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TRANSIT COOPERATIVE RESEARCH PROGRAM

The nation’s growth and the need to meet mobility,
environmental, and energy objectives place demands on public
transit systems. Current systems, some of which are old and in need
of upgrading, must expand service area, increase service frequency,
and improve efficiency to serve these demands. Research is
necessary to solve operating problems, to adapt appropriate new
technologies from other industries, and to introduce innovationsinto
the transit industry. The Transit Cooperative Research Program
(TCRP) serves as one of the principal means by which the transit
industry can develop innovative near-term solutions to meet
demands placed on it.

The need for TCRP was originaly identified in TRB Special
Report 213—Research for Public Transit: New Directions,
published in 1987 and based on astudy sponsored by the Urban Mass
Transportation Administration—now the Federal Transit Admin-
igtration (FTA). A report by the American Public Transportation
Association (APTA), Transportation 2000, also recognized the need
for local, problem-solving research. TCRP, modeled after the
longstanding and successful National Cooperative Highway
Research Program, undertakes research and other technical activities
in response to the needs of transit service providers. The scope of
TCRP includes a variety of transit research fields including plan-
ning, service configuration, equipment, facilities, operations, human
resources, maintenance, policy, and administrative practices.

TCRP was established under FTA sponsorship in July 1992.
Proposed by the U.S. Department of Transportation, TCRP was
authorized as part of the Intermodal Surface Transportation
Efficiency Act of 1991 (ISTEA). On May 13, 1992, amemorandum
agreement outlining TCRP operating procedures was executed by
the three cooperating organizations: FTA, the National Academies,
acting through the Transportation Research Board (TRB); and
the Transit Development Corporation, Inc. (TDC), a nonprofit
educational and research organization established by APTA.
TDC isresponsiblefor forming theindependent governing board,
designated as the TCRP Oversight and Project Selection (TOPS)
Committee.

Research problem statementsfor TCRP are solicited periodically
but may be submitted to TRB by anyone at any time. It is the
responsibility of the TOPS Committee to formulate the research
program by identifying the highest priority projects. As part of the
evaluation, the TOPS Committee defines funding levels and
expected products.

Once selected, each project is assigned to an expert panel,
appointed by the Transportation Research Board. The panels prepare
project statements (requests for proposals), select contractors, and
provide technical guidance and counsel throughout the life of the
project. The process for developing research problem statements and
selecting research agencies has been used by TRB in managing
cooperative research programs since 1962. As in other TRB activ-
ities, TCRP project panels serve voluntarily without compensation.

Because research cannot have the desired impact if products fail
to reach the intended audience, special emphasis is placed on
disseminating TCRP results to the intended end users of the
research: transit agencies, service providers, and suppliers. TRB
provides a series of research reports, syntheses of transit practice,
and other supporting material developed by TCRP research. APTA
will arrange for workshops, training aids, field visits, and other
activities to ensure that results are implemented by urban and rural
transit industry practitioners.

The TCRP provides a forum where transit agencies can
cooperatively address common operationa problems. The TCRP
results support and complement other ongoing transit research and
training programs.
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FOREWORD

By Staff
Transportation Research
Board

Thisreport provides avaluableresource for people who havethe difficult and often
cumbersome responsibility of analyzing the benefits and costs of public transportation
services and presenting the results of these analyses to decisionmakers, the media, and
the public. TCRP Project H-19, “Estimating the Benefits and Costs of Public Transit
Projects: A Guidebook for Practitioners,” was conducted by the research team of Par-
sons Brinckerhoff Quade & Douglas, Inc., in association with ECONorthwest. The
researchers prepared aguidebook and CD-ROM (CRP-CD-18), which constitute TCRP
Report 78. The research results will be of particular interest to individuals who plan
and evaluate the benefits and costs of new investments in public transportation. Other
audiences for this report include policymakers, transportation activists, other trans-
portation professionals, and studentsin related fields.

The guidebook was developed largely to support transit plannersin state, regional,
and local government who evaluate transit investments. The theory and methods for
estimating the benefits and costs of public transportation projects are presented to pro-
vide practical toolsfor practitioners. The guidebook isdivided into five sections. Sec-
tion | explains how to use the guidebook and provides an overview of benefit-cost eval-
uation concepts and their application to transit projects. Section |1 addresses the basic
benefits and costs of transit projects, including impacts on travel, secondary impactson
the environment and safety, and the direct costs and revenues of transit projects. Sec-
tion I11 discusses other benefits and costs of transit projects, including impacts on land
use and land devel opment, economic impacts, and the distribution of impacts. Section
IV provides an example with sample analyses. Section V consists of four appendices
that provide a bibliography, integrated models for conducting comprehensive benefit-
cost analysis, sample calculations, and conversion factors for calculating constant
dollars.

An electronic version of the guidebook isincluded on the CD-ROM, which accom-
panies the printed guidebook. The electronic version allows for quick referencing of
the guidebook’ s contents through an interactive table of contents. The CD-ROM also
contains practical materials and resourcesfor public transportation practitioners. These
include the following:

+ Downloadable analytical tools. A series of Microsoft Excel spreadsheets are
included to help analysts organize data and make calculations to carry out ben-
efit-cost analyses. Each worksheet can be tailored to specific situations and
cross-referenced with the text of the guidebook.

» Presentation templates. Downloadable, Microsoft PowerPoint slideshowsthat
can beeasily customized are provided to help practitioners prepare presentations
for decisionmakers, the public, and the media about the results of cost-benefit
analyses of transit projects. The slideshows complement the guidebook.



» Aresourcelibrary. The CD-ROM contains resources to support practitioners
asthey evaluate the costs and benefits of transit projects. Theseinclude aglos-
sary of terms to clarify topics in the guidebook, alist of transportation organi-
zations and website links where additional data may be found for cost-benefit
analyses, and a list of websites that contain useful electronic maps and geo-
graphic information systems data.
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PREFACE

This document is a guidebook intended to help regional and local transit agencies
evaluate the benefits and costs of new investmentsin transit. Thetheoretical framework
for such evaluation is well developed in the professional literature, but moving from
theory to measurement is time-consuming and difficult. 1deas that make sense in the
abstract and in general become problematic when one tries to apply them to specific
situations and in detail. The redlities of the type, extent, and reliability of the data for
making these measurements compound the problem. The result is that rigorous evalu-
ations of transit projects are not done, not done well, not done efficiently, or not under-
stood by the ultimate audience of policymakers and the public.

This guidebook takes a step toward addressing these problems. It summarizes the
theory of how benefits and costs should be measured, but then focuses on what it takes
for aregional or local transit agency to actually do the measurement and make the cal-
culations for areal project.

The guidebook is a so included on acompanion compact disk (CD), where all sec-
tions, subtopics, and tables and figures can be quickly referenced viaan interactive table
of contents. The CD also includes

< Analytical tools (downloadable Microsoft Excel spreadsheets) to help anaysts orga-
nize and calculate data to complete a benefit-cost analysis. These worksheets emulate the
methodsillustrated in the guidebook and can be easily customized for awide range of appli-
cations. Each worksheet includes references to sections of the guidebook where moreinfor-
mation can be found.

* Presentation templates (downloadable, easily customized Microsoft PowerPoint
slideshows) to hel p transit agencies effectively communicate their findings and conclusions
to awide range of audiences (e.g., elected officials, the media, and the general public). The
dlideshows are organized by the major topics in the guidebook and prompt the user for rel-
evant findings for their particular project based on the analysis conducted (e.g., “ Our proj-
ect reduces auto vehicle milestraveled by X").

— A resources library to further clarify conceptsin the guidebook, obtain datafor an
analysis, or develop maps for presentations. More specifically, the library includes

— A glossary of termsto clarify and elaborate on topics in the guidebook,

— A list of transportation organizations and website links where additional data may
be found, and

— A list of websites where electronic maps and Geographic Information Systems
(GIS) data can be obtained to create maps for analysis or presentations.

The preparation of this guidebook was sponsored by the Transit Cooperative
Research Program (TCRP) of the Transportation Research Board (TRB). The prime
contractor for the entire project is Parsons Brinckerhoff Quade & Douglas. ECONorth-
west prepared this guidebook as a subcontractor to Parsons Brinckerhoff. The follow-
ing organizations and people contributed to the guidebook.



SECTION I:
OVERVIEW

This section provides an introduction to the purposes,
organi zation, and concepts used in this guidebook. Chapter 1
describes the purposes of the guidebook, and gives advice on
how to use it. Chapter 2 is an introduction to the practice of
benefit-cost analysis and project evaluation as it applies to

transportation in general and transit projectsin particular. An
elementary understanding of the ideas in Chapter 2 is essen-
tial to understand the measurements and analytical tech-
niques described in Sections |1 and 111.



CHAPTER 1
INTRODUCTION

SUMMARY

Thisreport synthesi zestheory and empirical work to provide
practical methodsfor estimating the benefitsand costs of many
typical transit improvements. It iswritten primarily for transit
plannersin state, regional, and local government responsible
for evaluating transit investments. For that audience, the best
way to read the report is chapter by chapter. How the report
gets used depends on the detail of the analysis that is desired
and achievable given schedule and resources. Tables in this
chapter provide guidance on theright level of analysis.

WHY THIS REPORT?

A great deal of theoretical and practical work has been
conducted on the benefits and costs of public transit and its
competing mode, the private automobile. Hundreds of books,
reports, and studies have addressed benefit-cost analysis, the
full costs of automobile ownership, the effects of transit and
autos on urban form, transportation modeling, air pollution,
global warming, social equity, and other issuesrelated to the
benefits and costs of transportation.

Only asmall part of the work done by academics, consul-
tants, and agenciesin enumerating, classifying, and measuring
the benefits and costs of transit has made itsway into planning
practice. Plannersin transit agencies could benefit from under-
standable synthesis of practical methods they can useto esti-
mate the benefits and costs of transit.

Prior to this guidebook, TCRP completed one project that
provided alist of definitions and relationships among transit's
positive and negative effects and a second that presented a
broad array of predictive and eval uative methodsthat focus on
the economic impacts of public transportation investments.t
This guidebook builds on this earlier work but tries to pack-
ageitinaway that will makeit more accessibletolocal trans-
portation planners. It attempts to provide practical guidance
and techniques for quantifying the effects of existing transit
services and proposed improvements. It attemptsto help tran-
sit system planners and managers respond to questions from

L TCRP Project H-2, “Measuring and Valuing Transit Benefits and Disbenefits’
(TCRP Report 20), and TCRP Project H-9, “Economic Impact Analysis of Transit
Investments: Guidebook for Practitioners’ (TCRP Report 35).

local decisionmakers and the public about transit’s impacts
on things like congestion, travel time, pollution, and com-
munity development. These questions reflect concern about
thetrue social cost of transportation investments and adesire
for assurance that data and analysis support the proposed
level of public investment.

This guidebook adoptsthe framework of benefit-cost analy-
sisfor thinking about trangit's effects. The professiond litera-
ture on public decisionmaking in general, and on transportation
in particular, is replete with articles debating the advantages
and limitations of benefit-cost analysis. We have nothing new
to add to the debate, which we summarize briefly in Chapter
2. Our conclusions, which we admit are not universally shared,
are that

* If policy decisionsare at |east modestly tractableto tech-
nical analysis, then better analysis (i.e., better theory,
data, and methods) should lead to better decisions.

» Technica analysis of aternatives is aways about their
relative advantages and disadvantages—about their ben-
efitsand costs. It should be possibleto agree, at least, on
the categories of benefits and costs that transit has and
how they might be measured and evaluated.

+ Thetheory and techniques of benefit-cost analysis, while
not without limitations, provide the most solid founda-
tion for a clear exposition of benefits and costs and a
solid structure to which any number of subanalyses of
impacts can be added.

Thus, this guidebook works within the framework of
benefit-cost analysis, but acknowledges that an analysis of
benefits and costs cannot, and should not, be all that drives
decisions about transit programs and projects. Benefit-cost
analysis provides a consistent framework for consolidating
estimates of impacts from many different sources, but many
impactsaredifficult to quantify, much lessdenominatein dol-
lars. Although economists have been responsible for develop-
ing most of the theory of benefit-cost analysis and many of
the measurements of benefits and costs relevant to trans-
portation projects, benefit-cost analysisis not their exclusive
domain. Many types of impacts are better analyzed and mea-
sured by engineers, socia scientists, planners, and, in some
cases, the public (e.g., the value of different distributions of
benefits and costs). We have tried to develop a guidebook
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that is neutral on the issue of the net benefits of any particu-
lar transit project. We try to provide a logical and compre-
hensivelist of potential benefitsand costsand point out where
transit’ s proponents and opponents tend to disagree. We hope
this guidebook can expand the areas of agreement on tran-
sit’ s effects and how they can be measured, but expect many
issues will remain for debate.

HOW TO USE THE REPORT

The previous section gives an idea of whom this report is
written for:

» Primary audience. People with responsibility for the
technical eval uation of transportation and transitimprove-
mentsand programsin transit agencies, state departments
of transportation, and metropolitan planning organiza-
tions (MPOs).

+ Secondary audience. Policymakers and transportation
activists.

» Tertiary audience. Interested transportation planners
and engineers and students of those fields.

For al three audiences, the fundamental reason to read
thereportissimilar: it provides asolid framework for eval-
uating transportation options and some estimates of many of
the benefits and costs of investmentsin transit. How to read
thereport, however, is different for the different audiences.
Figure 1-1 illustrates the recommendation for the primary
audience.

Figure 1-1 suggests that how one uses this report depends
on (1) whether one intends to evaluate transit programs or
policies soon and (2) the level of detail to which oneiswill-
ing and ableto carry that evaluation. Figure 1-1illustratesthe
obvious point that the more sophisticated methods build on
the simple ones and on the theory of transportation econom-
icsthat underlies both of them. Thus, the focus of this report
is on the simple, practical methods. It is written to explain
underlying theory and basic empirical work. For those who
already have this background and who want to go further, it
points to other documents for more detail.

In devel oping this guidebook, we did research to determine
whether it would be possible to develop empirical estimates,
rules of thumb, and look-up tables that would alow atransit
agency of any sizeto make rough estimates of the benefitsand
costs of any type or size of proposed transit investment with-
out having to do any research beyond that summarized in this
guidebook. We concluded that this approach would not be
feasible. The performance of transit and how it affects high-
way congestion depends critically onlocal conditions: on city
size and density, development patterns, topography, the cur-
rent highway network and transit system, existing levels of
congestion, the type and size of the proposed transit improve-
ment, the socioeconomic status of affected travelersand non-
travelers, and so on. Each of those variables can be viewed
as adimension of a hyper-cube, or as a new level of nested
tables. In short, if those variables have significant impacts on
performance, then this guidebook would have to specify val-
ues for key benefits and costs for hundreds or thousands of
combinations of those variables.

Read main report but
not appendices

Decide on level of
implementation

Do nothing now

Do some level of analysis,

(because no need or
capacity)

» Use main text of report
(and possibly appendices)
for staff training

» Use summary to keep
ideas of evaluation by
benefits and costs in front
of policymakers

» Wait for a project
opportunity to use the
techniques described in
this report

Figure1-1. Howtoread thisreport.

v

Simple

Refer to “Synthesis” (Section
V) in this report for overview
of final product, then
implement steps in Sections
Iland I

either project based or
development of general
methods and models

Read appendices for background

v

Decide on level of analysis (see Table 1-1)

Decide on In-house or Conilltant

Sophisticated

Develop a flow chart that is
consistent with the framework
presented in this report, but
that fits with your model, data,
capacities, and resources.



Instead, it seems more reasonable to us, and ultimately
more useful to transit agencies, to focus on aclear exposition
of concepts, alogical set of analytical steps, a summary to
provide a sense of the likely limits for key dataitems, illus-
trative calculations, practical advice on dealing with data
limitations, and references to reports that can provide more
detailed information.

Some technical expertswho reviewed drafts of this guide-
book found it too detailed and complex for the primary audi-
ence and wanted a shorter document; others asked for more
detail on dataand methods. Wetried to find amiddle ground.
The guidebook is long and technical; it is not a recipe into
which one can drop local quantities for each ingredient and
produce a savory benefit-cost analysis that decisionmakers
will readily consume and digest. We havetried to makeit more
accessible in two ways:

+ Each chapter has a summary.

* In Chapters 3 through 8, which discuss methods and
data, the guidebook occasionally calls out a Key Point
to help readers keep track of the main ideas asthey wade
through the details.

Table 1-1 provides alist of considerations (about the size
and urgency of the transportation issues facing an agency and
its capacity and resources) to help readers decide which path
in Figure 1-1isoptimal. Given the number of considerations,
and the qualitative nature of many of them, Table 1-1 does not
lead to unambiguous conclusions about the proper level of
analysis. It should, however, help readers decide on the level
of analysis most likely to be appropriate for their agency.
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Table 1-1 does not include as a variable the type of transit
project being considered (e.g., new fixed guideway versus
expansion of existing service). The appropriatelevel of analy-
sis depends more on the size of the investment decision than
on the type of investment.

Therest of thisreport is organized as follows:

Section I:  Overview

This section provides aframework for benefit-cost evalu-
ation. It defines terms and principles, describes the basic
analytical steps with afull list of the potential benefits and
costsof transit improvements, makes recommendations about
the subset of those benefits and coststhat later chapterswill
address in more detail, and describes the example that is
carried throughout the guidebook to illustrate how to do the
calculations.

Section Il: Transit’s Impacts—The Basic
Benefits and Costs

This section deals with the types of benefits and costs that
are standard for transportation and transit eval uation: benefits
totravelers, spillover environmental coststo society, and costs
(for construction and operation) to taxpayers. Werefer to it as
the basic analysis because it focuses on benefits and coststhat
(1) aredirectly related to changesin travel times and charac-
teristics, (2) do not overlap substantially (i.e., they are gen-
erally mutually exclusive and, thus, additive), and (3) use
generally accepted methods for measurement. It focuses on

TABLE 1-1 What level of analysisisright for your agency?

Criterion Simple Methods Grey Area Sophisticated Methods
MPO size (000s people) 25 50 100 500 1,000+
Staff modeling expertise None Some Staff modeler
Staff economics expertise None Some Staff economist
Highway and transit None Basic demand model Advanced mode!l with
forecasting models good calibration
Desires and commitment Little Some Alot

of policymakers
Schedule for decisions

Expected impacts of
investment on travel
behavior

Value of big investment
decisions next five years

Budget for the analysis

Environmental Impact
Analysis (EIS); Major
Investment Study (MIS)

Less than 6 months

Insignificant /
Unmeasurable

Less than $5M
1-2 staff people; or

less than $50K

Not available

Within 6 to 12 months

Small but measurable

$5 - $50M

3-5 staff people; or less
than $150K

No EIS or MIS, but
similar information
available from different
sources

More than 12 months

Significant

$50M +

More than 5 staff people;
$250K +

Completed or in process,
with data on system
performance and
environmental effects

Source: ECONorthwest.
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efficiency and takes a national and aggregated socia per-
spective, rather than alocal and disaggregated individual or
group perspective. It is an incomplete analysis, but provides
asolid foundation upon which other measures of benefitsand
costs can be added later (Section 111).

Section Il
and Costs

Transit’s Impacts—Other Benefits

This section goes beyond the basic analysis of Section |1 to
discuss other types of benefits and costs that may be harder to
measure, more speculative, or potentially double counting of
benefits and costs measured in Section I1. This section looks at
impactson land use, economic development, and other factors.

Section IV: Synthesis

This section drawstogether the results of Chapters 3 through
8to cometo some conclusions about the overall effects of tran-
sit projects and describes how transit planners might incor-
porate the technical analysis in this guidebook into alocal
decisionmaking process.

Section V: Appendices

The report iswritten to provide an overview of key issues
and simple evaluation techniques. Several appendices add
technical details.




CHAPTER 2

OVERVIEW OF BENEFIT-COST CONCEPTS AND THEIR APPLICATION

TO TRANSIT

SUMMARY

Thereis general agreement among policymakers and ana-
lyststhat, in theory, good policy evaluation requirestheiden-
tification and measurement of significant benefits and costs:
ideally, the measurement of all types of impacts, on all people,
over time and across geography. But there is disagreement
about howwell those benefitsand costs can beidentified, mea-
sured, and summed in practice. Thischapter discussesthe key
principles for measuring benefits and costs, theinherent and
remediable limitations of benefit-cost analysis, and implica-
tions for how this guidebook categorizes and attempts to
measur e benefits and costs.

There are several principles of benefit-cost analysis that
apply generally to all policy evaluation: (1) all significant
impacts should be addressed, (2) relative differences between
alternative policies are often more important than absolute
impacts, (3) the distribution of impacts can be more impor-
tant that their totals, and (4) a benefit or cost in the future has
less value than the same one now. Although the series of steps
for applying these principles are well known and accepted by
practitioners of benefit-cost analysis, both the principles and
steps have limitations that have been extensively debated in
the professional literature. The debate extends to how bene-
fitsand costs (impacts) should be categorized so that all sig-
nificant ones are counted, and counted only once.

There are many ways that benefits and costs can be catego-
rized. This chapter provides some examples. It concludes by
explaining the reasons for the structure adopted in this guide-
book and reflected in subsequent chapter headings: travel ben-
efits and costs to travelers (both transit and auto), and non-
traveler benefits and costs (some of which are in addition to
traveler impacts and some of which may already be counted in
travel benefits and costs). The guidebook attempts to provide
a solid framework, summary data, and under standable exam-
plesto help local transportation planners and decisionmakers
eval uate the benefits and costs of transit improvements.

INTRODUCTION

Transit development and operations in the United States
are strongly influenced by policies adopted by different lev-
els of government. Those policies include not only regula

tions and operating schedules, but investments. In general,
society should have a preference for policies that are more
efficient or fairer than alternative policies (including the alter-
native policy of making no changein policy).

At the heart of benefit-cost analysis (and of all rigorous pol-
icy evauation) isthe hope, if not the presumption, that most of
the significant efficiency and equity impacts of aternative
policiescan beidentified, described (and, in many cases, quan-
tified), and compared in order to make rational choicesamong
alternative policies.

In theory, benefit-cost analysisisinclusive: itsobjectiveis
to quantify (and value in dollars, if possible) al significant
benefits and costs that stem from a particular action. In prac-
tice, benefit-cost analysisis partial. Its critics argue that the
practitioners of benefit-cost analysis spend al their time quan-
tifying impactsthat are amenable to valuation in dollars, and
no time on other types of impactsthat areno lessreal for being
difficult to measure. At the extreme, they argue that what
benefit-cost analysis can measure is only a small part of the
full impacts of transit and that such analysis is therefore
largely irrelevant to decisions about transit investments.

Insummary, thereisgeneraly (1) agreement among policy-
makers and analysts that, in theory, good policy evaluation
requirestheidentification and measurement of significant ben-
efits and costs; and (2) disagreement about how well those
benefits and costs can be identified, measured, and summed in
practice.

We start with the theory, where there is more agreement.
Figure 2-1 showsthe goal of benefit-cost analysis: to be able
to describe al types of impacts, on all types of people, over
all time periods, for all the relevant areas of impact. The lit-
erature of policy evaluation and benefit-cost analysis some-
timesrefersto thisgoal asfull-cost evaluation. That term can
be confusing because it seems to imply a concern only with
costs. In fact, benefits and costs are mirror images of each
other. For example, abenefit of travel time savingsisthe same
astheremoval of atravel time cost. Thus, in practice, afull-
cost framework is usually synonymous with a framework
that attempts to identify and quantify all impacts, which is
also the goal of benefit-cost analysis.

In theory, good answers to questions about the net impacts
of investments in transit require a full-cost framework. In
practice, calculating and summarizing full impacts are
extremely difficult. The simple picture in Figure 2-1 hides a



All TYPES OF IMPACTS on all PEOPLE at all TIMES
COSTS and SHORT RUN and
BENEFITS LONG RUN

HOUSEHOLDS  BUSINESSES GOVERNMENTS
as
CONSUMERS and PRODUCERS
In the By GROUP
AGGREGATE (Distributional
(SOCIETY) Impacts: EQUITY)

Source: ECONorthwest.

Figure2-1. Afull-cost framework for evaluating the
impacts of public policies and investments.

lot of complexity in each of its boxes. Consider the follow-
ing:

* Impacts: not just on transit, or even just on transporta-
tion, but on environmental quality, quality of life, eco-
nomic development, and everything else that citizens
and their representatives care about;

» People: not just as travelers (by transit, auto, or other
modes), and not just as citizens, but as parts of organiza-
tions(e.g., business, government, and interest groups). A
consideration of subgroupsrather than society asawhole
addresses questions about the distribution of impactsand
the equity (fairness) of that distribution; and

* Time: both impacts (type and magnitude) and people
(and, therefore, the incidence of those impacts) change
over time.

Another cornerstone of the structure for rational policy-
making is the need to compare alternative futures that one
posits will result from aternative policies. This procedureis
so common in policy evaluationt that itsimportance (and the
possibilitiesfor error) is often overlooked. For planning proj-
ects,? analysts are asked to describe at | east two future worlds,
both hypothetical: one of which results from a continuation

LIt isused, for example, in Environmental Impact Statements (the “No Action” ater-
native compared with the “Build” aternatives).

2 As opposed to ex post evaluation projects, where the analyst is typically working
with historical data about what did happen, not forecasts about what might happen.

of today’s policies, the other (or others) that result from a
change in those policies, and both of which embody many
assumptions about economic, demographic, and policy vari-
ables. A full-cost evaluation of policy options would then
attempt to measure differences in outcomes (i.e., impacts:
their amount and distribution) from different decisions (i.e.,
policiesinvestments).

The notion of differences in impacts is important; many
project evaluations are ambiguous about key assumptionsin
this regard. Consider, for example, a project evaluation that
is attempting to decide how to spend $100 million local dol-
lars on building two new lanes on an arterial in a corridor.
The lanes could be for autos, or they could be exclusive bus
lanes. Proponents of the bus lanes want to estimate its eco-
nomic impacts. They count $100 million in construction costs
asif they were benefits, add multiplier effects, and estimate
the number of construction jobsto make the casefor big eco-
nomic impacts.® But, to a close approximation, $100 million
spent on the construction of auto lanes has the same effect on
these economic variables: the differenceis zero. If $100 mil-
lion of local money is going to be spent on transportation
construction projects no matter what, then thejob, income, and
multiplier effects, whether for transit or highways,* should be
irrelevant to decisionmaking.

Typical policymaking, including that related to transit,
fails to deal with all this complexity. Alternatives are not
well defined; forecasting is nothing more than the recent past
pushed forward; only asmall subset of impactsis considered
and the distribution of those impacts may be ignored; and so
on. Those problemshave led many policymakersand analysts
to support a pragmatic approach to policy: “it will aways be
political and factsare only marginally important, so let’ snot
waste time by having technicians building, burnishing, and
worshipping models of suspicious character and dubious
worth.” A more extreme extension of thisargument isthat not
only doesthe complexity of transit investment decisions make
them intractable to a disaggregated analysis of benefits
and costs, but the outcomes of a political decisionmaking
processareinherently morelikely to be optimal becauseall the
immeasurable impacts get evaluated implicitly in the process
of reaching agreement on public policy.

Maybe. But thisreport isbased on the assumptions (and the
hope) that |ogic and facts can, when presented intelligently by
credible sources, influence policy and that better evaluation
leads to better decisions. These assumptions make benefit-
cost analysis alogical framework for beginning an evalua-
tion of transit’s benefits and costs.

A BASIC BENEFIT-COST FRAMEWORK

Thisreport isnot meant as a primer on benefit-cost analy-
sis, full-cost evaluation, or least-cost planning. Several recent

3 With this example we are making a separate point: that many analyses may incor-
rectly identify costs as benefits, and then may count them more than once.

4Weignore, in thisexample, the possibility that the multiplier effects of highway and
transit projects may be different.



reports are available that go into these topics in more detail,
both in general and in particular, for transportation.®

But one cannot understand the estimates of transit benefits
and costs presented in this report without a basic understand-
ing of the principles of benefit-cost analysisas context. If you
already have that understanding, skip ahead to the final sec-
tion of thischapter, which summarizes our conclusions about
how to organize our discussion of benefits and costs in the
rest of this report.

ISSUES FOR ESTIMATING BENEFITS
AND COSTS®

General Steps of Benefit-Cost Analysis

The general steps for evaluating the full benefits and costs
of trangit follow thelogic of all policy analysisand areroughly
asfollows:

1. Identify policy/investment options.

2. Describe the scope of the analysis. In particular,
(a) what types of impactsarelikely to be significant and
will be evaluated and (b) what level of measurement
and evaluation is desired, possible, and appropriate?

3. Classify categories of impacts by their ability to be
measured or monetized and in away that avoids dou-
ble counting. For example, the travel-time benefits of
transit improvements are amendabl e to quantification
(How much time doesthe averagetransit user and auto
user save as aresult of the improvement?) and mone-
tization (What isthe value of that time savings?). Other
impacts (e.g., effectson air quality) are more difficult
to measure and monetize. Still others may be intract-
able to measurement and monetization (e.g., feelings
of civic pride associated with a state-of-the-art transit
system), or there may be different ways of measuring,
and therefore double-counting in a technical sense,
other impacts (e.g., changesin property valuesmay be
largely a capitalization of travel-time savings already
measured).

4, Make measurements of those significant impacts
that can be measured. To the extent possible, these
measurements should be disaggregated over geogra-
phy, time, and interest groups (i.e., the distribution of
impacts—or, to use a normative term, the fairness or
equity—is also important to decisionmaking).

5. Convert, where possible and reasonable, any of the
measures of impactsinto dollars (“monetize” the ben-
efits and costs).

5 See the bibliography for more detail. The literature on benefit-cost analysis as
applied to transportation goes back along way. It was summarized bestinthe AASHTO
“Red Book” of 1977, but that report was technical and is currently being updated
(NCHRP Project 02-23). A more friendly (for the non-economist) recent summary of
benefit-cost analysis and its relationship to least-cost planning can be found in Least-
Cost Planning: Principles, Applications and Issues prepared by Parsons Brinckerhoff
Quade & Douglas and ECONorthwest.

& Much of this section is drawn from previous work of ECONorthwest.
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6. Discount the future stream of monetizable benefits
and costs to present value. Sum the present value of
benefits and the present value of coststo estimate anet
benefit for each alternative.

7. Measure or discuss non-monetizable impacts.

8. Conduct sensitivity analysis to show how changesin
key assumptions affect the outcomes of the analysis.

9. Combinetheanaysisof al impacts (which, in essence,
are equivalent to evaluation criteria) into a display of
impact information (monetizable, quantifiable, and non-
quantifiable) for each alternative (at least atransit-action
aternative compared with a do-nothing alternative).

10. If the information in Step 9 does not suggest an obvi-
ous preference, develop aformal or informa method
for scoring and weighting different criteriato facilitate
the selection of apreferred alternative by decisionmak-
ers. This method should incorporate other factors of
interest for consideration in the final decisionmaking
process.

Step 1, identifying the policy or investment option, is not
addressed in this guidebook: transit analysts will complete
this step for themselves for each project. A subsequent sec-
tion of this chapter, “ Categorizing the Impacts (Benefits and
Costs) of Transit,” provides some guidance for Steps 2 and 3.
Sections Il and |11 of this guidebook (Chapters 3 through 8)
address Steps 4, 5, 6, and 7. Section |V (Chapter 9) addresses
Steps 8, 9, and 10.

Before getting to the details of these steps, however, one
must understand some of the assumptions, techniques, and
problemsthat any full-cost evaluation must address. Therest
of this section provides some background and advice onissues
for estimating benefits and costs.

Evaluate All Significant Benefits and Costs

The main reason for making some investment in a trans-
portation system should be to improve the performance of the
system over what it would be in the absence of that invest-
ment. Thus, it istypical to begin adescription of benefitsand
costs with the ones related to direct costs of the investment
and to the changesin travel performance one buys by paying
those costs.

Thedirect costsof transit improvements are relatively easy
to enumerate and measure. They include the costs of plan-
ning, design, construction, operation, and maintenance (which
includes costs to both users and ingtitutions). Typica mea
sures of transportation performance are travel time (a mea-
sure of the amount of congestion), operating cost, and safety.
Analysts need to know how the transportation system will
perform with the investment compared with how it will per-
form without the investment.

Many of the costs of transportation projects can be mea-
sured by adding up the market costs of the resources those
projectsuse. New rail transit linesrequire labor (for planning,
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design, and construction), concrete, steel, machinery, and
so on. Most economists believe that the markets for these
resources operate relatively well,” and that the prices paid
for these resources are a relatively good approximation of
what society gives up by committing these resourcesto one
useinstead of another. The costs can be added and expressed
in dollars.

But other benefits and costs of public projects are ones not
typically registered through market transactions. Some of
these benefits and costs are not internalized in the prices paid
for the goods and services needed to build and operate the
project—for example, the costs of air pollution on peopleand
property near highwayswhere automobiles generate that pol-
[ution. Economists call such costs spillovers or externalities
and argue that society should consider them in its evaluation
of aproject because they result in real gains or losses.

An example makes the point clear. Suppose acity iseval-
uating two options for adding travel capacity across ariver:
one that adds new highway lanes to the existing bridge, and
one that adds lanes for non-auto modes only (i.e., bus, bike,
and pedestrian). Assume the costs and benefits are identical
in both cases except that (1) the average travel timeimprove-
mentsareonly slightly greater for the auto-oriented improve-
ment, and (2) air quality is substantially worse with the auto-
oriented improvement. If the decision is based only on user
benefits and costs, one chooses the auto-oriented alternative.
When the air-quality benefits of the second alternative are
considered, however, the decision could be for the non-auto
alternative.

Extensive literature exists in policy anaysis in general,
and in transportation in particular, on issues relating to iden-
tifying and valuing benefits and costs. The following is a
summary of some key issues:

» Costs are real economic resources used by a policy
or project. Money facilitates the exchange of useful
resources, but it is not aresourceitself. Steel, concrete,
labor, driver time, and gasoline are real resources that
are expended in the process of trip-making. Concrete
laid inafreeway isconcrete not availablefor asidewalk,
and vice versa. Economists express this point by refer-
ring to opportunity cost: the value of aresourcein its
next best use (if it had not been used for what it was, in
fact, used for). Most goods in a market economy sell at
their opportunity cost—thus market costs can be used to

" Most economists also acknowledge that in any of these markets there are imperfec-
tions that distort market prices: things like tax policy, monopoly power, imperfect
information. A key category of such imperfections for transportation anaysisis exter-
nal costs (and perhaps benefits) that are not reflected in market prices. M ost economists
assume that these external costs are either (1) small relative to market prices, or (2) too
far removed from the analysis of atransit investment to be amenable to analysisor use-
ful for decisionmaking. Other analysts believe that these external costs are at the heart
of critique of benefit-cost analysis. Thisguidebook deal swith some of the external costs
of the construction or operation of the transit improvement itself, but not with possible
externalities in the markets for resources that go into building those improvements
(e.g., external costs in the production of steel for rails or buses).

measure the value of many benefits and costs. The cost
of goods purchased from subsidized markets (e.g., goods
purchased from the public sector) may need to be cor-
rected to account for thetrue economic cost. Costs should
be counted only when resources are used.

This point has some important implications. It is not
uncommon, for example, for evaluations of transporta-
tion projects to count costs as benefits, and sometimes
more than once. To build a transportation project, one
must use labor. It is a cost. But evaluations often count
it as a benefit (income to the economy), then double or
tripleit (the multiplier effect), and then count it asaben-
efit yet again under the heading of jobs. A related point
isthat what are often listed and added as either benefits
and costs are actually transfers. Taxes and grants are
usualy transfers. money may move from one place to
another, but no resources are used. This point illustrates
the importance of the perspective of the analysis, and
explains why federal agencies and local governments
may have different ideas about the value of some tran-
Sit projects.

Benefitsar e negative costs; costsar enegative benefits.
Many of the benefits of transportation improvements are
best expressed as reductions in costs that would have
been incurred in the absence of the improvement (for
example, decreased travel time, accidents, and operating
cost). The convention in the transportation literature isto
discuss these reductions as user benefits (i.e., they are
desirable impacts). The convention derives from therea-
sonable assumption that for any transportation improve-
ment to merit consideration, it should reduce these costs;
the reductionsin costs are benefits for the users.
Benefitsand costsshould bedefined, tothe extent pos-
sible, in away that isboth comprehensive and mutu-
ally exclusive. Accounting for all benefits and costs
requiresidentifying acomprehensivelist of al (or at least
the significant) benefits and costs. But the categories
should not overlap, or else some will be counted twice.

Extensive lists of potential benefits of public invest-
ment are particularly susceptible to double-counting:
the more categories, the more likely that they overlap.
Many of the overlaps result not from an overly zealous
attempt to illustrate benefits, but from the inherent com-
plexity and uncertainty of causal relationships and the
theory for disentangling it.

For exampl e, transportation eval uation typically counts
reductions in travel time as a benefit. But some evalua-
tions go on to count as benefitsthe increasesin property
values and tax revenues that might be primarily the
effects of such reductionsintravel time, thereby double-
counting the benefit. In other words, to the extent that the
benefits of travel-time are capitalized into the increases
in property values (astheory suggeststhey are, to alarge
extent), double-counting occurs.



Although changes in property values are important,
they should be estimated separately and noted as not
necessarily additive. Moreover, increases in property
values may be viewed as good or bad depending on the
reasonsfor theincrease and the perspective of the analy-
sis. Increases that result from increased efficiency of
auto and transit are arguably benefits. Those that result
from constraints on land supply may not be (depending
on the intention of constraining land usage). From the
perspective of a property owner, increased value is
probably a benefit (setting aside short-run issues of tax-
ation). From the perspective of a purchaser or renter,
such increases may be indicators of other benefits (e.g.,
better accessibility) that are causing property values to
rise, but the price increases in themselves are costs and
undesirable.

» Measuring all benefits and costs means considering
some that do not have obvious market prices. The
most obvious example is reduction in environmental
quality from pollution. Less obviousis the loss of time
because of congestion. Though air quality and travel
time are not traded in any established market, they are
real costs that must be considered in any full evaluation
of the costs of transportation investments. The profes-
sional literature of transportation and environmental eco-
nomics provides a range of estimates for the value (in
dollars) of these types of costs.

Focus on Differences Between Alternatives

Project evaluation can be simplified by comparing each
project with a“reference” or “base case” dternative. To choose
among alternative actions, it is sufficient to know how their
effects differ. In al cases, the concern should be with rea
sonabl e estimates of the additional (marginal) costs and ben-
efits resulting from a proposed action, compared with some
baseline.

Transit agencies may want to estimate the benefits of their
existing systems rather than some marginal increase in ser-
vice. The samelogic would apply, but its application can lead
to problems. In all cases, the analyst must forecast the dif-
ferences in costs and travel behavior between the base case
or “no-action” scenario and the proposed transit alternatives.
In this instance, the base case would be the current level of
transit service and the aternative would be the removal of
that system from the regional network. But for an area with
a well-developed transit system, trying to estimate how the
transportation system would function without any of that
transitin placewould be difficult at best, and potentially mis-
leading or irrelevant. Neither the methods proposed in this
guidebook nor any quantitative measurements will deal well
with this type of evaluation.

An important corollary of this point relates to the idea of
avoided cost. Some analysts count among the benefits of
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transit the costs of highways and auto travel that are avoided
in cases where transit improvements may reduce the amount
of auto travel. Implicitly, an estimate of such avoided costs
requires a comparison with an alternative—in the simple
case, with a“no-change” alternative.

Our experience is that avoided costs get handled more
cleanly, not as a separate category called “avoided cost,” but
by always having abase case alternative for comparison with
a proposed transit improvement. For example, with two
alternatives—transit improvement versus no change—one
can then estimate the amount of auto travel in both, and the
impact of that travel on, say, automobile operating costsor air
pollution (or fuel consumption, land use patterns, or whatever
else might otherwise have been measured as an avoided cost).
One can then compare the performance of thetwo alternatives
on any impact deemed significant to estimate differences.
This method avoids much of the confusion that often accom-
panies attempts to directly estimate avoided costs.

This guidebook, however, is about the benefits and costs of
transit projects. If an analyst wishes to compare atransit build
alternative with a highway build alternative, he/she will have
to consult other sources (many areidentified in this guidebook)
for much of the highway part of the analysis. This guidebook
does, however, address some highway and auto issues, to the
extent that a transit project changes the demand for and per-
formance of highway travel. In this guidebook we assume,
unless stated otherwise, that the analyst is comparing transit
alternatives with a* no-build” or “do-nothing” alternative.

Discount to Present Value

Assume that all costs and benefits have been identified,
categorized properly to reduce double-counting and trans-
fers, quantified, and expressed in dollars. It is not enough to
simply add them up. Benefits and costs that occur at some
time in the future are worth less to most people than are the
same benefits and costs occurring today. Benefit-cost analy-
sisincorporates this preference for present consumption.

Given the choice of $100 today or a note redeemable for
$100 oneyear from now, most people would choose the $100
today. But if that note were worth $1,000 in one year, most
peoplewould choose the note over the immediate $100. That
is, they would accept the postponement of gratification, the
erosion of inflation, and the risk that, for whatever reasons,
the payment in ayear will end up being less than $1,000. At
some future payment amount more than $100 and less than
$1,000, people are indifferent between $100 today and some
larger future payment. In other words, individuals discount
future dollars: a dollar next year is worth less than a dollar
today, even if there were no inflation. Likewise, society as a
wholeisindifferent to receiving adollar’ sworth of benefitsin
thefuture or somelesser amount today. Thislesser, discounted
amount is called the present value of the future benefit.

The discount rate should reflect the opportunity cost of
alternative uses of the money. Most often the opportunity
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cost of capital is viewed as the real rate of return on invest-
ments in the private sector. While the basic notion of oppor-
tunity cost is straightforward, the theory for selecting the
appropriate discount rate gets complicated. Most economists
who do research on discount rates recommend real—that is,
ignoring inflation—discount rates between 2 and 10 percent.
Rates at the lower end used to be recommended for public
projects. More recent work is moving consensus toward
higher rates (5 percent to 8 percent) based on the assumption
that public funding must necessarily draw fundsfrom private
investment, so thereal rate of return (opportunity cost of cap-
ital) in the private sector is abetter measure of thetime value
of money.

Three points make the choice of adiscount rate alittleless
intimidating. First, for federal projects the discount rate may
be set by the federal government.®2 Second, in any spread-
sheet model one can insert the discount rate as a variable
assumption and later quickly test the effects of different dis-
count rates. Third, for similar types of projects, changes in
the discount rate are unlikely to change the rank order of ben-
efit and cost estimate.

Describe, and Estimate Where Possible, the
Distribution of Impacts

Analysts know that the distribution of impacts is impor-
tant, but the difficulty of measurement and the normative
nature of evaluations of equity often mean that this type of
analysis gets little attention.

In concept, measuring the distribution of impacts is tech-
nical and objective: if one can measure the impacts in the
aggregate, then dealing with the distribution of impacts just
requires finer subdivisions of measurement.

In practice, at least three problems exist. First, the finer
measurement is difficult because of (1) datalimitations (e.g.,
disaggregated estimates of, say, travel time savings by
income class may not be available), and (2) the added cost of
the analysis (e.g., at the simplest level the amount of report-
ing of impacts doubles if for every impact one must report
the unique impacts on, say, the central city versus the sub-
urbs). Second, decisionmakers usually want and are accus-
tomed to a summary discussion under the heading of equity,
not an independent discussion of distributional issues for
each type of impact. Third, the technical exercise of measur-
ing distribution inevitably gets mixed with the normative
exercise of deciding whether the measured distributionisfair
or equitable.

8 The Office of Management and Budget (1992) Discount Rate Policy states that a
real discount rate of 7.0 percent should be used for public investment and regulatory
analyses. This rate should be applied to a base case scenario to reflect “the marginal
rate of pretax rate of return on an average investment in the private sector.” The policy
also suggests that analyses should show the sensitivity of the discounted net present
value and other outcomes to variations in the discount rate. |f the shadow price of cap-
ital is used to capture the effects of government projects on resource allocation, then
OMB concurrence with the chosen rate is required. This policy can be updated with an
executive order, at the recommendation of OMB officials.

Severa considerations influence the decisions made here
about how this report will deal with distributional impacts:

» Every type of direct or indirect impact has distribu-
tional impacts. This point is obvious, but its implica
tionsare often overlooked. If atransportation investment
has 10 to 20 major categories of direct impacts (e.g.,
direct dollar costs, job creation, economic multiplier
effects, pollution, environmental degradation, travel time
savings, out-of-pocket travel costs, land use change, and
so on), then the magnitudes, and even the directions of
each of those categories of impacts are potentialy (and
probably) different for different groups. Y et most EISs,
at best, have a single short section on “ Equity Impacts”
that discusses only some of these impacts.

* There are some groups commonly considered when
distributional impacts are evaluated. Many of the
concerns about distributional impacts are about groups
that policy hasidentified as special classes: for example,
low-income, minority, or physicaly disabled.® Distri-
bution also has a spatia location; for example, is one
state, city, or even smaller area (e.g., central city versus
suburbs) getting more than its fair share of benefits or
costs? For transportation projects, the distributional
guestion can be organized by type of traveler: transit
Versus auto; non-auto versus auto; commuter versus off-
peak traveler; local traveler versus through traveler.

Theideal databasefor acompletedistributional analy-
siswould be one that would have arecord for each per-
son in the determined area of impact and that would list
in fields al significant impacts on that person (e.g.,
travel, environmental, and economic), and al relevant
personal characteristics (e.g., income, race, disabilities,
age, location of work, location of residence, and mode
of travel). An analyst could then query the data base to
summarize, say, theimpacts of aproject on low-income
transit ridersin Area 1 versus Area 2. The difficulty of
ever assembling such a data base points out the diffi-
culty of conducting thorough distributional analysis.

* Many distributional impacts are transfers, not net
benefitsor real economic costs. Thispoint reiteratesthe
importance of the perspective of the analysis. For exam-
ple, assume a metropolitan region is trying to make the
decision described previously: between spending $100
million on building abuslane or spending it on building
two new auto lanes on an arterial in a corridor. But
assume this difference: that instead of 100 percent local
funding, the bus lane is 80 percent federally funded and
the auto lanes are eligiblefor 20 percent federal funding.
The projects are no different: they still require the same
amount of labor and materialsthat they did before, and a

° Distributional issues are at least partially addressed in transportation projects as part
of Environmental Justice. Chapter 8 discusses these issues, and relevant federal guide-
lines, in more detail.



total of $100 million to pay for them. From a national
perspective, they cost the same. From a local perspec-
tive, however, the auto alternative costs four times more
than the bus alternative.

A related point is that more disaggregated analysis
may provide some useful information for the inevitable
debate about the proper level of subsidies (paymentsnot
directly from transit users) to transit. For example, tran-
sit on high-density corridors may be ableto support itself
from fares. But because, for other policy reasons, service
is extended to low-density areas, discounts are given to
seniors, and special facilities are created for people with
disahilities, the overal ratio of farebox revenueto cost is
low. Is that a problem with transit, or is that a cost that
society hasdecided isworth bearing and, therefore, attrib-
utable to general fund expenditures on social programs?

« Simple analyses of distributional impacts can easily
bewrong. Consider thisexample. Transit improvements
are made that increase mobility in alow-income, rental-
housing area. So low-income families receive al the
benefits, right? But wait. The apartments belong to high-
income owners. Do they raise the rents to capture and
thus offset some of the travel-time-savings benefits?
The answers depend on market conditions. If there are
numerous alternative sites with equivalent housing and
access, then priceincreases may beinsignificant: if they
were significant, too many vacancies would result. To
the extent the market is tight, however, landlords could
capture a large part of the transit benefit in increased
rents. Even in an intermediate case in which pricesrise
and as new housing is built, landlords get some of the
benefits.

Our conclusion is mixed: (1) the most logical way to talk
about distributional impactsisasasubset of thetype of direct
impact under investigation, but (2) that format potentially
means not only alot of extraanalysis, but also areport orga
nization that may not be suitable for the type of high-level
evaluation that policymakers are willing to do. The organi-
zation of thisreport reflects that conclusion. Where we think
distributional impacts are significant, we discuss them as a
subset of other impacts. In any case, the final chapter of this
guidebook (Chapter 9, Synthesis) brings any independent
analysistogether into a summary conclusion about the over-
all distribution of impacts.

Score (Weight) Different Impacts Measured in
Different Units If They Are to Be Combined into
a Single Measure of Net Benefits

A typical critique of benefit-cost analysis is that it mea-
sures everything in dollars, or only what can be measured in
dollars. In fact, though practitioners of benefit-cost analysis
try to measure more things in dollars (e.g., putting a dollar
value on, say, a measured increase in air pollution), they
acknowledge that it would stretch credulity if some impacts
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were measured in dollars (e.g., the benefit of civic pride or
the value of poalitical acceptability). Their recommendation,
and one endorsed here, is that some impacts be measured in
dollars, some be measured in natural units (e.g., parts per mil-
lion, number of people affected), and some be only described
(i.e., not quantified).

Because transportation projects always have multiple
impacts and multiplecriteriafor evaluation, they alwayslead
to asituation where decisionmakers are asked to look at mul-
tiple performance measures for several aternatives and some-
how come to a conclusion about the preferred aternative. In
theworst case, the relativeimportance of the different impacts
measured is ignored entirely. More often, the measures are
weighted implicitly or explicitly as being equa (e.g., “This
alternative performed best on more criteriathan any other, so
it wins.”). Sometimes, formal scoring or weighting occurs,
but such methods areinherently flawed and, in addition, often
poorly implemented.

Most of thisreport focuses on how to identify and measure
categories of benefits and costs. Chapter 10 provides some
guidance on how to add or compare those measurements and
on methods that would facilitate discussion and decisions
about preferred alternatives.

LIMITATIONS OF BENEFIT-COST ANALYSIS

Despite its many advantages, the benefit-cost framework
we have described has limitations. Some of transit’s effects
are difficult to measure and those that can be measured are
difficult to express in dollars. Moreover, the distribution of
benefits may matter as much astheir total amount: providing
mobility to people with low incomes and disabilities may mat-
ter as much as, or more than, aggregate transit-time savings.

A recent critique of benefit-cost analysisasit appliestotran-
Sit is provided by Lewis and Williams (1999). The critiqueis
extensive, but the fundamental arguments are that (1) benefit-
cost analysis does not, and cannot, measure everything of
importance to decisionmakers and the public that electsthem,
and (2) many benefit-cost analyses find many transit invest-
ments to have costs in excess of benefits, while at the same
timethe public sector continuesto allocate fundsto subsidize
transit, meaning that “it is the Cost-Benefit Analysis that
must be faulty, not the budget decisions themselves’ (Lewis
and Williams 1999, 3).

Their critique does not dismiss all technical efforts to
measure benefits and costs asirrelevant. On the contrary, the
bulk of the book contains attempts to categorize and mea-
sure transit’ s benefits and costs.’® Thus, the critique is more
that benefit-cost analysis, asit has been applied to transit, has

10 Lewisand Williams make measurements of transit benefitsin an attempt to explain,
primarily at a national level, why decisionmakers make the decisions they do about
investment in transit, while this guidebook suggests, primarily at alocal level, how to
evaluate marginal additionsto local transit systems.
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focused too narrowly on travel-time benefits and construc-
tion costs and has missed or mismeasured several significant
categories of benefits.

In our opinion, that critique is not fatal to benefit-cost
analysis as we have defined it. If analysts and policymakers
generally accept the idea that better identification and mea-
surement (where possible) of transit’s full benefits and costs
can beuseful in public debates about transit policy and invest-
ment, then the methodological debate is not about the bene-
fit-cost framework, but about the details of the measures and
measurement. We address those issues in the next section
and throughout the rest of this report.*

A different, but related, critique of benefit-cost analysisis
that its quantification of benefits and costs leads to a false
sense of confidence in the validity and reliability of the esti-
mates. All of the calculations described later in this guide-
book rest on some or many assumptions, alternative assump-
tions are dways possible and often justified, and final results
may vary (perhaps substantially) when different assumptions
are made.?

CATEGORIZING THE IMPACTS (BENEFITS
AND COSTS) OF TRANSIT

The impacts referred to in Figure 2-1 may be good ones
(benefits) or bad ones (costs). There are many different ways
to categorize benefits and costs in general, and for trans-
portation and transit projectsin particular. This section shows
several.

Before making that list of impacts, we note acritical issue
in the application of benefit-cost analysis to transportation.
Remember that the ultimate objective of benefit-cost analy-
sisisto get to ameasure of net impacts for decisionmaking.
Oneway to do that—typical and logical—istolist al the sep-
arate types of impactsthat atransportation project might have
and then measure and add those impacts (positive and nega-

1 A more extreme form of the critique of benefit-cost analysisisthat the benefits and
costs of transit are so many and interconnected that any attempt to disaggregate them
and measure them separately will alwaysfail to give even an approximation of the real
net values to society. In that case, al technical arguments are partial (in both senses:
incomplete and biased) and one presumably relies on a political process (democratic,
pluralistic, and incremental) to make decisions. That type of decisionmaking process
might use voting or polling as the ultimate measure of net benefits: if a mgjority sup-
port some policy or investment, then it must be providing a net gain to society.

We do not accept that argument. We believe that there is ample evidence that deci-
sionmakers and the public will vote based on little and biased information; that amajor-
ity of votes rarely represents a majority of society; that opinions change substantially
based on how contingent questions are worded; and that there is no reason to believe
that the preferences of a majority of voters or survey respondents coincide with opti-
mal social policy.

Given those beliefs, we do not examine in this report techniques for gathering public
opinion as away of measuring the benefits and costs of transit. That is not to say that
polling has no place in evaluating transit policy. Clearly, one wants to know how citi-
zens and voters feel about alternative policies. We expect larger transit agencies, such
as corporations that emphasize the importance of customer service to profitability, will
be polling customers (riders). This report acknowledges that some of the data about
benefits and costs may come from surveys (e.g., travel-activity journals), but does not
attempt to describe survey methods.

2 \We are assuming here that the basic theoretical constructs described in this guide-
book are generally accepted; we are referring here only to changes in the specification
of the parameters that are consistent with the underlying theory.

tive) to arrive at ameasure of net impacts. The work scope for
this project, and much of the work we reviewed on this topic,
assumes that to be the method for estimating net impacts. This
assumption, intuitively reasonable, is potentially flawed in
general, and particularly for transportation evaluation. The
fundamental reason isthat the assumption fail sto account for
the interaction among effects.

An example illustrates the problem. Consider the hypo-
thetical benefitsto the users of some new transit service: abil-
ity to make new tripsto new destinations or at different times;
more comfort, convenience, security, and safety; and so on.
Benefits might also include cost reductions, or there may be
cost increases. changesin fares, travel times, automobile oper-
ating costs, and so on. Infact, because benefits are reductions
in costs, and vice versa, it is sometimes tricky to disentangle
them. The main point is that transit users consider all these
things (some explicitly) when they maketheir travel decisions
(regarding destination, time, mode, route, and so forth). Argu-
ably, if transit users decide to make a new trip, or drivers
switch to transit, they have, by whatever internal calculus
they use, made a decision that they are better off. In other
words, they see net benefits.

Transportation economists have agreed for along time on
the basic principles of how to measure that net benefit, when
summed across all users of a particular mode and geographic
market. They compare an estimate of the maximum amount
that a person would be willing to pay to make atrip (a mea-
sure of its total value to that person) with what that person
actually believes he/she is paying (his’her perception of his/
her travel costs). The difference is the net benefit of the trip
for that individual. The sum for all individuals gives an esti-
mate of total net benefitsto users. In practice, it isimpossible
tolook at every trip made by every traveler, calculate net ben-
efits, and sum them for all travelers. Instead, economists esti-
mate the difference between trip value and trip cost directly
from aggregated demand and supply relationships (if positive,
it is called consumer surplus, denoting that consumers get
more in benefits than they perceive they are paying in costs).

Thekey difference with this method isthat all of the many
different benefits and costs that travelers directly incur as
travelersare not eval uated separately and added, but are eval-
uated collectively as a change in consumer surplus. The
advantage of that measure of the net travel benefitsto travel-
ers of transit improvements (other benefits and costs accrue
to society at large in addition to these) isthat it is simple and
theoretically sound, it reduces double-counting, and econo-
mists already know how to calculateit.

Net user benefit (consumer surplus) is probably the most
important and significant of the total impacts to society of a
transportation improvement. Net user benefit isnot, however,
likely to be complete in itself. There are other impacts that
are not considered fully by tripmakers when they make trip
choices, so these are not included in the calculation. Many
analysts believe these “ external impacts’ (usually costs) to be
significant (a point we address |ater in this guidebook).



That said, the rest of this section takes a disaggregated
approach to transit benefits and costs and tries to identify
all theindividual impacts. That approach is more typical of
the transportation literature and more intuitive and under-
standable to a non-technical audience. Chapter 3 returns to
this discussion of consumer surplus asit tries to find prac-
tical ways for transit analysts to measure the user benefits
of transit improvements.

The introduction or expansion of transit service induces a
wide range of potential changes in transportation patterns,
the natural environment, social welfare, public expenditures,
social interaction, and the local economy. Many previous
studies make that point, including several recent ones pub-
lished by TCRP. A smaller number of reports go into the
details of what benefits and costs those general categories
comprise. Few studies get to the level of specifying measure-
ments for each type of benefit and cost and how those mea
surements may overlap.

Figure 2-2 illustrates how studies often, and sometimes
unintentionally and without acknowledgement of the fact,
evaluate only a subset of the full benefits and costs of atran-
sit improvement.
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Figure 2-2 starts at the top left with all benefits and costs
bundled together and then unwraps them. The point of Fig-
ure 2-2 is that the farther down the left side one goes, the
more things have been removed from the kind of compre-
hensive analysis to which benefit-cost analysis aspires.

Figure 2-2 focuses on the cost side-the left side of the fig-
ure (subsequent figures will provide more detail about bene-
fits) and illustrates that costs may be borne directly by transit
users (e.g., fares) or by alarger society (through government
expenditures and the taxes paid to support those expenditures)
and that costs may be borne indirectly by society through
environmental or economic costs (again, borne by consumers
either asreduced welfare or asincreased taxesto government
to amdliorate theindirect impacts). Not all government expen-
ditures on transit go into facilities, and those that do get split
between capital and operation. The construction costs vary
depending on level of service.

As one moves from the top to the bottom of Figure 2-2,
one moves from a theoretically comprehensive to an empir-
ically narrow definition of cost: in the bottom I eft corner only
direct, local, public costs of transit are left. No one would
argue that thisis a measure of the full costs of transit, and it

All Costs and
Benefits ———> Benefits—— Mobility
¢ Avoided costs of
auto travel
. . Income
Costs —) Pr;:\;ar’fsExpendlture Environmental
Other Economic
Other Government
Environmental Revenues
Economic
Government ) General
Expenditure Government
A 4
Rolling Stock :
& Facilities Operation
Capital —) Maintenance
\ 4
Construction —) Future Level of Service (LOS)

Current LOS _) State/Federal

Payment
\ 4

Local
Payment

\4

Amount,
Method,
Incidence

Source: ECONorthwest.

Note: Not all the items in Figure 2-2 are benefits and costs in the strict sense used in benefit-cost
analysis. Fares, for example, are costs from a rider's view, revenues from an operator's view, and

transfers from an economist's view.

Figure 2-2. A hierarchy of costs and benefits for transit improvements.



[-16

does not even consider benefits. Thus, Figure 2-2 illustrates
how it is possible to leave out certain aspects of cost when
evaluating full cost.

Figure 2-2 is for a generic transit improvement. Such
improvements can be of different types(e.g., construction of
facilities, addition of rolling stock, changein service charac-
teristics, and new programs) and scales, all of which could
change the type and magnitude of the benefits and costs.

Table 2-1 starts to get more specific about transit and its
benefits. Table 2-1 shows the relationship between transit’s
principal desired impacts (i.e., benefits, which are also the
reasons for supporting transit investments), and the people
who enjoy those benefits (from Williams 1998, and Lewis
and Williams 1999). The cells of the table are intentionally
left blank: the table illustrates only the dimensions of the
classification scheme (the rows and columns); it is not pre-
senting data that relate impacts to people. Two strengths of
the table’s organization are that (1) it is simple and under-
standable (the importance of thisattribute will become clearer
as we present more complicated organizations below), and
(2) it addresses not only the impacts of transit, but also their
distribution. Table 2-1 makes it clear that some benefits of
transit improvements accrue to transit users (e.g., better ser-
vice that resultsin more access, travel time savings, or more
comfort), and other benefits accrue to larger groups (e.g., the
benefits of congestion reduction to all regional motorists, or
the benefits of reductionsin air pollution to all regional house-
holds [society at large]).

Table 2-2, summarized from Litman (1999), goes to the
next level of detail. Where Table 2-1 showed only onelinefor
“Mohility,” Table 2-2 shows four separate types of mobility
measures. On this point alone, the contrast between Table 2-1
and Table 22 illustrates a key problem with any benefit-cost
evaluation; namely, that the sum of the parts can often be
greater than the whole.* The more ways one can describe
and measure a certain type of benefit, the more likely are
higher benefit estimates if the different measures are consid-
ered mutually exclusive and additive.'* We do not comment
at this point on whether there should be one, four, or more
categories of mobility effects—we simply note the implica
tions and importance of the decision about the number and
that this kind of listing leads to a different type of analysis
than onethat startswith theintention of measuring consumer
surplus.

Like Table 2-1, Table 2-2 also pays attention to the distri-
bution of impacts (last column). Table 2-2 al so recognizesthat
the impacts of improved transit service can be to allow new

1 Thisis usually more of a problem for counting benefits than costs. For costs, espe-
cially direct costs, an accounting perspective usually avoids double counts: add up the
cost of labor, materials, financing, and so on, and one has a pretty good estimate of the
costs of building or operating a new transit project.

14 For example, if the categories in Table 2-2 are assumed mutually exclusive and
additive, we believe several benefits and costs would be double-counted, and transfers
of benefit would be counted as real increases in net welfare.

trips (categorized under Mobility effects) and to decrease
travel timefor existing transit riders (under User cost savings)
and for auto riders (under Congestion reduction). Most of
what Table 2-2 categorizes as Efficiency Benefits are derived
from expectations about the avoided cost of highway con-
struction (assuming that transit allows for the reduction of
forecasted trips that would otherwise congest highways,
reducetravel times, and lead to more highway construction).

Table 2-3 is based on Beimborn et al. (1993). It is proba
bly the most comprehensive hierarchy of benefit categories.

In concept, the right-most variable on every line of the
tableisaunique type of impact that should be measured, and
the measurements of all these unique variables should be
additive to a single measure of the benefits of a particular
transit improvement. Its comprehensiveness comes with some
disadvantages. First, the table does not explicitly distinguish
among types of travel changes caused by thetransit improve-
ment (e.g., whether theimprovement causes new trips, or dis-
places trips from transit, auto, or other modes). Second, it
does not deal explicitly with the distribution of impacts.

Thecurrent state of the practicetendsto focuson just three
of the branches: transit supply purchases, and the user effects
for transit and auto users. This emphasis is appropriate
because the costs of transit are primarily concentrated in the
supply of transit service and most of the benefits of transit
accrue to the transit users and, to alesser extent, auto users.
However, the benefit tree makes clear that transit has other
potential effects that alter the amount and distribution of
social benefits. Williams and Lewis (1999) provide evidence
that these other benefits are actually quite large when added
at anationa scale.

Although called abenefitstree by itsauthors, Table 2-3 also
helps clarify costs, which can frequently be treated as nega-
tive benefits (i.e., as disbenefits). For example, time spent
travelingisacost of travel, so travel-time savingsfrom atran-
sit investment are a benefit of that investment (the benefit is
the reduction of a cost).

That tight relationship between benefits and costs—because
the benefits of one investment option are often the reduction
in costs of an alternative investment option—can create some
problemsfor evaluation. Many studies of aternatives end up
with alot of double counting. Consider Tables 2-2 and 2-3,
which attempt to provide acomprehensivelist of the benefits
of transit. They list not only the direct benefits of transit (i.e.,
better travel characteristics, primarily reduced travel time, on
transit), but also count as benefits the avoided costs of auto-
mobiletrips. In concept, both benefit-cost analysisand social
science research support the idea that impacts of a change
(e.g., an investment, a policy, or a treatment) get measured
by (1) introducing the change into a system and (2) measur-
ing everything that changes as aresult of that initial change.

But one must be careful to keep the measurements straight.
For example, new bus service may change auto travel: some



TABLE 2-1 Chief benefits and beneficiaries of transit (per Lewis and Williams)

Transit’s Desired Benefits

Groups of Beneficiaries

Transit Users

Other Travelers/

Society-at-Large

Community Members

» Low Cost Mobility

» Congestion Management

* Location Efficient

Neighborhoods and

Commercial Centers

Source: based on Williams 1998, and Lewis and Williams, 1999.
Note: The cells of the table are intentionally left blank: the table is to illustrate only the dimensions of the classification
scheme (the rows and columns); it is not presenting data that relates impacts to people.

TABLE 2-2 Moredetailed list of benefits and beneficiaries of transit (per Litman)

Description

Distribution

Mobility Benefits

Benefits from travel by transit that would not
otherwise occur

also economically, socially, or physically
disadvantaged

1. Economic Economic benefits of increased employment Benefits all of society
2. Personal Benefits to users from increased employment, User benefit
education, recreation, and social activities
3. Equity Benefits of providing mobility to people who are Both users and society benefit

4. Option Value

Maintaining transportation options in case of
changes in individual or social needs

Benefits all of society

Efficiency Benefits

Benefits resulting from reduced motor vehicle
traffic

5. User Cost Savings

Users' vehicle and time savings

Users

6. Economic Development

Increased regional economic activity due to the
larger portion of local inputs in transit expenditures
compared with automobile expenditures

Regional community

7. Congestion Reduction

Reduced traffic congestion resulting from reduced
vehicle traffic

All road users, road agencies, tax payers

8. Parking Cost Savings

Reduced parking problems and parking facility cost
savings from reduced automobile use

Auto users, businesses, and government

9. Safety Benefits

Relative safety of bus travel compared with
automobile travel

Bus riders, all road users, and society

10. Reduced Roadway
Facility and Service Costs

Reduced costs for roadway construction,
maintenance, traffic police, and related services

Government agency budgets, society

11. Reduced Roadway
Land Requirements

Reduced need to use land for roads, increased tax
revenue

Government agencies, the environment,
society

12. Land Use Impacts

Reduced urban sprawl, loss of greenspace and
negative aesthetic impacts of roads

Government agencies, utilities, the
environment, society

resources

13. Air Pollution Reductions | Reduced vehicle air pollution Society

14. Noise Impacts Changes in vehicle noise emissions Society

15. Water Pollution Reduced vehicle water pollution due to reduced Society
automobile use

16. Resource Conservation | Reduced use of energy and other natural Society

17. Reduced Barrier Effect

Improved mobility for pedestrians and bicyclists
due to reduced vehicle traffic

Current and potential pedestrians,
cyclists, society

Costs Costs of transit service (not incorporated in
benefit analysis)
Fares Fares charged to transit users Transit users
Travel Time Additional travel time costs for transit users Transit users
Subsidies Financial subsidies to provide transit service Local, state, and federal government

Source: Litman (1999), Evaluating Public Transit Benefits and Costs.
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TABLE 2-3 Moredetailed hierarchy of the benefits of transit (per Beimborn et al.)

Change in Well Being

’

Change in Lifestyle

Privacy
Contact with Others
Trip Tours
Freedom { Time Table
Connectivity

Confidence of Place

Transit Trips

A

Equality

Security

Time

Use of Time

User Effects

Operating and Parking Costs

Vehicle Ownership

Destination Choice

Time

User Effects

Operating and Parking Costs

Destination Choice

Energy Use

Fewer Auto Environmental Effects

Air Pollution

Trips

Noise Pollution

Highways

Facility Needs

Parking

Control Systems

Long Term Option

Severe Weather

Family Circumstances

Unusual Occurrences

Vehicle Breakdown

Provides

Emergencies: Evacuation, etc.

A

Alternatives Recreaticnal Riding

Discretionary Activities

Independent Living

Access to Health Care { [Reduced Public Cost

{
{
"
|
;
{
;
(
|

\ Employment { [Welfare |
r . ) ] [Facility Needs
Efficiency of Public Services [Operations
Land Use / |nteraction among People Interpersanal Contacts
Economic |< |"eracionamong feop Networking/Productivity
Activity Open Space, Agriculture
Land Preservation Privacy, Interaction
Y Isolation
( Employment
Energy Use
. Environmental Effects Air Pollution
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travelers may switch from auto to bus and avoid auto costs.
But many of the costs avoided are internalized by the indi-
vidual travelersand arewhat motivatesthemto switch to tran-
sit. This guidebook returns to this issue of double-counting,
avoided cost, and consumer surplus (a measure of net bene-
fits) in Chapters 3 and 5. It will illustrate why measuring all
those components of benefits and costs (as shown, for exam-
ple in Tables 2-1, 2-2, and 2-3), comprehensively and with-
out double-counting, is extremely difficult.

In sum, Tables 2-2 and 2-3 illustrate how large an evalua-
tion of transit benefits can get and different waysthat impacts
can be organized. By providing the detail they do, they also
make it easier to see what might be double-counted or |eft
out. Thenext section describeshow weincorporatetheseideas
into an organization of impacts that we believe is economi-
cally correct and logically consistent, and, hence, useful for
explaining and performing transit evaluation.

IMPLICATIONS FOR THIS REPORT

Degpite their length, the previous sections provide only an
overview of the complexity of developing and implementing
methods for arigorous full-cost evaluation of transit improve-
ments and investments. Thereis clearly a conflict between a
desireto prepare asimple, readable guidebook, and thedesire
to prepare one that isrigorous and complete. We have had to
make some choices. Our conclusions, as they relate to the
organization of this report, are as follows:

+ Theideathat each of transit’s benefits can be isolated,
measured, and added to a total benefit is intuitively
appealing, but technically flawed. The problem derives
from thefact that consumers do not disassociate and add
separately the components of travel cost when they make
travel decisions. Transportation economists have long
agreed on the theory of measuring net travel benefits to



travelers: itismeasured asthe sum of the changein con-
sumer surplus that travelers enjoy from a new travel
option. That surplus is measured as a demand-supply
relationship between perceived trip cost and the quan-
tity of trips. Full trip cost includes many of the compo-
nents that the previous tables break out individually. In
sum, most transportation economists would argue that
the only correct way to get at the net benefits of transit
improvementsis by measuring consumer surplus,*® and
that adding separate measures of transit benefits almost
certainly over-counts benefits.

» The challengefor this guidebook isto provide an analyt-
ica framework that is consistent with economic theory,
capable of being implemented without requiring the use
of sophisticated modeling methods, and an advancement
of the state of the practice with respect to the measure-
ment of certain transitimpacts. Many transportation and
transit planners, analysts, and decisionmakers understand
basic transportation issues, but may have little under-
standing and no formal training in benefit-cost analysis.

« Simplification will makethisreport more useful. Simple,
practical methods are more useful than complex, com-
plete ones. Figure 1-1 shows how planners can start with
this report and move on to the other reportsit references
for more detail. Table 2-3 shows how complicated the
identification of impacts can be. In doing so, it does not
trandate easily into chapter headings and subheadings.

These considerationslead to the following organization for
our report. Impactsarefirst divided into two categories, which
correspond to the next two sections of the guidebook. Each
section is then divided into chapters that address common
types of benefits and costs. Each category is further divided
into subcategories of impacts. For example, transit’s travel
impactsare divided into those that affect transit usersdirectly
and those that affect users of other modes. The organization
isasfollows.

Section II: Transit’s Impacts—The Basic
Benefits and Costs

This section addresses impacts about which there is a
general consensusthat they are (1) directly attributableto trans-
portation improvements, (2) quantifiable and probably mone-
tizable, and (3) mutually exclusive (not double-counting).

« Chapter 3, Transit’s Travel Impacts. This chapter
focuses on measurements of the primary impacts of any
transportation project or program: improvementsin travel
characteristics (e.g., more trips, speed, safety, conve-
nience, or comfort). The chapter covers impacts on both
transit users and users of other modes (especially auto)
and the distribution of impacts on subclasses of users.

« Chapter 4, Transit’s Secondary Impacts. The term
secondary impact does not imply impacts of lessimpor-

15 Chapter 4 and an appendix discuss these points in more detail.
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tance, but rather impacts that derive from the primary
impact of building, operating, and maintaining moretran-
sit facilities and service. The main categories of sec-
ondary impactsare Environmental, Land Use, Economic
Development (including impacts on jobs, income, and
profits), and Other. This chapter focuses on the envi-
ronmental impacts becausethey are clear spillover costs
that are not otherwise counted. Other secondary impacts
addressed are accidents. Parking, other transportation-
related service costs, and other social service costs are
addressed in Chapter 5.

» Chapter 5, Transit’sDirect Costsand Revenues. This
chapter focuses on money transactions, the most obvious
of which for transit and transportation arethe direct costs
of planning, building, operating, and maintaining facili-
ties and vehicles. We start with costs because (1) cost
impacts are the easiest to understand and measurein dol -
lars; (2) adiscussion of costs facilitates a discussion of
severa general methodological issues (e.g., discounting
to present value) that apply to other types of impacts; and
(3) the direct, dollar costs of planning and construction
are redly the initiating impacts, in the sense that those
expenditures create the transit projects from which other
impacts flow.

Section lll: Transit's Impacts—Other
Benefits and Costs

This section deal s with impacts that are harder to measure
or potentially redundant (i.e., double counts) of the basic
benefits and costs measured in the previous section or both.

+ Chapter 6, Transit’sImpactson Land Useand Devel-
opment. This chapter addresses impacts on land use
that derive from the primary impact of building, operat-
ing, and maintaining more transit facilities and service.

» Chapter 7, Transit’s Impacts on Economic Devel-
opment. This chapter addresses impacts on economic
devel opment derived from the primary impact of build-
ing, operating, and maintaining more transit facilities
and service.

+ Chapter 8, Distribution of Transit’s Impacts. This
chapter is about what is often referred to as “equity.”
Where other chapters have focused on estimating total
costs and benefits, this chapter talks about how to dis-
aggregate the analysis to try to identify how different
groups benefit or pay.

Section IV: Synthesis

+ Chapter 9, An Example. This chapter draws together
the results of Chapters 3 through 8 to come to some
conclusions about the overall effects of transit projects
and describes how transit planners might incorporate
the technical analysis in this guidebook into a local
decisionmaking process. It summarizes and abstracts
from Chapters 3 through 8 to describe how different
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groups are affected by transit investments—who gains
and who pays?

Section V: Appendices

The report iswritten to provide an overview of key issues
and simple evaluation techniques. Several appendices add
technical details:

Appendix A, Bibliography

Appendix B, Integrated Modelsfor Conducting Compre-
hensive Benefit-Cost Analysis

Appendix C, Sample Calculations

Appendix D, Converting Monetary Costs and Benefits
to aCommon Base Y ear (Constant Dollars)




SECTION II:

TRANSIT'S IMPACTS—THE BASIC BENEFITS AND COSTS

This section focuses on the benefits and coststhat havetra-
ditionally been identified with transportation improvements.
The common acceptance of these benefits and costs derives
from the fact that they are (1) logically connected as direct
conseguences of atransportation improvement, (2) generally
mutually exclusive—in other words, they do not overlap sub-
stantially in the impacts they measure, and (3) measurable
and, inmost cases, monetizable. This section addressesthese
benefits and costs in three parts:

» Those associated directly with activity of travel itself
and itseffect on users. This section introducesthe notion
of consumer surplusand presentsthe basi c arithmetic of
calculating user benefits (Chapter 3).

» Those that are secondary impacts, which include such
things as the option value of transit (Chapter 4).

» Those that are direct costs of building, operating, and
maintaining a transit improvement (with revenues as
potential offsetting benefits) (Chapter 5).

The impacts discussed in this section are not all the bene-
fits and costs of atransit improvement, but they are among
the most significant ones and a good place to start an evalu-
ation. Thus, the chaptersin this section focus on impacts that
are quantifiable using accepted benefit-cost analysis tech-
niques. Section |11 then discusses other impacts that Section
Il does not cover.



CHAPTER 3
TRANSIT'S TRAVEL IMPACTS

SUMMARY

Transit’s impact on travel behavior (for all modes) is the
primary source of societal benefits fromtransit. Benefits are
realized when transportation users perceive that their cost of
travel has been reduced. If a transit improvement does not
change the cost of travel perceived by users (of all modesin
the aggregate), it cannot affect user travel behavior. This
chapter describesthe different components of perceived user
costs (other chaptersdiscussreal coststhat are not perceived
by users).

The largest perceived cost of using transit is travel time,
which is comprised of time spent walking to transit, waiting,
riding, and transferring between routes. Generally, time spent
walking to and waiting for transit is perceived to cost two to
three times the cost of time spent traveling, which is usually
valued at 50% of the gross hourly wage rate. These values
are applied to estimates of the amount of time that is saved
by the improvements, which will be a function of transit head-
ways, vehicle operating speeds, and how serviceisintegrated
(i.e., how many transfers are required to make trips). This
chapter gives some rules of thumb to estimate how different
operating characteristics affect total travel time, although
careful project specification and engineering analysisisrec-
ommended for detailed studies.

The other major category of perceived transit cost costsis
fares. Analysts should use existing or proposed fare struc-
tures to estimate costs per unit of travel. Regarding transit
passes, permits, and ticket books, average fare costs can be
calculated by dividing the purchase price by the number of
primary (e.g., commute) transit trips expected to be taken.

Itislikely that transit users already incor porate perceived
accident and crime costsinto their subjective values of travel
time, and thus they can beignored. Alternatively, when tran-
sit improvements are judged to significantly increase safety
or risk, or when the analyst suspects that crime or accidents
are generally trending up or down, special analysis may be
needed. This chapter provides average cost data for crime
and accidents, which can be adjusted and added into the cal-
culation of perceived user costs.

Auto and truck trips can be directly affected by transit
improvements, as autos are frequently used to connect to
transit service, and transit improvements can change road-
way operating conditions (e.g., reduced congestion levels).
As for transit, the largest perceived cost for auto and truck
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usersistravel time, although different components must be
calculated (in-vehicletime, walking time, and parking search
time). These cal culations can be more complex, however, as
auto users sharing vehicles may value their time differently,
and estimating reduced (or increased) inventory costs for
trucks due to travel conditions can be difficult. This chapter
provides estimates for auto and truck values of in-vehicle
time (based on wage rates) for a range of trip purposes,
which can be applied to travel time savings calculated with
standard travel demand modelsor generalized volume-delay
relationships.

Auto and truck operating costs related to fuel consump-
tion, parts replacement, insurance, and other categoriesare
another important cost that can change with travel behavior
and traffic conditions. This guidebook lists average costs for
these items per vehicle mile, although analysts are advised
to estimatetheir ownlocal cost data asthis data changesfre-
guently. In addition, the amount that auto users pay out-of-
pocket to park their vehicles should also be included in the
cost calculations, although data limitations may require that
these costs be estimated using probability methods. All of
these costs should be converted to costs per passenger mile
if transit cost data is measured this way.

As with transit, the cost of accidents and crime for autos
and trucksis likely to be incorporated into value of time esti-
mates, which should be augmented with insurance costs.
These number s should only be adjusted when transit improve-
ments significantly affect perceptions of risk or safety.

To measure aggregate net user benefits, the analyst needs
to know 1) the amount of travel before the improvement (by
mode and time of day using a travel demand model); 2) the
perceived costs for these travel patterns (per unit of travel);
3) theamount of travel after theimprovement; and 4) the per-
ceived costs for the changed travel patterns. Once these ele-
ments are known, user benefits are calculated by multiplying
the change in perceived user costs (by mode) by the average
travel volume for that mode (comparing the base case with
the improved conditions alter native).

OVERVIEW

Transit improvements ater the characteristics of aregion's
transportation network. In response, travelers may change
their choices of thetime, mode, path, and frequency of travel.
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Change occurs not only in the use of transit services, but also
in the use of competing and complementary modes of travel.
Changes may take place not only in the character of trips that
were already being made, but also in trip-making overall. That
is, travel may be induced or retarded by the improvement.

The impact of atransit improvement on travel behavior is
the primary source of societal benefits from transit. Other
impacts (such as environmental, land use, and regional eco-
nomic impacts) are also important: they are discussed later in
this guidebook. Typically, however, the impacts on users of
the transportation system constitute the major share of tran-
sit benefits.

Benefitsto travelersfrom transit improvements come about
primarily as the result of reductions in the users' perceived
cost of travel. Such reductions leave the user with surplus
willingness to pay: they are willing to pay more for the trip
than what they perceive the trip is costing them. User bene-
fit calculations, therefore, emphasi ze measurement of thewill-
ingnessto pay. Measurements of willingnessto pay for trans-
portation services allow transportation analysts to convert
changesin travel activity to changes in economic benefitsto
travelers. In the overall picture of benefit-cost analysis, this
focus on willingness to pay makes sense, too. If users of a
service are collectively unwilling to pay what it takesto pro-
vide or improve that service (conceptually, at least), then it
is harder to argue that these users receive net benefits from
the service enhancement.!

Economists describe the willingness-to-pay relationships
with demand curves and use the term consumer surplus to
talk about the difference between the travelers’ willingness
to pay and their perceived cost of travel. Figure 3-1 showsthe
basic relationship. The demand curvein Figure 3-1 portrays
the relationship between the volume of trips and the user cost
per trip that travelers must bear. The less the transit service
is perceived to cost, the more trips users will make, every-
thing else being equal. In the case depicted in Figure 3-1, a
certain number of users (V,) arewilling to incur costs of U,,
but additional userswould bewillingto usetransit if the costs
arereduced to U;. The notion of consumer surplusrecognizes
that, at virtually any point on the demand curve (such asthat
level of demand associated with cost U,), most of the people
who are using transit services would be willing to pay more
than they are actualy paying.

Consumer surplus is defined as the cumulative difference
between the costs users perceive they incur and what they
would be willing to incur. In other words, consumer surplus
is a measure of net benefits: the excess of value over cost.
From this perspective, the demand curve can be seen as a
mar ginal benefit curve. For any given volumeof trips, it indi-
cates the benefit that is derived from the last trip at that vol-
ume. The reason that the trip cost U, is associated with no
moretripsthan V, isthat the marginal benefit of an additional

1 Possible benefits to othersin non-traveler capacities (e.g., asresidents, workers, and
business owners) are discussed later.

trip would be less than the user’ s cost to make that trip. The
areaunder the demand curve at agiven level of trip making,
therefore, represents the aggregate of the gross benefits that
travelers enjoy from trip making. Calculations of changesin
this area (changes in consumer surplus) can be used to mea-
sure the user benefits of atransit improvement.

Key point: Changes in consumer surplus are the
primary measure of user net benefits.

Suppose, for instance, atransit investment were to reduce
the costs of using transit from U, to U;, as described in Fig-
ure 3-1. This improvement not only benefits existing users,
but also can induce additional travel because user costs fall
below the willingnessto pay of some previous non-users.? In
the case depicted in Figure 1, the shaded area represents the
change in consumer surplus associated with the reduction in
cost. Travelers who were already using transit (making V,
trips) enjoy acost reduction per trip of U, — U, and a benefit
equal to that reduction times the number of trips (V,) as rep-
resented by the shaded rectangle. New trips in excess of V,
create progressively less consumer surplus (the shaded trian-
gle). Thelast new trip, at V4, generates no net benefit because
the marginal benefit is exactly offset by the user cost, U,.2

BASIC MODULES OF ANALYSIS

In concept, consumer surplusiswhat one needsto measure
to get a preliminary estimate of the net benefits to travelers
of atransit improvement. It is apparent from Figure 3-1 that
user benefit accounting requires:

+ Estimates of the quantity of trip-making before and after
the improvement.

+ Estimates of changes in perceived user costs that result
from the improvement.

For travel that occurred before an improvement and con-
tinues after an improvement, the gross gain in consumer sur-
plus is the change in perceived user costs multiplied by the
pre-improvement quantity of travel (the rectangle on the left
in Figure 3-1). Travel that is induced by the improvement
generates benefits that are equal to the change in perceived
user costs times approximately one-half the induced volume
of travel (in Figure 3-1, the shaded triangle between V,and
V,). Total user benefits, B, can be calculated, therefore, as:

2 |f the improvement causes someone on the network to experience higher user costs
than before, of course, it can also cause previous users (whose willingness to pay was
barely above their perceived costs) to reduce trip-making.

% The purpose, intended audience, and space limits of this guidebook all suggested
that it not get into all the details of consumer surplus: issues like shifts in the demand
curve, the graphics and math illustrating the impacts of external costs on individual
travel decisions and aggregate travel volumes, and producer surplus.
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Shaded area consumer surplus: the collective
gain to travelers when a transportation
improvement reduces Trip Cost (which includes
the benefits to new trip makers) as volume
increases from Vo to Vi.
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Figure3-1. User benefits from transportation improvements.
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This caculation (which we call the Basic Benefit Calcula
tion) highlights the factors that influence the benefit calcula-
tion and the basic modul es of analysisthat must be put together
to do atransit evaluation:

» Measuring User Costs. The consumer surplus calcula
tion relies on changes in perceived user costs. There-
fore, alogical module of the analysisis the calculation
of changes in perceived costs. This calculation can be
done by oneanalyst, while otherswork on other matters.

Key point: The consumer surpluscalculation relies
on changes in perceived user costs.

* Measuring User Benefits. The basic methodology for
calculating user benefits outlined here requires proce-
dures that bring together information on changes in per-
ceived costs and travel volume data. The example cal-
culations used below arefairly simple. In areal-world
application, decisions must be made about the level of
detail desired and precisely how (and at what detail) to
measure travel volumes.

4Thisformulais derived from the standard formulafor the area of atrapezoid. It pre-
sumesthat the demand curveis essentially linear over therange of the calculation. This
isgenerally areasonable assumption since changesin user coststend to be small. More
sophisticated specifications are possible, but add needless complication to the exposi-
tion in this guidebook.

The rest of this chapter is organized into two remaining
sections around these two categories: thefirst gives guidance
on estimating unit costs (e.g., of travel time and accidents) in
terms of costs per passenger- or vehicle-mile; the second
shows how to combine changesin these costs with estimates
of demand (how much peopletravel by mode before and after
the transit improvement) to estimate user benefits.

SELECTING THE UNIT OF TRAVEL
MEASUREMENT AND THE LEVEL OF
DETAIL FOR THE ANALYSIS

Before beginning to assembl e information, an analyst must
decide what units of measurement to use and the level of
detail or “grain” of the analysis. These decisions will depend
on the kinds of questions the analyst hopesto answer and the
data available. Benefit-cost analysis can be performed using
various data types, but the precision and detail of the analy-
siswill be determined by the structure of the data employed.

The volume of travel and the user cost of travel must be
measured in the same units, asthe consumer surplus calcula
tion suggests. The unit of travel can be passenger- or vehicle-
trips or passenger- or vehicle-miles.® In theformer case, trips
are defined in the context of pairs of origins or destinations
(or an aggregate of these pairs); in the latter case, vehicle
miles are measured over individual links in the network or
the link mileage of the network as awhole.

5 Some new demand models are based on tours, the notion of trips that originate and
end at the sameplace, e.g., theresidence. Tours help the demand model er explain travel
behavior because travelers decisions about what mode to use depend on what combi-
nation of tasks they plan to perform over the course of the day (e.g., work, shopping,
and pickups at day care). Because tours are just a complex form of trip, they are not
discussed separately here.
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Key point: The volume of travel and the user cost
of travel must be measured in the same units. They
can be measured on a passenger or vehicle basis
using either trips or miles as the volume measure.

If travel is measured using passengers, then user costs
must be calculated on this basis. Costs that vary by vehicle
must then be re-expressed on a per-passenger basis using
information on vehicle-occupancy rates. Conversely, if travel
is measured on a vehicle basis, then costs that vary by pas-
senger (such asthe value of time) must be expressed on a per-
vehicle basis using vehicle-occupancy rates. Conversionsin
either direction involve the following, simple arithmetic:

Passenger-miles = Vehicle-miles x Passengers/Vehicle
V ehicle-miles = Passenger-miles + Passengers/Vehicle

Key point: In the examples given in this guidebook,
passenger-miles are used as the unit of travel and
user-cost measurement. The principles of the cal cu-
lations are easily extended to other measurements.

Thegrain of theanalysisrefersto whether different classes
of vehicles or passengers are measured separately (or con-
solidated into asingle class) and how much geographic detail
ispreserved in the data. The purpose of afine-grain analysis
istwofold. First, it can facilitate analysis of theimpacts of the
improvement on different groups of travelers (e.g., different
income classes or travelers who live in different parts of the
region). Second, it can improve the precision of the analysis.
If the analysisis overly aggregated, it is likely that some of
the effects of thetransitimprovement may be overlooked. As
a practical matter, the grain of the analysisis largely driven
by the datathat are available to the analyst and the resources
available to manipulate and process the data.

This section has emphasized user benefits and costs as the
basic measure of the net benefits of a transit improvement.
But user benefits do not capture all of the benefits of atransit
improvement. User benefit calculations are based on per-
ceived cost notions only. There are unperceived and sec-
ondary impacts, as well as direct costs of implementing the
transit improvement, that must be considered in afull evalu-
ation. All these need to be analyzed and are presented in | ater
chapters of this guidebook.

MEASURING USER COSTS

The first logical task in appraising the impact of a transit
improvement isto measure itsimpact on user costs. If atran-
sit improvement does not change the cost of travel perceived
by users, it cannot (by definition) affect user travel behavior.®

6 Chapter 2 explains why user benefits and user costs are really two different ways of
viewing the same impact. For example, adecreasein the cost of atrip isatravel benefit.

In turn, if an improvement has no effect on travel behavior,
it is hard to argue that it will generate direct user benefits. It
isalso hard to argue that it will have significant effects indi-
rectly (through changes in emissions, impacts on land use,
and so on) since travel behavior is unaffected. The demon-
stration of reductions in perceived user costs, therefore, is
central and essential to the demonstration of benefits from
transit improvements.’

Key point: Atransitimprovement must reduce per-
ceived user costsif it isto generate user benefits.

The costs perceived by users have two main components:
(1) monetary or “out-of-pocket” costs and (2) the value of
time spent traveling.

Since the value of time typically varies from user to user
because of differencesin users' incomes and the mode being
used, the benefit of atransit improvement will also vary from
user to user. To measure and address equity issues, therefore,
onemust measure user benefits separately for differentincome
classes of users. Lewis and Williams (1999) estimate con-
sumer surplus, for example, for transit usersin the U.S., by
income group. Though the aggregate estimates are not use-
ful for local projects, the distribution might be. For example,
they estimate that about 80 percent of al consumer surplus
accrues to households making less than the median income.

A transit improvement may affect not only the monetary
and travel time costs of transit itself, but also the user costs
of alternative modes, such as the automobile, carpools, or
other transit modes. These effects on other modes occur
because of the interconnected nature of the typical urban
transportation network. A transit improvement in one part
of the network may cause road conditions or passenger
demand for other transit servicesto change there or in other
parts of the network. These changes, in turn, may affect road-
way speeds or the speed or headways of other transit modes.
A light rail improvement, for example, may require dedica-
tion of existing surface road capacity to itsright-of-way. In
those parts of the network so affected, roadway speeds may
bereduced asaresult of theloss of road capacity. Thischange
in roadway speeds, inturn, affects auto users' perception of
the cost of using the automobile.

Key point: The more interconnected is the trans-
portation network, the moreimportant it isto mea-
sure changesin user costs of all modes across the
whole affected network.

Theinterconnectedness of transportation networksand their
modes means that the impact on both transit user costs and
the user costs of other modes often must be measured. Con-

Inthe remainder of thisdiscussion, theterms*“perceived user costs’ and “user costs”
will be used interchangeably, but it should be noted that the emphasis in this entire
chapter is on perceived costs.



sequently, the discussion in this section proceeds first with a
discussion of transit user costs, followed by discussions of
truck, auto, and bike/pedestrian user costs.

TRANSIT USER COSTS

Transit user cost estimates require fairly detailed calcula
tions. Even asimpletransit trip involves acomplex pattern of
travel time and cash outlays. A transit user typically must get
tothetransit vehicle, wait for it to arrive, travel inthe vehicle,
and then get from atransit stop to afinal destination. If thetrip
involves transfers from one transit vehicle to another, there
may be additional waiting, walking, and in-vehicle travel.
Other modes may also beinvolved inthetripif, for example,
atraveler first drives (or is dropped off by another driver) to
reach the transit line.

Travel Time (Walk, Wait, Transfer,
In-Vehicle Time)

Framework

The major component of the perceived cost of transit use
is travel time. The value of travel time depends on the dis-
utility (cost or negative value) that travel ers attributeto travel
time. Thisdisutility varieswith the type of activity involved,
such as walking to atransit stop, waiting for transit, riding
transit, or transferring between routes. Qualitative factors,
such as the comfort of the ride and the pleasure (or displea-
sure) associated with traveling with others, isusually implicit
in the time value calculation and not calculated separately.

The literature of transportation economics is replete with
works on the theory and measurement of the value of travel
time. Most of the travel-time measurements are based on
travel in automobiles. Small (1992) provides a summary of
that literature. Among Small’ s conclusions are the following:

* Inconcept, how peoplevaluetime spent intravel depends
on the mode of travel, the purpose of thetravel, thetrip
component (e.g., waiting versusriding), thetotal travel
time, socioeconomic characteristics (which are often
measured generally by income), and other preferences.

» Thevalue of travel-time savingstypically accounts“for
avery large portion of the total benefits from a trans-
portation improvement.”

+ Although the value of time savings per minute may
vary somewhat with the total amount of time savings
involved, Small concludes that “the safest assumption
based on current knowledge is that any such differences
are negligible.”

+ Edtimatesof thevalueof timearetypically linked towage
rates on the assumption that time spent traveling would
be spent at work instead. This notion is relevant to non-
work as well as work trips, because economists believe
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that theimplicit value of al non-work (“leisure’) timeis
affected by the opportunity to work instead. Depend-
ing on other amenities and disamenities associated with
travel of various kinds, however, the implicit value of
travel time may be greater or less than the wage.

+ “The vaue of in-vehicle time for non-business travel is
usually found to be less than the gross wage rate,” but it
rises as wage rises. For business/work trips, empirical
estimates value time as a percentage of gross wage to be
aslow as 20 percent and as high as 100 percent (in afew
cases, even higher). Small concludes“ areasonable aver-
agevalueof timefor journey to work is50% of the gross
wage rate.” Higher-income travelers value their time
more, but the increment in valueis proportionately less
than the increment in income. Small cites evidence that
a person with three times the income of someone else
may value travel time only 30 percent to 40 percent
more. Taxes, the ability to conduct work or leisure activ-
itieswhiletraveling, therelative comfort of thetrip, etc.,
may be responsible for this loose relationship between
wages and time values.

» The value of walking and waiting time can be two to
threetimes greater than riding (in-vehicle) time, but there
isalot of variahility. The activities of walking and wait-
ing (as part of amotorized trip) are apparently generally
perceived as less enjoyable than actual travel in a vehi-
cle.? This may be a result of the exposure to weather,
crimeor other disamenities, and agreater sense of uncer-
tainty about the trip progressing in atimely manner.

+ Business travel has a higher value than commuting
(though, generally, still lower than the wage rate), per-
haps because it isamore stressful activity. Leisuretravel
may have ahigher or lower value than commuting: some
empirical work supportstheintuitively reasonable con-
clusions that social and recreation trips tend toward
higher time values than shopping or commuting trips,
and that weekend trips have higher time values than
weekday trips.

+ Limited evidence suggeststhat timevaluesare higher in
peak than off-peak travel periods, and higher for longer
than average trips (one study suggests that the value is
20 percent higher for trips longer than 30 minutes com-
pared with trips less than 20 minutes).

More recent work by Winston and Shirley (1998) is con-
sistent with Small’ s conclusions. Generally, they found the
value of peak period travel to be approximately 40 to 50 per-
cent of the average pre-tax hourly wage (except for trips of
lessthan 1 mile).® Off-peak values had the same pattern, but

8 But, people who choose to walk often argue that they value their time the same or
less than they would for other modes.

¢ Winston and Shirley (1998) found that time values range from 8 percent of the pre-
tax wagerate for tripslessthan 1 mile, to 49 percent for trips between 11 and 25 miles.
Values increased with trip distance to distances of up to 25 miles (49 percent), then
dropped (to 41 percent).
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were consistently lower than peak val ues (generally, about two-
thirds of peak values). Winston and Shirley explain the high
time value for medium-distance commutes as self-selection:
“people facing the longest commutes have made residential
location decisions (to be near suburban schools, for example)
that attach less importance to longer travel times than many
who prefer to live closer to work.”

In summary, most research suggests that non-commercia
travelers generally value their travel time at a substantial
fraction of their wage'”, but that the actual value can vary
with the type and length of trip and other factors.

Key point: Travel timeistypically valued as a per-
centage of the wage rate. A reasonabl e estimate of
the value of in-vehicle time is 50 percent of the
grosswagerate of thetraveler, with waiting, walk-
ing, and transfer time being valued at two to three
times that level. There is only limited evidence to
suggest that the value of time varies also with trip
length and other trip characteristics.

Data and Analysis

Thelesson fromtherecord of empirical studiesof timevalue
is that the wage rate is an important determinant of absolute
and relative time values. The variation that is observed in time
studies gives the analyst the latitude to use time values esti-
mated from local studiesif they fall within normal ranges. It
isimperative, however, that the analyst use time valuesin a
consistent manner and make sure that the decision to proceed
with thetransit improvement is not crucially dependent upon
the use of an unusual time value. It is aso important to treat
various time components (e.g., waiting, walking, in-vehicle
time) appropriately, because transit and auto modes differ
importantly in the relative amounts of time spent waiting,
walking, and in the vehicle.

Generally, if the same time values are used to compare
alternative projects, the relative benefit-cost ranking of these
projects will be accurate, even if the absolute benefit-cost
performance is uncertain because of uncertainty about time
values. The first measurement task in a transit evaluation
exercise, therefore, isto assemble atable of appropriatetime
values. These values alow the conversion of quantities of
time to dollar-valued time.

Tables 3-1 and 3-2 present generally accepted estimates
of thevalue of transit travel timefor varioustransit timeele-
ments. Table 3-1 displays the value of in-vehicletime as a
percent of the gross wage rate for various types of transit

1 Recent work by Calfee and Winston (1998) used data from stated preference sur-
veysto conclude that time “value is low [for automobile commuters] and surprisingly
insensitive to travel conditions....” They believe that other adjustments commuters
make to reduce travel time (choices about mode, residential and workplace locations,
and departure times) reduce the marginal value of travel timeto on the order of 15 per-
cent to 25 percent of the gross wage, the low end of Small’s estimates.

trips and time elements. These percentages are high relative
to the literature just cited. An analyst could justifiably scale
these numbers back, provided the reduced estimates were
applied consistently acrossalternatives. Toillustrate the appli-
cation of these percentages, Table 3-2 converts these per-
centages to dollar values for a range of gross wage or total
compensation rates.

Note that research has not identified an important distinc-
tion between timevalueson busor light or heavy rail systems.
Although rail transit is often considered a “higher amenity”
servicethan bustransit, time val ue studies do not support this
notion.

The unit value of time spent traveling is only half of the
calculation; the other half, which ismore difficult to estimate,
is the amount of time saved. Transit improvements' operat-
ing and route characteristics affect the various time compo-
nents of the transit trip:

+ Headwaysaffect waiting time. Increasing thefrequency
of transit vehicles (buses or trains) on a given route
decreases the average time between arrivals of the transit
vehicles (headways). This decrease in headway's reduces
the average, expected waiting time. Simple, probabilistic
modelsof travelers arrival patterns suggest that the aver-
age waiting time is equal to approximately one-half the
headway. However, for large headways (say, greater than
one-half hour) itislikely that travelerswill scheduletheir
arrivalsto minimize the waiting time cost. Therefore, the
simple “one-half the headway” rule will overstate wait-
ing time costs when headways are large. In practice,
unless specific information is available on schedule
delay, most analysts assume that headway time equals
the lesser of 15 minutes or one-half the actual headway.

Headways of on-demand type services (dial-a-ride ser-
vices, for example) impose a different type of headway-
related waiting time cost. Within limits, the user can
choose the arrival time of the transit vehicle. Thewaiting
time element occurs when the actua arrival time departs
from the desired or scheduled arrival time of the vehicle.

+ Operating speeds affect in-vehicle time. The faster a
transit vehicle travels, the lower are the in-vehicle time
costs of the trip.

* Integratingfeeder and line-haul servicereducestrans-
fer waiting time. Line-haul type transit improvements
provide high-speed service along afixed route. (Rail tran-
sit service and busway or “freeway flyer” type services
are typical line-haul services.) Feeder services get users
from or to their ultimate origin or destination and theline-
haul service. Certain types of services (such as bus tran-
sit or vanpool services) permit the feeder and line-haul
servicesto beprovided by the samevehicle, thereby elim-
inating one time-cost element—the transfer wait. Other
typesof line-haul transit (such asrail transit and ferry ser-
vice) require travelers to access the service by another
mode (e.g., bus, kiss-and-ride auto, park-and-ride auto,
taxi). These servicesimpose atransfer wait on the user.
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TABLE 3-1 Valueof transit travel timefor varioustime elements

Time Component

Value of Time as % of Wage or
Total Compensation

In-Vehicle Personal (Local)
In-Vehicle Personal {Intercity)

In-Vehicle Business

Excess (waiting, walking, or transfer time) Personal
Excess (waiting, walking, or transfer time) Business

50%
70%
100%
100%
100%

Source: Authors, from U.S. Department of Transportation, 1997 , as reported in the Federal Register, 1997.

TABLE 3-2 Valueof transit travel timefor various average wage levels

Excess (waiting,

Hourly In-Vehicle In-Vehicle walking, or Excess (waiting,
Wage Personal, Personal, In-Vehicle, transfer time), walking, or transfer
($/hour) (Local) (Intercity)  Business Personal time), Business
$5.00 $2.50 $3.50 $5.00 $5.00 $5.00
$10.00 $5.00 $7.00 $10.00 $10.00 $10.00
$20.00 $10.00 $14.00 $20.00 $20.00 $20.00
$30.00 $15.00 $21.00 $30.00 $30.00 $30.00

Source: Application of data in Table 3-1.

Note: Evidence from recent studies suggests that values of time expressed as a fraction of hourly earnings may decline
as hourly earnings rise. Figures included in this table, however, represent the recommended fractions for each time
element applied uniformly to a range of average hourly earnings. These values, therefore, should be used with caution.

* Thenumber of transit lines affects walking time and
transfer waiting time. Multi-line service can decrease
both walking and waiting time. It permitsthe starting and
ending pointsto the line to correspond better to the start
and end of individuals' actual trips. Consequently, less
timeis spent accessing the transit service and, by reduc-
ing the number of transfers, waiting time can be reduced.

For unusua transit improvements, or onesthat are highly
dependent on local conditions, detailed engineering simula-
tions are required to accurately determine the effect of the
improvement on travel time. (Dia-a-ride service, for exam-
ple, is one such service.) It is possible, however, to provide
some general guidance for more typical types of improve-
ments if one is willing to assume that the dispatch behavior
of the transit service is reasonably close to optimal.™ In par-
ticular, ssimple models of transit service optimization allow
one to roughly estimate perceived user costs from afew key

1 Optimal dispatch behavior is behavior that minimizes the total of transit user time
and transit agency operating costs. Consequently, optimal dispatch behavior depends
partly on thetransit agency’ s operating costs. The basic notion isthat if atransit agency
is operating effectively, it will operate so asto economize on travelers' time aslong as
creating savingsin travelers' time does not cost the agency more than the patrons' time
isworth.

parameters of the service. These modelsalso give someguid-
ance as to how much the user time costs will change with
changes in the assumed parameters.

Appendix C presents calculationsthat illustrate the results
of some simple models of transit service optimization. The
tablesin Appendix C provide a starting point for estimating
transit user costs and somerulesfor adjusting these estimates
to local circumstances. The implications of this analysis for
transit travel times can be summarized as follows for differ-
ent types of service:

+ Fixed route service. Thistype of serviceinvolves vehi-
clesoperating on afixed route. It isan appropriate model
for simplerail or transit improvements or for bustransit
servicesthat feed other rail, bus, or ferry transit services.
The only dimension on which a single-line service can
be optimized is in terms of the frequency of service
(headways), which directly affects waiting costs. Opti-
mal dispatch behavior in a simple setting like this sug-
gestsasimple useful rule for relating waiting time to the
volume of transit users. Specificaly, optima vehicle or
train frequency increaseswith the square root of thelevel
of transit demand. Hence, if corridor transit demand dou-
bles, vehicle frequency should increase by the square
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root of two (i.e., 1.41 times). Consequently, therelative
average waiting time at the higher demand will be the
inverse of thisamount (i.e., 1/1.41 = 0.70). Accesstime
(i.e., the time travelers spend getting to the transit line)
is unchanged.*?

 Integrated transit service. With integrated transit ser-
vice, both waiting time and accesstime are reduced with
additional service. Integrated transit service involves
buses that both collect passengers (i.e., provide feeder
services) and go on to carry them in the same vehicle at
higher speed in aline-haul fashion. The serviceis opti-
mized both in terms of frequency of the service (head-
ways) and the number of routes (which affectswalking
or other access costs). Under some simplifying assump-
tions, the optimal number of routes should increase with
the cube root of demand, with service frequency (across
all routes) increasing with the%/s power of demand. Hence,
a doubling of demand should be served by 1.25 times
the number of routes (the cube root of 2 is 1.25) and
1.59 times the number of vehicles (the ?/s power of 2 is
1.59). For an individual passenger, the increased fre-
quency and proximity of service (because of theincreased
number of routes) yields a reduction in both waiting
and accesstime per trip that will declinewith theinverse
of the cube root of transit demand. Hence, if corridor
transit demand doubl es, the combined waiting and access
(walking) timewill be 0.79 of the previouslevel of these
components.*®

These are rules of thumb that can help the technicaly ori-
ented analyst determine quickly the effectsof different assump-
tions about transit demand on service characteristics and,
hence, user time costs. These rules depend on a number of
simplifying assumptions and are no substitute for careful proj-
ect specification and engineering analysis. For theanalyst who
is charged with measuring the benefits of a transit improve-
ment, however, these rules of thumb can be useful. It iscom-
mon, for example, for thelevel of transit ridership to be some-
what uncertain. Consequently, the level of transit service that
is consistent with the projected demand is also uncertain. By
applying these rules of thumb to alternative transit demand
scenarios, the analyst can determine how sensitive the results
are to the assumed level of transit demand.

Key point: There are simple rules of thumb to
deter mine the approximate effect of different tran-
sit demand assumptions on transit access and/or
waiting time. For fixed route services, theruleisa
squareroot rule. For flexibleroute, integrated ser-
vices, theruleis a cuberoot rule. These rules are

2 This“squareroot dispatch rule” has been recognized in the literature for sometime.
See, for example, Newell, 1971.
3 The cube root dispatch and routing rules were developed in Pozdena, 1975.

not a substitutefor careful project engineering, but
can be useful for sketch planning analysis.

Fares and Other Monetary Costs
Framework

The other major components of transit user costs are fares
and other monetary costs. To preserve our focus on the trav-
elers perception of benefits, measurement of monetary costs
should focus on those monetary costs that affect the users’
perception of the cost of travel. It isimportant to recognize
that users may not perceive al of the monetary costs associ-
ated with their travel. For example, in most placestransit ser-
viceispartially funded by general property tax or other levies,
that is, not all of the monetary costs of transit service are rep-
resented by fares. Although these subsidized cost elements
arecertainly costsdirectly attributableto transit services, they
are not perceived to vary with usage. Consequently, they do
not affect transit travel behavior and should not be included
in consumer surplus calculations. Chapter 5 of this guide-
book discusses in more detail fares versus agency costs and
other revenues.

Key point: The user cost of transit only includes
those monetary components that are perceived by
the user, such as fares and ancillary charges such
as parking. Other transit costs borne by transit
users and non-users are accounted for elsawhere.

Data and Analysis

The out-of-pocket, or monetary, elements of transit user
costsarerelatively straightforward to calculate. Aswith travel
time costs, they must be converted to unit costs on the basis
of the selected unit of travel measurement—passenger-miles
in the case of the sample cal culations presented in this report.

Transit fares are not necessarily related to the cost of pro-
viding transit service. In most jurisdictions, transit serviceis
subsidized, and faresare adiscretionary policy variable. This
discretion can extend to the elimination of transit fares alto-
gether. Conseguently, to properly calculate user benefits, the
analyst must know something about transit fare policy. Pub-
lic policy toward transit fares generally shows some common
patterns that the analyst may find helpful if he or she must
make assumptions about this policy before the fact.

Table 3-3illustratesrecent trendsin transit fares. Although
averagefares have generally grown with inflation, most tran-
sit systemsemploy simplefare structures. As Table 3-3illus-
trates, it is relatively uncommon to have peak period, trans-
fer, or zone surcharges. Most transit fare structures are flat
fares (afixed fare per trip, regardless of length or transfers)
or a simple zone fare (where fares vary with distance, but
only with afew fare zones). The simplicity of fare structures
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TABLE 3-3 Passenger faressummary (current $, not inflation adjusted)

Passenger  Adult Base Cash Fare (a) Percent of Systems with (c)
Fares
Received
per Zone or
Unlinked Highest Average (b) Peak Period Transfer Distance
Year Trip ($) ($) $) Surcharges Surcharges  Surcharges
1984 0.503 1.50 0.569 9.5 36.6 340
1985 0.530 1.50 0.584 8.6 37.0 33.1
1986 0.583 2.10 0.617 8.8 30.7 27.9
1987 0.585 2.75 0.634 84 29.5 33.1
1988 0.603 2.75 0.662 7.8 30.2 332
1989 0.607 2.75 0.670 6.4 27.7 315
1990 0.669 275 0.730 6.5 28.8 38.9
1991 0.704 6.00 0.823 55 24.2 394
1992 0.724 6.00 0.860 56 26.6 39.0
1993 0.773 6.00 0.860 56 26.6 39.0
1994 0.850 6.00 0.955 6.4 25.2 377
1995 0.876 7.00 0.992 6.5 23.8 36.9
1996 0.933 7.00 1.047 7.0 229 326
1997 0.888 7.00 1.058 7.0 22.9 326
1998 NA 7.00 1.065 6.1 219 329

Source: American Public Transportation Association.

Notes:
(a) Lowest base fare is $0.00 (free).

(b) Unweighted average of adult base cash fares; excludes surcharges; each transit agency counted equally.
{c) Percents represent an approximately 300-transit-agency sample, not estimated for all transit agencies.

is usually a concession to the administrative difficulty of
implementing more refined structures. The rail transit sys-
tems in San Francisco and Washington, D.C., are able to
employ more complex systems of specific faresfor every ori-
gin and destination station pair because they have computer-
ized ticket and access systems.

Some transit fare policies require a separate payment for
each ride; others involve passes, permits, and ticket books.
Thelatter makethe derivation of the actual, effectivefare per
passenger-mile somewhat more uncertain. As Table 3-3indi-
cates, the actual farereceived islessthan the average, posted
fare by 15 to 20 percent because of the use of passes and
ticket books.

Although unlimited-ride passes and permits make the mar-
gina cost (to the user) of an additional trip essentialy zero,
the analyst should not assume that this means that the per-
celved cost is always zero. Typicaly, in fact, such passes are
purchased for a primary trip use (such as the commute trip),
so the user perceives that the fare cost of each such primary
trip is the cost of the pass averaged over the number of pri-
mary trips. Since transit passes permit use of transit for non-
primary trips such as weekend and shopping trips at no addi-
tional cost, however, the analyst may wish to make adifferent
assumption for these trips. The perceived fare cost of each
non-primary trip is probably close to zero.

The analyst should, of course, use existing or proposed
fare structures in the evaluation of atransit improvement. If
the fare structure for anew transit improvement is unknown,
the analyst may wish to use, asaplaceholder for thereal num-
ber, a fare per passenger-mile drawn from Table 3-4. This
table presents average, actual transit fares per passenger-mile
in 1997 dollars. Using inflation factors, these numbers can be
adjusted to the value appropriate to the analyst’ s project at the
time. Asthe table indicates, in 1997, the fare per passenger-
mile ranged from $0.04 for vanpool to $0.30 for trolley bus.*

There may be other monetary costs associated with transit
trips if the trips involve accessing or leaving the transit trip
by other modes. The monetary costs of such feeder and dis-
tribution activitiesinclude auto operating costs, parking costs,
and taxi fares. Whether or not these costs areincluded in tran-
sit trip cost accounting will depend on the unit of travel mea-
surement chosen by the analyst. If the analyst has chosen to
measure travel activity as passenger-trips between origin-
destination zones, for example, it is necessary to include such

4 The average fare per passenger-mile presented in Table 3-4 represents the empiri-
cal average of total transit fare revenues divided by total passenger-miles. Thus, both
primary and non-primary trip making are included in this average. Asindicated by the
discussion in the text, the analyst may wish to use a dlightly higher figure for primary
trips and figure closer to zero for non-primary trips.
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TABLE 3-4 Passenger fare by mode, 1997 dollars

Fare per Highest Adult Based Average Fare per
Mode Passenger Mile (a) Cash Fare (c) Unlinked Passenger Trip
Bus 0.18 2.30 0.70
Commuter Rail 0.15 7.00 3.30
Demand Response 0.19 NA 1.83
Ferryboat 0.14 4.00 0.89
Heavy Rail 0.19 2.00 0.97
Light Rail 0.13 2.00 0.53
Trolleybus 0.30 1.60 047
Vanpool 0.04 NA 1.34
Other (b) 0.65 7.00 0.66

Source: American Public Transportation Association.
Notes: All data are preliminary

(a) Calculated from trip length reported at http://www.apta.com/stats/.
(b) Includes aerial tramway, automated guideway transit, cable car, inclined plane, and monorail.
{c) Lowest adult-based cash fare is $0.00 since there are numerous free services around the country.

costs in the transit cost accounting. Such non-transit operat-
ing costs are discussed later in this chapter.

Costs of Accidents and Crime
Framework

Accidentsand crimeare significant features of transit travel,
asthey are of other modes. Travel behavior is affected by per-
ceptions of these costs, which affect the user benefit calcula-
tion. Because the value of travel timeisusually obtained from
revealed preference or stated preference studies,™ it can be
argued that the perceived costs of accidents and crime per
passenger-mile are implicitly incorporated in the time-cost
elementsof user cost. Specifically, the more dangerousamode
is perceived to be, the more costly will be the value of time
that users appear to assign to time spent on that mode.

Though this point sounds simple, it is not discussed in the
literature of transportation economics. Its superficial impli-
cation isthat no specia attention needsto be paid to the per-
ceived cost aspects of accidents and crime because changes
in the perceived burden of these eventsis already accounted
for when changesin travel time are accounted for in the ben-
efit calculation. Thisis probably an oversimplification; value
of time studies have not identified differencesin the value of
time among various modes of travel. This result isinconsis-
tent with data that suggests that the incidence of accidents
and crimeis quite different among modes. Nevertheless, if it
isnot clear that the transit improvement under study is going

> Revealed preference studies use as basic data peopl€’ s behavior: for example, what
are they observed to do in response to a change in transit service or fare. Stated pref-
erence studies use as basic data what people say they would do.

to affect perceived accident and crime rates per passenger-
mile in an unambiguous way, the analyst may havetoignore
this element of perceived user costs.

Key point: It is likely that the perceived cost of
accidents and crime is already represented by
the subjective value of time spent traveling. In
simple settings, therefore, perceived user costs per
passenger-mile do not have to incor por ate special
calculations for accident and crime costs.

There are circumstances, however, when changes in the
perceived cost of accidents and crime are important features
of the transit improvement under study. In addition, even if
there are no changes in the perceived cost of transit travel,
there can be important changes in the costs of accidents and
crimethat are not perceived by users. These cost elementsare
treated in Chapter 4 of this guidebook.

Data and Analysis

Given the likelihood that the perceived costs of accidents
and crimes are already incorporated into the travel time val-
ues, there are only afew circumstances in which the analyst
need perform special analyses of accident/crime perceptions
when constructing perceived transit user costs:

* When thetransit improvement presentsan unusually
safe (or risky) profile. In thisinstance, the analyst must
establishwhat level of accident and crimerisk isimplicit
in the value-of-time studies that are being used in the
analysis. The analyst must then estimate the rel ative dif-
ference in safety that the proposed improvement repre-



sents (either positive or negative). When converted to a
per-passenger-mile basis, this difference can be added to
the perceived cost estimate for the improvement.

It isimportant toaccount for general regional trends
in accident and crime rates. Since transit improve-
ment evaluation isaforward-looking exercise, it may be
important to adjust for trendsin accident and crimerates.
Again, the task of the analyst is to estimate the relative
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differencein safety that the trend imposes and adjust per-
ceived cost estimates accordingly.

In both cases, the adjustment is achieved with what might
be called a safety increment adjustment to perceived user
costs. As an aid to performing this analysis, Table 3-5 pre-
sents the level and average rate (per passenger-mile and per
vehicle-mile) of incidents, fatalities, and injuries associated

TABLE 3-5 Theincident rate and value of accidents and crime (combined) on transit, 1998

Incidents per 100 Million
Passenger-Miles®

Value in cents per Passenger-Mile®

Property
Mode Incidents Fatalities Injuries Damage Fatalities Injuries Total

- Large Motor Bus? 293.0 0.5 292.9 0.3 1.5 2.9 47
- Medium Motor Bus® 184.1 0.5 183.2 0.2 1.5 1.8 35
- Small Motor Bus® 194.8 1.8 166.8 0.2 54 1.7 7.3
Motor Buses® - total 243.2 0.6 239.8 0.2 1.8 24 44
Demand Response 632.6 2.1 551.3 1.1 6.3 55 12.9
Commuter Rail 29.6 1.2 20.6 0.1 36 0.2 3.9
Heavy Rail (Rapid 110.0 0.4 90.0 0.1 1.2 0.9 22
Rail)

Light Rail (Streetcar) 100.5 2.1 96.5 0.2 6.3 1 7.5
Automated Guideway 228.2 28.5 171.2 - 855 1.7 87.2
Vanpool 64.6 - 22.3 0.1 - 0.2 0.3
Total 153.5 0.7 143.0 02 21 14 3.7

Incidents per 100 Million Value, in cents per Vehicle-Mile®
Vehicle-Miles®
Mode Incidents Fatalities Injuries Property Fatalities Injuries Total
Damage

- Large Motor Bus® 3,166.6 52  3,165.9 3 15.6 317 50.3
- Medium Motor Bus®  1,730.5 4.7 1,722.4 1.8 14.1 17.2 331
- Small Motor Bus® 1,282.5 120 1,098.2 1.5 36 11 48.5
Motor Buses® - total 2,339.3 6.1 2,306.6 2.3 18.3 23.1 43.7
Demand Response 7771 25 6771 1.4 7.5 6.8 15.7
Commuter Rail 994.1 388 691.7 2 116.4 6.9 125.3
Heavy Rail (Rapid

Rail) 2,389.3 9.5 1,955.0 1.8 28.5 19.6 49.9
Light Rail (Streetcar) 2,589.9 53.1 2,486.0 6.2 159.3 249 190.4
Automated Guideway  1,103.6 138.0 827.7 - 414 8.3 4223
Vanpool 441.8 - 152.6 0.7 1.5 22
Total 2,121.3 10.1 1,976.4 22 30.3 19.8 52.3

Source: U.S. Department of Transportation, Federal Transit Administration. 1998 Safety Management Information
Statistics (SAMIS) Annual Report. Includes injuries to non-passengers. Value estimates from ECONorthwest: see notes

below.

? Size reflects the size of the transit agency operating the bus, not the vehicle size itself. The "Motor Buses" categories

combines data from all sizes of transit agencies, but FTA rec

ords these data separately.

" Personal casualties includes those occurring inside vehicle, entering/exiting vehicle, in stations/bus stops, parking

facilities, and right-of-way.

“Value for property damage is calculated from reported values. Value for fatalities assumes $3 million per fatality. Value

for injuries assumes $10,000 per injury.
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with transit-related accidents and crimes against passengers.
These data suggest the following:

» Accident and crime costs are not trivial. Across al
transit modes, the value of accidents and crime on transit
averages 3.7 cents per passenger-mile or 52.3 cents per
vehicle-mile through loss of property and life or through
injury.

* There is variation across modes, but only at the
extremes. Automated guideways (anascent technology)
and demand-responsive systems appear to impose the
greatest costs, and vanpools and rail systemsthe least.

Calculation of the safety increment from these data is
sraightforward. For example, if an existing, demand-responsive
system is being replaced with afixed-route motor bus system,
the improvement might reasonably be credited with an 8.5-
cent lower perceived user cogt, per passenger-mile, inthetran-
sit mode calculation of user costs. Thisis because, according
to Table 3-5, the demand-responsive system imposes a safety
cost of 12.9 cents per passenger-mile, while the motor bus
averageisonly 4.4 cents (8.5 =129 - 4.4).

The accident and crimeratesin Table 3-5 represent recent
national averages, but will undoubtedly change over time.
They should be used directly, only if better localized infor-
mation isnot available. The monetization of these crimerates
in Table 3-5 uses approximate val ues that must be updated or
localized to best represent the conditions of the analysis.

Understandably, there is vigorous debate over the appro-
priate value to assign to the loss of life and to injury. The
measure that is appropriate for the perceived cost analysisis
thevaluethat travelersimplicitly place on their own livesand
injuries, because thisis presumably what isreflected in their
valuations of perceivedrisks. Inthelanguage of theliterature
on fatality and injury risk, therefore, the appropriate valueis
the hedonic value of fatalitiesor injury—.e., the valuethat the
travel ers themselves appear to use when making decisionsto
reduce or insure against risk of death or injury.

The table makes the simplifying assumption that the value
of fatalitiesis $3 million per fataity and that injuries have a
vaue of $10,000 per injury. There is great debate over the
appropriate value of fatalitiesand injuries, but thesevaluesare
closeto the values represented by recent hedonic value-of-life
and injury analyses.’® ¥ If a proposed transit improvement is
believed to have especialy important effectson traveler sefety,

16 See, for example: Berla et al., 1989; Miller, 1989a; Miller, 1989b; Miller et al.,
1995; Viscusi, 1992; and Ward, 1992.

7 Theinjury risk literature suggests that the hedonic value of injuriesresulting in lost
work days may be two to three times the $10,000 figure used in Table 3-5. (See, for
example, Moore and Viscusi, 1992.) Unfortunately, the transit accident data does not
distinguish between injuries that resulted in lost work days and injuries that did not.
The use of the $10,000 figure r