions for Application: 

Low turnover rate - Turnover of spaces conven-
ient to commercial establishments is under six 
per day, or average use is longer than an hour. 

Illegal parking or stopping - Cars illegally 
parked or idling on streets near stores may 
indicate that convenient parking is under-
Pr iced or that remote parking is overpriced. 

Availability of longer-term parking - Compli-
ance with higher rates or stricter time limits 
will be higher if 1- to 4-hour parking is 
available within 800 feet of most commercial 
establishments. 

Potential Implementation Problems: 

Parking enforcement efforts may have to in-
crease to establish compliance with new rates 
and limits. Increased fines, however, may 
cover the added costs. 

Merchants probably will object to higher 
rates, and may object to stricter time limits 
or enforcement as hurting business. Conse-
quently, rate reductions for remote spaces may 
have to be implemented as part of an adjust-
ment plan. 

Potential Evaluation Factors: 

Parking availability and use: 

- changes in occupancy rates of parking 
spaces in different parts of the center 

- change in number of illegally parked or 
stopped cars in center 

Parking operations: 

- change in parking revenues 
- change in parking fine receipts 
- change in parking enforcement costs  

References: 

(1) 	Peat, Marwick, Mitchell & Co., "A Study of 
Parking Management Tactics," Volume 2: 
"Overview and Case Studies", Report No. 
FHWA-PL-79-021. (December 1979) 237pp. 

Discusses pricing and enforcement tactics 
used in several communities. Case study 
presentations include pricing differentials 
in Silver Spring MD and increased time 
limit enforcement in Boston MA, Portland OR 
and Washington DC. 
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Profile 12: Expanded Off-Street Parking 12 
Off-street parking can be added in many employment, commercial, institutional 

or town centers using vacant land or as part of a redevelopment or expansion 

project. 

Problems Addressed: 

High occupancy rate of existing parking is 
discouraging shoppers or business expansion 
plans. 

People using the center are parking on adja-
cent residential streets. 

A reduction in on-street space, proposed to 
meet transportation or other objectives, is 
expected to limit the availability of parking. 

Conditions for Application: 

Adequate street capacity - Sufficient capacity 
should exist on streets in and near the center 
to handle users of the new spaces at accept-
able service levels. 

Limited transit service - If transit service 
is available from much, of the center's market 
area, increased parking may divert riders and 
reduce transit revenues. 

High parking occupancy - Parking occupancy 
throughout the center should exceed 85% of 
capacity. If less, new facilities may be 
underused of divert patrons and revenues from 
less convenient facilities. 

Potential Implementation Problems: 

Time limits or other measures may be needed to 
prevent employees or other all-day users from 
parking in the new spaces. 

Available sites for new spaces may be beyond 
the acceptable walking distance of many 
shoppers. 

New lots or garages may hinder pedestrian 
access from adjacent neighborhoods. 

Diversions of patrons to private auto may 
reduce transit or taxi revenues. 

Potential Evaluation Factors: 

Parking availability and use: 

- change in parking space occupancy rate 

- change in number of illegally parked or 
stopped cars 

Potential Evaluation Factors (Cont'd 

- change in number of vehicles parking in 
center per day 

Commercial activity: 

- change in number of people entering center 
- change in retail sales 

Parking operations: 

- change in parking revenues 

- change in operating, maintenance, and en-
forcement costs 

- construction costs, including street modi-
fications 

Transit and taxi operations: 

- change in transit ridership and revenues 
- change in taxi patronage and revenues 

Street operations: 

- change in vehicle volume entering center 

- change in operating speeds or levels-of-
service on key streets in center 

References: 

(1) 	Peat, Marwick, Mitchell & Co., "A Study of 
Parking Management Tactics," Volume 2: 
"Overview and Case Studies," Report No. 
FHWA-PL-79-021 (December 1979) 237 pp. 

Case study on Portland OR includes new 
downtown garages for short-term users. 
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13 Profile 13: Freeway Ramp Control 

Traffic signals and other control devices can be placed on freeway ramps to 

meter the flow of vehicles onto the facility, thereby improving traffic flow 

and reducing congestion. The control devices can be pretimed to limit the 

number of vehicles using a ramp during peak travel periods, actuated by free-

way traffic volumes near the ramp, or tied into a central control system that 

monitors flow conditions at key points along the freeway. 

Problems Addressed: 

Traffic congestion consistently develops on 
the freeway during peak travel periods. 

Air pollutant concentrations in excess of 
standards consistently develop near the free-
way as a result of congested traffic flow. 

Conditions for Application: 

Adequate storage capacity - Queues will form 
at most ramp controls during peak periods. 
Unless adequate storage capacity is available 
on the ramp, the queues will extend onto 
access roads and adjacent arteries and poten-
tially disrupt traffic flows on those facili-
ties. 

Severe congestion - The freeway should operate 
a level-of-service E or worse during peak 
hours, otherwise delays at the controls will 
likely be perceived as exceeding the travel 
time reduction on the freeway and opposition 
may develop. 

Surface routes - Ramp controls will tend to 
divert short trips from the freeway to surface 
streets, at least partly by design. Other 
problems, such as delays or through traffic on 
residential streets, are likely if adequate 
routes and capacity are not available for 
these trips. 

Minimal flow control - Traffic already on the 
freeway cannot be controlled, and some enter-
ing traffic may remain uncontrolled due to 
feasibility or cost problems (e.g., ramps with 
inadequate storage or low volumes). If less 
than 30% of the facility's volume is control-
lable, excessive ramp delays will be necessary 
if congestion is to be reduced. 

Potential Implementation Problems: 

Traffic and congestion levels on nearby sur-
face streets may increase as a result of free-
way users changing their access routes to use 
less congested ramps or of short trips divert-
ing from the freeway. Opposition may be 
strong if congestion problems are transferred 
from one jurisdiction to another as a result 
of the action. 

Potential Implementation Problems (Cont'd.): 

Violation of control signals (or of bypasses 
reserved for buses and carpools) may be high 
if a metering rate below about six vehicles 
per minute results in queues. The problem 
will likely be worse where freeway congestion 
is not visible from the ramp. 

Potential Evaluation Factors: 

Congestion reduction: 

- changes in peak operating speeds or levels-
of-service on freeway sections (speed in-
creases of 3 to 10 mph are likely) 

Travel time: 

- change in ramp-to-ramp travel times for 
selected routes (.3 to .4 minutes per mile 
typical along freeway, but may be offset by 
time spent in ramp queue) 

Air quality: 

- change in air pollutant emissions on free-
way section during peak periods 

Freeway operations: 

- installation costs, including ramp modifi-
cations 

- annual operating and maintenance costs of 
control devices 

- changes in enforcement costs 

Surface street flow: 

- changes in traffic volumes on affected sur-
face streets in the freeway corridor 

- changes in operating speeds or levels-of-
service on affected surface streets 

- change in traffic volumes on affected sur-
face streets during peak periods 

- changes in operating speeds or levels-of-
service on affected surface streets during 
peak periods 
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13 

Potential Evaluation Factors (Cont'd.): 

S Accident reduction: 

change in number of accidents or accident 
rate on freeway sections 

References: 

Blumentritt, C.W., et al., "Guidelines for 
Selection of Ramp Control Systen", NCImP 
Report 232 (May 1981) 108 pp. 

Describes ramp control design and 
operations options, and presents guidelines 
and 	analysis 	procedures. 	Little 
information on specific cases. 

Spielberg, F., et al., Evaluation of 
Freeway High Occupancy Vehicle Lanes and 
Ramp Metering, Volune 1: "Final Report", 
Report No. Dar-P-30-80-28 (August 1980) 136 
pp.; Volune 2: "Bibliography and 
Abstracts", Report No. DOT-P-30-80-29 
(August 1980) 140 pp. 

Volune 1 briefly describes projects in San 
Jose, Atlanta, Chicago, Detroit, Dallas and 
Houston, 	and 	discusses 	their 
effectiveness. Volune 2 contains abstracts 
of the following project evaluation reports 
on 1-35W in Minneapolis and the North 
Central Corridor in Dallas: 

USXDT/FHWA, Office of Research Ramp 
Meter Bypass for Carpools, Report No. 
FBWA-76-189, Washington DC (Oct. 1976) 

- TJSDOT/UMTA, Office of Transit Planning, 
Final Report for the 1-35W Urban 
Corridor 	DeimDnstratiofl 	Project, 
Washington DC (August 1975) 

- USDOT/FHWA, Office of Research, Dallas 
Corridor 	Study, 	Report 	No. 
FHWA-RD-77-15, Washington DC (August 
1976) 

References (Contd.) 

Billheiner, J.W. et. al., TSM Project 
Violation Rates, prepared by Systan Inc. 
for State of California, Department of 
Transportation and Department of the 
Highway Patrol, USDOT report No. 
DOT-I-82-10 (October 1981) 280 pp. 

Discusses 	and 	analyzes 	enforcement, 
violation and accident experience at 
several ramp meter bypasses in Los Angeles 
and San Diego, and examines a ncdel 
enforcement program. 
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14 	Profile 14: Freeway Ramp Closure 

Some sections of older freeways have close ramp spacing, short weaving and 

merging distances, and tight curves on the mainline and ramps. These design 

features can result in high accident rates and instability of traffic flow. 

While the geometric changes necessary to fully solve the problems are expen-

sive, the selective closure of ramps may provide a low-cost partial solution. 

Problems Addressed: 

Shock effects of traffic entering, leaving and 
changing lanes on a freeway consistently pro-
duce traffic congestion during peak travel 
periods. 

A high number of accidents occur as a result 
of merging and weaving maneuvers. 

Ramp users contribute to congestion or other 
problems on nearby streets or centers that are 
difficult or expensive to solve without re-
routing. traffic. 

Condition for Application: 

Continued access - Ramps that remain open in 
the vicinity should have sufficient excess 
capacity to handle the traffic currently using 
the ramps proposed for closure, as should 
streets leading to those ramps. In addition, 
alternative routes should be available for any 
bus and truck traffic using the ramps to be 
closed. 

Close ramp spacing - The action will be most 
effective in improving traffic flow where ramp 
spacing is 500 feet or less, or where less 
than 400 feet per lane change is available to 
accomodate a strong cross flow (e.g., an enter 
on right, leave on left maneuver). 

Potential Implementation Problems: 

Traffic diverted to adjacent ramps or off the 
freeway may cause an increase in traffic and 
congestion levels on surface streets. Opposi-
tion may be strong if problems are transferred 
from one jurisdiction to another as a result 
of the action. 

Potential Evaluation Factors: 

Congestion reduction: 

- change in peak operating speed or level-of-
service on freeway section 

- change in traffic volumes on affected sur-
face streets during peak periods 

- changes in operating speeds or levels-of-
service on affected surface streets during 
peak periods 

Potential Evaluation Factors (Cont'd.) 

Accident reduction: 

- change in number of accidents or accident 
rate on freeway section 

Costs: 

- cost of barricading or removing ramps 

(1) 	Homburger, W.S. (editor), Transportation nd 
Traffic. Engineering Handbook Second 
Edition, Institute of Transportation 
Engineers, Prentice-Hall, Inc., Englewood 
Cliffs NJ (1982) 880 pp. 

Other Example: 

Boston, MA - Two ramps were closed to traffic 
and dismantled along a 1 mile elevated sec-
tion of the Central Artery, a limited-access 
highway constructed through downtown Boston in 
1948, to reduce the accident rate on the high-
way and open pedestrian access to the 
waterfront to support an extensive redevelop-
ment effort. 
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Profile 15: Travel on Freeway Shoulders During Peak Periods 
	 15 

Under some circumstances, freeway shoulders may be used as travel lanes during 

peak periods to increase facility or corridor capacity. 

Problems Addressed: 

Traffic congestion consistently develops on a 
freeway or in a freeway corridor during peak 
commuting periods. 

Localized traffic congestion develops on a 
freeway as a result of a lane-drop. 

Conditions for Application: 

Adequate geometry - Ten-foot shoulders are 
required; wider shoulders are preferable where 
structures or guardrails abut the shoulder. 
Horizontal and vertical alignment must allow 
sight distances that are safe for the speed 
anticipated in the shoulder lane. In addi-
tion, merging zones and sight lines between 
on-ramps and the shoulder lane must not be 
reduced below levels required for safe opera-
tion. 

Regular users - The use of the shoulder as a 
travel lane reduces the margin for driver 
error. Consequently, the action is less like-
ly to cause safety problems if implemented 
during peak commuting hours on facilities 
where at least 80% of the drivers are regular 
commuters and thus familar with the facility 
and specific temporal flow patterns. 

Few trucks - If over roughly 3% of the traffic 
flow during the peak period consists of heavy 
trucks, merging and lane-change movements may 
be difficult in the right-hand and shoulder 
lanes. This condition may lead to traffic 
flow disruptions and an increase in accidents. 

Potential Implementation Problems: 

The shoulder will no longer be free for break-
downs and traffic enforcement, so operating 
procedures need to be established with police 
and other safety officials to maintain safe 
freeway operations and avoid major traffic 
jams. 

Some of the capacity added by the shoulder 
lanes will be used by drivers diverting from 
arterial streets for short segments of their 
trips, or by drivers shifting the timing of 
their trips. Their presence will limit the 
congestion-reducing impact of the action, and 
the added merging volumes may increase acci-
dents on the freeway. 

If the shoulder lane is not continuous, or if 
ramp and egress capacity is limited near major 
employment centers along the freeway corridor, 
traffic congestion may simply be shifted from 
one location to another when the action is 
implemented. 

Potential Evaluation Factors: 

Volume increases (due to changes in timing or 
routing of trips) 

- changes in hourly traffic volumes on facil-
ity during peak periods (10% to 25% in- 
creases may occur during the peak hour) 

Congestion reduction: 

- changes in peak operating speeds or levels-
of-service on freeway sections (speed in-
creases of 3 to 10 mph are likely, depend-
ing on existing congestion levels). 

Traffic diversion: 

- changes in peak traffic volumes on parallel 
facilities 

- changes in peak operating speeds or levels-
of-service on parallel facilities 

Freeway operations: 

- implementation costs, including ramp modif-
ications 

- change in maintenance costs of freeway sec-
tions 

- change in enforcement costs 

Safety: 

- change in accident rate on freeway 

References: 

(1) 	U.S. Department of Transportation, Federal 
Highway 	Administration, 	"Freeway 
Modifications to Increase Traffic Flow", 
Report No. FHWA-TS-80-203 (January 1980) 
109 pp. 

Describes design and implementation 
considerations, and provides a 1-page 
summary of projects including costs and 
effectiveness. Examples include sections 
on the Santa Ana Freeway (Los Angeles CA), 
Southeast Expressway (Boston MA) and 1-280 
(San Jose CA). 
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16 Profile 16: One-Way Streets to Improve Flow 

Turning and parking movements interfere with through- traffic using the inner 

and outer lanes of surface streets, reducing their effective capacity. The 

conversion of sets of streets to one-way operation in a subarea or along a 

corridor may be a very effective and inexpensive means of adding capacity and 

reducing congestion delays. The action also may simplify signal timing and 

coordination, particularly where turning movements and pedestrian volumes are 

large. 

Problems Addressed: 

Traffic congestion consistently develops in a 
subarea or along a corridor during peak travel 
periods. 

Accidents involving turning movements occur 
frequently in a subarea or along a corridor. 

Congestion is expected to increase if business 
expansion plans are approved and implemented. 

Air pollutant concentrations that' develop in 
subarea or corridor can be attributed to peak 
traffic flow conditions. 

Conditions for Application: 

Narrow streets - In general the action is more 
effective where street widths preclude more 
than three travel lanes. 

Balanced capacity - A one-way street system 
should provide nearly equal capacities (on a 
daily basis) in the two directions crossing 
any screenline. This is most simply achieved 
by pairing parallel streets with the the same 
number of lanes and comparable operating 
speeds. More complex plans, however, can 
operate effectively, and actions such as 
reversible lanes and on-street parking bans 
may be included in the project package to 
alleviate capacity deficiencies during peak 
traffic periods. 

Dense signal spacing - If intersections re-
quiring signalization are more closely spaced 
than a quarter mile, a one-way Street system 
will simplify the coordination of signal 
phases. Separate phases for left turns are 
not required, and independent progressions can 
be set for each directional flow. 

Transition areas - The transition from two-way 
to one-way streets, and vice versa, should be 
clear and easy to negotiate. Geometric and 
signalization changes usually are necessary to 
create this condition, and some land acquisi-
tion may be necessary. 

Potential Evaluation Factors: 

Capacity increase: 

- change in hourly capacity of Street system 
(20% to 50% increase on converted Streets) 

Congestion reduction: 

- change in average peak operating speeds on 
arterial streets in the corridor or subarea 
(5% to 20% increased in speed can be 
achieved) 

Accident reduction: 

- change in number or rate of accidents on 
arterial streets in the corridor or subarea 
(between 20% and 60% of accidents involving 
turning movements can be eliminated) 

Air quality improvement: 

- change in air pollutant emissions in corri-
dor or subarea during peak travel periods 

Street operations: 

- implementation costs, including any land 
acquisition and geometric or signalization 
changes in the transition area 	 a 

- change in annual maintenance costs of 
arterial streets in corridor or subarea 

References: 

Homburger, W.S. (editor), Transportation 
and Traffic Engineering Handbook, Second 
Edition, Institute of Transportation 
Engineers, Prentice-Hall, Inc., Englewood 
Cliffs NJ (1982) 880 pp. 

Edwards and Kelcey, Inc. "Optimizing Flow 
of Existing Street Networks," NCHRP Report 
No. 113, washington DC, (1971) 414 pp. 

Presents a "before-after" Study of three 
small one-way systems in Louisville KY and 
Newark NJ. 

Other Examples: 

Saginaw - Oakland Streets, Lansing, MI 
CBD Bypass, Poughkeepsie, NY 
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Profile 17: One-Way Streets to Impede Flow 

Circulating and through-traffic may degrade the quality of a residential 

neighborhood or a commercial center, and may create a hazard for pedestrians. 

One-way streets can be used in these situations to block through movements and 

discourage drivers from entering the neighborhood or center. 

17 

Problems Addressed: 

Through traffic on residential streets creates 
a hazard to residents and degrades the resi-
dential quality of the neighborhood. 

Through or circulating traffic in a commercial 
center conflicts with pedestrian movement or 
contributes to noise or air pollution. 

Conditions for Applications: 

Narrow rights-of-way - The action will work 
best, particularly in a residential area, on 
streets with only one or one-and-a-half travel 
lanes. The one-way restriction will be par-
tially self-enforcing if opposing traffic 
flows cannot conveniently operate. Widened 
sidewalks or added on-street parking and load-
ing zones can be implemented to create this 
condition. 

Alternative routes - Convenient routes with 
adequate capacity should be available for 
through traffic diverted from local streets. 
Parking facilities in a commercial areas also 
should remain easy to drive to and from, and 
feasible routes should be available for buses 
and delivery trucks. 

Potential Implementation Problems: 

Complex systems that are confusing to resi-
dents or shoppers will be difficult to en-
force, and will • be opposed by store owners or 
residents. 

Simple circulation routes should be provided 
for services such as mail delivery and garbage 
collection, otherwise the costs of these 
services will increase. 

Potential Evaluation Factors: 

Street availability and use: 

- change in number of straight routes through 
neighborhood or center 

- change in traffic volumes on neighborhood 
or center streets 

- change in tour distance of routine delivery 
and service vehicles 

Potential Evaluation Factors (Contd.): 

Arterial street congestion: 

- changes in operating speeds or levels-of-
service on adjacent arterial streets 

Commercial activity: 

- change in parking space occupancy in center 
- change in parking revenues 
- change in retail sales in center 

Street system operations: 

- implementation costs 
- annual maintenance costs of signs, etc. 
- change in enforcement costs 
- change in fine revenues 

References: 

(1) Smith, Daniel T. and D. Appleyard, 
"Improving 	the 	Residential 	Street 
Environment," Report No. FBWA/RD-81/031 
(May 1981) 149 pp. 

Other Examples: 

Boston, MP - South End and Charlestown 
Cambridge, MA - residential neighborhoods 
Madison, WI, Capitol Square 
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18 	Profile 18: 	Reversible Lanes 

Traffic flows in many corridors and subareas are unbalanced during peak travel 

periods, with ratios over 2:1 not uncommon. One approach to reducing conges-

tion and delays during peak periods is to reallocate street and highway capa-

city to better match traffic volumes. This can be accomplished by reversing 

the normal operating direction of lanes or designating roadways for one-way 

operation at appropriate times. 

Problems Addressed: 

Traffic congestion consistently develops in a 
subarea or along a corridor during peak travel 
hours. 

Air pollutant concentrations in a corridor or 
subarea can be attributed to congested traffic 
and idling vehicles. 

Congestion is expected to increase if business 
expansion plans are approved and implemented. 

Conditions for Application: 

Safe operation of opposing flows - Heavy 
striping and overhead signs or signals usually 
are sufficient to maintain separation of 
opposing traffic flows on a surface arterial 
with operating at speeds up to 40 mph. Mov-
able barriers may be advisable on higher speed 
roads. On freeways, the best configuration is 
two or more center lanes separated from other 
travel lanes by guardrails or medians (e.g., 
1-5 in Seattle WA), which may require a major 
reconstruction effort to achieve. 

Sufficient capacity for minor flow - Suffi-
cient capacity should be available in corridor 
to accomodate the minor directional flows with 
no signicant increases in travel times. Four-
lane or wider corridor arteries generally 
should not be operated with only one travel 
lane in the minor direction, but this opera-
tion may be acceptable over short distances in 
a subarea. 

Potential Evaluation Factors: 

Capacity increase: 

- change in directional hourly capacity dur-
ing peak travel period (5% to 15% increase 
in a subarea or corridor) 

Congestion reduction: 

- change in average peak operating speeds or 
levels-of-service in the corridor or 
subarea (speed increases of 3 to 10 mph may 
be achieved) 

Air quality: 

- change in air pollutant emissions during 
peak period in the corridor or subarea (3% 
to 5% reductions are likely) 

Street operations: 

- implementation costs 

- operating and maintenance costs of lane 
control devices 

- change in traffic enforcement costs 

Safety: 

- change in number or rate of accidents in 
the corridor or subarea 

References: 

Absence of 	barriers 	- Medians, 	islands, 	turn (1) 	Rowan, 	N.J., 	D.L. 	Woods, 	and 	V.G. 	Stover, 
lanes 	and 	other 	channelization 	devices 	often Alternatives 	for 	Improving 	Urban 
will 	interfere with 	the design 	and operation Transportation", 	A 	Management 	Overview, 
of reversible lanes, 	so streets free of these Prepared 	for FHWA by Texas Transportation 
impediments 	usually 	are 	the 	best 	candidates Institute, 	Texas 	A&M 	University, 	(October 
for lane reversal. 1977). 

Potential implementation Problems: Summarizes 	costs, 	effectiveness 	and 
implementation 	issues 	of 	reversible 	lanes 

Motorist confusion about the directionality of and other traffic flow improvements. 
a lane can lead to accidents. 	Clear striping, 
signing and 	signalization can be designed 	to (2) 	Pontier, 	W.E., 	P.W. Miller and W.H. 	Eraft, 
avoid 	this 	problem. 	In 	addition, 	the 	lanes Edwards and Kelcey, 	Inc., 	"Optimizing Flow 
should 	be 	closed 	prior 	to 	reversing 	their in Existing Street Networks", NCERP Report 
operation to allow all vehicles to clear. 113, Washington DC (1971) 414 pp. 

Presents a "before-after" study of 
reversing lanes on Broad St. in Newark NJ. 



References (Cont' d 

Institute of Transportation Engineers, 
"Guidelines for Urban Street Design", 
Washington DC (1979) 150 pp. 

Provides general guidelines on reversible 
lanes and streets and cites some examples, 
including Michigan Ave. in Dearborn (MI) 
and Farnam St. in Omaha (NE). 

Agent, K.R. and J.D. Clark, Kentucky DOT, 
"Evaluation 	of 	Reversible 	Lanes 
(Nicholasville Rd., Lexington, KY)", 
Lexington KY (July 1980) 70 pp.,  NTIS 4 
PB81-123085 

Describes the implementation of a 
reversible lane on a 5-lane arterial Street 
and presents before-after travel time, 
delay and safety data. The project 
involved special signals that enabled a 
2-way left-turn lane to be shifted by one 
lane during peak periods. 
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19 Profile 19: Two-Way Left-Turn Lanes 

Frontage development along suburban arteries typically has off-street parking 

accessed through curb cuts and side streets. Left turns to and from these 

access points may conflict with through-traffic, even when the traffic is 

organized into platoons by signal progression. A two-way left-turn lane in 

the center of the roadways allows a place for drivers turning left to wait for 

gaps in the flow they are crossing or entering without disrupting traffic. 

Problems Addressed: 

Left turns off of and onto an arterial street 
at uncontrolled points interfere with traffic 
flow and contribute to delays. 

Left turn movements away from controlled 
intersections are a major factor in accidents 
reported along an arterial Street. 

Conditions for Application: 

Roadway width - A two-way left turn lane 
generally can be added to streets with 12-foot 
or wider lanes by narrowing the lanes to 9 feet 
or 10 feet. In other cases, parking may have 
to be removed or the roadway widened to 
accommodate the added line. 

Diffused turning movements - Left-turn move-
ments should be distributed fairly evenly 
along the lane. If a few major traffic gener-
ators, such as shopping centers, are the 
source of most turns, fixed turn lanes with 
coordinated signals probably are a better 
solution. 

Signal spacing - The lane should be operated 
as a standard left-turn lane at each signal-
ized intersection, with storage space for at 
least three vehicles. If signals are spaced 
closer than a fifth of a mile, less than half 
of the lane may be available for two-way 
operation. 

Potential Evaluation Factors: 

Congestion reduction: 

- change in peak operating speed along arter-
ial street (up to 5 mph increase depending 
on turning volumes) 

Accident reduction: 

- change in number or rate of accidents in-
volving left turns along arterial streets 

Street operation: 

- implementation costs, including any inter-
section modifications 

- annual cost of maintaining lane markings 
and signs 

References: 

Homburger, W.S. (editor), Transportation 
and Traffic Engineering Handbook", Second 
Edition, Institute of Transportation 
Engineers, Prentice-Hall, Inc., Englewood 
Cliffs NJ (1982) 880 pp. 

Institute of Transportation Engineers, 
"Guidelines for Major Urban Street Design", 
Washington DC (1979) 150 pp. 

Provide general guidelines, and cites 
examples including Washington St. in 
Augusta (Ga) and Sunshine St. in 
Springfield (MO). 

Engineering Experiment Station, Ohio 
University, "Development of Guidelines for 
the Application of Continuous Two-Way 
Left-Turn Median Lanes", NTIS No. 
PB-247-300 (July 1975) 105 pp. 
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Profile 20: New Street Segments 	 20 
Many cities have corridors that lack good cross streets, and cross-corridor 

travel in suburbs often is limited by the former county road network initially 

laid out to serve farms and small towns. Street offsets and other network 

discontinuities force cross-corridor travelers onto radial segments for parts 

of their trips, often causing safety problems or adding to congestion on those 

facilities. In some cases, short segments can be added, or intersections can 

be redesigned, to eliminate small network discontinuities. 

Problems Addressed: 

Delays and low average travel speeds on cross-
corridor routes. 

/ 
Drivers use residential streets to avoid 
bottlenecks. 

Traffic congestion and delays on a radial 
street or highway can be attributed to cross-
corridor traffic forced onto the facility. 

Accidents at intersections can be attributed 
to turning movements involving cross-corridor 
traffic. 

Business expansion plans are expected to pro-
duce traffic flows that cannot be handled well 
by the existing street network. 

Conditions for Application: 

Available rights-of-way - The action is most 
feasible where it can be accomplished within 
existing rights-of-way or where minimal land 
acquisition is required. As acquisition costs 
increase, higher travel time savings will be 
required to justify the investment. 

Potential Evaluation Factors: 

Route shift (the means of accomplishing other 
objectives): 

- changes in peak traffic volumes on Street 
sections in study area 

Delay reduction: 

- change in peak travel times along cross-
corridor or other impeded routes 

- 	change in level-o f-ser vice of intersections 
affected by the action 

Safety: 

- changes 	in 	turning 	conflicts 	at 
intersections 

- changes in accidents or accident rates at 
intersections 

Potential Evaluation Factors (Contd.): 

Street operation: 

- construction cost of new segment and asso-
ciated improvements 

- annual maintenance cost of new segments and 
associated improvements 

References: 

(1) flomburger, W.S. (editor), Transportation 
and Traffic Engineering Handbook, Second 
Edition, Institute of Transportation 
Engineering, Prentice-Ball, Inc., Englewood 
Cliffs NJ (1982) 880 pp. 
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21 Profile 21: 	Signal Phases for Left Turns 

Traffic turning left at an intersection can disrupt traffic flow and cause 

delays and accidents. Adding a left-turn phase to a traffic signal will 

separate left turn and opposing through-flows. Advancing the green phase in 

one direction to allow turns to be made ahead of the opposing flow also will 

accomplish this separation where turning rrovements are predominantly in one 

direction. 

Problems Addressed: 

Traffic turning left is commonly delayed more 
than one signal cycle during peak travel 
periods. 

Accidents at an intersection can be attributed 
to conflicts between vehicles turning left and 
opposing traffic or pedestrian flows. 

Vehicles turning left disrupt the opposing 
traffic flow and cause delays. 

Conditions for Application: 

Constraints on free turn - Turns through the 
opposing traffic flow on an open green phase 
should be contrained by the volume of opposing 
traffic, the frequency of pedestrian cross-
ings, the number of lanes to be crossed, and 
the speed of opposing traffic. In general, 
left turns across three lanes (two lanes if 
speeds are over 40 mph) of opposing traffic 
should be protected. Jug-handles and other 
rerouting of turning traffic are alternative 
actions. 

Flow separation - Adequate turn lanes should 
be available to store turning vehicles so they 
do not Interfere with through traffic. If the 
turn phase precedes the straight-ahead phase, 
turning vehicles should not be blocked from 
the intersection by waiting vehicles. 

Potential Implementation Problems: 

Potential Evaluation Factors: 

Delay change: 

- change in level-of-service of affected 
intersections in peak and off-peak periods 

- change in delays at intersections in peak 
and off-peak periods (left turns through 
traffic; and total) 

Accident reduction: 

- change in number of accidents at 
intersection (up to 30% reduction likely) 

Street operation: 

- implementation costs, including any geo-
metric changes 

- change in annual maintenance costs of 
intersection 

References: 

Wagner-McGee Associates, "Traffic Control 
System Improvements: Impacts and Costs," 
report prepared for USDOT/FHWA (March 1980). 

Agent, K.R. and R.C. Deen, Kentucky DOT, 
"Warrants for Left-Turn Signal Phasing", 
Transportation Research Record 737, 
Washington DC (1979) pp.  1-10. 

Reviews guidelines used in 45 states, 
analyzes volume, delay and safety criteria, 
and recommends a set of warrants. Analysis 
includes before-after delay and conflict 
data for three intersections. 

Perfater, M.A., Virginia Highway and 
Transportation Research Council "An 
Assessment of Exclusive/Permissive Left 
Turn 	Signal 	Phasing", 	report 	No. 
FHWA/VA-82/49, Charlottesville VA (March 
1982) 35 pp., NTIS # PB82-231200. 

Presents a study of traffic conflicts, 
accidents and mtorists perceptions at 10 
intersections in Virginia where left-turns 
are allowed during an open green phase even 
though a separate turn phase is provided. 

During periods when gaps in the opposing 
traffic are common, drivers turning left will 
be unnecessarily delayed by a separate turn 
phase. Permitting turns during the straight 
green phase (see references 3 and 4) will 
avoid these delays, but may create a safety 	(3) 
problem. 

Left-turn phases introduced by increasing 
cycle time may interfere with signal 
coordination. 

A left-turn phase will reduce capacity 
available to other flows and may increase 
delay. 
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(4) 	Moble, R.H. and T.K. Rorabaugh, A Study of 
clearance Intervals, Flashing Operation and 
Left-Turn Phasing at Traffic Signals, 
Volume 4, USDOT report No. FRWA-RD--78-49, 
Fullerton CA (May 1980) 100 pp., NTIS # 
PB81-105611 

Discusses operational issues and options 
and presents delay, conflict, accident and 
other results from a study of seven 
intersections in southern California cities. 
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22. 	Profile 22: 	Reroute Turning Traffic 

Traffic turning left at major intersections may conflict with oncoming traffic 

and with pedestrians; traffic turning right also may conflict with pedestrians 

and with buses moving in the curb lane. If turn lanes with separate signal 

phases are infeasible or inappropriate, turn prohibitions can be used to shift 

one or more of the turning traffic flows to other locations. The prohibition 

can be in effect at all times or limited to hours of high traffic or pedes-

trian volumes. 

Problss Addressed: 

Traffic delays at an intersection are caused 
by conflicts between turning movements and 
pedestrian, bus and/or other traffic flows. 

Accidents at an intersection can be attributed 
to conflicts between turning traffic and 
pedestrian, bus and/or other traffic flows. 

Conditions for Application: 

Alternative routes - Convenient alternative 
routes should be available for the traffic 
flows prevented from turning at specified 
intersections. The congestion and accident 
problns should not simply be transferred to 

- another location, and other problems, such as 
routing additional traffic over residential 
streets, should be avoided. 

Capacity constraints - Rerouting turning move-
ments probably will add to their travel times 
and distances. To be justifiable as a 
congestion-reduáing action, the aggregate 
travel time savings due to improved traffic 
flow should exceed the aggregate increases 
experienced by turning traffic. Unless separ-
ate turn phases will cause serious additional 
delays to through traffic, this condition will 
not be met. As a general rule, both streets 
should be operating at level-of-service D or 
worse during the hours of turn prohibition. 

Design and Operational Issues 

Alternative routes should be made clear (e.g., 
by signs showing an around-the-block route for 
a left-turn), otherwise violations will occur 
or confused drivers will interfere with 
traffic flow. 

Cooperation of the police department may be 
necessary to enforce any turn prohibitions. 
Initial enforcement followed by random checks 
should be sufficient. 

Potential Evaluation Factors: 

Route shift (the means of accomplishing other 
objectives): 

- changes in (peak) traffic volumes using 
street segments and intersections in study 
area 

Potential Evaluation Factors (Cont'd.) 

Delay reduction: 

- change in level-of-service or average delay 
at affected intersections (up to 30% reduc-
tion in delays depending on turning volumes) 

- changes in travel times along straight 
routes through study area 

- changes in travel times along routes 
involving turn in the study area 

Accident reduction: 

- change in number or rate of accidents in 
study area 

Street operations: / 

- signing, striping and other implementation 
costs 

- change in enforcement costs 

References: 

(1) Romburger, W.S. (editor), Transportation 
and Traffic Engineering Handbook, Second 
Edition, Institute of Transportation 
Engineers, Prentice-Hall, Inc., Englewood 
Cliffs NJ (1982) 880 pp. 
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Profile 23: Use of fleet Vehicles for Carpooling 
	 23 

Many employers own or lease fleets of autos that are used by sales, service, 

courier, or other personnel during working hours. Some of these vehicles may 

be available for use in commuting to and from work either by their normal 

daytime users or by other employees. This action may be a good alternative to 

a vanpool program where employees residences are not de'nsely clustered. 

Problems Addressed: 

Peak period congestion on roads in, near, or 
approaching an employment center are expected 
to increase if business expansion plans are 
approved and implemented. 

Changes in worksite or reductions in transit 
service are expected to increase commuting 
costs of employees. 

Conditions for Application 

Vehicle availability - Fleet vehicles often 
may be in use for company business at the end 
of the working day, or otherwise unavailable 
for convenient use by carpools. Since car-
pools will require a vehicle every day, only a 
portion of the fleet based at the worksite may 
be used to implement this action, potentially 
limiting its applicability to firms to sub-
stantial fleets. 

Pooling market - Pool formation rate will be 
higher where large number of employers have 
the same work schedule and live in areas at 
least 5 miles or 20 minutes 'from the center. 

Potential Implementation Problems: 

Mid-level managers and other personnel cur-
rently using the vehicles in off hours will 
resist their loss of prerequisites. 

Insurance and fleet maintenance costs may in-
crease if the action is implemented. 

The action potentially can draw riders from 
transit, with a reduction in revenues, so 
employees with good transit service available 
for their commutes should be given a low 
priority when fleet vehicles are assigned. 

Potential Evaluation Factors: 

Mode shift (the means of accomplishing other 
objectives): 

- change in vehicle volumes entering (AM) or 
leaving (PM) center during peak commuting 
periods 

Potential Evaluation Factors (Contd.): 

Administration: 

- implementation costs 
- annual costs of operating and administering 

the action 

Examples: 

San Diego (CA) Gas and Electric - following a 
6-month pilot project, the program was 
implemented throughout the company. About 150 
carpools now use fleet vehicles on a regular 
basis. (Contact: Tom Kaiser at (619) 
232-4252) 
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24 Profile 24: 	Employer-Based Carpool Matching Programs 

Increased ridesharing can be an effective means of addressing peak period con-

gestion and related problems, but the coordination required among carpool and 

vanpool users makes the use of this option difficult for many commuters. Shar-

ing rides with fellow workers may eliminate schedule coordination problems and 

reduce others, such as initial discomfort with traveling in a small group of 

strangers. Employers can generate prospective match lists for interested 

employees.to  use in joining or forming pools, and regularly disseminate cost 

savings and other promotional information. In addition to this basic program, 

an employer can readily offer other incentives, such as the assignment of 

premium parking spaces to carpools and vanpools. 

Problems Addressed: 

Traffic congestion consistently develops dur-
ing peak commuting periods in, near, or along 
major approaches to an employment center. 

Congestion is expected to increase if business 
expansion plans are approved and implemented. 

Change in worksite or reduction in transit 
service is expected to increase commuting 
costs of employees. 

Air pollutant concentrations develop during 
peak commuting periods in, near, or along 
major approaches to an employment center. 

Conditions for Application: 

Long commutes - Commuters traveling less than 
5 miles and 20 minutes are unlikely to shift 
from driving alone, for the time spent picking 
up riders in the morning and dropping them off 
in the afternoon would significantly increase 
their commuting time. The action will be more 
effective where many employees have long 
commutes. 

Large firms - A firm or government agency with 
500 or more employees and regular working 
hours generally provides the best site for 
this action, for prospective match lists will 
be sufficiently lengthy to accommodate many 
considerations that are important to individ-
uals in selecting fellow riders. Associations 
of companies in Industrial parks and other 
employment concentrations also can be formed 
to increase the probability of individuals 
finding good matches. 

Management commitment - Changes of residence 
or workplace are common in most urban areas, 
so ridesharing will decline at a site unless 
management supports an active, ongoing pro-
gram to find new members for existing pools 
and encourages the formation of new pools. 
Strong commitment is more likely if clear 
benefits, such as reduced parking space re-
quirements, increased attendance rates or 
easier employee recruitment are anticipated. 

Conditions for Application (Cont'd.): 

Limited transit service - If many employees in 
the center have the option of using transit, 
the action may divert more transit riders than 
auto drivers to carpools, minimizing the im-
pact on congestion while decreasing transit 
revenue. 

Potential Evaluation Factors: 

Mode shifts of users (the means of accomplish-
ing other objectives): 

- changes in hourly vehicle volumes entering 
(AM) or leaving (PM) center during peak 
commuting hours 

- changes in hourly vehicle volumes on key 
approach segments during peak commuting 
hours 

Congestion reduction: 

- changes in peak operating speeds on key 
segments in, near, or on approaches to 
center during peak commuting hours 

Air quality: 

- change in air pollutant emissions during 
peak periods on key segments in, near, or 
along approaches to center 

Transit operations: 

- changes in peak ridership and revenue on 
routes serving center 

Parking operations:. 

- changes in parking lot and garage 
patronage, revenues and operating costs 

Administration: 

- costs of implementing and operating the 
action 



References: 

Multisystems and Skidnre, Owings and 
Merrill, 	"Ridesharing 	Implementation 
Guide," developed for USDOT/FHWA under 
Contract DTFH61-80-C-00182 (1981) 150 pp. 

A detailed guide for setting up and running 
a corporate ridesharing program. A program 
at AETNA Life and Casualty (Hartford CT) is 
presented as a case study. 

UST, "How Ridesharing Can Help Your 
Company, a Manual for Employers" (May 1980) 
47 pp. 

Discusses key issues in setting up a 
program, and provides cost data on several 
employer programs. 

Misch, M.R.., et. al., "Guidelines for using 
Vanpools and Carpools as a TSM Technique", 
NHRP Report No. 241, Washington DC 
(December 1981) 155 pp. 

Discusses applicability, planning, design 
and implementation issues, and packaging 
with complementary TSM actions. 
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25' 	Profile 25: Employer Vanpool Programs 

Increased ridesharing can be an effective means of addressing peak period con-

gestion and related problems, but the coordination required among carpool and 

vanpool users makes the use of this option difficult for many.commuters. Shar-

ing rides with fellow workers may eliminate schedule coordination problems and 

reduce other problems, such as initial discomfort with traveling in a small 

group of strangers. Employers can generate prospective match lists for 

interested employees to use in joining or forming pools, and regularly 

disseminate cost savings and other promotional information. In addition to 

this basic program, an employer can readily offer other incentives, such as 

the assignment of premium parking spaces to carpools and vanpools. 

Problems Addressed: 

Traffic congestion consistently develops dur-
ing peak commuting periods in, near, or along 
major approaches to an employment center. 

Congestion is expected to increase if business 
expansion plans are approved and implemented. 

Change in workaite or reduction in transit 
service is expected to increase commuting 
costs of employees. 

Air pollutant concentrations develop during 
peak commuting periods in, near, or along 
major approaches to an employment center. 

Conditions for Application: 

Long commutes - Commuters traveling less than 
5 miles and 20 minutes are unlikely to shift 
from driving alone, for the time spent picking 
up riders in the morning and dropping them off 
in the afternoon would significantly increase 
their commuting time. The action will be more 
effective where many employees have long 
commutes. 

Large firms - A firm or government agency with 
500 or more employees and regular working 
hours generally provides the best site for 
this action, for prospective match lists will 
be sufficiently lengthy to accommodate many 
considerations .that are important to individ-
uals in selecting fellow riders. Associations 
of companies in industrial parks and other 
employment concentrations also can be formed 
to increase the probability of individuals 
finding good matches. 

Management commitment - Changes of residence 
or workplace are common in most urban areas, 
so ridesharing will decline at a site unless 
management supports an active, ongoing pro-
gram to find new members for existing pools 
and encourages the formation of new pools. 
Strong commitment is more likely if clear 
benefits, such as reduced parking space re-
quirements, increased attendance rates or 
easier employee recruitment are. anticipated. 

Conditions for Application (Cont'd.): 

Limited transit service - If many employees in 
the center have the option of using transit, 
the action may divert more transit riders than 
auto drivers to carpools, minimizing the im-
pact on congestion while decreasing transit 
revenue. 

Potential Evaluation Factors: 

Mode shifts of users (the means of accomplish-
ing other objectives): 

- changes in hourly vehicle volumes entering 
(AN) or leaving (PM) center during peak 
commuting hours 

- changes in hourly vehicle volumes on key 
approach segments during peak . commuting 
hours 

Congestion reduction: 

- changes in peak operating speeds on key 
segments in, near, or on approaches to 
center during peak commuting hours 

Air quality: 

- change in air pollutant emissions during 
peak periods on key segments in, near, or 
along approaches to center 

Transit operations: 

- changes in peak ridership and revenue on 
routes serving center 

Parking operations: 

- changes in parking lot and garage 
patronage, revenues and operating costs 

Administration: 

- costs of implementing and operating the 
action 	 . 
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References (Cont'd.): 

Barton-Aschman Assoc., Inc., Traveler 
Response to Transportation System Changes, 
Second Edition, prepared for USDOT/FHWA, 
Office of Highway Planning, Contract No. 
DOT-FH-11-9579 (July 1981) 400 pp. 

Summarizes volumes and user characteristics 
of several programs, including 3M (St. Paul 
MN), TVA (Knoxville TN), Prudential (Newark 
NJ) and Winnebago (Forest City IA). 

Jacobson, S.O., University of Washington, 
Emolover Van000l Proqrams: Factors in 
Their. Success or Failure, prepared for 
USDOT/UM'rA, Report No. UMTA-WA-11-0005-78-3 
(June 1977) 85 pp.  NTIS 4 PB-276955 

Presents results and analysis of a survey 
of 58 employers with vanpool programs. 
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26 	Profile 26: Freeway Lanes Reserved for Buses or Carpools 

More than three-quarters of the peak traffic on many urban freeways consists 

of autos carrying only a driver. The effective person-carrying capacity of 

those facilities potentially can be increased by encouraging the use of 

transit and the formation of carpools and vanpools. The reservation of lanes 

during peak periods for buses and other high-occupancy vehicles is a means of 

providing such encouragement, but one that requires careful planning and 

design. 

Conditions for Application (Cont'd.): 
Problems Addressed: 

During peak commuting periods, traffic conges-
tion is prevalent on a freeway, its corridor, 
or near the workplaces of commuters using the 
freeway. 

Air pollutant concentrations along the free-
way's corridor or near the workplaces of com-
muters using the corridor can be attributed to 
traffic volumes and flow conditions. 

Conditions for Application: 

Significant time savings - The action works by 
encouraging changes in travel mode through 
travel time savings. In general, lane users 
(i.e., transit riders and/or carpoolers) must 
be offered at least 5 minutes advantage over 
other travellers to overcome the inconvenience 
of waiting for a bus or assembling a carpool. 
This condition requires a highly congested 
interchange or toll plaza, a 5-mile segment 
with operating speeds under 30 m.p.h., or some 
equivalent combination of distance and reduced 
speed. 

Ridesharing potential - If the lane is to be 
open to carpools and vanpools, it will be more 
effective in encouraging pools if other 
conditions exist in the corridor that make 
ridesharing convenient and attractive. These 
conditions include long commutes, large 
employment concentrations, large firms and 
high parking costs. 

Good express bus service - The action will be 
more effective if major employment centers in 
the corridor are served by frequent express 
buses. 

High vehicle occupancy - The reserved lane(s) 
should carry at least their share of travel-
lers on the freeway, otherwise the lane reser-
vation will be hard to justify. This condi-
tion requires at least 40 buses per hour for a 
bus-only lane, or at least 10% of autos to 
carry 3 or more occupants for a 3+ carpool 
lane on a freeway with few buses. 

Minimal weaving across lane - The freeway sec-
tion ideally should have no left-lane exits or 
entrances unless they are restricted to buses 
and carpools, although a few low volume excep-
tions may be acceptable on a bus-only lane. 

Flow separation - For safety, opposing flows 
ideally should remain separated by a median, 
although contra-flow lanes reserved for buses 
Only may be separated by movable barriers. 
Safety problems also may develop when vehicles 
enter or leave unseparated with-flow lanes if 
speed differentials are sufficiently high to 
meet the time savings conditions. 

Ease of enforcement - Reserved lanes will be 
used by unauthorized vehicles, even when a 
lane is patrolled. The lanes should have an 
adjacent shoulder or frequent turnouts where 
patrol cars can be stationed and where lane 
violators can be apprehended without interfer-
ing with the operation of any lane. 

Potential Implementation Problems: 

Strong opposition will develop if travellers 
not eligible to use the lanes experience or 
perceive increased congestion levels. 

Unless the lanes are strongly enforced, in-
eligible drivers will enter the reserved lanes 
in large numbers, eliminating most of the 
travel time savings of legitimate users. 

For safety, a contra-flow bus lane needs to be 
separated by rubber posts or similar devices. 
The daily setting and removal of these tempor-
ary barriers may be expensive, or may inter-
fere with the operation of adjacent lanes. 

Potential Evaluation Factors: 

Travel time: 

- changes in travel time of lane users and 
non-users during hours of lane reservation. 

&de or route shifts of users: 

- changes in hourly vehicle and passenger 
volumes (by occupancy category: ineligible 
autos and trucks, eligible autos and 
trucks, buses) on facility during hours of 
lane reservation (generally the peak and 
shoulder periods) 

- changes in hourly vehicle volumes on paral-
lel facilities and/or on key streets in 
employment centers served by facility dur-
ing hours on lane reservation. 
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26 

Potential Evaluation Factors (contd.) 

Air quality: 

- changes in air pollutant emissions during 
peak periods along key portions of corridor 
and/or in employment centers served by cor-
ridor. 

Facility operations/finance: 

- lane construction or implementation costs 

- change in facility operating and mainten-
ance costs 

- change in enforcement costs 

Transit operation: 

- changes in operating costs on corridor 
routes 

- changes in ridership and revenues on cor-
ridor routes. 

References: 

(1) Spielberg, F., et. al., Evaluation of Freeway 
Hiqh Occumancv Vehicle Lanes and RamP Meter-

!!a USDOT/OST (2-33) 

- Vol. 1 (Final Report) - Report No. DOT-P-
30-80-28 (August 1980) 136 pp. 

References (Contd.) 

Simkowitz, Howard J., A Comparative Analysis 
of Results from Three Recent Non-Separated 
Concurrent-Flow High Occupancy Freeway Lane 
Projects: Boston, Santa Monica and Miami, 
Report No. tJMTA-MA-06-0049-78-2, Transporta-
tion Systems Center, Cambridge, MA (June 
1978) pp. 

Summarizes and compares performance and 
impact data collected for 3 HOV lanes: 
Southeast Expressway (Boston MA), Santa 
Monica Freeway (Los Angeles CA) and 1-95 
(Miami FL), and discusses problems encount-
ered on operating those lanes 

Miller, N. Craig and Robert B. Deuser, En-
forcement Requirements for High-Occupancy 
Vehicle Lanes, USDOT/FHWA (HRS-33), Report 
No. FHWA-RD-79-15 (December 1978) 238 pp. 

Presents operating experience from six 
freeway bus or HOV lanes. 

Public Technology, Inc., A Manual on Plan-
ning and Implementing Priority Techniques 
for High Occupancy Vehicles: Technical 
Guide, Contract No. DOT-OS-60076. (June 
1977) 330 pp. 

Discussion of planning and design issues, 
with the Santa Monica Freeway lanes used as 
case Study. 

- Vol. 2 (Bibliography and Abstracts) - Re- 	(6) Levinson, H.S., et al., 'Bus Use of High- 
port No. DOT-P-30-80-29 (August 1980) 139 	 ways; Planning and Design Guidelines", NcERP 
pp. 	 Report 155 (1975) 161 pp. 

Summarizes and compares performance data col- 	 Provides guidelines for bus lane design and 
lected for the 12 bus or I1DV lanes operated 	 operation. 
on freeways or toll facilities including 
Shirley Highway (Arlington VA), Banfield 	(7) Biliheimer, J.W. et. al. TSM Project 
Freeway (Portland OR), Route 101 (Mann 	 Violation Rates, prepared by Systan Inc. for 
County CA) and Moanaloa Freeway (Honolulu 	 State of California, 	Department of 
HI). Report also presents and reviews per- 	 Transportation and Department of the Highway 
formance measures and analysis techniques. 	 Patrol, 	USDOT 	report 	No. 	DOT-I-82-10 

(October 1981) 280 pp. 
(2) Pratt, R.H. and J.N. Copple, Traveler Re-

sponse to Transportation System Changes, 
USDOT/FHWA (HHP-22), Contract No. DCT-FH-11-
9579 (July 1981) 398 pp. 

Summarizes travel time and mode choice changes 
observed for 15 freeway bus or HOV lanes. 

Discusses 	and 	analyzes 	enforcement, 
violation and accident experience on 4 HOV 
lanes in Los Angeles and San Francisco. 
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27 Profile 27: 	Priority Freeway Access/Egress for Buses or Carpools 

Giving buses and carpools priority access to or egress from freeways can en-

courage the use of those modes and thus increase a facility's person-carrying 

capacity. Priority can be provided through bypasses of ramp metering devices 

(see Profile 13), by restricting selected ramps at major employment centers to 

use by buses and/or carpools, or by designating bypass lanes at congested 

ramps. 

Problems Addressed: 

During peak commuting periods, traffic conges-
tion is prevalent on a freeway, its corridor, 
or near the workplaces of commuters using the 
freeway. 

Air pollutant concentrations along the free-
way's corridor or near the workplaces of com-
muters using the corridor can be attributed to 
traffic volumes and flow conditions. 

High transit operating costs can be attributed 
to traffic congestion and delays near major 
ramps or interchanges. 

Conditions for Application: 

High vehicle occupancy - A meter or ramp by-
pass should carry at least 400 passengers in 
buses and carpools during the peak hour, and a 
reserved ramp should carry at least 800 pas-
sengers. Lower volumes probably are not worth 
the implementation and enforcement costs. 

Significant time savings - Time savings should 
be sufficient to affect transit operating 
costs and/or mode choice. A 2-minute savings 
may be enough to reduce operating costs, while 
3 to 5 minutes are probably required to meas-
urably influence mode choice. 

Ramp geometry - A meter or ramp bypass lane 
must extend beyond the normal traffic queue to 
tap all potential time savings. A bypass lane 
should be at least 10 feet wide to allow un-
obstructed passage of buses. 

Ease of enforcement - The occupancy of vehi-
cles using a reserved ramp or bypass should be 
clearly visible from a stationary patrol car 
positioned to apprehend violators. 

Adequate alternate routes - If an existing 
ramp is to be reserved for buses or carpools, 
routes with slack capacity should be available 
for autos and trucks diverted from the ramp. 
If nearby ramps are already congested, their 
queues will lengthen and potentially disrupt 
traffic flow on the freeways or adjacent 
arteries. 

Potential Implementation Problems: 

Unless the ramps or bypasses are strongly en-
forced, ineligible drivers will use the facil-
ity, potentially delaying eligible users and 
creating safety problems. 

Opposition may develop if ineligible users 
experience increased travel times and delays. 

Potential Evaluation Factors: 

Travel time changes: 

- changes in peak period travel time on major 
travel paths and modes affected by the 
reservation of the ramps or bypasses. 

Mode or route shifts of users: 

- changes in hourly vehicle and passenger 
volumes (by occupancy category: ineligible 
autos and trucks, eligible autos and 
trucks, buses) on the facility (and on 
other affected freeway, street and ramp 
segments) during the hours of ramp or by-
pass reservation. 

Transit operations/finance: 

- changes in operating costs on routes using 
the ramps or bypasses (or otherwise affect-
ed by their operation) 

- changes in ridership and revenues on routes 
using the ramps or bypasses (or otherwise 
affected by their operation) 

Air quality: 

- changes in air pollutant emissions during 
peak periods 

Facility operations/finance: 

- construction and installation costs 

- change in facility operating and mainten-
ance costs 

- change in enforcement costs 
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References: 

Spielberg, F., et al., Evaluation of Freeway 
High Occupancy Vehicle Lanes and Ramp 
ing, USDOT/OST (P-33) 

- Vol. 1 (Final Report) - Report No. DOr-P-
30-80-28 (August 1980) 136 pp. 

- Vol. 2 (Bibliography and Abstracts) - Re-
port No. DOr-P-30-80-29 (August 1980) 139 
pp. 

Contains information on a bus/carpool ramp 
bypass on 1-93 (Boston MA), a toll booth by-
pass on the Bay Bridge (San Francisco/Oakland 
CA), and six corridors with bypasses at 
metered ramps. 

Blumentritt, C.W., et al., "Guidelines for 
Selection of Ramp Control Systems", NCHRP 
Report 232, (May 1981) 108 pp. 

Discusses ramp configuration and control 
devices, and presents analysis and evalua-
tion procedures. 

Miller, N. Craig and Robert B. Deuser, En-
forcement Requirements for High-Occupancy 
Vehicle Lanes, USDOT/FEWA (HRS-33), Report 
No. FHWA-RD-79-15 (December 1978) 238 pp. 

Presents operating experience from the San 
Francis co/Oakl and Bay Bridge and ramp meter 
bypasses on the North Central Expressway 
(Dallas TX), Interstate 135W (Minneapolis MN) 
and three freeways in Los Angeles CA. 

Rothenberg, M.J. and D.R. Sandahl, JBK and 
Assoc., Priority Treatment of High Occupancy 
Vehicle, report No. FHWA/RD-80/062 (January 
1981) 125 pp.  NTIS # PB81-216582 

Summarizes the travel time and volume impacts 
of HOV ramps in Minneapolis, Seattle, and Los 
Angeles 

References (Cont'd.) 

Billheimer, J.W. et. al., TSM Project 
Violation Rates, prepared by Systan Inc. for 
state of California, Department of 
Transportation and Department of the Highway 
Patrol, USDOT report No. DOT-I-82-10 (October 
1981) 280 pp. 

Discusses and analyzes enforcement, violation 
and accident experience at several ramp meter 
bypasses in Los Angeles and San Diego, and 
examines a model enforcement program. 
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28 	profile 28: Arterial Street Lanes Reserved for Express Buses or Carpools 

Arterial streets are major traffic conduits in many urban corridors, even 

those with freeways. The effective person-carrying capacity of those facili-

ties sometimes can be increased by reserving lanes for buses and/or carpools, 

and the time savings thus provided to users of those modes will encourage 

their use for commuting trips. The most common design options are: 	(1) a 

curb lane reserved for buses, and (2) a median lane reserved for carpools and 

express buses. 

Problems Addressed: 

During peak commuting periods, traffic 
congestion is prevalent on an arterial street 
or near the workplaces of commuters using the 
artery. 

High transit operating costs can be attributed 
to traffic congestion and delays along the 
artery. 

Air pollution concentrations along the 
arterial corridor or near the workplaces of 
commuters using, corridor can be attributed to 
traffic congestion. 

Conditions for Application: 

Adequate street width - At least two unre-
served lanes should remain in operation in 
each travel direction. A one-way street 
should be at least 30 feet wide and a two-way 
street at least 50 feet wide. 

Provision for turning traffic - Traffic turn-
ing across the reserved lane may disrupt its 
operation. Roadway right-of-way and adjacent 
street network and land uses should allow 
either turn lanes outside the reserved lane, 
turn prohibitions (with jughandles or around-
the-block routing), or advanced green to be 
implemented to minimize flow disruption. (See 
Profiles #21 and #22) 

Traffic delay - The artery should operate at 
level-of-service D or worse during peak hours 
if the lane is to be effective in saving time. 
If intersections are signalized, the lane will 
offer little advantage unless queues often do 
not clear during a signal cycle. 

Vehicle occupancy - The lane should carry at 
least 30 buses during the peak hour if re-
served for buses only, or carry more than its 
share of travelers (e.g., 33% or more of peak 
directional travelers if one of three lanes is 
reserved) if the lane is open to carpools and 
vanpools. 

Ease of enforcement - Lane enforcement will be 
easier if violators can be apprehended with 
minimal disruption of traffic flow. Breaks in 
a median or left-turn bays not used during 
hours of lane operation can be used for en-
forcing a median lane, and side streets can be 
used to enforce a curb lane. 

Potential Implementation Problems: 

Strong opposition will develop if general 
travel lanes become more congested. 

Merchants along the artery may oppose a curb 
bus lane unless alternative parking exists 
near their stores. 

Potential Evaluation Factors: 

Travel time changes: 

- changes in peak period travel time along 
the artery for eligible and ineligible 
vehicles. 

Mode or route shifts: 

- changes in hourly vehicle and passenger 
volumes along the artery, by mode (inelig-
ible auto or truck, eligible auto or truck, 
bus) during period of lane operation. 

- changes in hourly vehicle volumes on paral-
lel facilities, and on key streets in 
employee centers served by the facility, 
during period of lane operation. 

Transit operations/finance: 

- changes in operating costs on bus routes 
using the lane 

- changes in ridership and revenues on routes 
using the lane, or operating parallel to 
the lane 

Air quality: 

- changes in air pollutant emissions along 
the corridor, or in centers served by the 
corridor, during peak periods 

Facility operations/finance: 

- construction and installation costs 

- change 	in 	facility operating and 
maintenance costs 

- change in enforcement costs 
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lane on Barbur Blvd. (Portland OR). 
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29 	Profile 29: Shuttle Buses or Vans 

Many suburban and low density urban employment and commercial centers are 

located away from major transit routes, making travel to these centers diffi-

cult for people not having regular access to autos. Shuttle buses or vans 

operated between a center and nearby rail stations or major bus routes can 

improve the center's accessibility. Firms in the center can individually or 

jointly operate the vehicles used for the shuttle, or hire their operation 

from a charter bus or other agency. Cars and vans currently in employers' 

fleets can be used for a small-scale employment center operation. 

Problems Addressed: 

Travel to an exnploment or commercial center is 
difficult or expensive for people without 
regular access to autos. 

Increased traffic congestion is expected if 
business expansion plans are approved, and 
implemented. 

Conditions for Application: 

Shuttle distance - The center generally should 
be within three miles of the transit stop(s) 
to be served by the shuttle, although longer 
links can be effective to employment centers 
on the fringes of an urban area. This 
proximity will allow frequent service to be 
provided with a single vehicle and reliable 
connections with transit schedules to be 
maintained. Overtime payments to company. 
drivers operating the shuttle also will be 
minimized by a short travel time. 

insit service quality - The route(s) con-
nected by the shuttle should offer frequent 
and reliable service to residences of employ-
ees or other (potential) users of the center, 
otherwise the shuttle will be ineffective in 
attracting riders. A sheltered waiting area 
at the transfer point also is desirable. 

Management association - In the absence of a 
single major employer, retailer or management 
agency, an association of businesses in the 
center can provide a mechanism for funding the 
implementation and operation of a shuttle 
service. 

Potential Implementation Problems: 

Regulatory approval of the shuttle may be re-
quired, particularly if its use is not re-
stricted to employees. 

Back-up arrangements will be necessary to in-
sure a high level of reliability. 

Insurance may be expensive or difficult to 
obtain for private operations: 

Potential Evaluation Factors: 

Accessibility: 

- change in number of employees or residents 
living within a specific travel time by 
transit 

Shuttle operations: 

- number of trips operated daily 

- daily ridership 

- average daily operating, maintenance, and 
capital costs 

- daily revenues 

References: 

(1) Chambers, C., "The Role of the 
Transportation Broker; Children's Hospital 
of San Francisco", paper presented at TRB 
annual meeting, (1983) 

Discusses a TSM plan developed to allow a 
hospital expansion, and briefly describes 
the implementation of a shuttle van to 
major transit routes. 

Other Examples: 

Commercial Union, Quincy MA 

Digital Equipment Corp., Maynard MA 

Chemical Bank, Jericho NY 

Hewlett-Packard, Palo Alto CA 
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Profile 30: Circulation Buses or Vans 
	 30 

Pedestrian travel within employment, commercial, and special activity centers 

covering tens or hundreds of acres often is difficult, particularly in cen-

ters with large areas dedicated to service roads and parking. The use of pri-

vate autos for trips within the center may contribute to traffic congestion 

and air pollution, and be inconvenient if parking occupancy rates are high. 

Buses or vans operated on loops or shuttle routes can offer a good alternative 

for many intra-center trips, and can be extended to serve remote parking sites 

or transit stops (see profile 29). Firms in the center can jointly operate 

the routes, or arrange for a private or public operator to provide the 

service. Existing bus routes also can be modified to provide better 

circulation service in some centers. 

Problems Addressed: 

Pedestrian circulation within a center is dif-
ficult or unsafe. 

Business expansion plans will cause traffic 
congestion unless much of the new parking is 
added at the fringes of the centers. 

Shoppers and other short-term users have dif-
ficulty finding convenient parking in the cen-
ter. 

Conditions for Application: 

Long walking distances - The action will be 
most effective in centers where major attrac-
tions are separated from each other or from 
large parking facilities by a half-mile or 
more. 

Parking constraints - Low vacancy rates in 
convenient short-term parking spaces, high 
fees for using those spaces, and fees that 
encourage drivers to leave their cars parked 
in one spot for at least two hours, all pro-
vide incentives for people to use a bus or van 
for travel within a center. Conversely, if 
parking spaces are cheap and easy to find, 
most drivers will use their cars for circula-
tion trips beyond walking distance. 

High vehicle occupancy - The action will be 
most effective in centers where at least 10% 
of the people enters as transit or auto pas-
sengers. 

All-day circulation - The action works best in 
mixed-use, retail, medical, educational or 
transportation centers that have visitors 
entering and circulating throughout the day. 
If most of a centers day-time population are 
employees, a circulation bus will be underused 
or idle much of the day. 

Large center - In a mixed-use center, a day-
time density of at least 20,000 people per 
square mile may be required to support a cir-
culation transit service. much smaller densi-
ties are required in specialized centers such 
as airports and universities. 

Potential Implementation Problems: 

Traffic congestion in or near the center may 
interfere with the reliable operation of the 
circulation service. New road segments or 
changes in lane operation or signalization may 
be necessary to avoid congested spots. 

The service may not be noticed by infrequent 
users of the center. Clearly marked stops 
with waiting shelters, route maps and 
schedules will help market the service. 
Marketing support from businesses and mer-
chants should be obtained. 

potential Evaluation Factors: 

Transit operations/finance 

- implementation costs 
- daily or annual operating costs 
- daily or annual ridership and revenues 

Service quality 

- average wait time 
- average travel time 
- percent of center served 

Street operations/finance: 

- roadway/signal construction and installa-
tion costs 

- change in roadway maintenance costs 
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31 Profile 31: Bus Transfer Stations 

Traditional transit networks of radial routes converging on a region's CBD 

provide poor service for many trips to suburban destinations. The low resi-

dential densities and dispersed commercial and employment sites typical of 

suburban development, however, rarely provide trip densities sufficient to 

support direct bus service. One option that can provide good service between 

many pairs of points with a limited number of routes is to establish transfer 

stations where several routes converge on coordinated schedules to permit 

transfers without long waits. The stations may have off-street loading areas, 

sheltered waiting areas, information racks, and other passenger amenities. 

Parking spaces and drop-off areas for "kiss-riders" also can be provided if 

regional trunk routes serve the station. 

Problema Addressed: 

Travel to jobs and stores is difficult or 
expensive for people without the regular use 
of an auto. 

Suburban transit routes required by coverage 
standards do not attract enough riders to meet 
cost-recovery and productivity standards. 

Conditions for Application: 

Activity centers - While the station is 
designed to facilitate transfers, the routes 
serving the station will attract more riders 
if the station is in walking distance of com-
mercial and business activity. Transferring 
passengers also will feel safer if they are 
waiting in a busy location. 

Bus routing - The station should be close to 
existing trunk routes so they may be routed 
into the station with little increase in run-
ning time or operating cost. Streets used by 
buses accessing the station should be free of 
congestion so schedules and connections are 
maintained without long layovers. In some 
activity centers, changes in signalization or 
traffic circulation patterns may be desirable. 

Potential Implementation Problems: 

Land for off-street loading in convenient 
locations may be difficult to acquire or 
lease; for example, shopping center owners or 
major tenants may consider transit riders as 
inferior patrons. 

Existing routes may have to be modified to 
produce matching cycle times, but these modi-
fications may provide opportunities to improve 
coverage. 

Potential Evaluation Factors: 

Center use: 

- number of passengers boarding and alighting 
at the transit center during the peak hour, 
by access or egress mode (i.e., walk, other 
bus, kiss-ride, park-ride) 

- number of bus routes using the center, and 
number of bus trips originating, termina-
ting or passing through during peak hour. 

Transit operations/finance: 

- construction cost of the station 

- operating and maintenance cost of the sta-
tion 

- changes in operating costs on bus routes 
using the center 

- changes in ridership and revenues on bus 
routes using the center 

Street operations/finance: 

- construction of roadway and traffic 
improvements 

- change in roadway operating and maintenance 
costs 
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References: 

Schneider, LB., et al., "Planning and 
Designing a Transit-Center-Based Transit 
System", Report No. UMTA-WA-11-0007-81-1, 
(NTIS #PB81-154569) Univ. of Washington, 
Seattle (September 1980) 133 Pp. 

Discusses location and design issues, and 
presents plans and descriptions of 22 case 
studies, including downtown centers in smal 
cities (Bellingham WN, BrocktOn MA, Norwalk 
CT, Davenport IA), suburban centers in 
larger cities (Beaverton and Cedar Hills in 
Portland OR), and proposed centers (Denver 
CO and San Diego CA). 

Levinson, H.S., et al., "Bus Use of High-
ways; Planning and Design Guidelines", NCERP 
Report 155 (1975) 161 pp. 

Provides design guidelines and standards for 
off-street bus stations. 
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32 Profile 32: Expanded Regular-Route Bus Service 

Many public transit agencies operate under a mandate to provide region-wide 

service, which often requires expansion into suburban areas. Regular, fixed-

route service may be viable in some areas, particularly where multi-family 

dwellings form corridors from which walk-on passengers can be drawn. Other 

potential markets for new or extended routes are crosstown operations to 

employment, shopping, and other activity centers outside the CBD. 

Problems Addressed: 

Residential areas with densities that meet 
warrants for direct bus service are not served 
by existing routes. 

New or proposed employment or shopping centers 
are poorly served by existing routes. 

Conditions for Application: 

Residential density - Most transit operators 
have 	established 	minimim 	productivity 
standards of 20 to 25 passengers per-hour for 
regular route operations. As a general 
guideline, residential areas with densities of 
4000 people per square mile or more will 
generate enough trips within a quarter-mile of 
a route to meet these productivity standards. 
At densities down to 2000 people per mile, the 
standards can still be met by drawing 
passengers from a service area of a half-mile 
on either side of the route. At lower 
densities, other types of transit service 
should be considered. 

Potential Implementation Problems: 

Curvilinear and discontinuous streets typical 
of suburban residential areas may restrict the 
routing of buses and make coverage standards 
difficult to achieve. 

Potential Evaluation Factors: 

Use 

- changes in ridership on modified routes 

Supply 

- fleet required to operate expanded routes 

Finance 

- capital cost of added fleet 

- change in operating costs on modified routes 

- change in revenues on modified routes 

References: 

Wagner, F. and K. Gilbert, TSM (Transporta- 
tion Systems Management): An Assessment of 
Impacts, report prepared by A.M. Voorhees 
and ASSOC. for USDOT/UMTA (November 1978). 

Summarizes ridership changes resulting from 
system-wide route expansion in eight urban 
areas: Seattle, Portland, San Diego, 
Miami, Raleigh, Madison, Eugene and Bakers-
field. 

Barton-Aschman Assoc., Inc., Traveler 
Response to Transportation System Changes, 
Second Edition, prepared for USDOT/FHWA, 
Office of Highway Planning, Contract No. 
DOT-FH-11-9579 (July 1981) 400 pp. 

Discusses ridership impacts observed in 
system expansion and route restructuring. 
Summary results of a few new crosstown and 
other routes also are presented. 

/ 
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Profile 33: Limited and Skip-Stop Bus Routes 
	 33 

Low passenger loads on the outer portions of radial routes, combined with low 

reverse direction ridership, reduce bus productivity even in high travel 

corridors. Variations in loads and running times also may produce schedule 

adherence problems on long local routes. Several operating strategies may be 

used to improve bus utilization schedule adherence and travel times in high 

travel corridors. In addition to express operation on freeways and arterial 

streets, short turns, segmented routes, "leap-froging" pairs of buses, 

deadheading buses in the reverse direction, and other means of reducing 

vehicle-miles or stops made can be used to reduce operating costs or improve 

service. 

Problems Addressed: 

Passenger loads are low on the outer segments 
of a transit route and in the reverse flow 
direction (e.g., outbound in the morning peak) 

Long and variable running times lead to 
schedule maintenance problems and travel delays 

Conditions for Application: 

Ridership - Passenger loads should warrant at 
least 8-10 bus trips per hour during peak 
periods, i.e., at least 400-500 riders per 
hour should cross the maximum load point in 
the peak direction. Otherwise, split 
operations will produce long wait times or 
inconvenient schedules for many riders. 

Few destinations - Most riders should be 
travelling to a few destinations in the 
morning peak (and from these destinations in 
the evening peak). Otherwise, stops will be 
difficult to skip without forcing significant 
numbers of riders to transfer. 

Corridor length - The corridor should be at 
least 2 miles long, and a length over 6 miles 
is preferable. 

Design and Operational Issues: 

Buses and stops should be clearly marked, and 
the operational plan should be easily 
understood by drivers and riders. 

Separating a route may produce runs of 
different lengths and running times. These 
runs may be difficult to coordinate into a 
coherent schedule without long layover times. 

Riders may oppose increased headways and the 
need to transfer; free transfers may have to 
be offered to gain community acceptance. 

Potential Evaluation Factors: 

Service quality 

- change wait and travel times (for different 
trips) 

- change in fare (for different trips) 

Ridership 

- change in patronage (in different markets) 

Transit operations/finance 

- change in vehicle miles operated 

- change in peak vehicle requirements 

- change in operating costs 

- change in revenues 

References: 

Levinson, H.S., "Bus Route and Schedule 
Planning Guidelines", NCHBP Synthesis of 
Highway Practice No. 69, washington DC (May 
1980) 100 pp. 

Summarizes planning guidelines used by 
several U.S. and Canadian cities. 

Multisystems, "Bus Route and Service Design 
- an Overview of Strategies for Major 
Radial Bus Routes", report prepared for 
USDOT/UMTA and TSC under Contract No. 
DOT-TSC-1756 (August 1983) 40 pp. 

Overview report describes strategies for 
bus scheduling in heavily travelled 
corridors, with examples from Boston, 
Chicago, and Los Angeles. The screening 
guide contains screening and design 
guidelines for different options. Both 
volumes provide estimates of vehicle and 
travel time savings. 
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34 	Profile 34: Pedestrian-Only Streets 

Dovntown retail areas in many cities have lost patrons and sales to suburban 

shopping centers. When implemented in conjunction with a broader urban 

revitalization program, pedestrian malls may help stimulate such areas by 

providing an attractive and safe environment for shopping and recreation. 

Problems Addressed: 

Vehicular traffic poses safety hazards to 
pedestrians and impedes pedestrian circulation. 

Vehicle noise and pollutant emissions make CBD 
streets unattractive to shoppers. 

Conditions for Application: 

Adjacent development - Adjacent building 
should support sufficient pedestrian traffic 
to make the mall a lively place. Office 
buildings will provide users primarily at noon 
and at closing hours. A combination of 
general merchandise and specialty stores, 
restaurants, and professional offices will be 
needed to generate users during other daytime 
hours, while restaurants and theaters will 
generate evening users. Libraries, galleries, 
historical sites and other tourist attractions 
also will help. 

Access to Transportation - The mall should be 
convenient to transit stops, taxi stalls and 
parking facilities, and not require walking 
through alleys. Shuttle buses from remte 
parking lots also may be desirable. 

Adequate Street Capacity - Auto traffic will 
be diverted to adjacent streets, and 
congestion may increase unless adequate 
capacity is provided. 

Design and Operational Issues: 

Provisions must be made for continued access 
to parking garages. 

Emergency, service and delivery vehicles must 
have access to buildings along the mall. 
During periods of heavy pedestrian use, police 
supervision of access may be required. 

Merchants and businesses may oppose the mall 
if it interferes with their operation and 
inconveniences their customers. Conversely, 
their support in operating, maintaining and 
marketing the mall will reduce public 
expenditures. 

The mall should be easy to clean and maintain, 
for maintenance costs can be high. (Sparks 
St. in Ottawa, for example, costs over 
$250,000 a year to maintain). 

Desiqn and Operational Issues (Cont'd. 

Convenient pick-up and drop-off points should 
be provided for taxis, autos or vans 
transporting handicapped people, and auto 
passengers. These areas may have to be 
enforced to prevent parking and other abuses. 

Potential Evaluation Factors: 

Mall operation/finance 

- construction costs 

- annual maintenance costs 

Streets operations 

- change in level-of-service on adjacent 
streets 

- change in vehicle and vehicle/pedestrian 
conflicts in study area 

- cost of traffic improvements 

Transit operations 

- change in operating costs on relocated 
routes 

Transportation Research Board, "Interim 
Materials 	on 	Highway 	Capacity," 
Transportation Research Circular No. 212 
(January 1980) 272 pp. 

Fruin, J.J. Pedestrian Planning and Design, 
Metropolitan Association of Urban Designers 
and Environmental Planners, Inc., New york 
(1971) 206 pp. 

Pushkarev B. And Zupan J., Urban Space for 
Pedestrians, A Report of the Regional Plan 
Association, MIT Press, Cambridge, MA 
(1975) - pp. 

References 1, 2 and 3 provide guidelines for 
designing pedestrian areas in conformance 
with anticipated volumes of pedestrian traf-
fic. 
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References (oont'd 

A.M. Voorhees and Assoc., "Auto Restricted 
Zones: Plans for Five Cities", prepared 
for 	USWT/UM!IR, 	report 	No. 
t24TA-VA-06-0042-78-3, McLea VA (December 
1977) 250 pp. 

Presents detailed information on traffic, 
pedestrian and land use conditions in 
downtown Boston, Providence, Burlington 
(VT), Memphis and Tucson, and on the 
physical and operational plans developed 
for closing streets for pedestrian malls. 

Brombilla, R. and G. Longo, A Handbook for 
Pedestrial Action, prepared for USHUD by 
Institute for Environmental Action, 
Columbia University (1977) 150 pp. 
available from the US Superintendent of 
Documents, stock No. 023-000-00373-2. 
CcinpaniOn documents by the same authors are 
The Rediscovery of the Pedestrian - 12 
European Cities (Stock No. 023-000-00374-4) 
125 pp., and Banning the Car Downtown - 
Selected Axwrican Cities (Stock No. 
023-000-00375-9), 150  pp. 

The first volume discusses planning and 
design issues. The others provide cost 
data and observed changes of congestion, 
use and retail sales. U.S. case studies 
include Kalamazoo (MI), Springfield (IL), 
Sacramento, Burbank and Fresno (CA), Lake 
Charles (LA) and Trenton (NJ). 
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35 	Profile 35: Shared-Ride Taxi 

A typical urban area offers only two classes of public transportation: mass 

transit bus service and exclusive ride taxi. Smaller areas may only have taxi 

service. Shared-ride taxi offers' an intermediate type of service for those 

who want or need door-to-door service, yet are willing to trade travel time 

and exclusive occupancy for a lower fare. It also may provide a lower cost 

sutstitute for transit in low-density areas, during evening hours, or on 

weekends. Specialized applications, such as region-wide service from an 

airport, have been implemented in Boston and other cities. 

Problems Addressed: 

Community residents without access to auto-
mobiles have difficulty traveling to nearby 
shopping, medical, recreational, and educa-
tional and governmental facilities, and to 
stops on major regional bus or rail lines. 

Regular transit routes in low density areas 
have high operating costs or low productivity 
all or part of the day. 

Regular transit routes through a community 
provide poor service for local trips. 

Roadway and parking facilities at an airport 
or other major terminal are congested and 
cannot be expanded to meet anticipated growth 

Conditions for Application: 

Potential Matching - Travel requests should be 
sufficiently frequent to enable a dispatcher 
to combine riders within 15 minutes about 80% 
of the time. Lower match rates will not allow 
a significant discount (of 20% or more) over 
standard taxi rates. This condition usually 
requires a population density over 3000 
persons per square mile, and is easier if 
trips are focussed on shopping centers, 
airports or other major destinations.. 

Design and Operational Issues: 

Exclusive ride privilege - Patrons should have 
the right to choose exclusive ride service. 
If a driver can pick up a street hail against 
the wishes of someone in the vehicle, the 
program will not be well received. 

Guaranteed Fares - Many low income patrons 
must be guaranteed a low (affordable) fare. 
They may be unwilling or unable to use the 
service if the low fare is contingent upon the 
availability of a shared trip. 

Shared-ride pricing - A zone fare system is 
needed for equity in pricing. Taxi meters do 
not work well because vehicles do not travel 
directly between each patrons origin and 
destination. 

Potential Implementation Problems: 

Shared-ride operations are prohibited by 
ordinance in some jurisdictions. 

Private operators are often willing to extend 
lower fares' only conditionally, i.e., if a 
ride is actually shared. Guaranteed 
shared-ride fares are priced to return a 
profit on average, and drivers and management 
may balk at losing money on an unshared trip 
even if it is more than compensated on other 
trips that are shared. 

Potential Evaluation Factors: 

Ridership: 

- no. of shared-ride passengers 

- change in exclusive taxi ridership 

Productivity: 

- passengers per vehicle hour; SRT should be 
4-6, as opposed to 2-3 on exclusive taxi 

Taxi Finance: 

- change in operating costs 

- changes in dispatching costs 

- change in revenues and profit margin 

Transit operations/finance 

- change in ridership, revenues, and costs 

References: 

(1) N.D. Lea & Assoc., Shared-Ride Taxi 
Implementation and Evaluation Study - 
(1981) For more information, contact W.G. 
Atkinson, (604) 922-1211. 

Describes the implementation and operation 
of a shared ride taxi system in the 
Battlefords, Saskatchewan, as a result of 
the impending cessation of the fixed route 
private bus system. 
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Industry, proceedings of a conference at 
Carnegie-Mellon University, (June, 1978) (for 
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Carnegie Mellon University.) 

Deals with shared-ride taxi and other 
productivity 	innovations. 	Looks 	at 
technology, 	financial, 	economic, 	and 
regulatory issues. 

Davis, Frank W., et. al., Economic 
Characteristics 	of 	Privately-Owned 
Shared-Ride Taxi Systems, USDOT/TSC Report 
No. UMTA-06-004-74-3 (1974) 

An analysis of privately owned systems in 
Hicksville NY and Davenport Iowa, including 
comparison with six publicly owned transit 
systems. 

Teal, Roger F., et. al., Shared Ride Taxi 
Services As Community Public Transit, 
Institute of Transportation Studies, U. 
California-Irvine, (March 1980) Report 4 
CA-11-0017-1 

Provides California case studies of 
shared-ride taxi operations in five different 
contexts (small city, suburban, large city, 
transit agency sponsored, E&H) and discusses 
performance, institutional, contractual, and 
policy issues. 

Billheimer, J.W., et. al., Paratransit 
Handbook, 	A 	Guide 	To 	Paratransit 
Implementation, USDOT/TSC, (Jan. 1979), 
Report No. UMTA-MA-06-0054-79-2 

Contains data on shared-ride taxi operations 
in 28 small and medium-sized communities. 
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36 Rot ile 36: 	Elderly/Handicapped Paratransit Service Brokerage 

A city may decide to provide a separate paratransit service for its elderly 

and handicapped residents, particularly where door-to-door service is neces-

sary. Many human service agencies provide similar services for their clients, 

and other private carriers may be available to operate service. A central 

"broker" can be used to organize various operators and users into a single 

system to achieve economies of scale and effective service quality management. 

Problems Addressed: 

Some citizens cannot use public transit, and 
lack access to an alternative means of low-
cost travel. 

Specialized services operated by individual 
agencies have high operating costs and/or 
offer low service quality. 

Conditions for Application: 

Agency cooperation - Cooperation among human 
service organizations is essential to success-
ful brokerage. This is easier to develop if 
funding control is held by a few central 
offices, and particularly if those offices are 
all part of city government. 

Significant cost savings - A broker is likely 
to incur administrative costs approximately 
15% to 20% of direct operating costs. This 
establishes the threshold for lowering opera-
ting costs needed to justify brokerage from a 
strictly economic perspective. Combined serv-
ice for 5-8 agencies with 15-20 vehicles 
usually will produce these savings. 

Design and Operational Issues: 

Coordination can be designed to aid indivi-
dual agencies in many different ways. A 
broker can be used to centralize information 
and referral for disabled persons, or to 
centralize purchasing for agencies if they 
choose to operate their own vehicles. 

A prevalent fear among agencies is that 
coordination will lead to cross-subsidization 
of other organizations' clients. In some 
cases, this prevents coordination; in others 
(e.g., Norfolk VA), the transit authority 
voluntarily subsidizes part of the cost of 
agency trips. 

The broker's central role is both its strength 
(as a full time transportation manager) and 
its "weakness" (as an impartial arbiter of 
service priorities). 

A broker's principal tools in lowering opera-
ting costs are improving vehicle productivi-
ties and lowering hourly costs. 

Potential Implementation Problems: 

A frequent stumbling block is finding one-time 
funds to pay for startup costs. 

If agencies currently depend heavily on 
volunteer or unpaid overtime labor, a 
coordinated system may experience operating 
costs higher than at present. 

References: 

Proceedings of the Sixth and Seventh Annual 
Conferences on Transportation for the 
Elderly and Handicapped, Transportation for 
the Elder lv and Handicapped - Program and 
Problems, Volume 1 145 pp.,  (December 
1978.) Volume 2 193 pp., (February 1981) 
available through the Technology Sharing 
Office, Transportation Systems Center. 

Emphasizes examples of existing special 
programs that address such issues as 
insurance, labor, training programs, 
vehicle selection, user ride subsidy, and 
brokerage. 

Forstall, Keith, et. al., The Port 
Authority of Allegheny County's AESS 
Program: A Demonstration Retrospective, 
1982, For information, contact Keith 
Forstall, (617) 864-5810. 

Discusses the AESS brokerage in 
Pittsburgh PA, and its market penetration, 
operating costs public, acceptance, and 
overall performance after three years. 

Burkhardt, Jon, et. al., Coordinated 
Transportation 	Demonstration 	Results, 
OHDS/IIEW Report No. HEW-105-76-7404. 
(February 1980), 140 pp. plus appendices. 

Describes the five OHDS coordination 
demonstrations (Fayetteville, Arkansas; 
Grand Rapids, Michigan; Howard County, 
Maryland; Westchester County, NY; and 
Jacksonville Florida) and assesses why 
coordination did not work as well in all 
cases as had been expected. 
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References (Cont'd.) 

(4) Applied Resource Integration, LTD., 
Guidelines 	for 	Coordinated 	Agency 
Transportation Service, prepared for 
ORbS/HEW under Contract No. HEW-105-76-7402 
(April 1980) 

Two volume "how to" manual of basic design 
and implementation procedures. Volume 1: 
Planning Guidelines, 51 pp.  Volume 2: 
Implementation Guidelines, 83 pp. 



112 

37 Profile 37: Community Transit Services 

The large buses and high operating costs of many regional transit agencies 

limit the amount of service that can be provided in moderate and low-density 

areas. Several communities have started their own transit operations using 

vans or small buses to supplement or replace existing regional routes. Some 

provide feeder service to bus and rail stations during peak commuting hours, 

and most concentrate on serving local trips during the midday and evening 

hours. Common service configurations are pulsing "routes" that converge on a 

town center and ubiquitous "dial-a-ride." Pulsing services may operate on 

fixed routes, provide doorstep service, or offer a combination of these 

options. 

Problems Addressed: 

Cdmmunity residents without access to auto-
mobiles have difficulty traveling to nearby 
shopping, medical, recreational, and educa-
tional and governmental facilities, and to 
stops on major regional bus or rail lines. 

Regular transit routes in low density areas 
have high operating costs or low productivity 
all or part of the day. 

Regular transit routes through a community 
provide poor service for local trips. 

Conditions for Application: 

Residential density - Most existing community 
transit services operate in cities and towns 
with densities ranging from 1000 to 5000 
people per square mile. Operation in higher 
densities is possible, but fixed-route bus 
tends to be the most effective operation at 
those densities and vehicle sizes approach 
those operated by regional authorities. 

Potential Implementation Problems: 

Transit labor unions may oppose the service 
and attempt to use Section 13(c) of the Urban 
Mass Transportation Act to force a union con-
tract. 

Approval of the regional transit authority, 
state public utilities commission, or other 
regulatory agencies will be required in most 
states. The laws establishing those agen-
cies, or their policies, may impose restric-
tions on the service's design and operation. 

If not involved in the operation, local taxi 
companies may oppose the service as a threat 
to their financial viability. 

Like most urban transit operations, community 
transit will require operating subsidies which 
may produce opposition from local anti-tax 
groups. 

Potential Evaluation Factors: 

Transit operations/finance: 

- implementation costs 

- annual operating costs 

- ridership and revenues 

Service Quality: 

- percent of households served 

- percent of key destinations served 

- average travel time 

- average wait time 

References: 

Biliheimer, J.W., et al., Paratransit Hand-
book, A Guide to Paratransit Implementation, 
Report Nos. UMTA-MA-06-0054-79-1 and -2, 
Systan, Inc., Los Altos, California (January 
1979) 828 pp. 

Volume 1 discusses the planning, design, 
implementation and operation of community 
transit services in detail. Volume 2 con-
tains summary sheets on 58 U.S. and Canadian 
operations that provide system descriptions, 
operating policies and performance and cost 
data. The examples include suburban opera-
tions (e.g., La Habra CA dial-a-ride) and 
small city services (e.g., Ann Arbor MI 
Teletran). 

Peat, Marwick, Mitchell and Co., Analyzing 
Transit Options for Small Urban Communities, 
Volume 3, Summary of Management and Opera-
tions Experience, Report No. UMTA-IT-06-
9020-78-3, Washington, DC (January 1978) 175 
pp. 

Performance and cost measures from several 
regular route and demand-responsive systems 
in small cities are tabulated and plotted 
for easy comparison. 
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This section is designed to help an 
analyst structure an efficient and respon-
sive analysis of both simple and complex 
transportation management options, and 
select appropriate estimation techniques 
for carrying out the analysis. It begins 
with a discussion of the general types of 
estimation techniques, the ways in which 
they can be applied, and factors influenc-
ing the choice of appropriate techniques 
and application procedures. This material 
supplements the analysis issues presented 
in Chapter Three of the Procedural Guide 
(Part I). 

fli rnaa1nn - 	- 

r 
Method Selection Aids 

The aids that follow this discussion 
are organized in two sections. The first 
section presents a set of Method Selection 
Aids that cover specific types of neas-
ures, such as supply/capacity or safety. 
In addition to specific guidelines on es-
timation requirements, these aids contain 
tables that suggest appropriate estimation 
techniques for different types of analysis 
and cite manuals, reports, and technical 
papers that describe and/or illustrate the 
techniques in detail. The second section 
contains Notes on Selected Techniques that 
are not generally available to agencies; 
these notes are referenced in the appro-
priate Methods Selection Tables. 
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Discussion 

General Types of "Estimation" Techniaues 

Many techniques are available to esti-
mate performance characteristics of trans-
portation systems and their components and 
changes in performance resulting from low-
cost transportation improvements. These 
techniques cover a broad range of complex-
ity, and most are applicable to at least 
some aspects of TSM project planning. 
While not intended as a rigid classifica-
tion, the following categories distinguish 
some of their basic features: 

Specification -- Although not an 
estimation technique, per se, specifica-
tion is almost always used to set values 
of some of the direct transportation and 
activity measures used in an analysis. 
(Examples are 15-minute headways on a pro-
posed bus route and level-of-service C on 
an improved arterial street.) 

Direct measurement or inspection - - 
Even in an analysis of proposed condi-
tions, values of some measures can be 
obtained directly from field surveys or 
maps. Measures such as lane-miles, length 
of a bus route or garbage collection tour, 
routes with adequate turning radii for 
fire trucks • or buses, and number of par-
cels to be acquired for a bypass segment 
are examples. 

Direct calculation - - Some measures 
of interest are sums, products, or ratios 
of other measures. In addition to inter-
measures (such as cost per person-minutes 
saved), financial measures (such as reven-
ues and subsidy requirements) usually are 
calculated using other estimated values. 
Summary measures for a study area (such as 
vehicle-miles of travel) are often the 
sums of values estimated for components 
such as intersections and street segments. 

Analogy -- Performance levels and 
impacts observed for an action at other 
sites often are the only simple means of 
estimating many direct and derived 
measures. Patronage on a proposed 
community transit service is an example. 
Data from a single case study or from a 
compilation or synthesis of several 
studies may be used, with or without 
modifications to reflect differences 
between the characteristics of the sites. 
The method also is useful in corn-
plementing or verifying estimates obtained 
from analytic methods, because the 
prediction of impacts outside the range of 
observed results is a clear indication 
that errors or oversights have occurred in 
an analysis. 

Look-up - - Performance and impact 
levls observed from implementing common 
actions (or types of actions) sometimes 
are synthesized into graphs and tables 
from which estimates can be extracted. 
The results of research studies employing 
analytic or simulation models also may be 
presented in nomographs, graphs, tables, 
or similar formats from which estimates 
can be directly extracted. Graphs relat-
ing intersection capacity to critical gap 
and conflicting flows are examples. 

Simple equations and formulas - - 
Estimates, particularly of derived meas-
ures, are often obtained by applying 
simple equations, unit rates, or formul-
as. Examples are trend lines or growth 
rates used to estimate future activity and 
volume measures, accident and emission 
rates (per vehicle-mile) applied to esti-
mate safety and air quality factors, and 
formulas used to allocate transit operat-
ing costs among routes based on measures 
such as vehicle-miles and vehicle-hours. 
The use of elasticities to estimate 
changes in volume measures is another 
example. The coefficients used in the 
equations often are obtained from look-up 
tables. 

Analytical or simulation models - - 
Series of relationships or equations may 
be required, even in a quick-response 
environment, to obtain sufficiently accu-
rate estimates of some measures. Some of 
the analytical procedures may be suffi-
ciently simple or repetitive to apply, so 
worksheets may be used; while, others, 
particularly those involving iterative 
convergence procedures or spatial or 
temporal interactions, are best applied 
with the assistance of calculator or com-
puter programs. Examples are mode share 
and direct demand models used to estimate 
transit ridership, traffic signal optimi-
zation procedures, network assignment 
models, and analytical procedures used to 
estimate dial-a-ride vehicle requirements. 
'The table at the top of the following page 
shows, how the different types of tech-
niques are generally used in TSM impact 
estimation. 



TYPICAL APPLICATIONS OF ESTIMATION TECHNIQUES IN TSM PLANNING 

Type of 
Technique 

------------Measure 
Capacity! 	Service 	Volume! 
Supply 	Quality 	Use 

Categories --------------------- 
Public 	Activity! 

Financial 	Costs 	Land Use 

Specification X X X X 

Measurement! X X X X 
Inspection 

Direct Calc. X X 

Analogy X X X X X X 

Look-up X X 

Formulas X X X X X 

Models X X X 
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Different Approaches to Applying 
Techniques 

Many of the techniques can be applied 
in different ways depending on available 
resources and the intended uses of the 
results. Aside from the obvious choice of 
manual vs. computerized application, the 
choices include: 

Segmentation - - Varying levels of 
detail or segmentation can be used in 
applying many methods. Too much detail 
will result in unnecessary analysis, while 
too little will obscure important differ-
ences in impacts. Segmentation can be 
spatial or geographic (e.g., transit route 
segments or traffic analysis zones), tem-
poral (e.g., peak-hour or period), or 
based on trip or travel characteristics 
(e.g., shopping trips or elderly transit 
riders). In many analyses, only selected 
segments will be important; examples are 
peak-hour traffic volumes (by approach and 
exit) for an analysis of intersection im-
provements, and CBD-bound work trips in a 
corridor analysis of express bus options. 
Although simplification is desirable in 
TSM planning, detail is necessary in some 
cases. For example, 15-minute volumes may 
be better than peak-hour volumes in 
analyzing improvements to reduce traffic 
congestion near a large factory, and the 
use of different income or car ownership 
levels often is needed for a good estimate 
of the patronage impacts of a transit fare 
change. 

Pivot-point or ratio of change - - 
Models have inherent errors that can af-
fect the accuracy of their results, and 
differences between the local site and the 
conditions used for their development may 
limit their direct applicability. A com-
mon means of avoiding these problems is to 
use a model to "estimate" measures under 
both existing and proposed conditions. 
The absolute or percentage difference  

between these estimates is_hen applied to 
values observed in existing operations to 
produce working estimates for analysis or 
evaluation. Given the small changes ex-
pected from most TSM actions, mode choice, 
traffic assignment, and other analytical 
models generally should be applied in this 
manner to avoid detailed calibration to 
local conditions. 

The estimated percentage change also 
can be applied to obtain approximate 
values of measures that are difficult to 
estimate directly. For example, estimated 
percentage changes in air pollutant emis-
sions could be used to scale pollutant 
concentration measurements obtained from 
metering existing conditions. 

Borrowed or synthesized information 
- - 	Some information about system opera- 
tions may be difficult to obtain without 
an extensive data collection effort. 
Detailed information on travel, such as 
origin-destination flows, frequency of 
trip-making, and socioeconomic character-
istics of travellers is a good example. 
Pieces of information on similar operating 
conditions and locations often can be 
assembled to provide some understandinof 
underlying conditions and provide 'de-
fault" data for trip distribution and 
other models. Examples of sources are 
census data, studies reporting trip length 
and time distributions, summaries of trip 
rates for different land uses, and travel 
surveys. 

Sensitivity testing - - Certain post-
implementation conditions affecting the 
performance of proposed actions may be 
difficult to estimate with any confi-
dence. Proposed land-use changes, for 
example, may still be in early planning 
stages with several options under con-
sideration, and an analyst may have doubts 
about the validity of analogous, borrowed, 
or synthesized data. Likely ranges of 
this information, however, usually can be 



116 

established. An analyst can select two to 
four values over this range, and estimate 
values of performance measures under each 
condition to determine the versatility of 
proposed solutions. This approach often 
is easier and cheaper than attempting to 
develop a better estimate of the uncertain 
condition. Estimating high and low 
patronage estimates for a transit service 
change is an example. 

Reverse applicatioii - - Some proced-
ures may be applied backwards from their 
normal operation to estimate changes 
necessary to bring about desired impacts 
(e.g., to meet design criteria). Examples 
are the reduction in speed-change cycles 
or increase in carpool/ transit ridership 
needed to reduce emissions below a thresh-
old, and the capacity increase needed to 
achieve a desired service quality. 

Factors in Selecting Techniques and 
Application Procedures 

The choice of appropriate methods and 
application procedures depends on the 
specific problem, the intended use of the 
results, and on the information base and 
other resources. Limited data, planning 
budgets, time, staff availability, skills 
and experience, and access to computers 
all place restrictions on the methods and 
procedures that can be applied. These 
restrictions usually are clear, although 
the best approaches to dealing with them 
may not be. The accuracy and detail of 
estimated measures should be keyed to the 
design and operational decisions they will 
influence, otherwise the analyst may end 
up with incompatible or unnecessarily ex-
act estimates. 

Several factors influence the required 
detail and accuracy of estimates; these 
include: 

Size of likely impact - - Small 
changes in performance and other measures 
are difficult to predict with confidence, 
because they are often smaller than the 
errors inherent in both the estimation 
procedure and the observed data. For ex-
ample, because it is difficult to count 
traffic more accurately than within +10 
percent, important design decisions should 
not be based on smaller differences in 
estimated traffic volumes and associated 
level-of-service or capacity measures. 

Sensitivity of design features - - 
Capacity measures and other design fea-
tures vary in sensitivity to estimated 
volumes as a result of their integral 
nature. A rough estimate of patronage, 
for example, might indicate that two buses 
were required for a suburban feeder ser-
vice. If this number would not change 
with a 40 percent lower or higher patron-
age estimate, the estimate is quite 
adequate for determining vehicle require-
ment s. 

Scale of action -- More accurate 
estimates generally are required for 
expensive actions or actions with rela-
tively long service lives, because 
mistakes in changing these actions are 
likely to be costly or embarrassing to 
remedy. Small-scale, low-cost actions may 
need "estimation" only to show they are 
functional, reasonable, or beneficial. 

Ability to fine-tune - - Many actions 
easily can be modified after implementa-
tion when direct measurements of perfor-
mance can be made. Examples are signal 
timing adjustments if queues or delays are 
observed after signal interconnections are 
installed, or the addition of bus trips if 
crowding is observed after routes have 
been restructured. While most agencies 
will want to minimize the extent of these 
modifications to maintain their profes-
sional credibility with the public, some 
reduction in estimation accuracy is appro-
priate in designing these actions. 

The Method Selection Aids that follow 
expand on these points, and provide guid-
ance in selecting appropriate techniques 
and application procedures in diverse 
planning situations. 
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The aids that follow are designed to 
assist transportation agencies in (1) set-
ting up simple and efficient analysis 
plans, and (2) selecting appropriate esti-
mation techniques and application proced-
ures. Aids are provided for seven general 
categories of performance characteristics 
or impacts; they contain the following 
information: 

Specific characteristics or impacts 
that might be estimated or specified 
in an analysis. 

Conditions under which estimation is 
required or desirable.. 

Types of procedures that are gener-
ally applicable in TSM project 
planning. 

Appropriate techniques for specific 
types of common planning and design 
situations. 

References for further information 
on the techniques and their applica-
tion, including cross-references to 
Action Profiles and Notes on Tech-
niques (e.g., see TN #8). 

The aids are intended for use in the 
action-oriented TSM project planning pro-
cess presented in Chapter Three of the 
Procedural Guide, and they are based on 
the concepts described in that chapter 
(e.g., the distinction among direct, de-
rived, and intermeasures, and the chaining 
of their estimation). 

A planner should estimate as few per-
formance measures as possible, not as 
many, and should estimate only at the 
level of detail required for making de-
sign, operational, and implementation 
decisions. For most low-cost improve-
ments, the impacts or characteristics to 
be measured and required data items are 
few, and analytic techniques widely used 
by traffic engineers and transit operators 
are appropriate. The tables cite these 
techniques, as well as methods for esti-
mating measures necessary in more complex 
corridor and subarea analyses. 

Selection aids are provided for the 
following types of measures and impacts: 

Supply/Capacity 
Travel Time and User Cost 
Safety 
Travel Volume 

S. Finance 
Air Quality 
Energy Use 
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Method Selection Aid. 1: 
Estimating Supply/CapacIty Characteristics 

General 

Low-cost TSM actions often involve 
changes to the physical or operational 
characteristics of transportation facilit-
ies or services. These "supply" changes 
need to be determined in 'sufficient detail 
to allow an early implementation of the 
action. Examples of transport supply 
changes are as follows: 

. Streets and Highways 

- Physical changes, such as street 
widening or removal of lanes, a 
street extension, or an intersec-
tion reconstruction to eliminate 
offsets. 

- Operational 	changes 	such 	as 
reversible lanes anf streets, a 
one-way street pair or grid 
system, signal modifications or 
coordination, restriping to pro-
vide additional travel or turn 
lanes, conversion of parking lanes 
for general traffic or bus lanes, 
or turn controls. 

Parking 

- Physical changes, 	such as the 
addition or elimination of spaces. 

- Operational changes, such as time 
limit changes, neighborhood per-
mits or peak period parking bans. 

. Transit 

Physical changes, such as the 
addition or expansion of stations, 
the installation of bus turn-
arounds, or the addition of bus-
only ramps, lanes, or street 
segments. 

- Operational 	changes, 	such 	as 
increases or decreases in frequen-
cy, extension or modification of 
routes or route systems, or con-
version to express or limited stop 
service. 

Pedestrian 

- Physical changes, such as a widen-
ing of sidewalks, addition, of sky-
walks or refuge islands, or con-
version of streets to pedestrian 
malls. 

- Operational changes, such as the 
use or elimination of walk-only 
signal phases or the provision of 
crosswalks. 

Supply/capacity measures take two basic 
forms. The first is direct or dimensional 
measures of physical or operational char-
acteristics, such as distances, numbers of 
travel lanes, parking spaces or buses, 
hours of operation, transit route head-
ways, or signal phase and cycle lengths. 
Dimensional changes often are measured or 
specified directly, but also may be cal-
culated as the amount of facility or 
service required to carry a design volume 
ata specified service quality standard 
(e.g., the number of vans required for a 
dial-a-ride service carrying 30 passengers 
per hour with a 20-minute response time). 
The second form is a capacity measure, 
typically expressed as the number of per-
sons or vehicles that can be carried per 
hour by a facility, also at a specified 
"level -of -service" standard. 	These meas- 
ures are usually calculated from the 
dimensional characteristics or obtained or 
specified using lookup tables. 

Conditions for Estimation 

Analysis of changes in physical and 
operational characteristics are required 
for most TSM actions; the major exceptions 
are (1) regional or policy actions such as 
parking or transit fare changes, carpool 
matching programs, or improved transit 
marketing; and (2) minor changes that do 
not affect the person or vehicle-carrying 
capacity or the service quality of a 
facility. In some cases, an action will 
produce a variety of supply/capacity chan-
ges. For example, a bus lane may increase 
transit capacity while reducing either 
parking or general traffic capacity, 
depending on the prior use of the lane. 
Similarly, a reversible traffic lane will 
increase peak-direction capacity while 
reducing capacity in the opposite direc-
tion. 

Estimation Procedures and Methods 

Supply/capacity measures for most TSM 
actions are specified or estimated for 
individual facilities or services as part 
of the design or development process. For 
a specific analysis, measures may be need-
ed for intersections, road segments, tran-
sit route segments, transit loading areas, 
parking areas and/or pedestrian facilit-
ies. Measures used in a subarea or 
corridor analysis usually are either (1) 
totals within the area, such as the number 
of short-term parking spaces; or (2) 
totals across a cutline or screenline, 
such as the number of arterial lanes or 
buses entering the subarea or crossing a 
river. More aggregate measures often are 
used for a regional analysis such as 
arterial lane-miles, transit route-miles 
or bus-miles. Suggested methods for each 
scale of analysis are presented in the 
Method Selection Table that follows. 
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1 
Supply/Capacity References 

1. Sosslau, A.B. et al, COMSIS Corpora-
tion, "Quick Response Urban Travel 
Estimation Techniques and Transferable 
Parameters: User's Guide." NCHRP 
Report 187, Washington, D.C. (1978) 
229 pp. 

* 
2. Transportation 	Research 	Board, 

"Interim Materials on Highway Capac- 
ity." 	Transportation 	Research 
Circular 212 (Jan. 1980) 272 pp. 

3. JHK and Associates, Design of Urban 
Streets, Training Course Manual. Pre-
pared for USDf, FHWA (HHI-2) 
(Undated) 

* 
4. Traffic 	Institute, 	Northwestern 

Uni versity, 	"Intersection 	Capacity 
Analysis Charts and Procedures." 
(Undated) 	(Address orders and inquir- 
ies 	to: 	Book 	Dept., 	Traffic 
Institute, Northwestern Univ., 405 
Church Street, Evanston, IL 60204 
(312) 492-5052.) 

* 
5. Leisch, J.E., Capacity Analysis Tech- 

niques for Design and Operation of 
Freeway Facilities. USD01', Washing- 
ton, D.C. (1974). 

* 
6. Highway 	Research 	Board, 	"Highway 

Capacity Manual." Special Report 87, 
Washington, D.C. (1965) 397 pp. 

* 
7. JHK and Assoc. 	and the Traffic 

Institute, Northwestern University, 
"NCHRP Signalized Intersection Capac-
ity Method." Draft final report for 
NCHRP Project 3-28(2) , Washington, D.C. 

Fruin, J.J., Pedestrian Planning and 
Design. Metropolitan Association of 
Urban Designers and Environmental 
Planners, Inc., New York (1971) 206 p. 
Pushkarev B. and Zupan J., Urban Space 
for !!rians. A Report' of the 
Regional Plan Association, MIT Preás, 
Cambridge, Mass. (1975). 

Braun, R.R., Reddin M., "Quantifying 
the Benefits of Separating Pedestrians 
and Vehicles." NCHRP Reort 189, Wash-
ington, D.C. (1978) 130 pp. 

Templer, J.D. et al., Priorit1 Access-
ibletworks: An imp1ernentat1n Man- 

capped Pedestrians. USDOT7FHWA  (Jan. 
1980) 224 pp. 

13. Levinson, H.S., Adams, C.L., and Hoey, 
W.F., "Bus Use of Highways - Planning 
and Design Guidelines." NCHRP Report 
155, Washington, D.C. (1975) 160 pp. 

14. Menhard, H.R. and Batchelder, J.H., "A 
Systems Analysis of Transit/ Paratran-
sit Integration," Volume 6: Guide to 

Oions. Prepared by Multisystems for 
USDOT/UMTA, Contract No. DOT-UT-80007 
(Nov. 1981) 65 pp. 

15. Billheimer, J.W. et al., "Paratransit 
Handbook, a Guide to Paratransit 
System Implementation." Volume II, 
prepared by Systan, Inc., for USDOT/ 
UMTA, Report No. UMTA-MA-06-0054-79-2, 
NTIS No. PB81-222135 (Feb. 1979) 378 
pp. 

16. Batchelder, J.H., et al., "A Systems 
Analysis of Transit/Paratransit Inte-
gration." Volume 5: User's Manual for 
the_&PLQ_2is..!. Prepared by 
Multisystems for USDOT/UMTA, Contract 
DOT-UT-80007 (Sept. 1980) 280 pp. 

17. Dial, 	R.8., 	Rutherford, 	G.S., 	and 
Quillian, 	L., 	Transit 	Network 

_INET. Prepared for USDOT/ 
UMTA by G.S. Rutherford and Assoc., 
Report No. UMTA-UPM-20-79-3 (July 
1979) 250 pp. 

Gilbert, K., "Transportation Systems 
Management: Handbook of Manual Tech-
niques for Transit Strategies." 
Prepared for North Central Texas 
Council of Governments (1977),  distri-
buted by USDOT/ UMTA, Report No. 
TX-09-0045-81-1 (1981) , 200 pp. 

Peat, Marwick, Mitchell & Co., "Ana-
lyzing Transit Options for Small Urban 
Communities." Volume 3: Suminarof 
Manage 	and Operating Experience. 
Preparedfor UOT7UMTA, epof'E o. 
IT-06-9020-78-3 (Jan. 1978) 175 pp. 

Weant, R.A., "Parking Garage Planning 
and Operation." ENO Foundation for 
Transportation, Westport, Conn. (1978). 

Levinson, H.S., "Bus Route and Sched-
ule Planning Guidelines." NCHRP 

Washington, D.C. (May 1980) 100 pp. 

USDOT/FHWA, "PLANPAC/BACKPAC General 
Information." NTIS # P8-240-716, 
Washington, D.C. (April 1977 and 
updates) 440 pp. 

* The NCHRP, FHWA, TRB Committee on Highway CapacTty and 
others are conducting research to develop a new 
Highway Capacity Manual that will replace these 
references. NCHRP Research Results Digest 140 
(February 1983) contains a status report and refer-
ences to draft material, including references 2 and 7. 

18. 

19. 
8. Haiburger, W.S. (editor), Transporta- 

tion and Traffic Engineering Hand- 
book. Second Edition, Institute of 
Transportation Engineers, Prentice-
Hall, Inc., Englewood Cliffs, N.J. 
(1982) 880 pp. 
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Method. Selection Tabiol: 
I S,plylCapacfty Estimation 

Scale and Type 	 Appropriate 	 References/ 
of Analysis 	 Techniques 	 Tech. Notes* 

Spot or Seqment Analysis 

Vehicular capacity of 
signalized intersections 

- 	quick determination of - 	apply critical line method (simplified version 
adequacy allows user to calculate capacity without expli- 

citly defining each adjustment factor) 

- 	use nomographs or graphic representation of capa- 
city (reduces amount of calculations required) 

- 	apply queue length analysis (illustrates capacity 
in terms of length of waiting queue at each inter- 
section approach; good for situations of closely 
spaced intersections) 

- 	detailed design and - 	calculate capacity using a basic lane capacity 
operational decisions adjusted for physical characteristics of the road- 

way, environmental conditions, characteristics of 
traffic stream, and traffic controls; can be sim- 
plified through use of worksheets 

- 	apply critical lane method (more detailed method 
allows finer adjustments of atypical characteris- 
tics) 

- 	apply signal timing methods cited in the Travel 
Time table to allocate capacity among traffic flows 

Vehicular capacity of - 	analyze capacity based upon conflicting volumes and 
unsignalized intersections critical gap 
(two-way stop or yield 
sign controlled) 

Pedestrian capacity of - 	estimate space requirements of crosswalks and wait- 
intersections/crosswalks ing areas at corners 

Road segment or link 
capacity 

freeways - 	apply updated capacity estimation procedures 

- 	urban arterials - 	link capacity is controlled by most restricted 
intersections, so apply intersection techniques for 
detailed analysis 

- 	use nnographs to obtain a rough estimate 

Walkway capacity - • use dimensional standards (minimum widths and 
areas, maximum slopes, etc.) to determine require- 
ments 

- 	use pedestrian LOS analysis to determine adequacy 

Transit vehicle capacity - 	use look up tables or manufacturer's specifications 
to determine bus or rail car capacities 

- 	apply estimated rider loads and headway specifica- 
tions to determine vehicle size requirements 

Transit right-of-way - 	use dimensional standards (lane width, turning 
capacity 	 - radius, etc.) 	for bus lanes, streets or transitways 

to determine requirements 

1,2 
see TN #10 

1-5 

see TN #11 

6,7,8 

1,2 

2 

2 

2 

1,2 

2,9-12 

2,9,10 

13,16-18 

2,13,21 

* For numbered references, refer to text section of Method Selection Aid #1. Tech. Notes cited may be found 
in the Notes on Selected Techniques Section. 
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Method 	Selection Table 1: 

Supply/Capacity Estimation 

Scale and Type Appropriate References! 

of Analysis Techniques Tech. Notes* 

Spot or Segment Analysis (continued) 

Transit station capacity 	- use dimensional standards (bus bay size, turning 13,21 
radius, etc.) to determine requirements 

- estimate space requirements (number of bays, curb 13,21 
space, parking, etc.) 

Parking facility capacity 	- use dimensional standards (minimum widths and 20 
areas, turning radii, ramp curvature, etc.) 

Subarea or Corridor Analysis 

Highway/street system - 	treat as a series of individual intersection and 
capacity segment measurements using techniques above 

- 	apply screenline/cutline technique, estimating 
capacity or travel lanes at each intersection in 
the cutline 

Transit service coverage - 	plot routes on base map and estimate percent of 
population or employment within a 1/4 or 1/2 mile 

- 	calculate measures such as vehicle-miles, vehicle- 
hours or seat-miles by hand or using computer pro- 
grams 

Transit capacity (calculation of the number 
of vehicles needed for operations and other 
measures used in estimating operating costs) 

- 	regular bus or rail - 	use running time and headway to calculate vehicle 
route requirements 

- 	community (subarea - 	apply nomographs to get a rough estimate of bus or 
transit and paratransit van requirements 
service) 

- 	use fleet sizes in similar settings to estimate 
requirements 

- 	apply a computerized supply model to calculate 
fleet size 

- corridor network of 	- use computerized network analysis package to esti- 
regular bus and/or 	 mate or summarize total fleet requirements 
rail routes 

Regional Analysis 

Highway system capacity 

- macro measurements of 	- use computerized network analysis package to sum- 
capacity changes by 	 marize system capacity 
facility type and area 

- use number of lane-miles by facility type as a good 
approximation 

Transit system coverage 

- sketch planning 	 - apply manual methods cited for subarea or corridor 
analysis 	 analysis 

18 
see TN #4 

14 

15,19 

16 

16,17 

22 

* For numbered references, refer to text section of Method Selection Aid #1. Tech. Notes cited may be found 
in the Notes on Selected Techniques Section. 
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Method Selection Aid 2:.. 
Estimating Travel Time and User Cost Characteristics 

General 

The travel times and costs experienced 
by users of a facility, service, or system 
often are key factors in assessing perfor-
mance. TSM actions are frequently imple-
mented to improve these characteristics 
(i.e. reduce travel time, delays or user 
costsi, or to affect travel decisions 
(e.g., mode or route choice) by selective-
ly raising or lowering time and cost 
characteristics. 

Several travel time and cost components 
can be identified, including: 

$treets and Highways 

- Intersection delay or processing 
time 

- Travel time or speed over a road 
segment 

- Vehicle operating cost over a 
road segment 

- Facility or segment toll 

Parking 

- Time spent entering a facility 
and/or finding a space 

- Time spent walking to and from 
destination 

- Time spent leaving a facility 
- Parking fee 

Transit 

- Time spent walking to bus 
- Time spent waiting for bus 
- Fare 
- Time spent riding on bus 
- Time spent transferring between 

buses 
- Time spent walking to destination 

Pedestrian 

- Segment walking time 
- Crosswalk waiting time or delay 

In application, these components often are 
summed, weighted or converted to produce 
more aggregate measures such as: 

Point-to-point travel times or costs. 

Door-to-door or journey travel times 
or costs. 

Person-hours, 	vehicle-hours, 	or 
total cost of travel on a facility 
or service. 

Person-hours, 	vehicle-hours, 	or 
total cost of travel in a subarea or 
corridor. 

Fees, fares, and tolls for using facil-
ities and services are usually specified 
as part of the proposed plan or design, 
although journey or average values may be  

needed for analysis. Calculated averages 
might be required, for example, if differ-
ent types of users are charged different 
fares (e.g., if elderly transit passengers 
are eligible for discounts). In contrast, 
travel time and vehicle operating costs 
generally are calculated or estimated 
using tables, graphs, or equations. There 
are exceptions, however; an intersection 
level -of -service may be specified and used 
to design lane configurations and a signal 
system, or a desired arterial travel speed 
may be used to establish a signal progres-
5 ion. 

Conditions for Estimation 

Travel time estimates, or changes in 
travel time from base conditions, are 
required under several circumstances; 
these include: 

Verification that a specified travel 
time or time savings has been ac-
hieved. 

Direct use of travel time or time 
savings to evaluate the performance 
,of a proposed action. 

"Provider" costs (such as transit 
operating costs and fleet require-
ments) are important in the analysis. 

Use of derived measures that vary 
with speed, delays, and traffic flow 
conditions for evaluation (examples 
are air quality improvement and 
energy use reduction). 

Diversion of travellers to other 
modes, routes, or time periods is 
part of the proposed TSM strategy, 
or likely to occur as a result of 
implementing the proposed actions. 

Proposed reductions in supply or 
capacity might result in increases 
in travel time or delays. 

In the first circumstance, a direct 
estimate of time or time savings may not 
be necessary. Supply or capacity tech-
niques often can be used to verify a de-
sired level-of-service. In addition, if 
time, speed, or delay studies of existing 
conditions have pinpointed specific opera-
tional problems, estimates of the effect-
iveness of actions targetted at those 
problems may not be needed. 

User cost estimates are generally re-
quired only under a few circumstances: 

Diversion to other routes, modes, 
and time periods are intended or 
likely to result from implementing 
an action. 

Transit, parking, or toll revenues 
are important in assessing propos-
ed actions. 
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2 
Estimation Procedures and Methods 

Most travel time estimation procedures 
operate at the component level; e.g., they 
estimate time spent at an intersection, 
traversing a roadway or route segment, or 
using a paratransit service. The proced-
ures range from a simple division of 
distance by average speed to queuing or 
other simulation models, but most common 
are graphs or equations that relate time 
to physical dimensions, other supply and 
capacity measures, and/or travel volumes. 

Procedures also have been developed for 
aggregating travel time measures for sub-
area, corridor, and regional studies. 
While these are generally network-based 
applications of analytical procedures, 
simulation procedures have been developed 
for analyzing certain types of options 
such as freeway flow controls and traffic 
signal networks. Suitable applications of 
these different techniques are shown in 
the following Method Selection Table, 
along with references to procedure des-
criptions and application examples. 

Fares, tolls, and parking charges are 
either specified or obtained directly from 
the 	appropriate 	operating 	agencies. 
Vehicle operating costs (and other contin-
uous costs) generally are analytically 
derived from or calculated in parallel 
with time estimates. Changes in fuel 
costs (i.e., fuel savings times price) 
will provide a sufficiently accurate esti-
mate of auto driver savings. (Note: 
State and federal taxes should be sub-
tracted from price in calculating a total 
or net benefit measure.) Savings to fleet 
vehicles such as trucks and buses should 
include other factors such as driver and 
vehicle productivity. Reference 7 con-
tains unit cost data for trucks, and a 
procedure for updating those costs; bus 
operating costs are covered under finance 
measures. Network-based and other aggre-
gation procedures can be used to sum 
operating costs, as well as to sun. dis-
crete costs such as tolls and transit 
fares. 

Travel Time and User Cost References 

Curry, D.A. and Anderson, D.G., "Pro-
cedures for Eatimating Highway User 
Costs, Air Pollution and Noise 
Effects." NCHRP Report 133, Washing-
ton, D.C. (1972) 127 pp. 

Hoinburger, W.S. (editor), Transporta-
tion and Traffic Engineering Hand-
book. Second edition, Institute of 
Transportation 	Eng ineers, 	Prentice- 
Hall Inc., Eriglewood Cliffs, N.J., 
(1982) 880 pp. 

Box, P. and Oppenlander, J., Manual of 
Traffic Engineering Studies. Fourth 
Edition, Institute of Trans- portation 
Engineers, 	Arlington, 	Va. 	(1976) 
233 pp. 

JHK and Associates, Design of Urban 
Streets - Training Course Manual pre-
pared for USDaP, FHWA (HHI-2). 
(Undated) 

Barton-Aschmari Assoc., "ESTOP Guide 
and Manual for Estimating Traffic 
Operations Benefits." Two volumes 
prepared for Illinois DOT (May 1981) 
180 pp. 

AASHTO, A Manual on User Benefit 
Analysis of Highway and Bus-Transit 
Improvements. Washington, D.C. (1977) 
189 pp. 

Federal Highway Administration, Traf-
fic Control Systems Handbook. Imple-
mentation Package 76-10, FHWA office 
of Development, Washington, D.C. (June 
1976) 650 pp. 

* 
Courage, 	K.G. 	and Laridmann, M.R., 
"Signal Operation Analysis Package 
(SOAP)." Volume 2: User's Manual and 
Volume 4: Portable Calculator Rou- 
tines, 	report 	No. 	FHWA-IP-79-9 
(}I-21), Washington, D.C. (July 1979). 

* 
Lee G.E., et al., "The TEXAS Model for 
Intersection Traffic - User's Guide," 
Research Report No. 184-3, Center for 
Highway Research, University of Texas, 
Austin, Tex. (July 1977) 100 pp. 

* 
USDcYr/FHWA, SIGOP-Ill User's Manual. 
Draft Report No. FHWA-1P-82-19, Wash-
ington, D.C. (July 1982) , 130 pp. 

* 
Wallace, C.E., 	et al., 	PRANSYT-7F 
User's Manual. Prepared for USDOT/ 
FHWA (lffo-23) , Gainesville, Fla. (Feb. 
1983) 500 pp. 

Lieberman, E., "Macroscopic Simulation 
for Urban Traffic Management," Five 
volumes, prepared for USDOT/FHWA (HRT-
20) (Jan. 1982) (TRAFLO Model). 

Little, 	J.D.C., 	Kelson, 	J.D., 	and 
Gartner, N.H., "MAXBAND, a Program for 
Setting Signals on Arteries and Tri- 
angular 	Networks." 	Transportation 
Research Record 795, Washington, D.C. 
(1981) pp.  40-46 

* 
Messer, 	C.J., 	Haenel, 	N.E., 	and  
Koeppo, E.A., "A Report on the User's 
Manual for Progressive Analysis and 
Signal System Evaluation Routine - 
PASSER II." Texas Transportation 
Institute, Research Report 165-14 
(Aug. 1974) NTIS # PB 241-582. 

* 
Fainbro, D.B., et al., "A Report of the 
User's Manual for Diamond Interchange 
Signalization - PASSER III." Texas 
Transportation 	Institute, 	Research 
Report No. 178-1 (Aug. 1976). 
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2 
* 
Minister, R.D., et al., "A Computer 
Simulation Model for Evaluating Prior-
ity Operations on Freeways." ITTE, 
University of California, Berkeley 
Calif. (1973) (PRIFRE Model) 315 op. 

* 
University of California, Berkeley, 
"Simulation of Freeway Priority Strat-
egies (FREQ3CP) , User Documentation." 
Prepared for USDOT/FHWA (June 1975) 
250 pp. 

* 
Transportation Research Board, "The 
Application of Traffic Simulation 
Models." Special Report No. 194, Wash-
ington, D.C. (1981) 115 pp. 

USDGP/UMTA and FHWA, "Urban Transpor-
tation Planning System, Introduction 
and Operating Instructions." Washing-
ton, D.C., (periodically updated). 

USDOT/FHWA, "PLANPAC/BACKPAC General 
Information," NTIS # PB-240-716, Wash-
ington, D.C. (April 1977 and updates) 
440 pp. 

Sanders, D., et al., Characteristics 
of Urban Transportation Systems: A 
Handbook for Urban Transportation 
Planners. Prepared by DeLeuw Cather 
and Company and Rock Creek Associates 
for USDOT/FHWA and UMTA, with contri-
butions from the Urban Institute (July 
1977). 

Levinson, H.S., Adams, C.L., and Hoey, 
W.F., "Bus Use of Highways - Planning 
and Design Guidelines." NCHRP Report 
155, Washington, D.C. (1975) 160 pp. 

Reference 18 reports the proceedings of 
a conference on traffic simulation mo-
dels. Selected papers describe and 
compare the capabilities and limita-
tions of several models (including 
those marked with asterisks above) , and 
cite additional manuals and application 
reports. 
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Method Selection Table 2:; 
Travel Time Estimation 

Scale and Type 
of Analysis 

Appropriate 
Techniques 

2 
References! 
Tech. Notes* 

- use capacity adequacy techniques cited in the 
Methods Selection Table for Supply/Capacity estima-
tion 

- apply analytical techniques and worksheets 

- apply simulation models of signalized intersection 
operations (mainly applicable to complex, high-
volume intersections) 

apply Websters equation or similar procedure 

- use capacity adequacy techniques cited in the 
Methods Selection Table for Supply/Capacity estima-
ti on 

Spot or Segment Analysis 

Vehicular delays at 
intersections 

- check for acceptable 
level-of-service 

- estimate average travel 
time, delay or queue 
duration 

- set signal timing to 
minimize delays 

Vehicular travel time along 
roadway segment 

- check for acceptable 
level-of-service 

1-5 

8,9 

7 

- estimate average 	 - use curves relating speed to volume/capacity ratio 
travel time 	 for different types of roadways 

Travel time along transit 	- apply an analytical procedure to calculate route 
route segment 	 segment running times 

- use average operating speeds observed under similar 
conditions 

1,6 
see TN #3 

see TN #4 

21,22, 
see Profile 
Sheets for 
transit 
actions 

10-12 

13-15 

8,9 

19,20 

12 

See TN #4 

21,22 

Subarea Analysis 

Vehicular travel times 
along important routes 

- estimate average travel 
time or delay 

- set signal operations to 
achieve desired or least 
travel time 

- apply intersection and segment techniques in series 

- apply arterial or network simulation model 
(e.g., SIGOP, TRANSYT or TRAFLO) 

- apply techniques that maximize band width 
(e.g., MAXBAND or PASSER) 

- apply techniques that minimize stops and delays 
(e.g., SIGOP or TRN4SYT) 

- apply computerized network assignment analysis 
package (e.g., iJTPS or PLANPAC) 

- apply macroscopic simulation model (e.g., TRAFLO) 

- apply route segment analysis procedure 

- use average operating speeds observed under simi-
lar conditions 

Aggregate or average 
vehicular travel time 

- estimate total or aver-
age user travel time or 
delay 

Travel time along a 
transit route 

* For numbered references, refer to text section of Method Selection Aid #2. Tech. Notes cited may be found 
in the Notes on Selected Techniques Section. 
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2  Method Selection Table 2: 
Travel Time Estimation 

Scale and Type 	 Appropriate 	 References! 
of Analysis 	 Techniques 	 Tech. Notes* 

Subarea Analysis (continued) 

Aggregate or average transit 
travel time 

- riders 	 - apply network analysis package (e.g., UTPS) 	 19 

- manually assign trips to estimate average length, 	 21,22 
then apply average operating speed 

- buses 	 - add vehicle-miles on each route, and apply average 	21,22 
operating speeds to estimate vehicle-hours 

- apply network analysis package (e.g., UTPS) 	 19 

Point-to-point travel 	- use above techniques to estimate in-vehicle travel 
times 	 time, then add other components such as walking, 

waiting and search for parking 

Corridor Analysis 

• 	Vehicular travel times 

- 	estimate effects of - 	apply a macroscopic simulation package (e.g., 	 10,11,12 
physical, operational (TRAPLO) or a signal optimization package (e.g., 
or volume changes SIGOP or TRANSYT) 
along a signalized 
artery 

- 	estimate effects of - 	apply intersection and segment techniques in series 
physical, operational 
or volume changes along 
a unsignalized artery 

- 	estimate effects of - 	apply segment techniques in series 
physical, operational 
or volume changes along - 	apply a macroscopic simulation model (e.g., FREQ or 	16,17 
a freeway PRIFRE) 

- 	estimate effects of - 	apply a computerized network assignment and analy- 	19,20 
physical, operational or sis package (e.g., UTPS or FHWA/PLANPAC) 
volume changes throughout 
corridor 

* For numbered references, refer to text section of Method Selection Aid t2. Tech. Notes cited may be found 
in the Notes on Selected Techniques Section. 
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Estimating Safety Characteristics 
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3 
General 

TSM actions often are directed at solv-
ing or alleviating accident problems; 
examples include intersection redesign, 
traffic signalization, parking restric-
tions, street lighting, and one-way 
streets. The principal means of express-
ing safety changes are: 

Increase/decrease in number of acci-
dents or accident rate. 

Increase/decrease in hazard level or 
accident exposure. 

Conditions for Estimation 

"Estimates" of changes in safety are 
required at locations where accidents are 
a major problem and proposed actions may 
significantly reduce the potential for 
accidents. Because of the statistical 
difficulty in accurately estimating criti-
cal differences in accidents (or rates) 
for actions that produce minor to moderate 
changes, accidents need not be estimated 
for most projects. Instead, detailed 
analysis of existing accidents combined 
with actions targetted at their causes 
(e.g., left-turn conflicts or visual 
obstructions) generally will ensure that 
the problems have been addressed. 'Acci-
dent rates or reduction factors observed 
for 	similar improvements 	(e.g. , 	using 
before-after studies) also may be used to 
estimate an action's potential effective-
ness. 

Analysis of safety change also may be 
desirable for certain other actions, such 
as reversible or 2-way left-turn lanes 
implemented to improve traffic flow. 
Again, analysis needs usually can be met 
by applying design standards or sound en-
gineering practice to ensure that safety 
problems are not introduced. 

Estimation Procedures and Methods 

Accident problems are localized; they 
occur at specific locations such as an 
intersection, road segment, rail grade 
crossing, bridge, or transit stop. They 
generally have little meaning on a large 
geographic basis or for an entire facil-
ity. Accordingly, accident/hazard infor-
mation must be examined on a localized, 
site-specific basis. While broad scale 
corridor and regional safety change esti-
mates can be developed using typical rate 
values applied to vehicle-miles, car-
miles, or person-miles of travel, this 
information is not helpful for most TSM 
project evaluations. An exception would 
be a policy analysis of the safety impacts 
of changes in vehicle inspection or traf-
fic enforcement programs. 

The suggested methods shown in the 
following Method Selection Table are or-
ganized to support three major steps in a 
safety analysis: 

The use
'
of reported accident rates 

or field observations to determine 
the severity of a safety problem. 

The detailed examination of a prob-
lem location (including accident 
reports) to determine factors that 
cause the safety problem. 

The determination of the adequacy or 
effectiveness of proposed actions in 
solving or avoiding safety problems. 

Safety References 

Hanburger, W.S. (editor), Transporta-
tion and Traffic Engineering Hand-
book. Second Edition, Institute of 
Transportation Engineers, Prentice-
Hall Inc., Englewood Cliffs, N.J., 
(1982) 880 pp. 

Box, P. and Oppenlander, J. , Manual of 
Traffic Engineering Studies. Fourth 
Edition, Institute of Transportation 
Engineers, Arlington, Va (1976) 233 pp. 

Glauz, W.D. and Migletz, D.J., "Appli-
cation of Traffic Conflict Analysis at 
Intersections." NcHRP Report 219, 
Washington DC (Feb. 1980) 110 pp. 

U.S. 	Department of Transportation, 
Model Pedestrian Safety Program User's 
Manual. Impinentation Package 78-6, 
Washington, D.C. (1978) 268 pp. 

McFarland, W.F., et al., "Assessment 
of Techniques for Cost-Effectiveness 
of Highway Accident Countermeasures." 
USDYP Report No. FHWA-RD-79-53, Texas 
Transportation 	Institute, 	College 
Station Tex. (Jan. 1979) 350 pp. 
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3  Method Selection Table 3:. 
Safety Estimation 

Scale and Type 	 Appropriate 	 References/ 

of Analysis 	 Techniques 	 Tech. Notes* 

Spot or Segnnt Analysis 

Determining relative 	- compare accident rates with averages compiled for 
severity of accident prob- 	road classification (many state DOT's periodi- 
.lems 	 cally suimnarize accident data by severity (i.e., 

fatal, injury producing, property damage only; 
land use - e.g., urban, suburban, rural; and high-
way class - e.g., freeway, major arterial, minor 
arterial, collector) 

- use critical rate method to test for statistical 	 1, 2 
significance of calculated rates (accidents are 	 See TN #2 
rare events, so site-specific rates are often un-
reliable indicators of a problem, particularly on 
low volume roads) 

- conduct field studies of traffic conflicts 	 2,3 
(Observations may pinpoint the causes of accidents 
and indicate safety problems that produce few acci- 	1,2 
dents, possibly as a result of extra driver cau- 
tion) 

Detailed examination of 	- prepare collision diagrams from accident reports 	 19 
probable accident causes 

- conduct behavioral analysis of driver actions as 	 4 
related to conditions at location 

Determination of effective- - use results of studies showing effects of implemen- 	5, 
ness of proposed solutions 	ted actions at similar locations 	 See TN #7 

- apply "sound engineering practice" to reduce con- 	 1, 2 
flicts causing accidents 

Subarea or Corridor Analysis 

Sumarize problems 	 - prepare spot map showing problem locations and num- 	1 
ber of incidents at each 

Any type of analysis 	- conduct as a series of spot and segment studies 
using methods cited above 

* For numbered references, refer to text section of Method Selection Aid #3.. Tech. Notes cited may be found 
in the Notes on Selected Techniques Section. 
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General 

Despite TSM's near-term focus, imple-
mented actions may have to accommodate 
changes in travel expected as a result of 
continued growth, changes in land use, or 
increased density of development. TSM 
actions also may be designed to influence 
individuals' travel choices, or may result 
in service quality changes that have that 
effect. These travel choices include: 

Increase or decrease in the number 
of trips taken. 

Shifts in the destination of trips. 

Shifts among the modes used for 
travel. 

Shifts in the routes chosen for 
trips. 

Shifts in the timing, of trips. 

The travel volume changes of interest 
in an analysis usually are limited by the 
small scale or narrow focus of the actions 
themselves. In a particular assessment, 
an analyst will be concerned primarily 
with travel on specific facilities, to, 
from, or within specific areas; on speci-
fic modes, during specific time periods, 
for specific purposes, or by certain seg-
ments of the population. Typical examples 
are: 

Change in peak-hour vehicle volumes 
along an arterial street (by direc-
tion). 

Number of autos entering a proposed 
office park in the morning peak. 

Change in daily boardings on a tran-
sit route. 

Change in midday occupancy rate of 
off-street parking. 

Change in peak vehicle occupancy on 
a freeway; 

Change in systemwide weekend transit 
ridership. 

Conditions for Estimation 

Travel volumes may have to be estimated 
in a variety of situations. The more com-
mon are: 

Growth or land-use changes are 
expected in or near the study area, or 
along travel routes passing through the 
area (e.g., the construction of an office 
park or shopping center). 

Proposed actions may change the 
relative attractiveness of different modes  

for trips to, in, or through the study 
area (e.g., a new express bus, increases 
in transit fares, or increased parking 
charges). 

Proposed actions may change the 
relative attractiveness of travel routes 
to, in, and through the study area (e.g., 
the metering of freeway entrance ramps, 
improved signal coordination or parking 
bans along major arterial streets, or the 
blockage of routes through a retail or 
residential area). 

Proposed actions may increase travel 
by certain segments of the population 
(e.g., a new elderly or handicapped tran-
sit service, weekend transit operations, 
or the elimination of transit fares for 
travel within the CBD). 

Proposed actions may affect the 
relative attractiveness of travel at dif-
ferent hours (e.g., off-peak parking and 
transit fare reductions, or staggered or 
flexible working hours). 

Only a few of these conditions will 
apply in most TSM analyses, and in many of 
those cases the conditions will be limited 
to selected facilities, routes, and/or 
travellers. An estimation of volume 
changes, therefore, should be carefully 
planned to avoid unnecessary efforts. 

Answers to the following questions will 
help define an appropriate scope for an 
analysis: 

Which transport facilities or ser-
vices are likely to be affected by propos-
ed actions or developments? 

Which (types of) trips and travel-
lers are likely to be affected? 

How significant are proposed or 
expected service quality changes in terms 
of total journey travel times and costs? 

Will saturated flow conditions on 
roadways in or approaching the study area 
continue to limit entering travel volumes? 

How large a volume change is neces-
sary before design changes are required, 
or before a problem is created or resolved? 

At what scale will the 'expected vol-
ume changes affect any derived measures 
important in the actions' evaluation? 

At what scale will the-expected vol-
ume changes be observable after the pro-
posed actions have been implemented? 

A few examples will help illustrate the 
use of these "screening" questions: 
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A 30-second reduction in travel time 
will not be noticed by travellers making 
trips even as short as 10 minutes and, 
therefore, is unlikely to have any effect 
of travel demand or volumes. 

A large parking fee increase in the 
CBD may divert drivers to transit or car-
pools, reducing the number of autos enter-
ing the area. Changes in traffic at 
individual intersections, however, may not 
be measurably affected. Similarly, in-
creased crowding may be noticeable only on 
a few high volume bus routes, even though 
total ridership into the CBD increased. 

A regionwide transit fare increase 
will reduce ridership, and the change 
probably will be noticeable on individual 
routes. Changes in auto volumes,* however, 
will only be noticed across a few screen-
lines where transit ridership is very high. 

A 1/2-mile transit mall probably 
will not affect auto or transit journey 
times and mode choices. Auto traffic will 
be displaced, and volumes (including turn-
ing movements) on nearby streets may 
noticeably increase. 

In general, local service changes will 
produce no volume impacts beyond a few 
1ocal auto routing decisions (resulting, 
for example, from turn prohibitions or 
one-way street segments) or choice of bus 
stop (resulting, for example, from stop 
relocations or minor routing changes). 
Conversely

'
regionwide changes in auto 

travel are unlikely to be produced by TSM 
actions. 

Corridor and subarea changes, in con-
trast, may produce varied and complex 
volume responses. In analysis at these 
scales, care should be taken to determine: 

Which volume changes are important 
for making design and operational 
decisions. 

Which decisions can be based on 
aggregate estimates (e.g., cordon 
crossings). 

If and where detailed estimates 
(e.g., intersection, route, or park-
ing garage volumes) are needed. 

Estimation Procedures and Methods 

Volume estimation in TSM planning 
usually entails the estimation of changes 
from existing conditions; exceptions in-
clude the introduction of specialized 
transportation services and the expansion 
of transit into new areas. As a result, 
estimation often can be based on data col-
lected through traffic counts, transit 
ridership counts, user surveys, and 
similar techniques. Where data cannot be 
collected directly, information from  

similar sites or reported in the planning 
literature can provide analogies. 

Where models are applied in estimation 
(e.g., a corridor traffic assignment or 
mode choice analysis), a "pivot-point" 
approach often can be taken. This in-
volves applying a technique to both exist-
ing and proposed conditions, and using the 
percentage or absolute change predicted by 
the technique as the change expected from 
observed base conditions. In general, 
this approach should be used to avoid 
model errors and extensive calibration 
efforts to match model estimates with 
observed conditions. 

The following Method Selection Table 
cites a variety of techniques, particular-
ly for corridor or subarea analyses. In 
many cases, techniques should be used in 
sequence, or the results of two or more 
techniques should be combined. For ex-
ample, trips to a new development estimat-
ed using attraction rates might be added 
to a trend-line extrapolation (of existing 
trips) performed to account for forecast 
population growth. 

Travel Volume References 

USDOT/FHWA, "Purposes of Vehicle Trips 
and Travel." National Personal Trans-
portation Study, Report 3 (1980) 

Arizona DOT, "Trip Generation Intens-
ity Factors (TGIF)." Reported by 
USDOT/FHWA, Washington, D.C. (June 
1977) 400 pp. 

Institute of Transportation Engineers, 
"Trip 	Generation." 	Informational 
Report, Arlington Va. (1976) 250 pp. 

Levinson, H.S., "Characteristics of 
Urban Transportation Demand, A Hand-
book for Urban Planners." Prepared by 
Wilbur Smith and DeLeuw Cather for 
USDOT/ UMTA, Report No. UMTA-IT-06-
0049-78-1, New Haven, Conn. (April 
1978) 130 pp. 

Mayworm, 	P.D., 	Lago, 	A.M., 	and 
McE nroe, J . M •, 	 aqe  

Prepared for USDOT7UMTA UPM-33 by 
Ecosometrics, inc., Contract No. DOT-
UT-90014 (Sept. 1980) 247 pp. 

Barton-Aschman Assoc., 'Inc., Traveler 

Edition. Prepared for 
USD5T7FHWA, O!TTceF Highway Plan-
ning, Contract No. DOT-FH-11-9579 
(July 1981) 400 pp. 
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7. Atherton, T.J. and Suhrbier, J.H., 	18. Golenberg, M. and Howard, J.A., "Town 
"Urban Transportation Energy Conserva- 	of Hudson Subarea Traffic Study: 	a 
tion." Volume III' 	_çJ_t_y Aplica- 	Major 	Capital 	Improvement Subarea 
tions of 	 Methodolog 	Planning Case Study." Prepared for 

	

Thied for USDOE, Report No. DOE/PE/ 	USDOT/FHWA and UMTA under contract 
8628-1, Cambridge, Mass. (Oct. 1979) 	DTFH61800071, Boston, Mass. (Sept. 
140 pp. 	 1982) 90 pp. 

Gilbert, K., "Transportation Systems 
Management: Handbook of Manual Tech-
niques for Transit Strategies." Pre-
pared for North Central Texas Council 
of Governments (1977),  distributed by 
USDOT/ UMTA, Report No. TX-09-0045-81-
1 (1981) 200 pp. 

Sosslau, A.B. et al., "Quick-Response 
Urban Travel Estimation Techniques and 
Transferable 	Parameters, 	User's 
Guide." NCHRP Report 187, Washington, 
D.C. (1978) 230 pp. 

Multisystems, 	Inc., 	"Route 	Level 
Demand Models: A Review." Prepared 
for USDOT/UMTA, Report No. DOT-I-82-6, 
Cambridge, Mass. (Jan. 1982) 65 pp. 

Biliheimer, ,J.W., et al., Paratransit 
Handbooj A Guide to Para S 
Imprnentation. Report Nos. UMTA-A-
06-0054-79-1 and -2, Systan, Inc., Los 
Altos, Calif. (Jan. 1979) 828 pp. 

Peat, 	Marwick, 	Mitchell 	and Co., 
"Analyzing Transit Options for Small 
Urban Communities." Volume 3: Summary 

ence, Report No. UMTA-IT-06-9020-78-3, 
Washington, D.C. (Jan. 1978) 175 pp. 

Golenberg, 	M. 	and 	Howard, 	J.A., 
"Lewiston CBD Subarea Study: A Short 
Range TSM Subarea Planning Case 
Study." Prepared for USDOT/FHWA and 
UMTA under Contract No. DTFH61-80-
0071, Boston, Mass. (Sept. 1982) 75 pp. 

USDOT/FHWA, 	"Urban 	Transportation 
Planning System, Introduction and 
Operating Instructions." Washington, 
D.C., (periodically updated) 

USDOT/FHWA, "PLANPAC/BACKPAC General 
Information." NTIS #PB-240-716, Wash-
ington, D.C. (April 1977 and updates) 
440 pp. 

Pederson, N.J. 	and Samdahl, D.R., 
"Highway Traffic Data for Urbanized 
Area Project Planning and Design." 
NCHRP Rrt 255, Washington, D.C. 
(Dec. 1982) 190 pp. 

Simpson and Curtin, Guidelines 2 
Traffic Irnt Study. Prepared for 
Virginia Department of Highways (April 
1979) 

Multiplications, 	Inc., 	"Bus 	Route. 
Planning Models." Draft report pre-
pared for USDOT/TSC and UMTA under 
contract no. DOT-TSC-1756 Cambridge, 
Mass. (April 1983) 90 pp. 

Homburger, W.S. (editor), Transporta-
tion and Traffic - 
book. Sec6 EffitThn, Institute of 
Transportation Engineers, Prentice-
Hall Inc., Englewood Cliffs, N.J. 
(1982) 880 pp. 
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4  Method Selection Table 4: 	 - 

Travel Estimation 

Scale and Type 	 Appropriate 	 References! 
of Analysis 	 Techniques 	 Tech. Notes* 

- population growth is 
expected in areas served 
by a commercial center 

Transit ridership to or 
from subarea 

- growth or development 
expected in or near 
subarea 

- changes in fares, 
service' frequencies, or 
parking fees 

- scale existing trip ends using percentage growth in 
population 

- apply techniques used to estimate change in 
person trips (i.e. assume mode shares will not 
change) 

- apply elasticities to existing ridership counts 

- use a pivot-point application of a mode share 
model to estimate changes in ridership in dif-
ferent market segments (e.g., long vs. short peak 
period trips) of interest 

Spot or Segment Analysis 

Vehicles using road seg-
ment or intersection 

- any case where overall 	- adjust existing counts using trend-line growth fac- 	16,17 
growth is expected in 	tor derived from historical counts or from popula- 
corridor 	 tion or vehicle registration trends. (base year 

and forecast network traffic assignments prepared 
for the corridor or region also may be used) 

- any case near proposed 	- use trip rate factors to estimate new trips to/from 
	

1-3,9,17 
land development 	 the development; 

then manually distribute and assign the trips to 	 9,16 
determine the facility's share 

- operational changes 	- manually reassign traffic affected by the proposed 
	

16,17 
(e.g., turn prohibitions, 	changes 
curb cut closures, park- 
ing relocation 	 - 

Transit boardings or, 
alightings at stop or 
along segment 

- any case near proposed 	- use transit trip rate factors or mode shares to 
land development 	 estimate new trips (factors or shares should be 

based on similar land uses and similar service 
leve ls) 

- operational changes 	- link boarding/alighting counts with land uses and 
(e.g., bus stop reloca- 	intersecting transit routes, and reassign trips 
tion, minor rerouting) 	based on walking distance to proposed stops. 

Subarea Analysis (Aggregate Volumes) 

Person trips to or from 
subarea 

- any case where new 	- apply trip rate factors to estimate trip produc- 	 1-4,9,17 
development is proposed 	tions or attractions for the time period, trip pur- 
in subarea 	 pose or population group of interest 

- scale existing trip ends using percentage growth in 	see TN #1 
population, employment or retail floor space 

5, 6 
See TN #5 

7, 8 

* For numbered references, refer to text section of Method Selection Aid #4. Tech. Notes cited may be found 
in the Notes on Selected Techniques Section. 
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Method Selection Table 4: 
Travel E8timation 	 4 

Scale and Type 	 Appropriate 	 S 	 References/ 
of Analysis 	 Techniques 	 Tech. Notes* 

Subarea Analysis (Aggregate Volumes) (continued) 

- 	new transit routes or 	- use ridership on similar routes or services as an 6 
services between subarea approximation for new ridership 
and other areas 

- base estimate on "riding habit" (e.g., riders per 12 
capita) 	in areas with similar demographic and serv- 
ice characteristics 

- apply a mode share model to market segments served 8,9 
o by the new routes 

- apply a direct demand model to estimate new rider- 10,19 
Ship 

Total transit ridership within 
subarea 

- 	changes in fares or 	- apply elasticities to existing ridership counts 5, 	6 
service frequencies 
(e.g., CBD fare-free 	- use results of similar changes to estimate rider- 6 
zone) ship 

- 	new circulation or 	- base estimate on ridership on similar services 11,12 
community-based transit in similar areas 
services 

Auto vehicle trips entering 
or leaving subarea 

- 	new development is 	- separate existing cordon counts into subarea and 16,18 
proposed in subarea through trips; then apply percentage growth in 

population, employment or retail floor space to 
subarea trips 

- apply trip rate factors to estimate new trips by 1-4,9,17,20 
time-of-day 

- 	population growth is 	- scale existing cordon counts using anticipated 16 
expected in areas served population growth rate in each area; then manually 
by a commercial center distribute trips to estimate portion passing 

through the analysis subarea 

- 	development is expected 	- apply trip rate or growth factors to estimates 16 
in nearby area trips to or from the new development (after sepa- 

rating through trips as above) 

- 	time or fee incentives 	- use pivot-point application of a mode share model 7 
for carpool users pro- to estimate changes in auto drivers in different 
posed in subarea or market segments 
along approach corridors 

- use changes reported in similar cases as an 
approximation 

- 	major changes in parking 	- apply mode share models, as above 7 
fees or availability in 
subareas with good 	- use similar cases as analogies See Profile 
transit service Sheets 

- 	major changes in transit 	- apply mode share models, as above 7 
service or fares in sub- 
areas with good transit 	- use similar cases as analogies 5,6 
service 

* For m.imbered references, refer to text section of Method Selection Aid #4. Tech. Notes cited may be found 
in the Notes on Selected Techniques Section. 	 5 
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4  Method Selection Table 4: 

Travel Estimation 

Scale and Type 	 - 	Appropriate 	 References! 

of Analysis 	 Techniques 	 Tech. Notes* 

Subarea Analysis (Aggregate Voluitws) (continued) 

- auto service quality 	- manually reassign traffic flows affected by the 	 16 

changes designed to 	 changes 
divert through trips 

- use computerized assignment procedure to reassign 	 16 
traffic in and near subarea after parameters have 
been validated using existing cordon or screen line 
counts 

Autos parked in subarea 

- residential parking 	- use results of similar actions as analogies 	 See Profile 

permits or bans 

	

	 Sheets 
- use license plate survey of parked cars to esti-

mate % non-resident 

- other changes 	 - derive estimate in parallel with changes in "auto 
vehicle trips entering subarea" 

Pedestrians or cyclists 
entering, leaving or 
travelling within subarea 

- new development within 	- scale existing counts 
subarea 

- improvements to access 	- use volumes observed under similar conditions 
and circulation routes 
for cyclists and pedes-
tr ians 

Subarea Analysis (Detailed Volumes) 

Vehicles parking in zone or 
facility 

- changes in parking policy - adjust existing parking counts by manually 
or operations (e.g., time 	reasigning affected autos 
limits or bans) 

- new development planned 
in subarea 

- changes in auto trip 
ends resulting from 
growth outside subarea 

- changes in auto trip 
ends resulting from 
changes in parking fees 
or in carpool or transit 
service quality 

Vehicles using a street 
or intersection 

- distribute new auto trip ends anong zones or faci-
lities within walking distance 

- scale parked auto counts by percentage change in 
total entering autos during appropriate time period 
(e.g., AM peak trips for all-day parking); manually 
reassign autos where parking capacity is exceeded 

- scale parked auto counts and adjust as above; 
reassign autos nearer to major destinations if 
excess capacity develops 

- changes in street 	- adjust traffic counts by manually reassigning 	 9,17 
operations or parking 	affected flows 
policy in a small 
subarea (e.g., town 	- prepare synthetic trip distribution using existing 	13 

center, office park or 	traffic and parking counts; then reassign flows in 
redidential community) 	response to proposed changes 

* or numbered references, refer to text section of Method Selection Aid #4. Tech. Notes may be found 
in the Notes on Selected Techniques Section. 
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Method Selection Table 4: 

Travel Estimation 4 
Scale and Type Appropriate References/ 
of Analysis Techniques 	 - Tech. Notes* 

Subarea Analysis (Detailed Volumes) (continued) 

- 	changes in street opera- 	- apply manual techniques cited for use in a small 
tions or parking policy subarea 
in a large subarea 
(e.g., CBD or other 	- apply computerized traffic technique, such as FHWA/ 14,15,18 
regional center) PL1NPAC, to a detailed subarea network 

Boardings or loads on 
transit route segments 

- 	route nodifications in 	- use boarding/alighting counts to distribute exist- 
subarea ing trips anong stops or zones in subarea; then 

manually reassign affected trips to new boarding or 
alighting points 

- 	fare or large parking 	- scale existing counts by estimated percentage 5, 	6 
fee change change in transit trips entering subarea, applying see TN #5 

different factors to different trip purposes or 
time periods. 

- 	new development in sub- 	- distribute new trips anong routes in proportion to 
area existing ridership into the subarea; then assign 

new trips to stop on route nearest development 

Regional Analysis (Aggregate Volumes) 

Transit ridership 

- fare changes 	 - apply peak and off-peak fare elasticities to 	 5, 6 
obtain rough estimate of ridership changes 	 see TN #5 

- coverage 	 - apply vehicle-mile elasticities to obtain rough 	 5, 6 
estimate of ridership changes 	 see TN #5 

* For numbered references, refer to text section of Method Selection Aid #4. Tech. Notes cited may be found 
in the Notes on Selected Techniques Section. 



136 

Method Selection Aid 5:' 
Estimating Financial Characteristics 

General 

In addition to implementation or capit-
al costs, a TSM package may increase or 
decrease system operating and maintenance 
costs and revenues. Examples are transit 
fare changes, route expansions, revised 
parking. policies,. HOV lanes, and ramp 
meters. Packages that include new or 
greatly expanded services or programs 
(e.g., community, transit, carpool match-
ing, or parking permits) also may result 
in new or increased administrative costs. 

Conditions for Estimation 

The financial implications of a propos-
ed TSM package on an energy must be con-
sidered in evaluating the package, and 
estimates of specific costs or cost 
changes should be prepared if they are 
likely to have a significant impact on the 
agency's capital or operating budgets. 
Impacts on other agencies' budgets also 
should be estimated, such as the need for 
additional police to enforce priority or 
traffic control measures. Cost estimates 
also* are required if the package is sub-
ject to a cost/ effectiveness or benefit/ 
cost assessment as part of evaluation or 
priority programming activities. 

Estimates of revenues of revenue 
changes are required if fee, fare, or toll 
increases are part of a TSM package, or if 
the use of facilities or services on which 
they are collected is expected to change, 
as a result of implementing the package. 

Estimation Procedures and Methods 

Cost estimates for many service and 
facility changes can be prepared by deriv-
ing unit costs (e.g., annual maintenance 
costs per lane-mile, parking space or per 
bus) from agency records and applying 
those costs to proposed changes in supply 
characteristics. Unit costs derived from 
similar facilities and operations are pre-
ferable to systemwide averages because 
substantial differences may exist (e.g. 
between express and local buses and 
between major arterial streets and col-
lectors). Care should be taken to exclude 
fixed or overhead costs when the unit 
costs are to be used to evaluate small 
changes.' 

Other good sources for cost information 
are (1) published summaries of operating 
data such as the CUTS handbook (1) and the 
APTA Fact Book (2), and reports escribing 
the implementaflon and operation of 
specific TSM actions, such as the UMTA/SMD 
evaluation series. 

Sources of cost information and methods 
are presented in the following Method 
Selection Table. The user also should 
refer to the appropriate profile sheets 
for sources on specific types of actions. 

Cost estimates may have to be factored 
to account for regional differences and/or 
inflation. Several escalation and infla-
tion indices are published; their sources 
are listed in Tech. Note #6. 

Revenues and revenue changes generally 
are calculated directly from use estimates 
and specified fees. Net  operating costs, 
subsidy requirements, and cost recovery 
ratios (all derived from revenue and cost 
estimates) also are useful measures for 
evaluating impacts on transit and parking 
operations. 

Financial References 

Sanders, D., et al., Characteristics of 
Urban Transprtation Systems: A Hand-
book for Urban TranspoEtation P la n-
ners. Prepared by DeLeuw Cather and 
Company and Rock Creek Associates for 
USDOT/FHWA and UMTA, with contributions 
from the Urban Institute, (July 1977). 

American Public Transit Association, 
Transit _Ia j _BoOk. 	Washington, D.C., 
TPYsThedAnnuTT,) 

USDOT/UMTA, National Urban Mass Trans- 
2942L_Q fl___ 

tinq 	Report No. UMTA-MA- 
06-0107-82-1 (July 1982) 400 pp. 

simpson and Curtin, Bus Route Costing 
22!i !!• USDOT/UMTA, 

Report No. UMTA-IT-09-9014-81-1 (May 
1981) 

Gilbert, K., "Transportation Systems 
Management: Handbook of Manual Tech- 
niques 	for 	Transit 	Strategies." 
Prepared for North Central Texas 
Council of Governments (1977), distri-
buted by USDOT/ UMTA, Report No. 
PX-09-0045-81-1 (1981) 200 pp. 

Batchelder, J.H., et al., "A System 
Analysis of Transit/Paratransit Inte-
gration." Volume 5: User's Manual for 
e_ f.1MARS/MMACSPacka, prepared by 

Multilystems 
 

for USDT7UMTA, Contract 
No. DOT-UT-80007 (Sept. 1980) 280 pp. 
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Method: Selection Table 6:. 
Financial Estimation 5 

Scale and Type Appropriate References/ 
of Analysis Techniques Tech. Notes* 

All Scales of Analysis 

Project-level analysis of 
capital, operating, mainte- 
nance and administrative 
costs: 

- 	roadway capacity and flow - 	component costing or engineering cost analysis; 
changes i.e., applying unit costs to components (e.g., 

- signals, linear feet of curbing) 	and suimning 

- 	transit service changes - 	allocated cost models; i.e., changes procedures 4,5,6 
that allocate line item, marginal costs to supply 
measures such as vehicles,vehicle-hours and 

• vehicle-miles 

- 	component costing, applied to estimates of changes 4 
in driver requirements and/or other supply measures 

- 	new facilities, - 	analogy; adapt results reported for similar actions see Profile 
services or operating Sheets for 
policies references 

- 	all actions 	 - use escalation factors or indices to convert cost see TN #6 
estimates to constant dollars 

Project-level revenue 
estimation: 

- 	all actions 	 - direct calculation from fares and users by fare 
category 

"Ball-park" estimation of 	- analogy, compare with sumary statistics compiled 11,2,3 
capital, operating and from similar operations 
maintenance costs, or . 
validation of project 
estimates 

* For numbered references, refer to text section of Method Selection Aid #5. Tech. Notes cited may be found 
in the Notes on Selected Techniques Section. 

13 
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Method Selection Aid 6: 
Estimating Air Quality Impacts 

General 

Air quality impacts are difficult to 
estimate directly because they are affect-
ed by weather, wind patterns, structures, 
and nontransportation sources of pollut-
ants. Consequently, vehicular emissions 
or changes in emissions usually serve as 
surrogate measures in air quality evalua-
tions, with estimation limited to the 
three types that have the greatest impact 
on airquality: carbon monoxide, nitrogen 
oxides, and hydrocarbons. 

Conditions for E:stimation 

Estimates of changes in air pollutant 
emissions clearly are required if a TSM 
package is designed to address an air 

5
quality problem. Estimates also are 
esirable if (1) air quality is near or 
below standards and (2) a subarea, cor-
ridor or regional TSM package is likely to 
increase vehicular volumes or degrade 
traffic flow conditions on important road-
ways. Estimates also may be •desirable to 
show that a package conforms to regional 
air quality improvement objectives, but 
measures of improved traffic flow or 
decreased vehicular travel should be suf-
ficient in these cases. 

Estimation Procedures and TechniQues 

The basis for estimating changes in 
pollutant emissions is a model developed 
by. the USEPA (1). Other researchers have 
taken these relationships and prepared 
graphs, tables, and other simplified esti-
mation procedures; they also have been 
included in many network analysis and 
traffic flow simulation models. Some of 
these are cited in the Method Selection 
Table, but with the following caveat: 
they all depend heavily on assumptions 
regarding fleet mix (i.e., the composition 
of the current fleet in terms of vehicle 
size and year of manufacture). Vehicle 
sizes and emission rates have changed 
dramatically during the last decade and 
will continue to change; therefore, values 
estimated using those procedures should be 
used with caution. Estimates of percent-
age changes in emissions generally will be 
usable, but estimates of emission volumes 
or changes in volumes will be exaggerated 
unless they are updated. The FHWA has 
applied the basic EPA model over a range 
of analysis years and operating condi-
tions, and has produced a set of tables 
that can be applied to update emission 
estimates (2). The use of the tables is 
illustratedIn Tech. Note #9. 

USEPA, 	"User's Guide to MOBILE 2 
(Mobile Source Emissions Model)." 
Report No. EPA-460/3-81-006, NTIS No. 
PB81-205619, Ann Arbor, Mich. (Feb. 
1981) 420 pp. 

USDOT/FHWA, "Mobile Source Emission 
Factor Tables." Technical Advisory 
Memorandum T6640-1 (Nov. 16, 1978) 140 
pp. 

Dale, C.W., Procedure tin 
Hi9 	Use r Costs-L 	consupU3n 
and Air pollution. USD7FHWA, NTIS 
No. PB80-159957, (March 1980) 46 pp., 

Ismart, D., "Mobile Source Emissions 
and Energy Analysis at an Isolated 
Intersection." Transrtation Research 
Record._842, WashTgton, D.C. (1982) pp. 
5-10 

Barton-Aschman Assoc., "ESTOP Guide and 
Manual for Estimating Traffic Opera-
tions Benefits." Two volumes prepared 
for Illinois DOT (May 1981) 180 pp. 

Raus, J., A Method for Estimatin9 Fuel 
Con spt ion 
Urban Arterials and Networks. FHWA, 
Office of Research and Development, 
Report No. FHWA-TS-81-210 (April 1981) 
55 pp. 
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Method Selection Table  6: 

Air Quality Estimation 	 6. 
Scale and Type 	 Appropriate 	 References! 
of Analysis 	 Techniques 	 Tech. Notes* 

Spot or Segment Analysis 

Emissions at an inter-
section or along a road 
segment 

- test for problem devel- 	- apply graphs and equations to calculate percentage 	3,4,6 
oping as a result of 	changes resulting from increased volumes, idling, 
volume or service 	 or number of speed changes or stop cycles 
quality change 

- determine if proposed 	- estimate percentage change as above, and apply to 	 3,4,6 
actions will eliminate 	current meter readings to assess adequacy of 
local hot-spot 	 actions 

- 	apply graphs and equations to calculate changes in 3-6 
emissions; 
use tables to update estimates from 1975 (or other 2 
base year) See TN #9 

Subarea or Corridor Analysis 

Emissions along major 
roadways 

- 	test for a potential - 	apply graphs and equations to estimate percentage 3,4,6 
problem changes at intersections or segments where volumes 

or delays are expected to increase 

- 	examine estimates produced by a network analysis or see Travel 
simulation model Time table 

- 	estimate changes re- - 	apply manual methods in a series of spot and seg- 3-6 
sulting from proposed analyses 
actions 

- 	apply network analysis or simulation models see Travel 
Time table 

- 	in either case, update estimates to analysis year 2, 
see TN #9 

Total corridor or subarea 
emissions 

- 	estimate changes - 	apply computerized network models to obtain preli- see Travel 
resulting from proposed minary estimates; Time Table 
actions update estimates to analysis year 2, 

see TN #9 

* For numbered references, refer to text section of Method Selection Aid #6. Tech. Notes cited may be found 
in the Notes on Selected Techniques Section. 
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Method Selection Aid 7: 
Estimating Energy Use. 

General 

The energy consumed in providing 
transportation is one of the direct oper-
ating costs borne by the user or 
operator. In recent years, energy con-
sumption also has come to be viewed as a 
societal cost, with reductions in consump-
tion enhancing the, nation's independence, 
security, and economic health. 

Conditions for Estimation 

Changes in energy use need to be esti-
mated only when reduction is a primary 
objective of a TSM package or program. 
Estimates also may be desirable to show 
that a package conforms to state or na-
tional objectives, but direct measures 
such as reductions in idling, speed change 
cycles, or vehicle volumes should provide 
sufficient evidence. 

Estimation Procedures and Techniques 

The basic parameters affecting fuel 
consumption in a TSM analysis are the num-
ber of vehicles., travel distance, running 
speed, frequency of deceleration and 
acceleration, and idling time. Many simp-
lified techniques that include these para-
meters are available in the form of equa-
tions, graphs, and worksheets, and are 
cited in the following Method Selection 
Table. (Energy consumption equations also 
are incorporated in many of the models 
cited in the travel time methods table.) 
These methods all have the basic problem 
of the simplified air quality estimation 
techniques. They depend heavily on 
assumptions regarding the mix of vehicle 
weights and efficiencies, factors that 
have changed radically over the past de-
cade and continue to change. As a result, 
the techniques work best' in estimating 
percentage changes in enegy consumption; 
their unadjusted application to estimate 
use or savings will produce inflated 
values. Adjustment factors have been 
developed for updating estimates (5), and 
are reproduced in Tech. Note #8.  

Energy Use References 

AASHTO, A Manual on User Benefit 
Analysis of Highway and Bus-Transit 
Improvements. Washington, D.C. (1977) 
189 pp. 

Dale, C.W., Procedure for Estimating 
Highway User Costs, Fuel Consumption 
and Air Pollution. USDOT/FHWA, NTIS 
No. PB80-159957 (March 1980) 46 pp. 

Ismart, D., "Mobile Source Emissions 
and Energy Analysis at an Isolated 
Intersection." 	 Transportation 
Research Record 842, Washington, D.C. 
(1982) pp. 5-10 

Barton-Aschman Assoc., "ESTOP Guide 
and Manual for Estimating. Traffic 
Operations Benefits." Two volumes 
prepared for Illinois DOT (May 1981) 
180 pp. 

New York State DOT Transportation Data 
and Analysis Section, "Energy Impacts 
of Transportation Systems Management 
Actions." Prepared for USDOT/UMTA 
Report No. DOT-I-82-4, Albany, N.Y. 
(October 1981) 280 pp. 

Gilbert, K., "Transportation Systems 
Management: Handbook of Manual Tech- 
niques 	for 	Transit 	Strategies." 
Prepared for North Central Texas 
Council of Governments (1977) , distri-
buted by USDcIF/UMTA, Report No. TX-09-
0045-81-1 (1981) 200 pp. 

Raus, J., A Method for Estimating Fuel 
Consumption and Vehicle Emissions on 
Urban Arterials and Networks. FHWA, 
Office of Research and Development, 
Report No. FHWA-TS-81-210 (April 1981) 
55 pp. 
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Method Selection Table 7: 

Energy Use Estimation 7 
Scale and Type Appropriate References! 
of Analysis Techniques Tech. Notes* 

Spot or Segment Analysis 

Energy consumption at an 
intersection or along a 
road segment 

- 	estimate likely changes - 	apply graphs or worksheet to estimate effects of 1-5 
volume, speed or delay changes; 
update estimates to analysis year 1,2 

see TN #8 
Energy consumption along ' 
a transit route segment 

- 	estimate likely changes. - 	apply graph to estimate effects of speed changes 6 

Other Scales 

Vehicular energy con- 
sumption 

- 	estimate approximate - 	apply network or simulation models to obtain preli- see Travel 
changes minary estimates of change in energy use; Time tables 

update change to analysis year see TN #8 

- 	apply worksheets to estimate change in energy use; 5 
update to analysis year see TN #8 

* For numbered references, refer to text section of Method Selection Aid V. Tech. Notes cited may be found 
in the Notes on Selected Techniques Section. 
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NotesOn Selected Techniques 

The technical notes on the following 
pages present selected techniques that are 
generally not available to agencies but 
are useful in many aspects of TSM plan-
ning. They contain both common and inno-
vative methods for assessing key factors 
such as travel time, safety, and transit 
service needs. 

In most cases, example applications 
are presented that illustrate the use of 
the techniques in planning TSM projects. 
Numbers in these examples are intention-
ally presented with only 2 or 3 signifi-
cant digits (e.g., 2600 vs. 2582) because 
the simplified techniques and data used 
for analysis generally cannot support more 
detail. 

Notes are provided on the following 
techniques: 

Simplified Trip Distribution 
Critical Accident Rate Factor 
Speed-Volume Tables 
Transit Supply Estimation Proce-
dure 

S. Transit Service and Fare Elasti-
cities 
Inflation and Escalation Indices 
Accident Reduction Factors 
Fuel Consumption Adjustment Fac-
tors 
Emission Rate Adjustments 
Critical Lane Analysis 
Queue Length Analysis 



Tech. NOte 1 
Simplif led Trip Distribution 

Purpose 

Transportation planning for a central 
business district or other major activity 
center often requires estimation of trips 
to the center from outlying areas. These 
estimates readily can be made if the 
following information is available: 

Existingpopulation in outlyin 
district (e.g., inner suburbs o 
the eastern corridor). 

Estimated population in outlying 
district. 

Existing trips from each district 
into the region to the activity 
center. 

Estimated level of trips to acti-
vity center. 

The following simplified trip distri-
bution model can be used to estimate 
travel to the activity center (by district 
of origin): 

[Po  

op 
TRPb 

p
b 	i ? 

TRP = 	 -: -i TRP; (1-1) 

Pop 	

j 
' 	b h - TRP. 
4'Pop. 

3 	
3 

where 
TEP = number of trips from a district to the 

activity center 

POP = population of a district 

I = district of interest 

,- surrnnation over all outlying districts 
3 

b = base year conditions 

a = analysis year conditions (e.g., after 
growth and development have occurred) 

Examnle Annlication 

The following table shows existing 
travel from three districts to an activity 
center, the likely population changes in 
each 'district, and the expected changes in 
total trips to the center. Using the 
center trips as a "control," it is desired 
to find the future trips from each dis-
trict. 

Population ----- --Trips to Center--
District Existing Estimated Existing Estimated 

1 	10,000 	12,000 	5,000 	- 
2 	20,000 	22,000 	10,000 	- 
3 	12,000 	24,000 	7,000 	- 

Total 	42,000 	58,000 	22,000 	30,000 

The denominator of the distribution 
equation is calculated as: 

[12,000000 	7 122,000 	7 fi4,000
io(5000j +[?00oO(10o00)j+[200o(7o00)j 

= 6,000 + 11,000 + 14,000 = 31,000 

The trips from each district can then be 
calculated as follows: 

6,000 
District 1:31 ,000 x 30,000 = 5,800 

11,000 
District 2: 	 x 30,000 = 10,600 31,000 

14,000 
District 3:31 ,000 x 30,000 = 13,600 

143 
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Tech. Note.2: 
Critical Accident Rate Factor 

Purpose 

Traffic accidents are partially ran-
dom and (fortunately) uncommon occur-
rences; consequently, calculated rates 
based on a few accidents are a volatile 
measure of safety conditions on a road 
segment or intersection. The critical 
rate method deals with this problem by 
using the traffic volume on which the rate 
is based to determine if the rate is 
significantly higher than average for the 
type of facility. Most states compile 
accident statistics by facility type, 
which may be determined by factors such as 
traffic volume, traffic control, access 
control, number of lanes, development den-
sity, and functional class. 

The method is illustrated, in the 
following, using an urban arterial street 
segment that carries 15,400 vehicles per 
day. Over a 3-year period, 8 serious 
accidents (i.e., accidents resulting in 
death or injuries) and 15 other accidents 
have been reported along the 0.2-mile seg-
ment. The statewide average for similar 
facilities is 375 accidents per 100 mil-
lion vehicle-miles, of which 120 are seri-
ous. 

Example Application 

Step 1: Calculate Facility Accident 
Rate. The traffic volume on which a road 
segment accident rate is based usually is 
calculated in units of 100 million 
vehicle-miles (mvm), as follows: 

TB = YRS x AADT x DIST x 365 (days/year) 
100 million 	 (2-1) 

where 
TB = traffic base (100 mvm) 

YRS = number of years of accident data used in 
calculating the rate 

AADT = annualized average daily traffic 

DIST = segment distance (miles) 

The traffic base for the example segment 
is (3 x 15,400 x 0.2 x 365)1100 million = 
0.0337. For an intersection, the traffic 
base would be calculated in millions of 
entering vehicles. 

In calculating an accident rate for 
use as a performance measure, serious 
accidents often are given a higher weight 
than accidents that only result in pro-
perty damage. The historical rate for a 
facility is calculated as: 

PDAX + (WT x SAa) 
AR = 	

TB 	
(2-2) 

where 
AR = accident rate (per 100 mvm or per mev) 

PIIkCC = number of reported property damage 
accidents 

SAOC = number of reported serious accidents 

WT = weight applied to serious accidents 

Alternatively, separate rates may be 
calculated for the different types of 
accidents and compared to a critical rate 
for each type. 

Step 2: Calculate Critical Rate. The 
critical rate for a facility is calculated 
as: 

0.5 	[A 
CR = AVR + 	+ TF - 	(2-3) 

TB 	 TB 

where 

CR = critical rate (per 100 mvm or per mev) 

TF = test factor 

AVR = average accident rate for the type of 
facility 

If weights have been used to calculate 
the facility's accident rate, the same 
weights must be applied to the average 
rate being used for comparison. In the 
example, the statewide average is calcula-
ted as 255 + (3 x 120) = 615 (equivalent) 
accidents per 100 million vehicle-miles. 

The test factor establishes the sever-
ity of the statistical test on a faci-
lity's accident rate. A factor of 1.645, 
for example, is used if an agency wants 
to be 95 percent certain that the calcula-
ted accident rate indicates an unsafe con-
dition; commonly used factors are given in 
the following table: 

Confidence Level (%) 	 Test Factor 

50 	 0.0 
80 	 0.842 
90 	 1.282 
95 	 1.645 
98 	 2.054 

A 95 percent factor was applied in the 
example case, and a critical rate was cal-
culated as 615 + (0.5/0.0337) + 
1.645 -J615/0.0337 = 852. 

The ratio of the actual to critical 
rate of the facility measures the severity 
of the accident problem, with a ratio of 
1.0 or higher flagging a likely problem 
for more detailed examination. - The ratio 
for the example segment is 1160/852 = 1.4, 
indicating that a safety deficiency prob-
ably exists and that accident records 
should be examined to pinpoint specific 
causes. 

. References 

1. Homburger, W.S. (editor), Trans2or- 

book. Second Edition, Institute of 
Transportation Engineers, Prentice-
Hall Inc., Englewood Cliff, N.J. 
(1982) 880 pp. 
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Purpose 

There are many situations where it is 
desirable to quantify the travel time 
impacts of capacity changes along roadway 
segments. Examples are reversible lanes 
on a freeway or arterial street and 
contra-flow bus lanes. 

Speed-flow relationships provide a 
means by which the effects of these 
changes can be estimated. These relation-
ships can be used to estimate the changes 
in travel time resulting from expanding 
capacity, increasing vehicle occupancy, or 
reducing vehicle volumes. 

The following tables present speed-
volume relationships for freeways and 
arterial streets. The freeway table 
covers design speeds of 50, 60, and 70 
mph; the arterial table covers initial or 
free-flow speeds ranging from 12 to 40 mph. 

The values in the first columns are in 
equivalent passenger cars; an equivalency 
factor of 2.0 should be applied to trucks 
with 3 or more axles, and a factor of 1.6 
should be applied to buses in using the 
tables. 

A. 	Freeway.3, 

Equivalent 
Passenger 
Cars Volume! Travel time (minutes per mile) 
per Lane Capacity when design speed is: 
per Hour Ratio' 70 mph 60 mph 50 mph 

800 0.40 1.13 1.20 1.30 
900 0.45 1.13 1.21 1.33 

1000 0.50 1.13 1.22 1.36 
1100 0.55 1.13 1.23 1.39 
1200 0.60 1.13 1.25 1.42 
1300 0.65 1.14 1.29 1.46 
1400 0.70 1.15 1.30 1.50 
1500 0.75 1.18 1.33 1.58 
1600 0.80 1.22 1.39 1.67 
1700 0.85 1.26 1.46 1.76 
1800 0.90 1.35 1.58 1.86 
1900 0.95 1.50 1.71 2.00 
2000 1.00 2.00 2.00 2.00 

Source: derived from Reference 1. 

/ Capacity at level-of-service E. 

B. 	Arterial Street, 

Volutne/ Travel time (minutes per mile) 
Capacity when free-fla, speed is: 
Ratio 40 mph 30 mph 20 mph 15 mph 12 mph 

0.00 1.50 2.00 3.00 4.00 5.00 
0.10 1.52 2.03 3.03 4.04 5.04 
0.20 1.54 2.06 3.07 4.08 5.08 
0.30 1.56 2.10 3.12 4.14 5.14 
0.40 1.58 2.14 3.19 4.23 5.26 
0.50 1.62 2.18 3.26 4.32 5.40 
0.60 1.67 2.22 3.33 4.44 5.55 
0.70 1.82 2.40 3.57 4.72 5.82 
0.80 2.00 2.64 3.81 5.05 6.12 
0.90 2.61 3.25 4.62 4.61 5.71 
1.00 4.00 4.28 5.45 6.31 7.05 

Source: adapted from Reference 2, Figures 3-45, 
3-46, and 10-3. 

/ Capacity at level-of-service E. - 

Example Applications 

1. An 8-1ane urban freeway carries 
7,200 vehicles in the heavy direction and 
3,200 vehicles in the reverse direction 
during the peak-hour. A reverse flow 
operation is planned in which 6 lanes 
operate in the heavy direction and 2 in 
the off-peak direction. The savings in 
vehicle-delay can be determined as follows. 

Before ------- 
Heavy Dir. 	Light Dir. 

Vehicles 7200 3200 
Lanes 4 4 
Vehicles/Lane 1800 800 
Mm/Mile 1.35 1.13 
Veh. Mm. 9720 3620 

After -------- 
Heavy Dir. 	Light Dir. 

VehiOles 7200 3200 
Lanes 6 2 
Vehicles/Lane 1200 1600 
Mm/Mile 1.13 1.22 
Veh. Mm. 8140 3900 

Total vehicle-minutes (per mile) would 
decrease from 13,300 to 12,000, roughly a 
10 percent saving. 
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2. An urban arterial street has a 

peak-hour one-way volume of 1,200. The 
street is 50 feet wide and is currently 
striped for 4 lanes. Operating speeds are 
30 miles per hour and hourly capacity is 
estimated at 625 per lane. Restriping the 
street for five 10-foot lanes is planned 
with 3 lanes to be operated in the heavy 
direction. The savings in travel time can 
be determined as follows: 

Present Proposed 

Volume 1200 1200 

Lanes 2 3 

Capacity 1250 1875 

V/C ratio .96 .64 

Mm/mile 3.87 2.29 

Veh.-Min. 4640 2750 

The 	extra lane 	would reduce 	vehicle- 
minutes by approximately 40 percent. 

References 

Transportation 	Research 	Board, 
Interim Materials on Highway Capa-
city." Trans2ortation Research C-
cular 212 (Jan. 1980) 272 pp. 

Highway Research Board, 	"Highway 
Capacity Manual." 	ecialRert 
87, Washington, D.C. (1965) 397 pp. 
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Purpose 

A general procedure is presented for 
estimating: 	(1) the number of vehicles 
required to operate a transit route, and 
(2) other route supply measures commonly 
used for estimating operating costs. In 
cases where an existing route is being 
modified, direct measurements could be 
used instead of calculated values in some 
of the steps. Data collected on similar 
routes or route segments also could be 
used in estimating characteristics of new 
routes, allowing the detail of step 2 to 
be skipped. The general procedure as pre-
sented, however, provides a clear under-
standing of how many TSM actions might 
affect transit operating characteristics 
and supply. 

The example used to illustrate the 
procedure is a new 3½-mile radial route 
planned as part of a corridor route 
restructuring. The route is expected to 
carry 650 passengers during the 90-minute 
morning commuting peak, with 450 of these 
passengers traveling inbound to the CBD. 

Example Application 

Step 1: Set the Route's Service 
Frequency. Although extendable to the 
analysis of more complex operating plans, 
the procedure is presented for a single 
route where buses operate at a fixed head-
way (i.e., interval between buses, in 
minutes) during an operating or scheduling 
period (e.g., a.m. peak, and all buses 
travel the entire length of the route. 

On many routes, the headway is set by 
policy; for example, a transit agency may 
operate all local radial routes at 15-
minute (or shorter) headways during commu-
ting peaks, at 30-minute headways during 
midday and early evening periods, and at 
60-minute headways in the late evening. 
Crowding may occur, however, if higher 
volume routes are operated at policy head-
ways. Those routes normally operate at a 
load-based headway, calculated as follows: 

CAPY 

HDWY = DURAT x 

	

	 (4-1a) 
MiOD 

where 
HDWY = operating headway (in minutes) 

DURAT = duration of the operating or 
scheduling period (in minutes) 

CAPY = bus operating capacity or the 
allowable passenger volume on a bus, 
on average, during the operating 
period; for an express route, this 
would probably be the number of 
seats, while for a local route, some 
standees would be acceptable during 
peak periods 

MTXLOD = the total number of passengers 
crossing the peak load point in the 
peak flow direction during the 
operating period 

Many agencies prefer operating with clock-
face schedules, so the calculated headway 
might be rounded down to the nearest 
multiple of 5 or 10 minutes. This action, 
however, may increase the number of buses 
needed to operate the route. 

The route would be operated at the 
smaller of the policy and load-based head-
way values. Service frequency (FREQ, in 
buses per hour) is simply the inverse of 
the assigned headway: 

60 (min/hr) 

	

FREQ = 	 (4-1b) 
HDWY 

In the example, a load-based headway 
for the AM peak would be calculated using 
the number of passengers entering the CBD 
and a bus operating capacity of 60, as 
follows: 

HDWY = 90(60/450) = 12 mm 

This value is less than the policy headway 
of 15 mm, and, therefore, would be used 
as the operating headway during the 
morning peak. The service frequency would 
be 60/12 or 5 buses per hour. 

Step 2: Calculate Segment Operating 
Times. Transit routes typically operate 
over segments that have different right-
of-way, traffic, stop spacing and land-use 
characteristics. These factors all affect 
operating speed; thus, bus operating times 
are best estimated on a route segment 
basis, with each segment defined to have 
relatively uniform operating characteris-
tics. 

In the example, the route is divided 
into a 1½-mile segment on city streets 
near one- and two-family homes, a 1½-mile 
segment on city streets through higher 
residential density, and a ½-mile segment 
in the CBD. The inbound direction of the 
middle segment is used in the example cal-
culations. 

Segment operating time is best estima-
ted as the sum of three components: 

	

(1) running 	time 	including 	expected 
traffic delays; (2) passenger processing 
time, and (3) extra time at stops, includ-
ing time for acceleration and decelera-
tion. Average operating speeds (such as 
those presented at the end of this step) 
and direct time measurements, however, 
often can be used to obtain a good esti-
mate. For an existing route, changes in 
selected components on some segments can 
be estimated using the equations that 
follow, and used to adjust measured opera-
ting times. 
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The first component, running time, is 
simply: 

RUNTIM = ADJFAC x AU1DTM 	(4-2) 

where 

RUNTIM = bus running time (in minutes) 

AUTOPM = auto running time (in minutes) 

ADJFAC = adjustment factor to account for 
the slower acceleration or 
cruising speed of buses 

In many cases, a bus can keep up with 
traffic flow when not stopping to pick up 
or discharge passengers, and the adjust-
ment would be set to 1.0. On a multi-lane 
artery with frequent traffic signals, how-
ever, a heavily loaded bus may be delayed 
by slow acceleration, and the factor may 
be as high as 1.2. Auto travel time would 
reflect traffic conditions during the 
operating period being analyzed. For 
buses operating on a separate right-of- 
way, 	travel 	time 	under 	free-flow 
conditions would be used instead of auto 
travel time. During peak periods, segment 
running times should be calculated 
separately for each direction of the route. 

On the example segment, the auto 
travel time of 4.5 minutes (20 mph) is 
factored by 1.05, resulting in bus running 
time of 4.7 mm. 

Passengerprocessing time depends 
directly on the number of passengers 
boarded and discharged along the segment. 
The average passenger processing time on a 
single bus trip is calculated as follows: 

(BOARD x BRATE) + (ALIGHT x ARATE) 

PAXTIM = 	 (4-3) 

FREQ x DTJRAT 

where 

PAXTIM = passenger processing time (in 
minutes) 

BOARD = number of passengers boarding along 
the segment during the operating 
period 

ALIGHT = number of passengers alighting along 
the segment during the operating 
period 

BRATS = average boarding rate (in minutes) 

ARATE = average alighting rate (in minutes) 

Typical boarding/alighting rates, shown in 
the following table, can be used as guides 
in setting average rates for use in the 
equation. 

Boarding/Alighting 	 Average Time per 

Characteristics 	 Passenger (sec) 

Boarding with simple fare 2-3 
Boarding with zone fares or 

transfers 3-5 
Single door alighting 2 
Double door alighting 1½ 
Boarding/alighting with 

packages, strollers, canes, 
etc. 6 

Wheelchair boarding/alighting 60+ 

In the example segment, boarding and 
alighting rates of .3 and 2 seconds, 
respectively, were used in estimating pro-
cessing time, as follows: 

PAXTIM = (340 x 3 + 50 x 2)/(5 x 90) = 2.5 mm 

Extra time spent at bus stops on a 
segment is calculated using the following 
relationship: 

TPSTOP 
XTRTIM = NSTOP x PROBS x 	 (4-4) 

60 

where 
XTRTIM = extra time spent at bus stops (in 

minutes) 

NSTOP = number of bus stops located along 
the segment 

PBS = probability of stopping 

TPSTOP = average extra time per stop (in 
seconds) 

The probability of stopping can be 
obtained from the following curve: 

La 

0.8 
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Average Passengers per Stop 

The average number of passengers per stop 
(PAXPS), used in the curve, is calculated 
as: 

BOARD + ALIGHT 
PAXPS 
	

(4-5) 

NSTOP x FREQ x DURAT 

There are 9 stops along the example 
segment, so the average value per stop per 
bus is (390/9)/(S x 1.5) = 5.8 passengers, 
making the probablility of stopping about 
0.99. 
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The extra time per stop to allow for 
deceleration, acceleration, and opening 
and closing doors will vary with running 
speed. Assuming an acceleration rate of 
mph per second, the extra time per stop 
(in seconds) will be as follows: 

Running Speed (mph) 	Extra time per stop (sec) 

10 	 6-8 
15 	 7-9 
20 	 9-11 
30 	 12-14 
45 	 17-19 

Merging into the traffic stream may 
require another 3 to 6 seconds. Another 
delay sometimes associated with stops is 
dropping out of a signal progression, 
which may add between 5 and 15 seconds per 
stop. 

Approximately 12 seconds of extra time 
is needed for each stop along the example 
segment, so the total extra time along the 
segment is 9 x 0.99 x (15/60) = 1.8 
minutes. 

The segment operating time in the 
example (the sum of the three components) 
is 4.7 + 2.5 + 1.8 = 9.0 minutes, which 
represents an average operating speed of 
60 x 1.5/9.0 = 10.0 mph. This speed 
appears reasonable for an inbound, radial 
route during the morning peak. The 
following table provides a rough guide for 
making similar assessments on estimates 
for other types of segments. 

Average Operating 
Speed (mph) 

Type of Operation 	 Peak 	Off-Peak 

City local 	 5-15 	8-20 
Suburban local 	 10-25 	15-30 
Express with some freeway 

segments 	 15-30 	20-40 
Express on freeway 	 25-35 	34-4 

Average operating speeds for routes on 
local or arterial streets also can be 
obtained from the following table. 

Stops Average Operating Speed (mph) 
per - - - -Average Dwell Time per Stop - - - - - 
Mile 10 sec. 15 sec. 20 sec. 30 sec. 

1 30.5 29.3 28.2 26.1 
2 25.0 23.4 22.0 19.5 
3 21.0 19.4 17.9 15.6 
4 18.3 16.6 15.3 13.0 
5 16.0 14.4 13.1 11.1 
6 14.0 12.5 11.3 9.5 
7 12.8 11.4 10.3 8.6 
8 11.3 10.0 9.0 7.5 
9 10.0 8.9 8.0 6.7 
10 8.6 7.7 6.9 5.8 
12 7.3 6.5 6.4 5.3 

Source: Reference 2, based on a 3-mph per sec 
acceleration and deceleration rates and on 
times observed in the field. 

Step 3: Calculate Minimum Cycle 
Time. Cycle time is the time it takes a 
bus to travel the route in both directions 
and prepare to start a new run. In addi-
tion to round trip operating time, it 
includes any time required for driver 
breaks and slack time to allow for 
recovery from delays due to heavy traffic 
or high passenger volumes. 

CYCTIM = BRETIM + (1. + RFAC) x 	OPrIM1 	(4-6) 

where 
CYCTIM = minimum cycle time (in minutes) 

BRKTIM = time allowed for driver breaks at 
the end of a run (in minutes) 

RFAC = recovery factor to allow for longer 
than average running times 

OPTIM = operating time on segment j (in 
minutes) 

= RUNTIM + PAXTIM + XTRTIM 

= summation of operating times on all 

	

j 	segments in both directions of the 
route 

Break time is typically 1 or 2 minutes and 
may vary by the length of the route. The 
recovery factor need to achieve 90 percent 
schedule reliability can be selected using 
the following graph. The factor selected 
from the graph should be multiplied by 1.3 
if 95 percent reliability is desired. 

passenger and traffic congestion levels 

heavy 

moderate 

.2 

0 
	light 

.1 

0 	 5 	 10 	 15 	 20 

Route Iength (isilas) 

The minimum cycle time estimated for 
the example route is 2 + (1. + 0.25) x 
40.4 = 52.5 minutes. 
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Step 4: Calculate Fleet Required to 
Operate Route. The number of buses 
(FLEET) required to operate the route is 
calculated as: 

FLEET 

[ 

FREQ x CYCTIM 

60. 

where the calculated value of the expres-
sion enclosed in brackets is rounded up-
wards to an integer. 

The fleet required to operate the 
example route is calculated as 5 x 
52.5/60 or S buses. 

The slack capacity, resulting from the 
upwards rounding, can be used (1) to 
increase reliability (through extra lay-
over time) and service frequency or (2) to 
extend the route. The highest frequency 
(FREQM, in buses per hour) that could be 
operated with the calculated fleet size 
would be: 

FLEET x 60. 
FREQM = 

	

	 (4-7b) 
CYCTIM 

In the example, route, the service 
frequency could be increased from 5.0 to 
5.7 buses per hour. 

An upper limit on cycle time (ACYCTM, 
in minutes) can be calculated as follows: 

FLEET x 60. 
ACYCTM = 

	

	 (4-7c) 

FREO 

This value is 60 minutes for the 
example route, so (60-52.5)/1.25 or 6.0 
minutes could be added to the round-trip 
operating time without increasing fleet 
requirements or creating a schedule 
adherence problem. Assuming an average 
operating speed of 12 mph on the outer 
segment of the route, an extension of up 
to 0.6 miles would be possible. 

Step 5: Calculate Other Supply 
Measures. The number of vehicle-miles and 
vehicle-hours operated on the route during 
an operating period are factors commonly 
used in estimating costs. These factors 
are calculated as follows: 

VEMMIL = DURAT X FREQ X 	DTST 	(4-8a) 
J 

and 

The example route uses 1.5 x S x 7 = 
52.5 vehicle-miles and 1.5 x 5 = 7.5 
vehicle-hours during the AM peak operating 
period. 

Additional Examples 

To further demonstrate the procedure, 
assume the agency prefers clock face 
schedules and sets the headway at tO 
minutes in step 1, yielding a frequency of 
6 buses per hour. The only significant 
changes in operating time will be in 
passenger processing and the probability 
of stopping, because each bus trip pro-
cesses only 5/6 of passengers carried in 
the base case. The time savings, approxi-
mately 2 minutes per bus trip, will not be 
sufficient to avoid an increase in fleet 
on the route; the route will require 	6 x 
50.5/60 	or 6 buses. 

The agency also might consider 
installing signal preemption hardware on 
major CBD and city arteries to improve 
reliability and reduce operating costs. 
The action might save about 2 minutes of 
extra time at stops on the inner two seg-
ments of the example route, plus reduce 
the schedule recovery factor to 0.20. If 
operated at 12-minute headways, the route 
would then require only 5 x 47.5/60 or 4 
buses. 
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VEMHRS = DURAT x FLEET 
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where 
VEMMIL = vehicle-miles operated on the route 

VEHHRS = vehicle-hours operated on the route 

DIST = distance of segment j (in miles) 
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Purpose 

Transit service and fare changes may 
affect ridershiy and revenues, and elasti-
cities derived from similar changes pro-
vide a quick means of estimating ridership 
changes. In general, the estimates will 
be reliable for planning purposes if the 
proposed fare or service levels are within 
50 percent of existing conditions. 

. Example Application 

Step 1: Select or Derive Elasti-
Three forms of elasticity are 

reported in the literature, as follows: 

shrinkage ratio: 

Mb (V V) a -  b 
E = -x 	 (5-la) 
m Vb (Ma _ 

midpoint arc: 

(Mb + Ma) 	(V - Vb) 
E = 	 x 	 (5-1c) 

(V b  +V a) 	(Ma_%) 

where 

Em = elasticity of ridership with 
respect to service measure m 

Vb = ridership before the change 

Va = ridership after the change 

Mb = service level or fare before the 
change 

Ma  = service level or fare after the 
change 

The first of these forms, although simple 
to calculate and apply, produces values 
that are highly dependent on the "befo: e" 
values and the direction of change. The 
second and third forms produce elastici-
ties that are constant and presumably 
applicable over a greater range of condi-
tions and changes; the values they produce 
are similar and can be used interchange-
ably. The use of the midpoint and logari-
thmic forms are strongly recommended for 
this and other reasons (see References 1 
through 3). 

Other researchers have compiled the 
effects of transit service and fare 
changes, and derived elasticities from 
these observations. Elasticities drawn 
from References 1 and 2 are given in the 
tables below to illustrate the range and  

variability of observed and estimated 
ridership responses. The elasticities are 
based on fare and service levels, and 
changes in these levels, observed during 
the 1960's and 19701s, and should not be 
used to estimate responses to conditions 
that will vary radically from conditions 
typical of those decades. Mayworm (4), 
for example, discusses evidence that fare 
elasticities will become increasingly 
negative as fare levels and the importance 
of fare in a traveller's overall impedance 
(i.e., a weighted sum of fare and various 
travel time components) increases. 

TYPICAL SERVICE ELASTICITIES 

Characteristic"9' Elasticity"' * of Cases 
Vehicle-miles 
Systemwide +0.66 ± 0.26 6 
Systemwide, +0.78 ± 0.32 9 

Headway 
Peak -0.37 ± 0.19 3 
Off-peak -0.46 ± 0.26 9 
Weekends -0.38 ± 0.17 4 
Less than 10 minutes -0.22 ± 0.10 7 
More than 50 minutes -0.58 ± 0.19 10 

Total Travel Time 
Peak -1.03 ± 0.13 2 
All hours -0.92 ± 0.37 2 

In-vehicle Time 
Peak -0.29 ± 0.13 9 
Off-peak -0.83 1 
Peak -0.68 ± 0.32 7 
Non-work trip, -0.12 1 

Out-of-Vehicle Time 
All hours (bus and 
rapid rail) -0.59 ± 0.15 3 

Walk time 
Peak'.' -0.26 1 
Off-peak, -0.14 1 

Wait time 
Peak (bus and rapid 
rail) -0.20 ± 0.07 4 

Off-peak (bus and 
rapid rail)\, -0.21 1 

Transfer time 
Peak (bus and rapid 
rail)\, -0.40 ± 0.18 3 

Number of transfers 
Off-peak -0.59 1 

Source: References 1 and 2 

Bus only, unless otherwise noted. 

Mean value ± standard deviation, where 
available. 

2/ Elasticities are based on nonexperimental data, 
e.g., data that do not reflect an actual fare 
change. 
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5 
TYPICAL FARE ELP.STICITIES 

Characteristic a 	Elasticity b 	4 of Cases 

Fare 
Peak 	 -0.09 ± 0.04 	4 
Off-peak 	 -0.31 ± 0.16 	8 
All-hours C 	 -0.56 ± 0.28 	14 
Increase 	 -0.32 + 0.13 	19 
Decrease 	 -0.37 ± 0.11 	9 

D fare free 
zone 	 -0.52 ± 0.13 	3 

Senior citizen 
disunts 	 -0.27 ± 0.19 	12 

Source: References 1 and 2 
Bus only, unless otherwise noted. 

Mean value ± standard deviation, where available. 

9! Elasticities are based on nonexperimental data, 
e.g., data that do not reflect an actual fate 
change. 

Step 2: Apply Elasticities to Esti-
mate Ridership Changes. An elasticity is 
applied to estimate ridership using one of 
the following equations: 

any change: 	 E 

L 	

m 

V 

	

	V 	x 	a -1 	(5-2a) 
a b 

small changes: 

I 

	

b x {l + E x 	 - lii 
	

(5-2b) 
V a  =V 	 m 	

a 

As an example, the operator of a 
small city bus company that operates 7.8 
million bus-miles a year wants an estimate 
of the ridership increase that would 
result from a 10 percent increase in sys-
tem operations. The company currently 
carries 9.4 million passengers annually. 
The average observed vehicle-mile elasti-
city in the table is 0.66, which yields an 
estimated ridership of 10.0 million riders 
using either equation. The operator also 
wants a conservative estimate of revenues, 
e.g., an estimate that will be exceeded 80 
percent of the time. For this estimate, 
he reduces the mean elasticity by 0.842 
times the elasticity's standard deviation 
(see Tech. Note # 2 for adjustment or test 
factors). This elasticity, equal to 0.66 
- (0.842 x 0.26) or 044, yields an annual 
ridership estimate of 9.8 million.  
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Purpose 

Cost data for transportation opera-
tions and implemented actions often are 
not comparable because of regional and 
temporal differences in a dollar's pur-
chasing power, and must be adjusted to a 
common base for use in assessing proposed 
TSM actions. Models for estimating costs, 
trip-making, mode choice, and user bene-
fits also may not be reliable without 
adjusting their i.ncome or value-of-time 
coefficients to reflect current values. 
Indices that can be applied to make 
necessary 	adjustments 	are 	published 
regularly by the U.S. Department of Labor 
and other organizations; some of the more 
readily available and applicable indices 
are described below. 

Indices and Sources: 

Consumer Price Indices for All Tirban Consumers 

Source: cPI Detailed Report 
U.S. Department of Labor 
Bureau of Labor Statistics 
Washington, DC 20212 

(or from regional offices in Boston, New York, 
Philadelphia, Atlanta, Chicago, Kansas City, 
Dallas and San Franciso3) 

Publication Frequency: Monthly 

Geographic Categories: Indices are tabulated 
for (1) the nation, (2) selected major urban 
areas, (3) four city size classes, (4) four 
national regions, and (5) city size classes 
within each region. 

Indices: Expenditures are separated into 
eight major categories: (1) foo?  and 
beverages, (2) housing, (3) fuel and other 
utilities, (4) apparel and upkeep, 
(5) transportation, (6) medical care, 
(7) entertainment, and (8) other goods and 
services. 

Indices are published for each category as 
well as for total expenditures. The 
categories also are broken down into line 
items; the transportation items include: 
(1) fuel, (2) maintenance and repairs, and 
(3) public transportation. A second 
categorization divides total expenditures into 
(1) comnodities and (2) services, and the 
latter includes a transportation line item. 

Producer Price Indices 

Source: Producer Prices and Price Indices 

U.S. Department of Labor 
Bureau of Labor Statistics 
Washington, DC 20212 

Publication Frequency: Monthly 

Geographic Categories: Nationwide 

Indices: Producer price indices are provided 
for all standard comindity codes, and for 
specific products within most codes. 
Commodities ofinterest include: 

- Gasoline (0571) - separate indices are 
provided for regular, premium and unleaded, 
and for sales of each to retail outlets and 
to commercial consumers. 

- Diesel fuel (0573.03) - sales to commercial 
consumers only. 

- Automotive oil (0576.01) - sales to retail 
outlets and to commercial customers. 

- Tires (0712.01) - separate indices are 
provided for auto bias-ply, auto 
bias-belted, auto radial, and truck/bus 
tires. 

- Motor vehicles (1411.01) - separate indices 
are provided for autos, light trucks, and 
heavy trucks. 

- Motor vehicle parts (1412) - no breakdown. 

Recent issues also contain regional prices and 
price indices for the various gasoline and 
diesel fuel codes. 

Engineering News-Record Construction Cost 
Indices 

Source: Engineering News-Record 
McGraw-Hill Inc. 
1221 Avenue of the Americas 
New York, NY 10020 

Publication Frequency: Weekly (city indices 
and indices based on 1967 published monthly). 

Geographic Categories: Nationwide and for 22 
large cities. 

Indices: A composite construction cost index 
is provided, along with indices for materials, 
skill labor, and common labor components. 
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Tech. Note 7: 
Accident Reduction Factors 

. Purpose 

Low-cost roadway and traffic improve-
ments often are designed to alleviate 
safety problems, but the effectiveness of 
these actions is difficult to estimate. 
State DOT's have conducted some before/ 
after and other studies to obtain 
information on the effectiveness of 
different improvements, and these studies 
have been reviewed and compiled for the 
FHWA (1). Accident reduction factors 
reporte(r for common TSM improvements are 
summarized below. Some are based on only 
a few observations, and in several cases 
the researchers noted large variations in 
accident reductions. More importantly, 
the reductions reported for different 
actions are based on their implementation 
in different settings to solve different 
types of accident problems. Consequently, 
the values should be used as rough 
indicators of potential effectiveness, and 
not as the sole basis for evaluating and 
comparing the effectiveness of specific 
improvements. 

Example Applications 

Signal and channelization improve-
ments are being considered for an inter-
section that averages 10 accidents a year. 
The factors in the table for "new signals 
with chanmelization" and similar actions 
indicate that a range of acccident reduc-
tion from 20 percent to 30 percent should 
be expected. While seemingly low, these 
factors include an expected increase in 
rear-end accidents that will partially 
offset a decrease in turn-related acci-
dents. Other improvements that appear to 
be more effective in the table, such as 
raised barriers, are considered inappro-
priate for the (low) volumes and travel 
speeds and (balanced) traffic flows at the 
intersection being studied. 

A 	conditions 	analysis 	has 
determined that turning movements from a 
high-speed multi-lane artery into side 
streets, and vice versa, are the primary 
source of a high accident rate (1.0 per 
million vehicle-miles) along the artery. 
A median barrier with left-turn bays is 
proposed as a solution. The table shows 
accident reduction factors of 65-70 per-
cent for the, improvement, which indicates 
an "after" rate of 1.0 x (1 - 0.65) or 
0.35 accidents per million vehicle-miles. 
The statewide average for divided urban 
arteries, however, is 0.5 (per mvm), indi-
cating a reduction of only 50 percent is 
more realistic. 

APPROXIMATE AIDT REDUCTION FACTORS 

Percent 
Improvement Accident Source 

Reduction 

Traffic Signals 
- modified signals 6-10 2,4 
- new signals 15-29 3,4 
- new signals with 

channelization 20-27 4 

Channels (including 32 2 
left-turn bays) 

Left-Turn Channels at 
Signalized Intersection 

- left-turn phase 15-36 4 
- no left-turn phase 15 4 
- multi-lane urban 27 2 

Left Turn Channels at 
Unsignalized Intersection 
- curbs or raised bars 65-70 4 
- painted channels 15-30 4 
- 2-lane urban 19 2 
- multi-lane urban 6 2 

2-way Left-Turn Lane 10-30 5 

One-Way Streets 10-50 6 

Reversible Streets up to 30 5 

Reversible Lanes up to 10 5 

New Safety Lighting 
- at intersections 75$ 4 
- at underpasses 10$ 4 

Pavement Grooving 750 4 

/ Applies only to night accidents. 

/ Applies only to accidents on wet pavement. 
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Tech. Note 8: 
Fuel Consurrtion Adjustment Factors 

Purpose 

Many simplified techniques for esti-
mating auto fuel consumption are based on 
the fuel efficiency of the auto fleet in 
the early or mid-19701 s. Reductions in 
weight and . improvements in vehicle and 
engine design have reduced energy consump-
tion rates, and further reductions are 
expected. These reductions have not been 
uniform for all operating conditions; 
nonetheless, a simple factor can be 
applied to values obtained with simplified 
techniques to provide a rough estimate of 
a TSM action's likely effectiveness in 
reducing energy consumption. Adjustment 
factors developed in other NCHRP research 
(1) are shown below. 

Analysis Adjustment Analysis Adjustment 
Year Factor Year Factor 

1975 1.000 1988 0.592 
1976 0.980 1989 0.576 
1977 0.955 1990 0.565 
1978 0.931 1991 0.556 
1979 0.902 1992 0.550 
1980 0.871 1993 0.546 
1981 0.831 1994 0.542 
1982 0.791 1995 0.540 
1983 0.747 1996 0.540 
1984 0.748 1997 0.540 
1985 0.670 1998 0.538 
1986 0.638 1999 0.538 
1987 0.612 2000 0.538 

Example Application 

An analyst has applied one of the 
simplified fuel consumption estimation 
techniques in assessing a traffic signal 
and channelizatiOn improvement, and has 
estimated that the improvement will save 
20,000 gallons of gasoline per year. That 
estimate, however, is based on 1975 
operating conditions, and an average 
annual savings over the 5-year period of 
1984-1988 is needed for the assessment. 
An average factor of 0.65 for those years 
is obtained from the table, and applied to 
revise the estimated annual savings to 
13,000 gallons. 
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Tech. Note 9: 
Emission Rate Adjustments 	 9 

Purpose 	 • Example Application 

Many simplified techniques for esti-
mating auto emissions are based on the 
fuel efficiency and emission control tech-
nology of autos on the road in the early 
or mid-1970's. Major reductions in emis-
sion rates have been achieved since then 
and will continue as the auto fleet is 
replaced. The FHWA has applied EPA's 
basic emission model, and produced tables 
of estimated average emission rates for 
autos and light trucks that quantify 
changes expected over the period from 1975 
through 1999 (1). The tables provide 
rates for the following conditions: 

Operating speeds from 5 to 55 mph 
(in increments of 	mph). 

Ambient temperatures of 0, 20, 40, 
60 and 800F. 

Cold start operation of 0, 10, 20, 
30, 50 and 100 percent. 

The following graph shows values of 
expected auto carbon monoxide emission 
rates (at 60°F and 10 percent cold 
start) extracted from the tables. 

CARBON MONOXIDE EMISS ION RATES (At 60°F, 
10% cold start; source: reference 1.) 

Average Speed (miles per hour) 

An agency has estimated that a signal 
coordination project will produce the 30 
percent decrease in carbon monoxide emis-
sions necessary to correct a hot spot 

gartment 
ong an urban artery. New office and 

buildings, however, have been 
proposed for the corridor, and the agency 
has been asked to assess the impacts of 
these proposals. 

The signal coordination design was 
based on 1982 traffic and air quality 
data. The artery carried 10,000 vehicles 
per day in that year. The emission rate 
tables indicate a carbon monoxide rate of 
0.23 grams per vehicle-mile at 30 mph, the 
operating speed expected with the signal 
coordination in place, yielding CO emis-
sions of 2.3 kilograms per mile per day. 

The agency estimates that by 1986 the 
proposed development will increase traffic 
by 40 percent and degrade operating speed 
to 25 mph. The tables indicate a rate of 
0.16 grams per vehicle-mile under those 
conditions, producing CO emissions of 2.2 
kilograms per mile per day. In the near 
term, at least, a return of the air 
quality problem does not appear likely if 
the proposed development proceeds with the 
signal coordination project in place. 
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Tech. Note 10: 
Critical Lane Analysis 

Purpose 

Critical lane (or critical movement) 
analysis is used to assess the service 
level of a signalized intersection. It is 
based on lane configurations and use, 
traffic signal phasing, and the volume of 
through and turning traffic. The critical 
volumes are the largest per lane volumes 
(of conflicting flows) during each signal 
phase. The sun of these values is then 
compared to intersection capacity to 
assess level-of- service. 

Several variations of the technique 
are in use; some of these are described in 
the references provided at the end of this 
note. The variations reflect adjustments 
for factors such as (1) the maximum number 
of vehicles that can cross a point includ-
ing effects of signal cycle length; 
(2) weightings 	for 	lane 	distributions, 
traffic composition, and turning traffic, 
and (3) treatment of left-turns. 	Two 
basic methods of critical lane analysis 
are presented below. The first examines 
the processing rate of the intersection 
itself, while the second looks at the flow 
capacity of the approaches. 

Example Applications 

A. Processing Rate Method. 

A simplified worksheet version of the 
intersection processing rate method is 
presented and illustrated using an inter-
section in downtown Boston; the worksheet 
for the example is shown below. 

CRITIC1.L LANE WORKSHEET 

Step 1: Diagram lane usage. Hourly 
traffic volumes entering the intersection 
are distributed among lanes, with turning 
movements distinguished from through move-
ments. Fifteen-minute volumes also could 
be used. The lane use diagram prepared 
for the example intersection is shown in 
the lower left corner of the worksheet; 
the volumes are afternoon peak-hour move-
ments from counts taken in 1980. 

Step 2: Analyze each signal phase. 
The right-hand side of the worksheet is 
used for analysis. Phase diagrams are 
entered in the first column along with the 
green and yellow times of each phase. The 
lane movements occurring in each phase are 
shown in the second column, transferred 
directly from the overall intersection 
diagram prepared in step one. The third 
column is used for calculating the criti-
cal lane volume. In phase B of the 
example, the critical lane volume is 
simply the highest lane volume, i.e., the 
269 vehicles turning left. In phase A, 
southbound left turns cross oncoming traf-
fic, so the sun of these flows must be 
considered. The turning traffic also must 
be weighted to account for interference 
between the opposing flows, for it crosses 
two lanes of traffic and a moderately used 
crosswalk. A weighting factor of 1.3 was 
selected from the graph shown on the 
following page, and applied to produce the 
critical volume of 399 entered in the 
example worksheet. 

, 
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Source: derived from tables in Reference 2 

Step 3: Assess the intersection's 
capacity. The space at the bottom of the 
worksheet is used to calculate a volume! 
capacity 	(V/C) 	ratio 	for 	the 
intersection. First, the effective cycle 
length is calculated as the sum of all 
green and yellow times; the ratio (B) of 
effective to total cycle time is used to 
account of the fraction of time the sig-
nals are all red or in an all-pedestrian 
phase. 

Next, the service capacity (in vehi-
cles per hour) corresponding to level-of-
service B is read from the following table: 

---------Service Capacity-------- 
Cycle (corresponding to LOS-E)s.. 
Length (sec) 2 phase 3 phase 4 phase 

50 1,440 1,260 1,080 
55 1,470 1,310 1,150 
60 1,500 1,350 1,200 
65 1,520 1,380 1,250 
70 1,540 1,410 1,290 
80 1,580 1,460 1,350 
90 1,600 1,500 1,400 
100 1,620 1,530 1,440 
120 1,650 1,570 1,500 

./Based on 2-sec headways between cars and a 5-sec 
loss per phase. 

The "maximum" capacity read from the 
table can then be adjusted to other 
levels-of-service, as follows: 

A-60% 	 C-80% 
B-70% 	 D-90% 

In the example, the capacity for a 
90-second, 2-phase cycle was adjusted to 
level- of -service C to produce a capacity 
estimate of (0.8 x 1,600) = 1,280 vehicles 
per hour. This value is then multiplied 
by the cycle ratio, E. to produce an 
effective service capacity, F. In the 
example, the ratio was 1.0, so no further 
adjustment was made. 

Finally, the critical lane volumes are 
summed and divided by the effective capa-
city to produce a volume/capacity ratio 
corresponding to the desired level of 
service. In the example, the ratio is 
(399 + 269) / 1280 = 0.52, indicating that 
the intersection's capacity is sufficient 
to handle existing traffic at LOS C; a 
ratio greater than 1.0 would indicate a 
capacity deficiency. 
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B. Approach Lane Method. 	 2. Two-Way Streets, No Left Turns 

A critical lane analysis that uses 
total 	approach 	volumes 	(instead 	of 	 Phase A: EB, WB 
observed lane volumes) is shown below. In 	 Phase B: NB, SB 
this method, left-turn adjustment factors 
are used only in certain situations. 	 IV 

(.00vpk  
4 

The 	basic steps are similar to the 	 coo vpk 
worksheet approach: 	 200vpk 

q00  
Diagram peak-hour volumes 
and lane use. 

Analyze signal phasing. 

Compute critical lane volumes. 	 Approach Volumes: 

Assess level-of-service. 	 A: 900/2 = 450 
600/2 = 300 

Four examples of the approach are 
shown in the following diagrams; they 	 B: 500/1 = 500 
cover the following situations: 	 300/1 = 300 

One-way streets with no turns. 	 Critical Lane Volume: 

Two-way streets with no turns. 	 A+B: 450 + 500 = 950 

Two-way streets with potential 
left-turn lanes. 

Two-way streets with single lane 	 3. Protected Left-Turn Lanes 
approaches. 

k 
Phase A: EB, WB 

1. One-Way Streets 	 Phase B: NB, SB 

200 

Phase A: EB, WB 
Phase B: NB, SB 	 Mo 

FOO 
0 1200 

o00v1v 	

I 
1200'pk_____ 

I IF Approach Volumes: 

400/1 + 300 = 700 
500/1 + 100 = 600 

Approach Volumes: 
1,200/2 + 200 = 800 

1,000/2 = 500 	 1,000/2 + 400 = 900 

1,200/3 = 400 	 Critical Lane Volume: 

Critical Lane Volume: 	 A+B: 700 + 900 = 1,600 

A+B: 500 + 400 = 900 

Note: The analyses use flows that have 
been 	converted 	to 	passenger 
car-equivalents. 
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4. Shared Left-Turn Lanes 	 5. Shared Left-Turn Lanes 
(Single-Lane Approaches) 	 (Multi-Lane Approaches) 

I 	Phase A: EB, MB 	 Phase A: EB, MB 
I 	I Phase B: SB 

1 	

Phase B. NB, SB I 	Phase C: NB 

, 	3O 	
flo rv.iç 	co ilo LEFr iN 

,700 100 

Approach volumes: 	 Approach Volume and Signal Phasing: 

200 + 50 = 250 	 Left-Turn Adjustments: 

300 + 20 = 320 
B: 200 x 2.2 = 440 

500 	 300 X 2.5 = 750 

700 	 Approach Volumes: 

Critical Lane Volume: 	 A: 700/2 = 350 
500/2 = 250 

A+B+C: 320 + 500 + 700 = 1,520 
B: (900 + 440)/2 + 300 = 970 

The 	fifth 	example 	covers 	two-way, 	 (700 + 750)/2 + 200 = 925 

multi-lane streets without turn lanes. 	it 
is 	more 	complex, 	and 	requires 	the 	 Critical Lane Volume: 

weighting factors presented with the work- 
sheet approach. 	Step 3 (compute critical 	 A+B: 350 + 970 = 1,320 

turn volumes) is expanded as follows: 
Limiting Case (All left-turns 

	

3a. Obtain through-car equivalents for 	 in one lane, all through traffic 

left turns, 	 in the other): 

3h. Develop traffic flows in terms of 
through-car equivalents, and dis-
tribute equally by lane. 

Compute 	critical 	conflict 
volumes. (Note that the left- 
turns are added to the conflicting  

	

per-lane volumes resulting from 	 '00200 

step 3b.)  5,00 
7oo 

Compute 'limiting case' volumes. 	 300 100 
This limiting case assumes that 
all N-S left turns preempt a lane 
and that through N-S traffic is 

in 

limited to a single lane each way. 
This is the worst case, and it can 
never be exceeded by the value 
calculated in step 3c. 	Note that 	 Critical Lane Volume: 
it gives a critical lane volume of 

	

1,550 as compared to 1,250 in step 	 A+B: 350 + 970 = 1,320 
3c. 

The example is diagrammed below. 	 B: 900 + 300 = 1,200 
700 + 200 = 	900 

A+B: 350 + 1,200 = 1,550 
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Example 6 gives a suggested approach 

for the treatment of left turns on a 
single lane approach. It is based on some 
ongoing research that adds a portion of 
the through-movement to the left-turn flow 
in determining the critical volumes. More 
specifically, the critical lane (conflict) 
volumes represent the sum of (i) the left- 
turn 	volumes, 	(2) a 	portion 	of 	the 
through-movement that shares the lane with 
left-turns, and (3) the opposing through- 
movement. 	The 	proportions 	of 
through-vehicles that should be added are 
given in the following table: 

% of "K" values for different 
Traffic lengths of approaching platoons 

Turning Left (in vehicles per cycle) 
5 10 15 20 

1 .03 .05 .08 .09 
10 .25 .39 .50 .58 
20 .39 .58 .69 .76 
30 .53 .69 .78 .83 
40 .61 .76 .83 .87 
50 .67 .81 .87 .90 
60 .72 .84 .89 .92 

Source: Reference 4. 

The derivation of a critical lane 
volume, using steps similar to example 5, 
is shown below. 

6. Shared Left-Turn Lanes 
(Single Lane Approach, 
No Special Phasing) 

Phase A: EB, WB 
Phase B: NB, SB 

~Uv 

/IOLEFrPJPN 
oo 

NOL(Fr7  

Approach Volumes and Signal Phasing: 

"K" Factors: 

Critical Lane Volume: 

A+B: 400 + 1,140 = 1,540 

Limiting Case: 

B: 600 + 600 = 1,200 

A+B: 400 + 1,200 = 1,600 
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B(NB): 600 (veh/hr) 60 (cycles/hr) = 10 (veh/cycle) 
50% left turns 	 K = .81 

B(SB): 600/60 = 10 (veh/cycle) 
33% left turns 	 K = .72 

Approach Volumes: 

300/1 = 300 
800/2 = 400 

300 + (.81 x 300) + 600 = 1,140 
200 + (.72 x 400) + 600 = 1,090 
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. 	Purpose 

In situations where intersections are 
closely spaced, a capacity analysis often 
is not a true indicator of system perform-
ance. The close proximity of the inter-
sections coupled with the relatively high 
traffic volumes may create an interaction 
in which queues extend into or beyond up-
stream intersections, leading to increased 
delays and possibly to an interlock of the 
street grid or network often referred to 
as gridlock. Queue length analysis ampli-
fies values derived using the critical 
lane method of capacity analysis, provid-
ing an estimate of queue lengths forming 
at each intersection approach. When 
plotted on a map, problem areas and con-
flicts are clearly illustrated. 

The worksheet example presented in 
Tech. Note #10 (Critical Lane Analysis) is 
used to illustrate queue length analysis. 

. Example Application 

Step 1: Estimate Potential Queue 
Lengths. A conservative estimate of the 
length of the queue forming on each 
approach to a signalized intersection can 
be calculated using the following equation: 

25 	[Q + TF x-ji] 
queue length (ft) =

CLV 

CAP 
where 

MRQ = averagequeue forming during red phase 
ALV x R 

= 3600 

ALV = maximum approach lane volume (veh/hr 
weighted by critical lane factors) 

R = red phase length on the approach 
(sec/cycle) 

TF = test factor for desired confidence level 
(i.e., percent of time calculated queue 
length will not be exceeded) - see table 
in Tech. Note #2 for values. 

CLV = critical lane volume of the intersection 
during green phase for the approach 
(veh/hr) 

CP = intersection capacity at level-of-service 
E (veh/hr) 

The constants are an average storage 
requirement of 25 ft/veh and a conversion 
factor of 3,600 sec/hr. The use of criti-
cal lane weights in the ALV term reflects 
an effective increase in the red phase 
length for vehicles turning through 
opposing traffic flows, while their use in 
the CLV term reflects the reduced 
processing rate of the intersection. The 
denominator of the equation accounts for 

the possibility of queues not always 
clearing during green phases, while the TF 
term accounts for the variability in 
arrival rates. 

In the example used to illustrate the 
critical lane method, the queues on the 
three approaches are estimated (at an 80 
percent confidence level) as follows: 

NW approach: 

MRQ 
(141 x 1.3 + 10) x 	2.95 vehicles 

3600 

queue = 25 x [2.95 + .842 x-Ji] = 142 ft 

1 	
339 - 

1500 

SW approach: 
269 x 35 

MRQ = 	= 2.62 vehicles 
3600 

queue = 25 x 12.62 + .842 X_J] = 121 ft 

1 	
269 

1500 
 

SE approach: 
216 x 55 

MRQ = 	= 3.30 vehicles 
3600 

queue = 25 x [3.30 + .842 x.JD] = 156 ft 
1 	

339 

1500 
 

Step 2: Plot Queue Lengths. When 
plotted on an intersection diagram, shown 
below, the queues formed on the NW and SW 
approaches in the example clearly have the 
potential to interfere with upstream 
intersections. While an interference 
problem may not currently exist, the 
method shows that the operation of inter-
sections in the immediate vicinity must be 
carefully coordinated to avoid a problem. 

ue lengths exceeded 
only 20% of the time 
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This section contains additional in-
formation to assist agencies in planning 
and programming TSM actions. Notes on 
Evaluation and Packaging Techniques dis-
cuss various techniques that, although not 
recommended for general application, might 
prove useful in certain aspects of some 
agencies' strategic management or project  

planning activities. A short directory of 
TSM Information Sources also is provided; 
it contains a basic reference library for 
planners in smaller communities and a list 
of agency offices that distribute informa-
tion on TSM actions or simplified analysis 
and evaluation techniques. 

Notes on Evaluation and Packaging Techniques . . . . . . . . . . . . . . 166 

TSM Information Sources ........................178 
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Notes On Evaluation and Packaging Techniques 

The research that led to this manual 
included a review of several problem 
assessment, 	project 	packaging, 	and 
priority setting techniques. Although 
none of those reviewed could be recom-
mended for rigorous application in evalua-
ting TSM actions or in developing TSM pro-
grams, several might prove useful to some 
agencies in performing aspects of their 
strategic management or project planning. 
Consequently, the following notes from the 
review are included in this handbook: 

Problem Assessment Techniques 
Project Packaging Techniques 
Benefit/Cost and Cost/Effectiveness 
Analysis 
Program Development Techniques 
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. Description 

Over the past 30 years, many transpor-
tation agencies, have developed or adopted 
procedures that systematically assess the 
condition of their facilities and services 
and identify those in need of correction 
or improvement. These procedures are 
generally called sufficiency, deficiency, 
or performance ratings, and are applied 
either as part of special studies or in 
conjunction with periodic or ongoing 
reviews such as highway inventories, need 
studies, and transit route performance 
evaluations. Recent publicationsby the 
Transportation Research Board (1, 2, 3) 
discuss these procedures and provide 
references to examples of their develop-
ment and application. 

Streets and highways typically are 
rated using a variety of factors for which 
national, state, or local design or per-
formance standards have been set. The 
following types of factors are in common 
use: 

Geometric and alignment character-
istics (e.jvement widtl1, laile 
width, and horizontal and vertical 
curvature). 

Physical condition (e.g., damage 
and wear on structures, roadbed, 
pavement, and curbs). 

Signing (e.g., signal and sign 
design and placement, and striping 
design and condition). 

Safety (e.g., accidents and acci-
dent rates, warning devices, and 
guardrails or other protection). 

Service quality (e.g., operating 
speed, delays, and volume/capacity 
ratios). 

Most of these factors are assessed using 
simple 	three- to ten-value (numeric or 
verbali scales defined in manuals or in-
struction books, with a city, county, or 
state engineer entering the ratings on a 
field inventory form. Others, such as 
volume/capacity ratios, are derived from 
field data using simple procedures or 
worksheets, or calculated by computerized 
inventory processing programs. 

The ratings may be used separately, 
but most often are combined using weights 
to obtain categorical or overall adequacy 
ratings. Georgia (4). for example, calcu-
lates combined ,hysical, operational 
(i.e., geometrics, service, and traffic 
volume) and safety deficiency ratings for 
all facilities, while AASHTO (5) has 
developed 	composite 	(1) structural 
adequacy and safety and (2) serviceability 

and functional obsolescence ratings for 
assessing bridges. Thiers, Hoel, and 
Detorre (6) used geometric and physical 
condition factors to develop component 
ratings for "cartways," curbs, and side-
walks in an assessment of urban streets, 
then weighted the component measures to 
produce a combined rating for each 
street. The components and weights used 
in the Georgia ratings are shown below as 
an example of this approach. 

GEORGIA DEFICIENCY RATINGS 

Ratings and Component Factors 	 Weight 

Physical deficiency 
Structural condition 	 .25 
Structural adequacy 	 .25 
Pavement condition 	 .25 
Pavement adequacy 	 .25 

Operational deficiency 
Traffic volume 	 .28 
Volume/capacity ratio 	 .22 
Speed and delay 	 .30 
Roadway alignment and geometric 	.20 

Safety deficiency 
Accident experience 	 .34 
Accident potential 	 .34 
Roadway alignment and geometric 	.32 

Source: (I) 

Other types of factors have been 
developed and included in categorical or 
overall adequacy ratings when those 
ratings have been used to methodically 
rank or assign priorities to problems. 
These factors can be categorized as: 

Networkimptance (e.g., func- 
tiöWãl 	cTlassification, 	traffic 
volumes, service and geometric com-
parisons with connecting and alter-
nate roads, and use by emergency 
vehicles, heavy trucks, or school 
buses). 

Institutional or community (e.g., 
source of problem TdiiTfTfTcation or 
request for action, and number of 
complaints). 

The Georgia formula (4), for example uses 
both categories, and the AASHTO lridge 
sufficiency rating (5) includes an 
"essentiality for publicise" component. 

Categorical or overall ratings can be 
useful, because they summarize detailed 
measures and help officials digest and 
compare reports for scores or hundreds of 
facilities. The process of aggregation, 
however, obscures information that may be 
valuable in making good decisions. In a 
test of urban street ratings in Phoenix, 
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for example, Hall and Hixon (7) examined 
differences between professionil judgment 
and formula ratings incorporatinggeome-
tric, physical condition, safety and ser-
vice quality factors. In many of these 
cases, a committed or recently completed 
improvement on a parallel facility was the 
reason for the assignment of a lower 
priority by agency officials, because they 
viewed the problem as partially or fully 
resolved. Another situation producing 
large rating differences was the existence 
of a severe safety or structural defi-
ciency on an otherwise adequate facility. 
The professional engineers generally would 
assign a higher priority to that situation 
than the formula rating, where the weights 
effectively hid the problem. 

Weighting schemes have other prob-
lems. A consistent set of components and 
weights are hard to develop, for many 
deficiency factors are related and thus 
difficult to separate. In the Georgia 
ratings, for example, volume/capacity and 
speed/delay factors both are used in 
developing an operational deficiency 
rating, even though they essentially are 
different measures of the same problem. 
The weights also are hard to publicly 
defend, and tend to become obsolete as the 
public's priorities change. For example, 
physical condition and safety factors 
would increase in importance in a period 
of fiscal austerity, while service quality 
factors would decrease. These limitations 
are particularly acute in short-range 
planning where problems are immediate and 
readily observable by the public, and can 
assume an importance quite different from 
their professional assessment. 

Similar factors have been developed by 
transit operators (and other agencies) to 
assess the performance of individual 
transit routes against regional or state 
standards or warrants; the factors most 
commonly used measure: 

Productivity 	(of 	drivers 	or 
vehicles, e.g., passenger-miles or 
passengers boarded per vehicle-
mile,per vehicle-hour or per 
driver-hour). 

Service quality (e.g., percentage or 
vehicle trips dispatched on 

schedule, percentage of trips 
arriving on schedule, percentage of 
passenger-miles spent standing, and 
peak and base frequency). 

Cost recovery (e.g., percentage of 
operating costs covered by farebox 
revenues). 

San Diego Transit (8), for example, 
uses the following thfee measures to 
evaluate routes in each operating period 
(e.g., a.m. peak):  

Passengers per bus hour. 

Operating ratio (i.e., revenues per 
dollar of operating costs). 

Maximum load factors (i.e., passen-
gers per seat at the peak direc-
tional load point). 

These measures can he used individually to 
identify problem routes, or can be com-
bined to provide an overall measure of a 
route's adequacy. Adding productivity and 
cost-recovery factors, however, verges on 
double counting, for these measures are 
highly correlated. 

Equivalent measures also are used to 
assess system-wide performance, with total 
employees and vehicles also used as the 
denominators of productivity measures. 
Additional measures, such as coverage 
(e.g., percentage of area residents living 
within a half-mile of bus routes or 
arterial highways) and average speed also 
are used to assess system-wide service 
quality. A report by Attanucci and others 
(9) tabulates the performance measures 
used by 71 transit operators, as well as 
the data collection procedures and evalua-
tion criteria used in developing and 
applying the measures. Wilson and 
Gonzalez (10) describe the use of perform-
ance measures in identifying opportunities 
for 	improved 	service 	quality 	and 

efficiency, as well as to identify prob-
lems. 
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E/P Note 2 
Project Packaging Techniques 

Description 

The packaging of TSM actions is an 
integral part of several strategic manage-
ment and project planning activities, 
starting with problem assessment and pro-
ject scoping and ending with the recommen-
dation and scheduling of (staged) imple-
mentation. All four project planning 
phases described in Chapter Three may in-
volve packaging decisions. The literature 
related to packaging covers some but not 
all of these activities. 

Remak and Rosenbloom (1) have identi-
fied some conceptual packages of TSM 
actions for reducing congestion in central 
business districts and other areas; these 
would be useful in identifying candidate 
actions for possible inclusion in initial 
design options. The Action Identification 
Tables expand on this and similar efforts, 
and identify the actions that might be 
packaged as part of (alternative) initial 
solutions for several typical problems. 

Case studies of corridor and subarea 
packaging have been published that illus-
trate the candidate projects, the final 
recommendation, and some of the procedures 
used in developing the packages. Proce-
dures described in these studies range 
from professional judgment to network 
simulation. 

Corridor studies in Portland (2) and 
Dayton (3) provide examples of the 
successfuf application of professional 
judgment to package projects in corridors 
and subareas. In both cases, interagency 
task forces worked together to assemble 
mutually supportive projects that were in 
scale with identified problems and avail-
able resources. Performance and cost 
estimates prepared for individual projects 
were used in developing the packages, but 
no attempt was made to quantify any 
synergistic effects. The Portland study 
also illustrates the grouping of problems 
into corridors and subareas for common 
resolution. 

Analytical techniques such as cost-
effectiveness and benefit- cost analysis 
could be applied to help package TSM 
actions by examining the incremental con-
tribution of individual actions to the 
effectiveness of the overall package. 
While no examples of their rigorous use 
have been identified, techniques using 
their principles have been developed and 
applied. In a study of TSM actions to 
encourage the development of Santa 
Barbara's CBD while avoiding increased 
traffic, Larwin and Stuart (4) rated each 
proposed action against 13 objectives 
using a scale of 1 to S and used the 
resulting objective-achievement matrix as 
a basis for preparing a recommended plan. 
A more quantitative approach was used by 
the North Central Texas Council of Govern-
ments (NCTCOG) in an analysis of highway 
geometric and signalization improvements 
in a suburb between Dallas and Ft. Worth  

(5). A network-based model was used to 
ientify travel deficiencies in direc-
tional movements through the subarea, and 
to analyze the effectiveness of alterna-
tive actions in reducing travel times. In 
preparing an energy contingency plan for 
greater Cleveland, Voorhees (6) used cal-
culated estimates of the enerjr savings of 
individual actions to develop packages 
designed to produce different levels of 
regional energy reduction. 

In all these examples, a consistent 
evaluation using quantitative and qualita-
tive factors was applied with a knowledge 
of the problem setting to produce logical 
combinations of actions. The packaging 
process, however, is presented almost as a 
small-scale programming of individual in-
tersection, road-segment transit route and 
other actions.. What is lacking is a clear 
presentation of coordinated design deci-
sions made to solve related problems. 

On a small scale, design coordination 
is obvious to most agencies. The combina-
tion of (1)park/ride lots and express bus 
routes, or (2) parking restrictions near 
intersections with new turn lanes are 
examples. Less obvious are some larger 
packages that have been given names such 
as transit malls and auto-restricted zones 
(ARZ's) and treated as single actions in 
the literature. The Boston ARZ is ,a good 
example of a coordinated package of park-
ing restrictions, pedestrian-only streets, 
intersection realignments and signaliza-
tion changes, revised one-way street pat-
terns, and bus route modifications care-
fully designed using an iterative process 
to meet a variety of site-specific objec-
tives (7). 
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E/P Note 3: 
Cost-Effectiveness and Benefit/Cost Analysis 

Description 

Cost-effectiveness and benefit/cost 
analysis are techniques for making quanti-
tative comparisons among projects. They 
can be applied in project planning to com-
pare and evaluate alternative designs, or 
in program development to allocate funds 
among projects at different sites. The 
key features, strengths, and weaknesses of 
these techniques are discussed below. 

Cost/effectiveness 	analysis 	uses 
ratios of individual effectiveness or per-
formance measures to costs to evaluate and 
compare projects; examples are accidents 
eliminated per dollar invested and hours 
of delay saved per dollar invested. Its 
strength is that it can be used with any 
evaluation and performance measures that 
can be quantified and presented in a form 
where higher values or scores connote bet-
ter investments. Its weakness is that 
different factors cannot be combined; 
separate comparisons must be made for each 
measure of interest, rather than a single 
comparison that takes all important 
measures into account. 

Benefit/cost analysis provides the 
means of combining and weighing different 
types of measures through the assignment 
of monetary values (e.g., value of time 
savings and value of avoiding an injury). 
It also deals with the diverse timing of 
the various costs and "benefits" through 
the use of a discount rate, which is used 
to convert all future values of costs and 
benefits to comparable "present values." 
(A discount rate is essentially equivalent 
to an interest rate, but measures the 
relative social importance of current ver-
sus future benefits as well as the time 
value of money.) Summary measures pro-
duced from these present values are the 
primary evaluation measures used in a 
benefit/cost analysis. The net present 
value, the arithmetic difference between 
present values of total benefits and capi-
tal costs, measures the net benefit to the 
public of implementing a project alterna-
tive. The benefit/cost ratio, the 
quotient of the present values of total 
benefits and capital costs, measures the 
rate (i.e., benefits per dollar invested) 
at which benefits accrue. The measures 
are useful both in the analysis of 
alternative improvements at individual 
sites and in the development of investment 
programs. 

The weakness of benefit/cost analysis 
is that it is limited to measures to which 
dollar values can be assigned; these typi-
cally include user time and cost savings, 
accident reductions, changes in mainten-
ance and operating costs, and implementa-
tion costs. Consequently, benefit/cost 
often must be supplemented by assessments 
of nonquantifiable measures. In addition,  

analyses using different sets of monetary 
factors (such as discount rates and values 
of lives saved) often are necessary 
because a consensus on their values is 
difficult to reach. In using benefit/cost 
analysis to help prepare a 6-year highway 
program, for example, the Wisconsin DOT 
developed 	candidate 	programs 	that 
emphasized different objectives (e.g., 
safety improvements vs. travel time 
savings) and used consistency of inclusion 
in these candidate programs as a criteria 
for selecting projects (2). 

The use of benefit/cost analysis in 
project planning and program development 
is illustrated below. Most of the discus-
sion of these examples also would apply to 
cost-effectiveness analysis; the major 
exceptions are that no significance can be 
attached to a ratio being greater than or 
less than one, and there is no equivalent 
to "net present value." 

Project Planning Application 

Six alternative packages for improving 
capacity and traffic flow along an 
arterial corridor have been developed, and 
are being evaluated as part of Phase 3 of 
project planning. The performance of each 
alternative has been estimated using cur-
rent traffic volumes, and using volumes 
forecast in 10 years. Aggregate benefits 
have been calculated for each by comparing 
their performance with the continued 
operation of unimproved streets and 
applying the following factors to the 
estimated differences: 

$4.00 per hour saved by auto 
drivers and passengers. 

$10.00 per hour saved by commercial 
vehicles. 

$30,000 per reduced serious acci-
dent. 

$800 per reduced minor accident. 

$1.00 per gallon of fuel saved. 

Reductions in facilty operating and main-
tenance costs also were included in the 
benefit measure, with an increase in these 
costs considered as a negative benefit. A 
discount rate of 7 percent (exclusive of 
inflation) was applied to convert future 
benefits to present values. 

The benefits calculated for the 
alternatives can be plotted against their 
capital costs, as shown in the graph 
below. The graph also displays the other 
major economic measures calculated for 
each alternative. The benefit/cost ratio 
of each alternative is the slope of the 
line connecting the origin (which repre-
sents the "no-build") and the dot depict-
ing the benefits and costs of the alterma- 
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tive; the net present value is the verti-
cal distance between the alternative's dot 
and the dashed line labelled B/C=l (which 
shows where benefits equal costs). 

All six alternatives meet the primary 
test of a benefit/cost analysis, i.e., 
their benefits exceed their costs. Other 
ways of expressing this test are "a bene-
fit/cost ratio greater than 1.0" and "a 
positive net present value." 

The comparison of alternatives and the 
recommendation of a few to consider during 
priority programming require a more 
detailed examination of benefits and 
costs. This is most easily done in an 
iterative procedure in which funds are 
successively "committed" to the study area 
or project site as long as (1) at least a 
dollar in benefits is derived from each 
dollar invested and (2) funds are avail-
able to make the investment. in each pass 
through the procedure, the objective, from 
an economic perspective, is to achieve 
greatest henefiL from each dollar invested. 

The procedure starts with the no-
build, which cost nothing and yields no 

COMPARISON OF ALTERNATIVE PACKAGES 

benefits. The highest return attainable 
at the site, as shown in the graph on the 
preceding page, is the implementation of 
Alternative 2, which returns benefits at 
the rate of nearly 4:1. Alternative 1, 
which yields benefits at less than half 
this rate, would be discarded unless an 
agency expected that the funds required to 
implement Alternative 2 would not be 
available. If funding beyond the cost of 
Alternative 2 is expected, the procedure 
continues as long as additional investment 
is worthwhile. In the example, the addi-
tional cost of constructing Alternatfe 4 
instead of Alternative 2 is $230,000. 
This investment will produce an additional 
$300,000 in benefits, which accrue at the 
rate of $1.29 for each dollar invested 
beyond the $490,000 needed to construct 
Alternative 2. This incremental henefit/ 
cost ratio of 1.29, not the total ratio of 
3.0, indicates that Alternative 4 is a 
good investment. Similarly, an incremen-
tal benefit/cost ratio of. 1.26 can be cal-
culated for the additional investment 
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3 
necessary to implement Alternative 5, in-
dicating that funds beyond the $720,000 
required for Alternative 4 can be benefi-
cially invested at the site. 

Additional investments beyond the 
amount needed to build Alternative 5, how-
ever, do not produce sufficient additional 
benefits to cover the additional costs. 
Therefore, Alternative 6 is not a good 
investment, in spite of its total 
benefit/cost ratio of 1.9. (Note that if 
Alternative 6 was analyzed in isolation, 
i.e., with no consideration given to the 
lower-cost alternatives, it would have 
appeared to be a worthwhile investment. 
Thus, the examination of a range of 
alternatives is essential to a sound bene-
fit/cost analysis.) 

In summary, every dollar invested up 
to the $1.34 million necessary to build 
Alternative 5 increases the difference 
between total benefits and total costs 
(i.e., the net present value) at the 
site. Beyond $1.34 million, the net pre-
sent value declines. In the absence of 
any budgetary constraints, the best 
alternative to implement is the one which 
produces the highest net present value. 

If there are funding limitations, the 
best investment at a site will depend on 
the costs, net present values, and incre-
mental benefit/cost ratios of alternative 
projects at all sites competing for the 
limited funds. In general, the choice at 
the application site would be among the 
no-build and Alternatives 2, 4, and 5, 
because the others produce inferior 
returns on investment. As an example, if 
all program funds could be invested to 
produce benefits at rates of at least 3:1 
as a result of attractive projects at 
other sites, Alternative 2 would be the 
alternative to implement at the applica-
tion site. 

Program Development Application 

A simplified application of benefit/ 
cost in developing an investment program 
is shown in the following example, where 
alternative packages have been developed 
in four corridor and subarea studies. The 
graphs shown below plot the benefits and 
costs of the alternatives at each site, 
and indicate the alternative which pro-
duces the maximum net present value at 
each. In the absence of any budgetary 
constraints, the best program will consist 
of these alternatives (i.e., projects lC, 
2B, 3, and 4A); it will cost $4.5 million 
and produce $7.9 million in benefits. 

If fewer funds are available, an 
iterative procedure similar to the one 
used in project planning can be used to 
select projects for the program. (This 
procedure will not always produce the 
mathematically optimal investment program 
guaranteed by more expensive procedures 
such as dynamic or integer linear program-
ming, because it does not try different 

PROJECT ALTERNATIVES AT 4 SITES 
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3 
PGRt DEVELOPMENT USING BENEFIT/COST 

TOTAL BUDGET = $2.5 million 

Step 	Choice Additional Program Cumulative 
Cost 	Ben 	B/C Cost 	Ben 	B/C 

1 1A 0.5 1.5 3.0 1A 0.5 1.5 3.0 
2 2A 0.5 1.4 2.8 1A, 2A 1.0 2.9 2.9 

3 lB 0.5 1.0 2.0 1B, 	2A 1.5 3.9 2.9 
4 4A 1.0 1.5 1.5 1B, 2A, 4A 2.5 5.4 2.2 

combinations of projects in an attempt to 
use every dollar in a budget. Given typi-
cal unceftainties regarding program bud-
gets and project costs and benefits, this 
shortcoming is of little concern.) 

The following table shows the use of 
the procedure in selecting projects for a 
$2.5 million program. In each step, the 
investment is selected which produces the 
highest incremental benefit/cost ratio. 
Note that, in step 3, additional funds are 
invested in site 1 even though two sites 
as yet have received none. The final pro-
gram, consisting of alternatives 1B, 2A, 
and 4A, costs the available $2.5 million 
and produces $5.4 million in benefits; its 
net present value of $2.9 million cannot 
be exceeded by investing the $2.5 million 
in any other manner at the four sites. if 
only $1 million of funds were available, 
the program would consist of alternatives 
1A and ZA, as shown above the dotted line 
in the diagram. 

A variant of the procedure can be used 
if an agency wants to spend at least a 
minimum amount in each jurisdiction or to 
take matching funds in different state and 
federal funding programs. The procedure 
would be applied once to projects that 
helped meet one or more unmet objective, 
and a second time to allocate any remain-
ing funds among all projects. In the 
example, if an agency wanted to spend at 
least $.S million in a program area 
covered only by project 3, it would select 
that project in the first pass. The $1.5 
million remaining in the budget would be 
allocated in the second pass, and projects 
lB and 2A would be selected.  
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E/P Note 4: 
Program Development Techniques 

Description 

A review of priority programming 
methods found few techniques that deal 
with TSM-type improvements, and most of 
those were sufficiency ratings or exten-
sions called "priority arraying" that in-
corporate network importance, public 
costs, user benefits, and/or social and 
environmental factors (i 2). In many 
cases, however, the sufficiency or defi-
ciency ratings dominate the overall 
scores, so the extensions contribute 
little to programming decisions. In the 
rating formulas developed for the Georgia 
DOT (3), for example, the deficiency 
ratings accounted for over four-fifths of 
the point scores assigned to lower cost 
improvement categories such as "safety 
improvements" and "traffic engineering 
improvements." 	Programming 	decisions 
could effectively be made during problem 
assessment. In practice, the ratings did 
not work well for the categories that con-
tain TSM projects. The ratings are now 
used only for ranking new construction and 
major improvement projects. 

Priority arraying has other problems 
that tend to limit its applicability to 
TSM programming. It can only be applied 
to projects that repair or replace a piece 
of the existing system, and it is weak in 
handling projects designed to correct 
multiple deficiencies as well as in dis-
tinguishing among alternative approaches 
to correcting one or more deficiencies. 

Another major category of programmin 
techniques uses benefit/cost or cost 
effectiveness measures (see E/P Note 3) to 
select projects and packages for inclusion 
in implementation programs. These tech-
niques typically use savings in travel 
time, user costs, accidents, and operator 
costs 	as 	benefit 	or 	effectiveness 
measures. The most soph.isticated of these 
techniques: 	the 	Highway 	Investment 
Analysis Package (HIAP, 4) and the Ontario 
Priority Programming System (PPS, 5) also 
allow factors such as regional equity and 
multiple funding sources to be considered 
in developing programs, so they could be 
adapted to assist in the preparation of 
TSM programs. Although HIAP and PPS con-
tain techniques for estimating 'the bene-
fits of some types of minor highway 
improvements, their use to date has been 
inprogramming major highway improvements 
(5, 6). The AASHTO "red book" (7) 
descrfbes procedures for estimating tIre 
user travel time, cost and accident bene-
fits, maintenance and operating cost 
changes, and capital costs of bus transit 
and other types of low-cost highway 
improvements, and those techniques could 
be used to expand the applicability of the 
benefit/cost or cost/effectiveness pro-
gramming models. The effectiveness of 
diverse TSM measures, however, are diffi-
cult to compare and quantify, so many of 
the problems encountered in priority 
arraying preclude the rigorous application 

of these techniques (i.e., their use with 
the exclusion of professional judgment). 

Two recent statewide programming 
efforts illustrate how diverse formal 
techniques can be combined with profes-
sional judgment and qualitative assessment 
to develop investment programs that 
receive general acceptance. In preparing 
a six-year highway improvement program for 
Wisconsin (6, 8), transportation depart-
ment staff used benefit-cost and cost- 
effectiveness 	techniques 	to 	develop 
"candidate" programs that clearly identi-
fied the consequences of different program 
objectives (e.g. safety vs. travel tine 
savings), funding levels and allocation 
policies (e.g. urban vs. rural). The 
selection of specific projects for inclu-
sion in the recommended program was based 
on the consistency of a project's selec-
tion in the candidate programs weighed 
against other criteria such as deficiency 
summaries, 	scheduling 	constraints, 
environmental, community and network con-
tinuity factors. 

Pennsylvania (9) recently initiated a 
special program to make better use of 
federal highway funds. The program was 
targeted at low-cost highway projects that 
reduced congestion delays, accidents and 
energy consumption. 	After experi encing 
difficulties in selecting projects sub-
mitted by county agencies in the first 
year of the program, state officials 
established evaluation criteria (e.g., a 
minimum benefit-cost ratio, a minimum 
federal participation rate, and a minimum 
daily traffic level) that would apply to 
all projects and distributed a set of 
standard techniques for estimating the 
corresponding evaluation measures. As a 
result of the standards, the programming 
task was simplified to the selection of 
the best 50 percent of submitted projects 
from the selection of the best S percent a 
year earlier. 
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TSM Information Sources 

This section contains a basic reference 
library for planners in small urban areas, 
and a list of agency offices that distri-
bute information on TSM actions and 
analysis methods. 

The references in the basic library are 
keyed to the following categories: 

- General 
- Traffic and Parking 
- Transit/Paratransit 
- Commuter Ridesharing 
- Elderly and Handicapped 

Transportati on 
- Pedestrian 
- Goods Movement 

The primary agency sources for up-to-
date TSM information include: 

- Federal Agencies 
- Institutions 
- Nonprofit Organizations 
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General 

1. Barton-Aschman Assoc., Inc., Traveler 
Reonse to Transportation System 
Changes. 	Second Edition, prepared for 
r.EDcYr/FHWA, Office of Highway Planning, 
Contract No. DOT-FH-11-9579 (July 1981) 
400 pp. 

Levinson,H.S. and Weant, R.A., ed., 
Urban Transportation Perspectives and 
Prospects. Eno Foundation for Trans-
portation, Westport, Conn., (1982). 

Levinson, 	H.S., 	Characteristics 	of 
Urban Transportation Demand - A Hand-
book forTransportation Planners. 
Wilbur Smith & Assoc., USDOI'/U!TrA Re-
port No. UMTA IT-06-0049-78-1 (April 
1978) 

- 

Roark, J.J., "Experiences in Transpor-
tation System Management." NCHRP 
Synthesis of Highway Practice 81, 
Washington, D.C. (1981) 88 pp. 

Sanders, D.B. et al., Characteristics 
of Urban Transportation Demand -A 
Handbook for Transportation Planners. 
DeLeuw Cather &Co./Rock Creek Assoc., 
USDcYr/UMTA Report No. UNTA IT-06-0049-
78-1 (July 1977) 

Sosslau, A.B., et al., "Quick Response 
Urban Travel Estimation Techniques and 
Transferable 	Parameters: 	User's 
Guide." NCHRP Report No. 187, Washing-
ton DC (1978) 229 pp. 

Spanovich, Columbia Region Assoc. of 
Govts., Transportation System Manage- 
ment 	Prototype 	Planning 	Study: 
Portland (OR). USDcYP/UMI'A Report No. 
UNTA-IT-09-0068-79-1 (Nov. 1979) 

Urbitran Assoc., Inc., Transportation 
Systems Management Implementation and 
Impacts, Final Report. USDCYr/UNTA Re-
port 

e
port No. DOr-I-82-49 (March 1982) 

Traffic and Parking 

Box, 	P.C., 	and 	Oppenlander, 	J.C., 
Manual of Traffic Engineering Studies. 
Fourth Edition, Institute of Transpor-
tation Engineers, Arlington, Va. (1976) 

Engineering Experiment Station, Ohio 
University, "Developnent of Guidelines 
for the Application of Continuous Two-
Way Left-'rurn Median Lanes." NTIS No. 
PB-247-300 (July 1975) 105 pp. 

Hanburger, W.S. ed., Transportation and 
Traffic Engineering Handbook. Second 
Edition, Institute of Transportation 
Engineers, Prentice-Hall Inc., Engle-
wood Cliffs, N.J. (1982) 880 pp. 

Institute of Transportation Engineers, 
Guidelines for Urban Street Design. 
Washington D.C. (1979) 150 pp. 

DiRenzo, J.F., et al., "Study of Park-
ing Management Tactics," Volume 2: 
Overview and Case Studies. Peat, Mar-
wick, Mitchell and Co., Report No. 
DcYr-FH-11-9537 (June 1981) 

Smith, D.T., and Appleyard, P., Improv-
ing the Residential Street Environ-
ment. DeLeuw, Cather & Co., USDcYr/FHk 
Report FHWA-RD-81-031-. 

*
Transportation Research Board, "Interim 
Materials on Highway Capacity." Trans- 
mortation 	Research 	Circular 	212, 
Washington, D.C. (Jan. 1980) 272 pp. 

Wagner-McGee 	Associates, 	Traffic 
Control System Improvements: Impacts 
and Costs. Prepared for USDGr/FH 
(March 1980) 

Transit/Paratransit 

Billheimer, J.W., et al., Paratransit 
Handbook, A Guide to Paratransit Imple-
mentation. USDOr/ISC, Reports No. 
UNTA-t@-06-0054-79-1 and -2 (Jan. 1979) 
830 pp. 

Fleishman D., et al., General Canmunity 
Paratransit Services in Urban Areas. 
ultiplications ;  Inc., UNTA Office of 

Policy Research Report No. DOI'-I-82-15, 
(Jan. 1982) , 106 pp. 

Gilbert, K., Transportation System Man-
aqement: Handbook of Manual Analysis 
Techniques 	for 	Transit 	S trategi es. 
A.M. Voorhees & Assoc., USDOT/UNTA Re-
port No. TX-09-0045-81-1 (1981) 200 pp. 

Levinson, H.S., "Bus Route and Schedule 
Planning Guidelines." 'NCHRP Synthesis 
of Highway Practice 69, Washington, 
D.C. (May 1980) 100 pp. 

Levinson, H.S., W.F. Hoey and C.L. 
Adams, "Bus Use of Highways - Planning 
and Design Guidelines." NGIRP Report 
155, Washington, D.C. (1975) 160 pp. 

Mayworm, P., Lago, A., McEnroe, J.M., 
Patronage Impacts of Chanqes in Transit 
Fares and Services. Ecosanetrics Inc., 
Bethesda, Md., UNTA Report RR135-1 
(Sept. 1980) 250 pp. 

The NcHRP, FHWA, TFa Canmittee on High-
way Capacity, and others are conducting 
research to develop a new Highway Capa-
city Manual. NCHRP Research Results 
Digest 140 (February 1983) contains a 
status report and references to TRB Cir-
cular 212 and other draft material. 
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Transit/Paratransit (continued) 

Public 	Technology, 	Inc., 	Transit 
Actions - Techniques for Improving Pro- 
ductivity and Performance. 	Washing- 
ton, D.C., (Oct. 1979). 

Smerk, G., and Gerty, R.B., ed., Mass 
Transit Management: A Handbook For 
Small Cities. Second Edition. Four 
volumes, IN 09 8002 Q003 8004 (Revised 
1980) 

Vuchic, V.R., et al., Transit Operating 
Manual. Prepared for PennDOT, Harris-
burg, Pa. (1976) 

Commuter Ridesharing 

Jacobson, J.O., University of Washing-
ton, Employer Vanpool Programs: Fac-
tors in Their Success or Failure. Pre-
pared for USDOT/FHWA, Report No. UMTA-
WA-11-0005-78-3, NTIS 4JPB-276955 (June 
1977) 85 pp. 

Misch, M.R., et al., "Guidelines for 
Using Vanpools and Carpools as a TSM 
Technique." NCHRP Research Report 241, 
Washington, D.C. (Dec. 1981) 155 pp. 

Multisystems and Skidmore, Owings, and 
Merrill, Ridesharing Implementation 
Guide. USDOT/FHWA Contract No. DTFH61-
80-C-00182 (1981) 150 pp. 

Elderly and Handicapped Transportation 

Applied Resource Integration, 	Ltd., 
Guidelines for Coordinated Aciencv 
Transportation Service. Prepared for 
OHES/HEW under Contract No. HEW-105-
76-7402 (April 1980) 

Burkhardt, 	J. 	et 	al., 	Coordinated 
Transportation Demonstration Results. 
OHES/HEW Report No. HEW- 105 -7 6-7 40 4 
(Feb. 1980) 140 pp. plus appendices. 

Fleishman, D., et al., Paratransit Ser-
vices for the Transportation Handicap-
ped. Multiplications, Inc., UNTA Of-
fice of Policy Research, Report No. 
Dr-I-82-18 (April 1982) 90 pp. 

Proceedings of the Sixth and Seventh 
Annual Conference on Transporation for 
the Elderly and Handicapped, Transpor-
tation for the E2.der1v and Handicapped 
- Program and Problems. 	Vol ume 1 
(December 1978) 145 pp.  Volume 2 
(February 1981) 193 pp. Available 
through the Technology Sharing Office, 
Transportation Systems Center USDOT. 

Pedestri ans 

American Public Works Assoc., "Planning 
and Construction of Municipal Malls 
APWA Special Report 46, 2SBN-0-917084-
34-9 (July 1979) 

Brombilla, R. and Longo, G., A Handbook 
,for Pedestrian Action. Prepared for' 
USHUD by Institute for Environmental 
Action, Columbia University. (1977) 150 
pp. Available from the US Superinten-
dent of Documents, Stock No. 023-000-
00373-2. Canpanion document by the 
same authors is Banning the 'Car Down-
town - Selected American Cities (Stock 
No., 023-000-00375-9), 150 pp. 

Transportation Research Board, "Interim 
Materials on Highway Capacity." Trans-
portation Research Circular 212 (Jan. 
1980) 272 pp. 

Goods Movement 

1. Christiansen, D.L., Urban Transrta-
tion Planning for' Goods and Services - 
A Reference Guide. Prepared for FHWA 
by Texas Transportation Institute, Col-
lege Station, Texas (June 1979). 
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U.S. Department of Transportation 

. Office of the Secretar 

Office of Technology 
and Planning Assistance 

400 Seventh Street, S.W. 
Washington, DC 20590 
(202) 426-4208 

Research and Special Programs 
Administration 

Technology Sharing Office 
Transportation Systems Center 
(Code 151) 

Cambridge, MA 02142 
(617) 494-2486 

Microcomputers in Transportation 
Planning, Users' Group 

Transportation Systems Center, 
DTS-62 

Cambridge, MA 02142 
(617) 494-2247 

. Federal Highway Administration 

- 	Office of Highway Planning 
400 Seventh Street, S.W. 
Washington, DC 20590 

Urban Transportation Planning 
and Management Division 

(202) 426-0166 
Transportation Management 
Ridesharing Programs Branch 

(202) 426-0210 
Technical Support Branch 
(202) 426-0182 

- 	Office of Traffic Operations 
400 Seventh Street, S.W. 
Washington, DC 20590 

Traffic Control Systems Division 
(202) 426-0411 
Traffic Engineering Division 
(202) 426-1993 

Urban Mass Transportation 
Administration 

- 	Office of Methods and Support 
400 Seventh Street, S.W. 
Washington, DC 20590 

Methods Division 
(202) 426-9271 
Analysis Division 
(202) 426-9267 

Urban Mass Transportation 
Administration (cont'd.) 

UTPS Support Center 
COMSIS Corporation 
11501. Georgia Avenue 
Wheaton, MD 20902 
(800) 638-8747 
(301) 933-9211 

Office of Service and Management 
Demonstration 

400 Seventh Street, S.W. 
Washington, DC 20590 

Traffic Services Division 
(202) 426-4948 
Management Division 
(202) 426-9274 

Other Organizations 

Public Technology Inc. 
1140 Connecticut Avenue, N.W. 
Washington,. DC 20036 
(202) 626-2400 

American Public Transit Association 
1225 Connecticut Avenue, N.W. 
Washington, DC 20036 
(202) 828-2800 

Transportation Research Board 
National Research Council 
2101 Constitution Avenue 
Washington, DC 20418 
(202) 334-2933 

Transportation Industry 
Microcomputer Exchange 

Rensselaer Polytechnic Institute 
Civil Engineering, Room 4049 
Troy NY. 12181 
(518) 457-1283 

Institute of Transportation Engineers 
525 School St. SW 
Suite 410 
Washington, DC 
(202) 554-8050 



NOTES 



183 

PART III 
APPLICA TIONS 

Case studies are presented that illus-
trate adaptation of the framework presen-
ted in Part I to specific planning situa-
tions. Although different approaches and 
methods are used in the studies they show 
(to varying degrees) the key ?eatures of 
the framework: 

An emphasis on problem and site 
assessment. 

A problem-solving approach to analy-
sis and design. 

Use of estimation techniques to pre-
pare information for decisions. 

Selective use of evaluation criteria 
and measures. 

Clear presentation of findings and 
recommendations. 

Case Study 2 is a strategic planning 
study. The others primarily are project 
planning studies, although Case Study 6 
contains strategic planning elements, and 
are presented using the four-phase process 
described in Part I, Chapter Three. 

LiSbon St. Corridor (in Part I) .................... 25 

St. Louis Regional Transit Assessment . . . . . . . . . . . . . . . . . 184 

Canmunity Transit in Alton, Illinois .................189 

White Plains CBD Study ........................195 

Route 7 Corridor ........................... 200 

Connecticut Park and Ride Lots .................... 206 

References (Part 3) ............................ 209 
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Case Study 2: 
St. Louis Regional Transit Assessment 

Purpose: This study illustrates the 
use of strategic planning in an urban area 
faced with problems in financing public 
transit operations. Alternative service 
policy options are examined and used to 
set general, but realistic, guidelines for 
transit service planning. 

Background 

Uncertainty in the availability of 
federal operating assistance, combined 
with controversy over transit quality, 
cost, and funding in the St. Louis region, 
prompted the East-West Gateway Coordinat-
ing Council (EWGCC, the region's MPO) to 

ESTIMATING FISCAL RESOURCES AND REQUIREMENTS 

Proposed 	reductions 	in 	federal 
operating subsidies and continued reliance 
on economy-sensitive sales taxes as a 
basis for state and local subsidies 
threatened to produce operating deficits 
that would force Bi-State to make major 
service reductions and/or' significant fare 
increases. To quantify the prospective 
fiscal problem, expenses and revenues were 
projected over a S-year period. Expense 
forecasts were based on a continuation of  

examine regional public transportation 
policies. A two-phase study was commis-
sioned that involved EWGCC, Bi-State 
Development Agency (the transit operator), 
and a consultant. The first phase was an 
overall evaluation of transit service in 
the region that identified problem areas 
and opportunities for improvement, while 
the second phase focused on alternative 
service and financial strategies. The 
study was designed to assist local govern-
ment leaders and the Bi-State board and 
management in developing a cohesive 
regional service strategy to meet the 
region's near-term service needs within 
available resources. 

Bi-State's current service levels and cur-
rent wage, fringe benefit and pension pro-
visions. Farebox revenues, which account 
for less than 30 percent of total 
revenues, were extrapolated. Different 
levels of federal support and sales tax 
revenue were projected and used to develop 
the optimistic, likely, and pessimistic 
forecasts shown below. The expanding gap 
between expenses and revenues showed that 
the agency and region faced a serious fis-
cal problem. 

EXPENSE AND 	 $ Millions 
REVUE FORECASTS 

110 

erating Expenses 

Optxnistic Revenue 

Likely Revenue 

Pessimistic Revenue 
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An aggregate analysis of existing tran-
sit service was conducted to assess over-
all service adequacy and equity. For the 
analysis, the region was divided into 18 
districts as shown below. The assessment 
was based on differences between four 
groups of districts, and on differences 
within each group; the groups are as fol-
lows: 

r .,i-. -t 

City of St. Louis 
	

2,3,4,5 
Inner St. Louis County 
	

6,7,8,9 
Outer St. Louis County 
	

10,12,13,14 
Illinois Counties 
	

15,16,17,18 

DISTRICTS DEFINED FOR SERVICE 
ADEQUACY ASSESSMENT 

Three sets of measures were developed 
for each district. The first set were 
indicators of service "need": 

- Combined population and employment 
density 

- Percent of residents in low-income 
households 

- Percent of residents in auto-less 
households 

- Percent of residents under 16 or 
over 65 

- Percent of residents in minority 
groups 

The last four need indicators also were 
combined into a transit dependency score. 

The second group measured the quantity 
and quality of service provided in each 
district; the measures included: 

- vehicle-hours (total and per capita) 
- vehicle-miles (total and per capita) 
- route-miles (total and density) 
- travel time to CBD (peak) 
- average peak speed (local and 

express) 
- average headway (peak and off-peak) 
- average vehicle load (peak) 
- number of bus trips to major 

destinations (peak) 
- coverage (% of population within 

1/4-mile of route) 
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The third group measured the use of exist-
ing service in each district; the measures 
included: 

- boardings per vehicle-hour (peak and 
off-peak) 

- boardings per capita (peak and 
off-peak) 

Selected measures are shown in the 
following table. 

The assessment highlighted some in- 
equities 	and 	inefficiencies 	in 	the 
region's transit service. Productivity 
outside of the city and district 16 was 
found low, particularly during peak 
periods, while coverage in those areas 
appeared high in comparison to measures of 
market density and need. Some realloca-
tion of service within the city also 
appeared warranted, with district 2, for 
example, gaining service. 

SELECTED DGRAPHIC AND SERVICE MEASURES 

Service 
Market 	Dependency Service 	 Productivity/ 

District 	Density - 	scoreb, 	Density/ Coverage4 AM Peak Midday 

2 20.0 4.9 .20 100 140 52 
3 33.7 5.9 .24 100 74 66 
4 57.5 4.1 .14 100 53 39 
5 24.4 2.7 .21 100 50 38 

6 12.0 1.2 .12 80 18 20 
7 12.2 1.6 .15 84 19 16 
8 16.0 2.5 .14 93 19 19 
9 12.7 1.9 .11 73 17 21 

10 8.9 1.1 .02 50 17 4 
12 10.4 1.0 .03 47 1 3 
13 5.7 1.1 .03 37 11 13 
14 6.9 1.1 .01 17 14 9 

15 13.9 2.3 .09 79 2 4 
16 12.2 5.4 .16 88 89 89 
17 9.1 1.8 .04 41 26 20 
18 10.2 1.5 .04 59 14 23 

a/ Population plus employment per developed acre. 

/ Based on percent of population who are without autos, under 16, over 65, 
poor, or nonwhite (included for consiste1cy with UMPA's nondiscrimination 
requirements). 

/ Weekly vehicle-miles per potential user (population plus employment). 

d/ Percent of population within 1/4-mile of a route. 

!/ Boardings per vehicle-hour on local service. 
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Some basic options for reducing the 
forecast deficit were examined to provide 
agency service planners with effectiveness 
indicators for use in developing route and 
corridor-level modifications. The follow-
ing options were examined: 

Reduce hours of operation - end 
service at 8 pm on weekdays, shorten 
weekend service to a 9 am - 6 pm 
period, and possibly eliminate Sun-
day service. 

Reduce service frequency - reduce 
peak frequencies on routes operating 
at 10 minute headways or less and 
carrying maximum loads of under 60 
passengers per bus trip. 

Reduce coverage by consolidatinR 
routes - reduce route-miles in dis-
tricts with higher route densities 
than typically operated in districts 
with similar population densities. 

Drop or replace service - discon-
tinue routes operating with a pro-
ductivity below 20 passengers per 
vehicle hour during the peaks, or 
replace them with community-based 
transit or paratransit service. 

Increase fares - increase base fares 
by 5 to 7 percent, with correspond-
ing increases in special fares. 

Where appropriate, changes in vehicle-
miles, vehicle-hours, and number of buses 
were estimated, and a simple cost model 
developed by Bi-state was applied to 
translate these supply changes into 
changes in operating costs. Elasticities 
and other simple procedures were applied 
to estimate changes in ridership and 
revenues. 

To illustrate, the analysis of reduced 
service frequency was conducted on a 
route-by-route 	basis. 	Peak 	loads, 
obtained from ride counts, were examined 
on all routes operated at 10-minute head-
ways or less during peak commuting 
periods. Frequencies on these routes were 
reduced as long as the average passenger 
load per bus remained below 60. Conserva-
tive estimates of driver savings were 
made, and a simple cost model was applied 
to convert driver and vehicle reductions 
into cost savings. A headway elasticity 
of -0.25 was applied to estimate decreases 
in ridership that might result from head-
way reductions. A detailed table of the 
service frequency analysis is shown below; 
a summary table is shown on the following 
page. 

. 

S 

S 

POTENTIAL TRIPS SAVED ON MAJOR LOCAL TDUTES--P .M. 

Route 3-3:30 pm 3:30-4 pm 4-4:30 pm 4:30-5 pm 5-5:30 pm 5:30-6 pm Estimated 
No. Route Name Trips Load Trips Load Trips Load Trips Load Trips Load Trips Load Trips Saved 

3018 Taylor 1 58.0 3 37.0 3 30.3 2 33.0 2 31.0 2 14.5 2 
3020 Cherokee 3 39.0 2 22.5 3 36.0 1 38.0 3 36.3 1 23.0 2 
3030 Cass 3 16.3 3 29.3 2 33.0 2 43.5 3 28.3 3 35.7 3 
3032 Weliston 2 26.0 3 28.0 2 34.0 4 27.0 3 26.3 3 31.0 4 

3041 Lee 3 28.3 2 50.0 3 35.7 2 45.0 2 42.5 2 27.5 2 
3070 Grand 2 34.0 4 43.0 3 49.7 4 40.5 2 40.5 3 41.7 2 
3090 Hampton 2 60.5 3 36.0 1 50.0 3 45.3 1 36.0 1 27.0 1 
3091 Olive 3 31.7 2 44.5 2 28.0 3 33.7 2 22.0 3 15.3 3 

3093 Liridell 2 31.0 2 45.5 3 32.0 2 44.5 3 42.0 2 25.0 2 
3094 Page 3 29.0 2 45.5 3 43.3 3 38.3 3 43.0 3 32.3 3 
3095 Kings Hwy 7 64.8 7 68.0 4 47.7 5 53.2 4 38.7 - -- 1 
3097 Deimar-Forsy. 3 26.3 2 38.5 3 30.3 2 45.0 3 35.3 1 28.0 3 

3104 Natural Srdg. 3 21.3 3 25.3 2 46.5 3 39.7 2 41.5 3 41.3 4 
3530 McKinley Brdg. 1 28.0 2 28.5 2 43.5 3 27.3 3 37.0 1, 34.0 2 
3360 Belleville-St. L. 	3 34.7 2 32.0 3 49.0 4 44.7 4 33.7 2 41.5 3 
3702 Rosemont 3 23.7 2 38.6 3 31.3 2 49.5 2 32.5 2 21.0 2 

39 



RESULTS OF REDUCED SERVICE FREQUENCY IiNALYSIS 

	

Runs 	Peak Buses 	Vehicle-Miles 	Percent 
Saved per Day Saved per Day Saved per Year Passenger Loss 

Local Service 	30-32 	 26 	639,000 	 6-7 

Express Service 	5-7 	 5 	 58,000 	 6-7 

Total: 	35-39 	 31 	697,000 	 6-7 
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Two summary measures were derived for 
comparing the service revision options: 

Effectiveness - net annual cost 
savings, i.e., operating cost 
savings minus revenue loss. 

EfficiencX - net cost savings per 
Itenger. 

These measures, displayed below, show 
route elimination, reduced service hours, 
and frequency reductions have the most 
potential for producing cost savings. 
Service hour reductions, however, are 
costly in terms of ridership loss, so are 
less efficient than other options. 

SUMMARY EVALUATI(* MEASURES 
EFFECTIVENESS: NET ANNUAL COST SAVINGS (SMillionS) 

I 	 I 	 I 	 I 	 I 
0.0 	1.0 	2.0 	3.0 	4.0 	5 0 

Reduced Hours I 	 I 

Reduced Frequency ----- -------- 

• Reduced Route 
Cove rage 

Route Eliminationf 
Service Substitution I 

Increased Fares I-4 

........... 	 nS.J.e.S------ 

0.0 	 1.0 	 2.0 	 3.0 	 4.0 

EFFICIENCY: NET COST SAVINGS PER PASSENGER LOST ($) 

RECOMMENDATIONS 

The service adequacy assessment and 
cost reduction options analysis provided 
general guidance to the agency and its 
service planners, but did not yield speci-
fic revisions to service warrants or per-
formance criteria. One reason was that 
revenue estimates (i.e., the scale of the 
problem) were very dependent on debates in 
Washington on transit financing; another 
was that some of the cost reduction stra-
tegies were untested in St. Louis. To 
gain more information on the effectiveness 
of these actions, as well as implementa- 

tion considerations such as lead time, 
legal and institutional barriers, and 
equity of impacts, implementation plans 
were started for a few pilot programs 
designed to improve the productivity and 
efficiency of transit service. The pro-
grams included route revisions and bus 
lanes in downtown St. Louis designed to 
reduce layover times, restructuring of 
suburban express services in a corridor, 
and the replacement of low-volume routes 
with paratransit service. 
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Case Study 3: 
Community Transit in Alton, Illinois 
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Purpose: This case study illustrates 
the use of analytical models to develop a 
substitute for regular-route transit serv-
ice provided by a regional transit 
authority. The objective was a reduction 
in the cost of providing intra-community 
service. 

Site Description 

Alton, located 20 miles from the St. Louis 
CBD, and the adjacent community of Godfrey 
are largely free-standing communities. 
Their combined population is 36,000. The 
regional operator, Bi-State Development 
Authority, operates two routes to St. 
Louis and three local routes within Alton. 

SITE LATION 
GODFREY 

PHASE 1: ANALYZE PROBLEMS AND THEIR SElliNG 

Alton was selected as a possible site 
for a pilot service substitution project 
because it receives a substantial amount 
of local service that operates at low load 
factors typical of outer suburban services 
in the region. Its distance from the bulk 
of the Bi-State service area made it a 
particularly attractive site. In addi-
tion, portions of state and county sales 
taxes were earmarked for transit, and 
those revenues provided an alternative to 
federal operating assistance. 

Alton is served by three local routes 
that function both as feeders to St. Louis 
bound routes and as local circulators ser-
ving shopping malls, hospitals, and  

colleges. The local routes operate from 6 
AM to 7 PM at headways ranging from 30 to 
90 minutes. As shown in the map on the 
following page, they provide good coverage 
in a service area of about 7 square 
miles. Census data indicate that 60 to 65 
percent of Alton residents live within a 
quarter mile of a local route. 

The routes do not function well as 
feeders. Scheduled wait times for trans-
fers to an all-day route to downtown St. 
Louis range from 13 to 28 minutes, while 
wait times for transfers to a peak service 
to the airport and a nearby employment 
center range from 12 to 28 minutes. 
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CURRENT LOCAL TRANSIT SERVICE 

Key Destinations: 

3rd Street Mall 

Lewis & Clark Comm. College 

Alton Square 

St. Anthony's Hospital 

St. Joseph's Hospital 

Rock Springs Park 

Alton Memorial Hospital 

Venture Store 

SIU Extension 

Alton State Hospital 

Eastgate Plaza 

Routes: 

ammes 510 State - Milton 

'u.. 511 Salu - 16th 

'' 512 College - Central 

o 0 limited service 

Ride checks were conducted on the local 
routes to obtain ridership data for use 
both in assessing current problems and in 
designing a substitute service. The 
ridership data, combined with cost esti-
mates obtained using a simple model based 
on bus-miles, bus-hours, and fleet size, 
were used to calculate performance indica-
tors for the routes. These values are  

shown below, along with average values for 
local Illinois routes. As indicated, all 
three routes are below average. Possible 
causes are the poor coordination with the 
line-haul routes noted earlier, and dupli-
cative service in some areas. The least 
productive route (512) serves no shopping 
centers. 

OPERATING STATISTICS FOR ALTON LOCAL ROUTES 

Passengers per 	 Revenue 	Deficit 
Bus 	Bus 	Bus 	/Cost 	 per 

Route 	 Trip 	Hour 	Mile 	Ratio 	Passenger 

510 10.63 12.21 1.04 .063 $ 4.41 

511 8.35 10.35 0.86 .055 5.12 

512 3.75 7.73 0.71 .045 6.28 

Average for Route Type 12.98 1.10 .083 $ 3.69 
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Of the 700 passengers per day on the local 
routes, roughly 300 of the trips are 
school children that might be served more 
cheaply by an independent operator under 
cofltract to the school district. The 
remaining use of the public transit system 
in Alton is relatively low and dispersed. 

The identified problems were summarized 
as follows: 

PHASE 2: IDENTIFY AND SCREEN CANDIDATE SOLUTIONS 

Potential transit service revisions 
were screened to select options that would 
lower the basic hourly cost of providing 
service, increase the productivity in 
terms of trips served per hour of service, 
and/or improve the level of service 
offered. Cost reduction was critical, and 
reinforced the "pilot -program" solution of 
a small-vehicle community transit service 
provided by a private vendor selected 
through competitive bids. 

Three basic service alternatives to the 
present Bi-State operation were specified 

Overall, route coverage was good, 
but entailed some duplication of 
service. 

Route productivity was poor, result-
ing in high costs per passenger. 

Schedules were not well coordinated 
for easy transfers to St. Louis 
service. 

as starting points for designing a com-
munity service; these were: 

A (revised) fixed-route operation. 

A fixed-route operation that would 
allow riders paying a premium fare 
to request doorstep service within a 
reasonable distance of the route. 

A 	door-to-door 	service 	such 	as 
shared-ride taxi. 

These service options are diagrammed below. 

SCHEMATIC SERVL'E OPTIONS 

A. Fixed Route 	 B. Deviation 	 C. Demand Responsive 

U Scheduled Terminus 	 Normal Route 

0 Scheduled Stop 	 ----- Demand Responsive Route 
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Data collected during problem assess-
ment and guidelines set by the MPO led to 
the following specifications for the pre-
liminary service options: 

Existing service hours of 6 AM to 7 
PM were to be maintained. 

Design headways were to be 30 
minutes (the peak headways on route 
510), at least for initial planning 
purposes. 

School trips would be carried on a 
separate service. 

Service would be focused on downtown 
Alton and the Alton Square mall, the 
major trip generators for travel 
within Alton. 

The fourth condition indicated a zone con-
cept was appropriate. Vehicles would con-
verge on downtown Alton and Alton Square 
at fixed schedules, which could be coordi-
nated to allow for easy transfers among 
zones as well as to and from the St. Louis 
routes. Local street patterns, which 
limited the widths of some zones, and 
ridership data were used to develop the 
four zones shown below. 

SERVICE ZONES 

II  o 	 1 	 2 

miles 

Downtown Alton 

PHASE 3: DESIGN, ANALYZE, AND EVALUATE SOLUTIONS 

The analysis phase was undertaken in a 
flexible manner to accommodate two poss-
ible decisions. In one case, service 
levels could be held roughly unchanged, 
with a net savings in the total amount of 
subsidy required. Alternatively, the 
reduced unit costs could be used to pro-
vide a slightly enhanced level of service 
while maintaining the total subsidy at or 
slightly below present levels. 

The analysis plan developed for the 
case study is diagrammed at the top of the 
following page. Ridership was assumed 
constant at 400 passengers per day despite 
possible changes in travel time and fare. 
Estimates of the fleet required to carry  

those riders at specified door-to-door 
levels -of -service were key to evaluating 
different servce options. The estimates 
were made using the MMACS package, a com-
puterized transit supply model which 
Multisystems developed for IJSDOT. Level-
of-service parameters were revised as 
necessary to bring fleet requirements into 
line with an acceptable range of operating 
cost and subsidy. Operating costs were 
estimated using unit costs typical of pri-
vate, small-vehicle transit operations. 
Revenues were estimated by applying a 
reasonable fare structure to the fixed 
ridership. 



ANALYSIS PLAN 

193 

Volumes 

Use existing Finance 
ridership 	 supply 

Apply analogous 
model  costs to  

estimate f 

	

to 	 leet 	 estimate oper- 

Service Quality Calculate rev-
enues and deficit 

Specify coverage, 
headway and aver-
age travel time 

Specifya fare 	

T 

struct:e - 

- - 
Refine service 
standards as 
necessary 

The MMACS model showed that vehicle 
requirements (and therefore costs) for 
some options were extremely sensitive to 
headway, i.e., the interval between con-
secutive departures from Alton Sq. or 
downtown Alton. For example, with head-
ways of 30 minutes, two vehicles would be 
required for fixed-route service in each 
zone; with headways expanded to 45 
minutes, only one vehicle would be 
required. 

The model also showed that vehicle 
requirements for the fixed route option 
could be significantly reduced by inter-
lining between zones 1. and 2 and between  

zones 3 and 4, or by reducing coverage to 
the current level of 60-65 percent of 
households within 1/4-mile. 

Two variations on a route deviation 
service were examined. In one approach, a 
vehicle would have to return to the route 
at the same place where it began its devi-
ation. In the second approach, variously 
known as checkpoint or point deviation, 
the vehicle could return to the route at 
the next regular bus stop (checkpoint'). 
The latter alternative was selected 
because it would lead to slightly more 
efficient operations. Checkpoints were 
spaced ½ mile apart along the route. 

ESTIMATED VEHIclE REQUIREMENTS (Peak and Off-peak Service) 

A: Fixed Route 
Current Full B: Route C: 	Demand- 

Zone Demand Coverage Deviation Responsive 
PK 	OP PK 	OP PK OP P1< 	OP 

1 2 	2 2 1 2 	1 
6 	6 

2 2 	2 2 2 3 	2 

3 2 	2 2 1 2 	2 
6 	6 

4 2 	2 4 4 3 	2 

T1'AL 8 	8 12 	12 10 8 10 	7 
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The MMACS analysis indicated that 
sedan-type vehicles would be sufficient to 
serve the projected demand. Costs were 
projected assuming a typical range of 
hourly costs for private sector operators 
operating 5- to 22-passenger vehicles. 
Operating costs are shown below for the 
service options operated at 30-minute  

headways. The estimates for Options B and 
C include telephone operators and addi-
tional dispatchers that are required for 
those options. Revenues are assumed to be 
approximately two-thirds of full fare to 
allow for senior citizen and other dis-
counts. 

ESTIMATED ANNUAL OPERATING COSTS (in $1000's) 

A: Fixed Route 
Current Full B: Point C: Demand- 
Coverage Coverage Deviation Responsive 

Daily Vehicle-Hours 104 156 122 118 

Operating Costs 
Low $ 518 $ 776 $ 607 $ 662 
High $ 644 $ 970 $ 759 $ 809 

Revenues $ 	62 $ 	86 $ 106 $ 115 

Net Costs 
Low $ 455 $ 695 $ 50 $ 547 
High $ 585 $ 885 $ 652 $ 694 

PHASE 4: RECOMMEND AN ACTION PLAN 

All three community transit service 
options appeared viable, and compared 
favorably to current net costs of the Bi-
State routes estimated at $640,000 per 
year. Further design and analysis leading 
to an implementation plan, however, 
required local involvement and decisions 
regarding service quality and costs. Cer-
tain operating requirements, however, 
could be laid out to help final implemen-
tation planning for the route-deviation 
and demand-responsive options that were 
new to the agency. 

Route Deviation 

A premium fare of 50 cents per devia-
tion should be charged over a base fare of 
50 cents. In other places where this sys-
tem is used, a high fare premium ensures 
that only a manageable number of requests 
(15-25 percent) for doorstep service must 
be met. The amount of the fare premium 
can be adjusted after service is initiated 
to meet this objective. 

This option requires an operator to 
receive telephone requests for door step 
pick-up. If requests are required at 
least a hour in advance, the dispatcher 
can easily manage the calls during the 
off-peak, eliminating the need for a 
separate operator most of the day. 

Cycled Demand-Responsive or Shared-Ride 
Taxi 

Because of the relatively high quality 
of this service, the fare should probably 
be set at $1.00 or higher. 

All trips not originating at downtown 
Alton or Alton Sq. will have to call for 
service. This will require 4 or 5 tele-
phone operators in the morning peak, 2 or 
3 in the afternoon peak, and 1 during the 
day. Standing requests for service by 
commuters on the morning would help reduce 
call-taker requirements. 	In addition to a 
dispatcher/supervisor, starters will be 
required at Alton Sq. and downtown Alton 
to coordinate passengers and drivers at 
those points. 



Case Study 4: 
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Purpose: This study illustrates the 
use of simple, conventional analysis 
methods to develop integrated street, 
transit, and pedestrian improvements 
designed both to solve current problems 
and to accommodate forecast growth. 

Site Description 

White Plains is a 1.0-square mile city 
located in southern Westchester County, 
N.Y. The city's resident population is 
47,000, while its daytime population (in- 

cluding those residents who remain in the 
city and others who come to the city to 
work) is 250,000. Over the past decade, 
White Plains has emerged as one of the 
largest suburban commercial and office 
hubs in the region. Transportation lines 
that intersect the city include the Cross 
Westchester Expressway (1-287), the Bronx 
River and Hutchinson River Parkways, NYS 
Routes 22, 119 and 127, and the Harlem 
River commuter rail line of the MTA. 
These facilities are shown below on a map 
of the city and its CBD. 

SITE MAP 

LEGEND 

MAJOR RAIL LINE 

MAJOR HIGHWAY 

MAJOR ARTERIAL 

RAILROAD STATION 

CBD ROUNOARY 

PHASE 1: ANALYZE PROBLEMS AND ThEIR SETTING 

The study was prompted by the City's 
transportation officials who recognized 
that continued economic growth depended 
heavily on convenient access to and circu-
lation within the CBD by all modes. 
Towards this end, a downtown comprehensive 
transportation plan was commissioned to 
improve mobility and reduce existing and 
anticipated congestion through better 
management and physical improvement of 
existing transportation resources. 

Key steps in identifying and analyzing 
problems included: 

Agency meetings - Pilot meetings 
were held with traffic, parking, 
planning, transit, and development 
officials to identify problems, 
define goals, and denote opportuni-
ties. 



Reconnaissance - Field observations 
of 	exist -in g 	transportation 	and 
travel conditions in the CBD and its 
environs were made to identify prob-
lems and opportunities for actions 
to alleviate the problems. 

Literature Review - Transportation 
and development reports prepared 
over the preceding 15 years were 
reviewed for data and recommenda-
tions as well as relevance to the 
current situation. 

Existing traffic volumes were analyzed 
for the city and the CBD. Maps of average 
daily traffic volumes for these areas, 
such as the one shown below, were 
developed. Peak-hour volumes per lane 
also were assessed at selected points in 
the CBD street system. These analyses 
pinpointed problem areas where the traffic 
volume exceeded capacities. For CBD 
streets, this limit was identified as 400 
vehicles per lane per hour. Of the 28 
portals that cross the CBD cordon, seven 
were identified as nearing or at capacity. 
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DAILY TRAFFIC 

In addition, bus transportation in the 
city was assessed. This effort included 
identifying the coverage provided by each 
route (i.e., the percent of downtown des-
tinations within 1,200 feet of a bus stop 
along the route), and the ability of the 
system to carry rail passengers from the 
station to destinations in the CBD (i.e., 
coverage and schedule coordination). 

An analysis of the CBD's parking capa-
city and occupancy was undertaken. Public 
and private parking facilities with more 
than 30 spaces were mapped. The study 
found that the CBD's parking facilities,  

as a whole, had kept pace with demand, but 
that a parking shortage was likely to 
occur in specific areas within 5 years. 

CBD pedestrian flows were also studied, 
with midday pedestrian volumes counted (by 
direction) at nearly 50 intersections. 
The major shortcoming noted was a dearth 
of sidewalks connecting the area of pri-
mary pedestrian activity with a large 
retail shopping complex. Finally, an 
analysis of taxi service indicated that 
the major demand generators were the rail-
road station, downtown hotels, hospitals, 
and department stores. 



The review of pertinent reports, agency 
meetings, and the analysis described above 
resulted in the identification of the 
following problems affecting the CBD: 

vehicle conflicts with 
parked cars, buses, and 
pedestrians 
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traffic congestion 
limited street capacity 
limited short tern parking 
pedestrian circulation void 

The location of these problems were mapped 
as shown below. 

IDENTIFIED PROBLEMS 

RINIT EHICLE 

LIMITED SHORT TERM 
PARI< ING 

II CONGESTION 

A PEDESTRIAN- VEHICLE 
CONFLICTS 

BUS-VEHICLE CONFLICTS 

PEDESTRIAN 	CIRCULATION 
VOID 

44 AREA OF LIMITED STREET 
CAPACITY 

OC 	0 	500 

SCALE IN SECT 

PHASE 2: IDENTIFY AND SCREEN CANDIDATE SOLUTIONS 

Objectives and candidate strategies to 
achieve those objectives were then identi - 
fied and screened using the following cri-
ten a: 

Coordinate transport facilities and 
capacities to existing and proposed 
developments. 

Catalyze new developments by stra-
tegically adding improvements to 
the existing transport system. 

Maintain and maximize accessibility 
of the city center from surrounding 
areas. 

Provide travelers with choice of 
mode and route. 

S. Encourage public transport rider-
ship, particularly for home-to-work 
trips. 

6. Provide a balanced supply and dis-
tribution of long-term and short-
term parking facilities. 

Expand transport capacity across 
the major barriers to movement, 
particularly to the north and west. 

Develop a cohesive city center by 
making intra-CBD movements clear 
and convenient (for example, by 
providing better pedestrian connec-
tions between the Railroad Station 
and the Galleria, and between Post 
Road and Bloomingdale Road). 

Refine bus routes to better serve 
activities within the CBD. 

Coordinate rail, 	parking, pedes- 
trian and transit proposals with 
on-going improvements planned by 
City agencies. 

Encourage and assist paratransit 
facilities, such as taxicabs, car-
pools, vanpools, shuttle buses, and 
even automated pedestrian and 
vehicle systems, to enhance circu-
lation and reduce congestion. 
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PHASE 3: DESIGN, ANALYZE, AND EVALUATE SOLUTIONS 

Proposed street improvements were based 
on a review of existing travel patterns 
and traffic congestion, and expected traf-
fic growth from new development. They 
were designed to improve the ease of cir-
culating through the city, and to expand 
capacity at major gateways without adding 
additional 	traffic 	to 	neighborhood 
streets. Intersection and segment capa-
city analyses were conducted to assess 
one-way street pairs and minor inter-
section improvements. 

The Mamaroneck Ave. Transit Mall was 
developed with the Weschester County 
Transit Agency. The main reason was to 
reduce traffic turbulence at the off-set 
Mamaroneck/Main/Church intersection (shown 
below) - a point of heavy pedestrian 

BUS LANE 

crossing. The product was a 2-block bus-
only street in the heart of a shopping 
district. The street closure, however, 
required that traffic on Mamaroneck be 
transferred to Court Street, one-block to 
the west, and that Court Street be 
expanded north to Hamilton Avenue. This 
was essential to maintain access to Main 
Street and to key garages to the north. 
The increases in eastbound right turns 
from Main into Court (resulting from 
transferring 250 cars to this intersection 
during the peak hour), and their impacts 
in pedestrian flow were analyzed. Because 
most pedestrians were oriented to the mid-
block malls rather than the Main Street, 
the conflicts were believed manageable. 

\\_ 

__________ 	 L court 	I Segment 

1   
a' 

LbSt. 

LANE 
a 

To verify the feasibility of proposed 
actions, traffic flow and volume maps were 
prepared for the year 2005 using manual 
assignments of estimated traffic. The 
proposed CBD traffic flow pattern would  

accomodate a 30 percent increase in peak-
hour traffic with only three new street 
segments. Future transit operations and 
curbide usage also were forecast and map-
ped. 

PHASE 4: RECOMMEND AN ACTION PLAN 

Roadway and traffic management improve-
ments for the CBD were recommended to pro-
vide an integrated system of street, bus, 
parking, and pedestrian facilities. The 
recommendations, including improvements 
already planned by the city, are sum-
marized below and mapped on the following 
page. 

Improvements Planned by the City 

Centrally controlled traffic signal 
system 
Transportation center 
Street extensions, widenings and 
channelizations 

Added Improvements 

New one-way streets 
Pedestrian and bus mall, 
Keyed to street extensions 
Skywalk system 
Shoppers shuttle bus service 
Transit service improvements 
Curb bus lanes 
Bus shelters 
"Quick stop" parking spaces 
Taxi stand relocation 
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CBD IMPPOVEMENTS 

IMPROVEMENT AS VON 
TRANSIT MALL 

TRANSIT PRIORITY 
CORRIDOR 

. NEW ONE WAY STREET 

NEW TWO WAY STREET 

NEW STREET 

SC1E * FEET 

A 3-stage sequence was developed for 
the 	recommended 	improvements, 	with 
priority given to those already in 
advanced planning or requiri.ng  minimal 
construction. Stage 1 (1982-1984) in-
cluded improvements designed to alleviate 
major capacity restrictions and improve 

puoiic 	LraI151L. 	.Jgw 
actions included construction projects and 
related improvements to the downtown 
circulation system. Stage 3 (1988-1991) 
included completion of street extensions 
and the skywalk system. This ten year 
implementation schedule is shown below. 

IMPROVEMENT SC8DULE 

" 	' 	' 	 1. 	5 	6 	7 	8 	9 	10 

Projects 

A CENTRAL SIGNAL CONTROL 
1 Start Operation 
2 Review and Refine  

- 
B 

— 
GROVE STREET EXTENSION - 1 Project Report 

2 Design 
3 Construct 

(I - - - 
C 

— 
TRANSPORTATION CENTER 

I Design 
2 Interim Bus Operation - - - - - 
3 Construct  

D COURT ST. EXTENSION 
1 New Safety Building 
2 Design 
3 Construct 

- - - 
_I - 

K H#JIILTON AVENUE 
1 Construct - 

F MAPLE/POST ONE-WAY - - 
C WIDEN WESTCHESTER AVE. - - - - 
H BLOGfINCDALE ROAD - - - - 
I BUS SHELTERS - - 4' - 4 - 
J SHUTTLE BUS - (Jr - Cc - 4- - 
K TRANSIT MALL 4) - 
I FUTURE OPERATIONS - 
N SKY1JAYS 

L Detail plan 
2 Legal Steps 

- - 
(3)...... 

3 laplemeflt  

t.Ofl SIfl5IflIfl 
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Case Study 5: 
Route 7 Corridor 

Purpose: This study illustrates short-
range planning in a corridor where major 
new land developments are proposed, and 
the development of coordinated physical, 
operational, and management improvements 
to meet anticipated increases in travel. 

Site Description 

The 	site, 	in 	Fairfield 	County, 
Connecticut, is a 10.2-mile corridor along 
the lower portion of U.S. Route 7 between 
Norwalk and the Wilton/Ridgefield town 
boundary (see Site Map below). The study 
area extended one-half mile east and west 

of Route 7 to encompass (1) areas of 
existing and proposed development that 
affect its traffic flow and (2) parallel 
arterials and residential streets that 
have experienced secondary impacts of its 
congestion. Route 7 is a two-lane road 
carrying over 20,000 vehicles per day, and 
800-1,000 in each direction during peak 
hours. It is flanked primarily by new and 
proposed commercial development including 
retail shops, shopping centers, corporate 
parks, and light industry. The remaining 
land use in the corridor is low density 
residential with pockets of higher density 
development. 

SITE MPP 

SCALE: 1: 3.5 rn 

PHASE 1: ANALYZE PROBLEMS AND THEIR SETTING 

The TSM study of the Route 7 Corridor 
was conducted in response to traffic con-
gestion, accidents, and conflicts caused 
by substantial new commercial develop-
ment. The Connecticut Department of 
Transportation (ConnDOT) had proposed a 
parallel expressway to alleviate these 
problems; however, this project was 
deferred because of costs and community 
concerns. Subsequently, the communities 
affected by these problems voiced their 
preference for traffic management and 
engineering actions to provide immediate 
relief, especially as land development 
continues. - 

The study was commissioned by the South 
Western Regional Planning Agency (SWRPA) 
in cooperation with ConnDOT, the City of 
Norwalk and the Town of Wilton. The find-
ings and recommendations are based on a 
field reconnaissance of the roadway and 
its environs, surveys of traffic controls 
and traffic speeds, analysis of the data, 
and dialogue with various study partici-
pants. 

An analysis of roadway geometrics found 
Route 7 between Norwalk and Danbury to be 
substandard, as summarized below: 

18 horizontal curves greater than 6 
degrees 
40 locations where sight distance is 
less than 400 feet 
only 1 location where passing sight 
distance is greater than 1700 feet. 
an at-grade railroad crossing through 
which over 15 trains pass daily. 

Other roadway characteristics assessed 
included rights-of-way, pavement widths, 
numbers of travel lanes, traffic signals, 
pavement 	markings/channelizations, 	and 
curb cut densities. For traffic signali-
zation, for example, data were collected 
on signal controller type, conduit avail-
ability, existing signal interconnection, 
and presence of loop detectors. 
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Data on traffic characteristics, speed 
and delay, and parking and pedestrian 
volumes also were collected. Vehicular 
volumes were compiled from ConnDOT traffic 
counts and then updated with counts from 
more recent traffic studies. Seasonal 
adjustments were made based on ConnDOT 
factors. Speed and delay studies for peak 
and midday periods determined average 
speeds on each route segment and delays 
experienced by motorists at major inter-
sections. Strip maps, such as the one  

shown below, were then prepared to illus-
trate peak-hour and midday travel condi-
tions along Route 7. In addition, the 
hourly distribution of vehicles was 
graphed, as shown below. 

The amount of off-street parking was 
measured and pedestrian volumes and pat-
terns were chronicled thoughout the day 
during the field reconnaissance. The 
availability of sidewalks for pedestrian 
use was also inventoried. 
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The analysis of the existing traffic 
operations described above indicated the 
following service deficiencies: 

Several roadway sections varied 
significantly in width and number of 
travel lanes. 

The volumes of traffic on Route 7 
exceeded the 20,000 vehicle per day 
standard service capability of a 
basic two-lane roadway. 

Narrow, offset cross streets compli-
cated signal timing and intersection 
geometry, 	increased 	left 	turn  

volumes along Route 7, and limited 
approach capacities. 

The proliferation of corporate parks 
and commercial developments resulted 
in short, sharp traffic peaks that 
substantially increased Route 7 flow 
during the peak traffic periods, a 
condition that would only he com-
pounded by ongoing development. 

The principal problem locations and loca-
tions of queues during peak periods were 
highlighted on a strip map, shown below. 

SUMMARY OF CURRENT SERVICE DEFICIENCIES 
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In additio to existing problem areas, 
anticipated traffic conditions also were 
derived and assessed. The derivation of 
the anticipated traffic volumes 5 years 
into the future was based on the following 
steps: 

Lists of "committed" residential and 
commercial 	developments 	were 
obtained zoning commissions and 
SWRPA; these included: 

- 760,000 sq ft of corporate 
office space 

- 635,000 sq ft of general 
office space 

- 115,000 sq of warehousing 
- 95,000 sq ft of industrial 

space 
- 32,000 sq ft of other commer- 

cial space 
- 300 hotel units 
- 350 condominium units 
- Norwalk Community College 

(3,300 students) 

Peak hour vehicle trips generated by 
these developments were estimated 
based on trip generation factors 
developed by the Institute of Trans-
portation Engineers, ConnDot, and 
the Consultant Team. 

Trip origins were based on the 
results of an employee survey pre-
pared for the SWRPA. 

Vehicle trips were then assigned 
based on the most direct routes 
between traveler origins and work 
sites. 

This additional development traffic 
was then superimposed upon existing 
peak hour corridor traffic flows to 
obtain composite future (1987) traf-
fic volumes. 

The results of this analysis were summar 
ized in terms of additional numbers of 
vehicles entering and leaving the corridor 
during peak periods, as follows: 

Direction AM Peak Hour 	PM Peak Hour 

Inbound 	2,680 	 710 
Outbound 	 680 	 2,180 

These trips, assigned to segments, were 
superimposed on existing traffic volumes, 
as shown below. The plots indicated that 
existing congestion and queueing problems 
would become more acute in the next 5 
years as development continues. (For 
example, on certain sections, traffic 
volumes were forecast to more than triple 
the existing volumes.) 

ANTICIPATED PEAK-HOUR TRAFFIC 
LEGEND: 

ElEXISTING TRAFFIC VOLUMES 	Im  TRAFFIC GENERATED BY NEW DEVELOPMENT 
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204 

PHASE 2: IDENTIFY AND SCREEN CANDIDATE SOLUTIONS 

The initial intent of the study was to 
identify and design low cost management 
improvements to provide near-term relief 
to recurrent peak-hour congestion. How-
ever, a review of the problems described 
in Phase 1, especially that of forecast 
development along Route 7, warranted look-
ing beyond management actions. Hence, 
three general categories of actions were 
considered: (1) do nothing, (2) limit or 
control development growth, and (3) expand 
the transport capacity. 

The latter emerged as the preferred 
option of public officials and community 
groups. Accordingly, the following four 
groups of strategies to achieve this 
expansion were identified: 

Make minor adjustments of a "manage-
ment" nature (e.g., turn lanes and 
signal improvements) to improve the 
traffic flow and the efficiency of 
the existing roadway. 

Expand public transit service and 
facilitate ridesharing and alterna-
tive work schedules to reduce the 
traffic volume. 

Develop a parallel route, such as 
the proposed Route 7 Expressway or a 
modified connector route to divert 
traffic as well as expand capacity. 

Widen and improve the existing Route 
7 to improve traffic flow and add 
capacity. 

In screening these candidate strategies, 
it was found that improved roadway manage-
ment alone would not result in sufficient 
capacity increases to accommodate the 
forecast demand, nor would the development 
of an expressway provide immediate or 
near-term relief. While strategies such 
as transit expansion, ridesharimg, and 
alternative work schedule programs were 
viewed as a desirable means to minimize 
the expected increase in traffic volumes, 
it was found that these actions, either 
alone or in conjunction with management 
actions, would not alleviate the conges-
tion problems. Consequently, the only 
remaining solution that had the potential 
to accommodate the projected demand was to 
widen and otherwise improve the existing 
road system. 

PHASE 3: ANALYZE • DESIGN AND EVALUATE SOLUTIONS 

Existing operating conditions, combined 
with forecasts of through and turning 
movements, were used to develop proposed 
lane configurations for intersections and 
segments along the corridor. In addition 
to providing four travel lanes along 
Route 7, turn lanes and the widening of 
crossstreets at major intersections were 
suggested where these measures would help 
reduce 	delays 	and 	enhance 	signal 
coordination. 

The coordination of signals on common 
cycle length along specific sections of 

TRAFFIC SIGNAL COORDINATION PLAN  

Route 7 was planned, as shown before, to 
encourage platoon operation, increase 
capacities, and reduce delays. 

Complementary roadway improvements also 
were specified, including drainage system 
improvements, street lighting, new sign-
age, sidewalks, underground utilities, and 
landscaping. Cross-section and right-of-
way standards were developed and used to 
estimate right-of-way requirements and 
construction costs. 
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Specific roadway improvements were 
recommended to increase capacity, improve 
safety, and reduce delay. These included 
signal coordination, roadway widening with 
corollary improvements in intersection 
channelization, road geometry, and turning 
lanes, and expanded cross-street capa-
city. The locations of these improvements 
are shown below. 

Supportive 	actions 	to 	encourage 
employers to adopt both ridesharing 
efforts and alternative work schedules and 
to encourage transit ridership also were 
identified. Collectively, it was estima-
ted that these actions could reduce peak-
hour car trips by as much as 25 percent in 
the peak direction, reducing volumes by 
approximately 400-500 vehicles. 

SUMMARY OF ROADWAY IMPROVEMENTS 

- COORDINATE TRAFFIC SIGNALS IN NORWALK • AND WILTON 0 
2- A  PROVIDE A RIGHT TURN CONNECTOR FROM NEW CANAAN AVE TO ROUTE 7 EXPRESSWAY 

B  WIDEN NEW CANAAN AVE TO 4 LANES 
CPROVIDE A 3 LANE EXIT 

3 - INCREASE TURNING RADIUS AT INTERSECTION 
4 ............ -PROVIDE FOUR TRAVEL LANES 
5 - RECONSTRUCT ROUTE 7/MERRITT PARKWAY INTERCHANGE TO ELIMINATE WEAVING AND PROVIDE 

AN ACCELERATION LANE , PROHIBIT LEFT TURNS FROM THE WESTBOUND OFF RAMP - ULTIMATELY RECONSTRUCT THIS RAMP 
6 - WIDEN GLOVER AVE BRIDGE 
7 - PROVIDE FOUR THROUGH LANES PLUS A LEFT TURN LANE 00000000 INITIALLY •...... BY 1987 
8 - BUILD A NEW BRIDGE ON WOLFPIT RD 
9 — — — — — - BUILD A CONNECTOR WEST OF DANBURY BRANCH RAILROAD 
100 	000 - WIDEN TO THREE LANES (TWO THROUGH LANES PLUS LEFT TURN LANES): As an alternate to item 9, widen to 5 lanes 
1 . ......... - PROVIDE TWO THROUGH LANES PLUS LEFT TURN LANES AT KEY INTERSECTIONS 
12 - WIDEN CROSS STREET ON APPROACH TO ROUTE 7 

The construction costs for the recom-
mended improvements were estimated at 
$16,000,000, and it was suggested that 
these he shared by ConnDOT, the two local 
towns, and the developers. Recommended 
cost allocation for improvements was 50-50 
between the state and developers for state 
roads and 50-50 between the towns and 
developers for local roads. 

A 3-stage sequence, in which construc-
tion would progress from south to north, 
was recommended based on the following 
guidelines: 

Favor 	improvements 	that 	would 
alleviate major system capacity con- 
straints and deficiencies (i.e., 
solve the current problems first). 

Favor improvements that would not 
merely transfer problems. 

Provide a reasonably even distribu-
tion of costs among the various pro-
gram stages. 

Detailed functional plans were prepared 
for key intersections as a preparation for 
final engineering and design. 
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Case Study 6: 
Connecticut Park and Ride Lots 

Purpose: The case shows the operation 
of the Tanning framework at two levels. 
The first is a on-going statewide review 
and analysis to determine prime locations 
for park and ride lots, a process that has 
become increasingly refined using informa-
tion on existing lots and users. The 
second level is the detailed siting and 
development of specific lots, for which 
procedures and guidelines also have been 
established. 

Site Description 

Connecticut is a density populated 
state with several major concentrations of  

employment (see map below). Its small 
size and good expressway network have lead 
to dispersed commuting patterns and long 
work trips. To accommodate this travel 
without further expanding facilities, to 
respond to air quality and energy conser-
vation concerns, and to solve localized 
safety and traffic flow patterns caused by 
roadside parking, the Connecticut Depart-
ment of Transportation (ConnDOT) has 
implemented a program of park and ride 
lots throughout the state. By the end of 
1981, about 160 lots were in operation. 
The lots offered nearly 13,000 spaces for 
carpoolers and express bus riders, and 
75-80 percent were filled on average. 

URBAN EMPLOYMENT CENTERS 
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PHASE 1: ANALYZE PROBLEMS AND THEIR SETTING 

Connecticut's Commuter Parking Program 
originated in 1969 with a study of all 
expressway interchanges in the state to 
determine the location, the amount, and 
the characteristics of commuter park-and-
ride activities. The study, conducted by 
ConnDOT, was undertaken in response to the 
growing number of traffic hazards created 
by commuters who parked near expressway 
interchanges. A field inspection indica-
ted that over 800 vehicles were parking, 
often illegally and haphazardly, at 83  

different locations, notably at inter-
changes on the Meritt Parkway and the 
Connecticut Turnpike. To confirm the 
parkers were carpooling, and to obtain 
information on their destinations, ConnDOT 
placed prepaid postcards on parked cars at 
about 70 interchanges. The results indi-
cated that most parkers were making a work 
trip, that their average trip distance was 
36 miles, and that the primary destina-
tions were Hartford, New Haven, and 
Stamford. 



Time (Minutes) 

dP 

 

Time (Minutes) 

PHASE 2: IDENTIFY AND SCREEN CANDIDATE SOLUTIONS 
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In the initial phases of the Commuter 
Parking Lot Program, the combination of 
state-owned land and a large number of 
cars parked beside roads near interchanges 
provided an easy means of selecting low-
cost sites that would be well-used. For 
example, these criteria were used in 1979 
to select four sites for a pilot program. 

As the program has expanded, however, 
roadside parking has become a less reli-
able indicator of prospective lot patron-
age and, increasingly, private land must 
be used for new lots. To avoid investing 
$1200-$5000 apiece for spaces that will 
not be used, ConnDOT has developed a com-
puterized screening technique for locating 
good site for new lots. 

The method is based on a windshield 
postcard survey of lot users conducted in 
1976. Plots of the responses (examples 
are shown on the following page) showed 
that most users parked within 10 minutes 
of their home, with very few driving than 
twenty minutes to reach a lot. The trip 
length from the lot to their workplace was 
more variable, but generally ranged 
between 15 and 50 minutes. 

ConnDOT has developed a computer pro-
gram that applies these trip length ranges 
to network-generated travel routes and 
census journey-to-work (or other 0-fl) 
data, and lists the number of potential 
lot users that pass each interchange on 
the way to a specific concentration of 
employment. Interchanges with many poten-
tial users are then inspected for feasible 
lot sites. Corridor studies also are con-
ducted by comparing the potential use 
estimates for several major employment 
centers within commuting range of corridor 
residents. 

Suggestions by transit district, plan-
ning agency and other officials, as well 
as by citizens, also are used to identify 
prospective sites for park and ride lots. 

The screening analysis is used to set 
program priorities for the coming year. 
Existing lots that are being used up to 
80% of their capacity, and which show an 
increasing usage trend also are considered 
for expansion in preparing an annual pro-
gram. 

TRIP LG1H DISTRIBUTIONS 

Home to Lot 

(average time = 10.6 mm.) 

Lot to Workplace 

(average time = 33.4 mm.) 
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PHASE 3: DESIGN, ANALYZE, AND EVALUATE SOLUTIONS 

During the early stages of the program, 
much emphasis was placed upon the speed 
with which each project could be 
completed. Consequently, in-house person-
nel (from the Office of Maintenance) were 
used extensively not only to develop 
signing plans, specifications, and esti-
mates but also to build the lots. How-
ever, as the design and construction tech-
niques for these facilities became more 
complex, the need for private land in-
creased, and the number of projects grew, 
more detailed site planning and analysis 
became necessary. This phase now includes  

field review to identify specific sites, 
determination of construction feasibility, 
estimation of lot capacity, specification 
of 	amenities 	and 	cost 	estimation. 
Regional planning agencies and district, 
planning, design and construction offices 
of ConnDOT are involved in some of all of 
these activities. 

Standard specifications for pavement 
markings, signing, lighting and sheltered 
waiting areas have been developed to 
simplify preliminary site planning and 
cost estimation. 

PHASE 4: RECOMMEND AN ACTION PLAN 

Once site selection and planning has 
been accomplished, ConnDOT's Office of 
Project Planning prepares a project recom-
mendation form that is reviewed and pro-
cessed by other departments in securing 
funding required for engineering, site 
acquisition and construction of a proposed 
lot. Site planning, engineering, acquisi-
tion and construction activities generally 
take 12 to 18 months to complete. In some 
cases, public hearings also are necessary. 

In 1980, the cost range for providing 
new spaces was $500 to $2,200 per space 
for paved lots (averaging about $1,100 per 
space) and $150 to $240 per space for 
gravel lots (averaging about $180 per 
space). As State funds were used to 
replace reduced allocations from various 
Federal programs, the State's share in-
creased to 45% percent of the total costs, 
so the average cost per space to the State 
was $420 for new spaces and $380 for 
replacement. 

The cost of leasing spaces also has 
varied widely depending upon location. 
For example, spaces at church parking lots 
leased at $10 per space per year, while 
spaces at shopping centers leased at $22 
per space per year. Operating expenses 
not including lease costs) were estimated 
to be about $6.50 per space. 

ConnDOT has prepared a standard licens-
ing agreement for establishing lots when 
land is difficult to purchase or where 
lots are planned to support the trial 
operation of an express bus. The agree-
ments are written for a two year period, 
and include provisions for maintenance, 
lighting, snow removal and liability in-
surance. 

The lots are actively marketed by 
ConnDOT. State maps showing lot locations 
are regularly updated and distributed to 
employer carpooling offices and other 
agencies. Roadside signs, billboards and 
newspaper ads also are used to inform the 
public of the program. 
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