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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.
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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.

1-19

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

-3

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 reflects the belief that some transit injuries are minor.

the analyst should review available life and injury valuation
studies or engage an economist trained in risk analysis.*®

AUTO AND TRUCK USER COSTS

Auto and truck user costs are affected indirectly by transit
improvements. The cost of using these modes is affected by
the transit improvement in several ways:

» Automobiles are used in a complementary fashion
with transit trips. The automobile often provides feeder
or distribution servicesin transit trips.

» Transit improvements cause general changesin net-
work performance. A transit improvement will cause
some existing automobil e usersto switch from using the
automobile to using transit. It will also cause a change
in overall trip making. As a consequence, there will be
changes in the performance of the network. Some links
in the network may enjoy improved speeds and others
may suffer reduced speeds. These performance changes
affect the remaining auto and truck users.

The potentia for a transit improvement to affect condi-
tions elsewhere in the local transportation network should
not be underestimated. Roadway facilities are prone to con-
gestion, especially as vehicle volumes approach the capac-
ity of the roadway. Under congested conditions, even small
changes in vehicle volumes can have significant effects on
the performance of the roadway. Hence, travel time and vehi-
cle operating costs can change measurably, even if theimpact
on traffic volumesis small.

Travel Time (In-Vehicle Time, Parking Search
Time, Walking Time)

Framework

Aswith transit, the major component of the perceived cost
of auto and truck useis travel time. The basic principles of
travel time valuation discussed above for transit user costs
apply to automobile and truck user costs aswell. Theimpor-
tant components of travel time, however, differ somewhat, as
does the unit value of these time components.

The key components of travel time that apply to auto and
truck user costs arein-vehicletime, parking search time, and
walking time. Changes in the pattern of auto and truck travel
primarily affect in-vehicle time, as roadway links congest or

18 The Journal of Forensic Economics, published by the National Association of Foren-
sic Economists (NAFE), is a source of current studies. The NAFE itself is a source of
referrals to consulting economists knowledgeable in this area. http://www.nafe.net



decongest as a consequence of thetransit improvement. Poli-
cies (such as a change in parking policy or facilities) may
affect parking search time and walking time aswell. In addi-
tion, after the transit improvement, the automobile may be
involved in compound, auto-transit trips (such as park-and-
ride trips) for which these time components are an important
element.

Multi-occupant vehicles (i.e., vehicles with a driver and
one or more passengers) raise additional issues about the
proper way to valuetime. Time-val ue studies suggest that the
driver and the passenger may value their time differently.
The driver has the high-attention responsibility of driving,
whereas the passenger may be able to relax or work. Conse-
quently, the average value of in-vehicle time per passenger-
mile or per vehicle-mile for multi-occupant vehicles needsto
accommodate the occupancy characteristics of the vehicle
and the different values of time of the occupants.

Trucks and other commercia vehicles (including business-
use automobiles) pose an additional complication. Thevalue
of in-vehicletimethat should be applied to commercial travel
time needs to incorporate not only the appropriate value of
the time of the occupants of the vehicle, but also value of
other time-related costs:

* Thevalue of drivers time. The value of the drivers
timeisthe primary perceived cost for the managers of the
enterprise or trucking company that operates the vehicle.
Logically, the relevant perceived measure of this cost
is the commercial wage rate, inclusive of the benefits
enjoyed by the drivers. This cost concept is referred to
as “total compensation.”

* Timerelated inventory costs. For vehicles carrying
high-value cargo, delay also imposes costs in the form
of inventory costs. Inventory costs are the opportunity
costs associated with storing commodities before they
are used. Cargo that is moving about the transportation
network is essentially in inventory, since it cannot be
used until itisdelivered. Thisisclearly aperceived cost
element in the case in which the entity that owns the
inventory also operatesthetruck. Evenfor contract ship-
pers, however, inventory cost can be a“perceived” cost
because the owners of the inventory are willing to pay
the shipper more for timely delivery.

Data and Analysis

The first time element is in-vehicle time. Truck and auto
in-vehicle times are affected by the level of service of the
roadways on which the vehicles operate. The relationship
between level of service and roadway characteristics and
loads has been extensively studied and is represented math-
ematically by volume-delay relationships.
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Volume-delay relationships relate the vehicle volume (usu-
ally expressed interms of passenger-car equivalents or PCES)
to delay, measured as the number of minutes it takes to travel
amile. These relationships are embedded in the traffic assign-
ment element of all modern transportation planning models.

If an analyst is performing benefit-cost analysis in the con-
text of such amodeling environment, the changesin travel time
associated with changes in vehicle volumes will be generated
by the model (on alink-pair or origin-destination-pair basis).
For the analyst who does not have access to these modeling
resources, impacts on travel time must be calculated by hand,
using volume-delay relationships relevant to the links or cor-
ridorsbeing affected. Theserelationships are presented in the
Highway Capacity Manual.X°

Monetizing the changes in auto and truck in-vehicle time
caused by atransit improvement requiresinformation on the
value of time. Research on automobile and truck travel time
valuation hasyielded arich, but sometimes bewil dering, body
of evidence about the value of automobile and truck travel
time. (See the subsection on travel time, under Transit User
Costs, for asummary of the literature.)

Tables 3-6 and 3-7 synthesize recent studies on the value
of in-vehicletimeasit appliesto automobile and truck travel.
The studies rely on estimates of the value of various time
components as afraction of the wage (or total compensation
level, in the case of commercial travel). Table 3-6 displays
the value of in-vehicle time as a percent of the wage rate or
total compensation for varioustypes of auto and truck travel.
To illustrate the application of these percentages, Table 3-7
convertsthese percentagesto dollar valuesfor arange of nom-
inal compensation levels.

Generally, transit improvements mostly affect automobile
work trips, which typically have a duration of about 20 min-
utes. For these types of trips, the time values presented in
Tables 3-6 and 3-7 are generally appropriate. If, however, a
transit improvement islikely to affect very short or very long
automobile trips on congested facilities, the analyst may
wish to allow time values to vary with trip length. Thereis
some evidence that a minute’ s time savings is more impor-
tant if it isaminute out of a short trip than a minute out of a
long trip. Although this refinement is not addressed in this
guidebook, the analyst may wish to investigate thisfurther in
special circumstances.?

Asindicated above, for commercial travel (businessuse of
automobilesor trucks), it is probably more appropriateto use
total compensation, rather than the simple wagerate, in esti-
mating the value of time. The opportunity cost of an hour of
acommercial truck driver’ stime, for example, isthe benefit-
loaded cost of hiring the driver, not just the driver’s base
wage. As Table 3-8 suggests, on average, total compensation

¥ Transportation Research Board, 1998.
2 See Small, 1997.
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TABLE 3-6 Value of automobile and truck in-vehicletime

Transportation Mode

Recommended Value of Time

AUTO

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

Carpool Driver

Carpool Passenger

Excess (waiting, walking, or transfer time) Personal

Excess (waiting, walking, or transfer time) Business

TRUCK
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% of the wage rate
70% of the wage rate
100% of total compensation
60% of the wage rate
40% of the wage rate
100% of the wage rate

100% of total compensation

50% of the wage rate
70% of the wage rate
100% of total compensation
100% of the wage rate

100% of total compensation

Source: Authors, from U.S. Department of Transportation, 1997, as reported in the Federal Register, 1997.
The recommendation to use automobile percentages for in-vehicle truck travel and the values for excess (waiting, watking
and transfer time) was not in the original study, but is a recommendation of the authors of this manual.

TABLE 3-7 Valueof automobile and truck travel time savingsfor various wage rates*

AUTO AUTO,
Hourly AUTO AUTO In- TRUCK TRUCK or
Wage In-Vehicle In-Vehicle Vehicle In- CARPOOL
Personal Personal Business CARPOOL CARPOOL Vehicle Excess
($/hr.) (Local) (Intercity) (Local) Driver Passenger Business Time
$5.00 $2.50 $3.50 $5.00 $3.00 $2.00 $5.00 $5.00
$10.00 $5.00 $7.00 $10.00 $6.00 $4.00 $10.00 $10.00
$20.00 $10.00 $14.00 $20.00 $12.00 $8.00 $20.00 $20.00
$30.00 $15.00 $21.00 $30.00 $18.00 $12.00 $30.00 $30.00

Source: Compiled by ECONorthwest from sources in text.

is 20 percent greater than the hourly wage, and 21 percent
higher for thetrucking and warehousing sector, in particular.?

An often-overlooked time-cost of commercial travel is
theinventory cost of the cargo that is carried in the vehicle.
Because the “warehousing” of the cargo on the vehicle must
be financed, directly or indirectly, by the owner of the cargo,
thereis afinancial opportunity cost associated with the time
the vehicle (and the cargo) spend on the road. Consequently,
thetravel time of commercial vehiclesimposes an interest or
financing cost.

Table 3-9 presentstheinventory cost, per vehicle-hour, for
cargoes of variousvaluesat variousinterest rates. Asthetable

2 Evidence from recent studies suggests that values of time expressed as a fraction of
hourly earnings may decline as hourly earningsrise. Figuresincluded in this table, how-
ever, 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.

22 The hourly wage reported in Table 3-8 isthe hourly average of all cash compensa-
tion (including wages, salary, and overtime compensation).

indicates, the inventory costs of cargo can be very high; a
$1,000,000 cargo (such as a truckload of electronic equip-
ment) has an interest cost of $11.40 per vehicle-hour at an
interest rate of 10 percent. Much like the cost of the driver’s
time, this cost should be included in perceived traveler costs.
It isespecialy important, of course, to do so in settings where
truck traffic volumes are high and/or cargoestend to be unusu-
aly valuable.

Vehicle Operating and Ownership Costs
Framework

If atransit improvement alters the modal balance between
auto and transit, it affects not only travel times, but al so auto-
mobile and truck operating costs. It also may change house-
holds' decisionsabout owning automobiles. Thissectiondis-
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TABLE 3-8 Averagewages and total compensation, by industry, 1990

Average Total Total Compensation

Average Wage  Compensation as a % of the
Industry Type ($/hr.) ($/hr.) Average Wage
All employees 13.93 16.71 120%
Private industry 13.62 16.08 118%
Transportation & public utilities 16.64 20.50 123%
Trucking and warehousing 13.12 15.94 121%
Finance, real estate, insurance 17.63 20.62 117%
Services 13.29 15.23 115%
Private household services 4.27 4.36 102%
Government 15.37 19.69 128%
Federal non-military 20.59 27.85 135%
Federal military 12.18 17.08 140%
State and local 14.91 18.52 124%

Source: Adapted from Delucchi (forthcoming, 2000), Table 5-12. Data is from the National Income and Product Accounts
(NIPA) of the United States, for 1990, as reported in U.S. Department of Commerce, 1992.

cusses how to measure the perceived unit costs of operating
and owning automobiles and trucks.

The operation of an automobile or truck involves coststhat
are, toalarge extent, directly variablewith the use of the vehi-
cle (fuel, ail, tire wear, tolls, maintenance and repair, parking
charges, etc.), aswell ascoststhat arerelatively fixed oncethe
decision to own a vehicle has been made (insurance and the
capital costs of the vehicle). Thereisadebate asto whether all
ownership costs are perceived (and, hence, influence the con-
sumer surplus calculation) or whether only a subset of such
costsinfluence travel cost perceptions and, hence, behavior.

Proponents of the latter view argue that many travelers
already own amotor vehicle and, hence, their decisions about
using transit or changing routes are made on the basis of mar-
ginal cost differencesonly. Inthe context of automobile oper-
ating costs, such costswould include only those costs directly
variable with the use of the vehicle (primarily, fuel, tolls, and
parking charges; secondarily, oil, tirewear, tolls, maintenance
and repair). Proponents of thisview argue, therefore, that the

TABLE 3-9 Cargoinventory costs (dollars per vehicle-hour)

Cargo Value per

Vehicle ($) Annual Interest Rate

5% 10% 20% 40%
10,000 0.1 01 0.2 0.2
50,000 0.3 0.6 0.9 1.1
100,000 0.6 1.1 1.7 2.3
500,000 2.9 57 8.6 11.4
1,000,000 5.7 11.4 171 22.8
10,000,000 571 114.2 171.2 228.3

Source: ECONorthwest.

operating cost component of perceived user cost should only
include these marginal cost elements.

In contrast to this position, the view taken in this guide-
book is that transit improvements affect relatively long-run
decisions, including decisionsto own motor vehicles. Hence,
the relevant demand relationships that should be used in the
analysis and the relevant user-cost perceptions that properly
belong in the analysis are long run in perspective.? To mea-
sure the benefits of atransit improvement, all costs (variable
and fixed) should be reduced to unit costs (per vehicle-mile
traveled or per trip) and incorporated in the long-run percep-
tion of cost.

Data and Analysis

Automobile and truck operating costs associated with oper-
ating amotor vehicle can changeif the speed of travel changes
or if thetype of vehicle used to makethetrip changes. Changes
of this nature are a likely effect of a transit improvement.
Changes in the speed of travel affect fuel consumption, and
different types of vehicles consume motor fuel, ail, tires, and
parts at different rates.

The American Automobile Association performs research
each year to calculate the cost of operating automobilesof var-
ious types. Its research provides useful, average per-vehicle-

% Most of the available studies of travel demand are inherently measuring long-run
behavior. Most of the information about the responsiveness of demand to user costs
comes from observations on the behavior of a cross-section of households at a partic-
ular point in time. The differences in behavior observed across households are long-
run in nature because they reflect variationsin auto ownership, residential location, and
workplace location decisions. Not only is this long-run orientation the most appropri-
ate to transportation investment decisionmaking, but it is aso consistent with the view
that, over thelong run, users consider the effect of vehicle ownership costs when mak-
ing travel decisions.
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mile costs of gas and oil, maintenance and tires, insurance,
license, registration fees, and property or use taxes, depreci-
ation, and finance charges. Table 3-10 containsitsrecent esti-
mates for operating and ownership costs by type of vehicle.
Table 3-11 reports earlier research for FHWA that attempts
to break down costs into variable and fixed costs.

These reports and others like them age quickly and are
reported in dollarsfrom different years. Moreover, not all the
costs reported are real economic costs. some are transfers.
We advise an analyst to check relevant local prices at the
time of the analysis. At the time this report is being written,
regular gasoline has been priced at the pump between $1.60
and $2.00 a gallon. For amid-sized car getting 20 miles per
gallon, the cost per mile of gasis between 8¢ and 10¢, sub-
stantially higher than any of the estimatesin Tables 3-10 or
3-11. Other costs to consider adjusting are insurance and
license, registration, and tax, which can vary substantially by
locality. Vehicle cost per mile, in constant dollars, can be esti-
mated as the average vehicle price (say, $20,000) divided by
averagelife (10to 20 years, with, say, 15 yearsasan average),

TABLE 3-10 Automobiledriving costs, 1999

divided by average mileage per year (say, 15,000). Those par-
ticular assumptionsyield acost of about 9¢ per mile. Finance
costs, using this method of calculation, can be ignored: they
are transfers. Other variable costs not shown in Table 3-10
include parking and tolls.

Among the problemsin constructing and using an estimate
of average vehicle operating costsisthe tremendous variabil-
ity of the vehicles on the road. Some are new, some 20 years
old. Some are expensive ($50,000); some are inexpensive
($500). Some require a lot of maintenance; some get little.
Mileage varies and so on. The analyst can either apply aver-
age numbersto al vehicles or create tables more like Tables
3-10and 3-11 for different classes of vehicles. The additional
problems of the last method are that one would need at |east
a few more columns to deal with used cars and one would
have to estimate the percentage of vehiclesin each class.

Key point: Given the assumption that in the long
run users perceive all of their direct costs of vehi-
cle ownership (the costs that they pay in money as

Midsize Large

CATEGORY Small Car Car Car SuUV Van
OPERATING COSTS (cents per mile)
Gasoline & Oil 4.8 57 6.3 6.5 58
Maintenance 3.1 3.4 3.5 3.7 3.5
Tires 1.3 1.6 22 1.4 1.3
SUBTOTAL 9.2 10.7 12.0 11.6 10.6
OWNERSHIP COSTS (cost per year)
Insurance 1,012 885 1,012 1,316 972
License, registration, taxes 175 223 279 410 392
Depreciation 2,871 3,355 4,084 3,648 3,468
Finance charge 603 812 1,070 958 890
SUBTOTAL 4,661 5,275 6,445 6,332 5,722
DEPRECIATION FOR EXCESS 151 161 168 129 157
MILEAGE (per 1,000 miles over 15,000
miles annually)
TOTAL ANNUAL COST
10,000 miles per year 4,826 5,526 7,036 6,416 5,783
15,000 miles per year 6,041 6,880 8,245 8,072 7,313
20,000 miles per year 7,256 8,219 9,685 9,297 8,628
TOTAL COST PER MILE (cents per
mile)
10,000 miles per year 48.3 55.3 70.4 64.2 57.8
15,000 miles per year 40.3 45.9 55.0 53.8 48.8
20,000 miles per year 36.3 411 48.4 46.5 431

Source: American Automobile Association and Runzheimer International. Data for a popular model of each type listed with

ownership costs based on 60,000 miles before replacement.
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TABLE 3-11 Cost of owning and operating selected motor vehicles (1991 cents/mile)

Vehicle Size
Component Cost Basis Sub-Compact Intermediate Full-size Van Full-size Pickup
Fuel & Oil Variable 35 46 8.1 6.2
Maintenance Variable 4.0 4.2 4.2 4.3
Tires Variable 0.7 1.0 1.4 1.2
Insurance Fixed 71 7.0 8.5 7.2
License & Regis. Fixed 0.8 0.9 1.2 0.9
Fuel Taxes Variable 1.3 1.7 3.0 23
Depreciation Mixed 8.6 10.7 14.2 9.5
Finance Charges Fixed 1.6 2.0 29 22
Parking & Tolls ~ Variable 13 1.3 1.3 1.3
Total 28.9 334 44.8 35.1

Source: Jack Faucett Associates, 1892, as cited in Litman, 1999.

vehicle owners), and given assumptions in the text
about average vehicle cost, miles per gallon, and
mileage, then the costs per vehicle-mileof an* aver-
age” vehicle are probably in the range of 40¢ to
50¢ per mile.

The costs per vehicle-mile can be converted to costs per
passenger-mile by dividing them by the average number of
passengers per vehicle (probably 1.1 to 1.5, depending on
local conditions). Again, the caution to beware of, or at |east
be aware of, isthe averages. Average vehicle occupancy will
vary by trip purpose, time of day, gasoline price, and local
conditions.

Some expertscritique the static nature of the fuel estimates
and recommend using an estimate that varies by speed. They
point out that a policy that increases the speed traveled on
highways not only produces travel-time savings, but it also
resultsin better gas mileagefor vehicles. Some arguethat the
STEAM mode (FHWA) does the best job of incorporating
variable fuel consumption rates. STEAM relies on the fuel
consumption rates published in the Institute of Transporta-
tion Engineer’ s Transportation Planning Handbook (1992),
as summarized in Table 3-12.

With these numbers, it is possible to cal culate more accu-
rately the costs and benefits of proposed changesto the oper-
ating costs of avehicle, given average vehicle-milestraveled
and gasoline costs. If the transit investment is expected to
cause only minor changes in vehicle speeds, anaysts may
safely use the average costs per the calculation described
above. However, if the investment is expected to cause sig-
nificant changes in average vehicle speeds, then the analyst
can calculate fuel costs separately using current prices and
the appropriate STEAM fuel consumption rates.

Parking costs are an element of vehicle operating cost that
deserves specid attention in atransit eval uation context. Park-

ing costs only enter the consumer surplus calculation to the
extent that the parking costs are perceived as part of the user
cost of operating the vehicle. In contrast to most other ele-
ments of vehicle operating costs, however, parking is often not
charged for explicitly, but rather is charged for implicitly or
bundled with other activities.

Parking at work, for example, is frequently an unpriced
amenity. Many employershave determined that it islesscostly
to offer free employee parking than it is to pay employees
slightly more and charge them for parking. Similarly, shop-
ping centers, malls, and other retail establishments have deter-
mined that it is more profitable to attract shoppers with free

TABLE 3-12 Fue consumption ratesused in
STEAM, auto and truck

Gallons per Mile

Autos Trucks
5 mph 0.066 0.481
10 mph 0.042 0.314
15 mph 0.039 0.255
20 mph 0.029 0.223
25 mph 0.027 0.203
30 mph 0.025 0.189
35 mph 0.024 0.179
40 mph 0.023 0.171
45 mph 0.023 0.165
50 mph 0.022 0.160
55 mph 0.021 0.157
60 mph 0.020 0.153
65 mph 0.019 0.150

Source: Cohn et al., 1992.
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parking and to underwrite the cost with slightly higher prices
on the products they sell. Shoup and Pickrell estimated in
1980 that 93 percent of automobile commuters park free at
their place of work.2* Pucher estimated in 1993 that 90 per-
cent of customer and employee parking isfree,® and the 1990
Nationwide Persona Transportation Survey (NPTS) datasug-
gested the average probability of paying for parking was 5.6
percent in the 20 consolidated metropolitan areas surveyed.
A number of factors predispose this behavior, including tax
policy and therelatively high administrative cost of charging
for parking in many locations.?

Most urban transportation demand models typically rec-
oghizethat most empl oyees and shoppersdo not pay for park-
ing, even though somedo. The modelsusethe nominal, posted
parking price multiplied by the probability that the traveler
actually paysfor parking as the measure of perceived parking
charges.?” Since many analysts will be using transit demand
estimates from just such amode, it is important to use park-
ing cost estimates in the benefit-cost calculation that are for-
mulated in the same way. Consequently, this guidebook rec-
ommends using the probability-weighted parking charge as
the representation of the parking component of user charges.

That recommendation results in an accurate characteriza-
tion of consumer surplus (and onethat is consistent with typ-
ical travel demand models). But in order to fully account for
the effect of atransit improvement on parking costs, transit’s
effect on parking utilization and the unper ceived costs of park-
ing must be addressed as a separate calculation.?® The details
of this calculation are presented in Chapter 5.

Costs of Accidents and Crime
Framework

Thetraveler's perception of the cost of accidents and crime
isan element of automobile and truck user costs. Thisincludes
perceived costs associated with two types of risks:

» Risks borne directly by the traveler as the potentially
injured party from accidents or crime and

24 Shoup and Pickrell, 1980.

% Pucher, 1993.

% Transportation Research Board, 1998.

" For example, the Puget Sound (Washington) travel demand model uses survey
information on nominal off-street parking rates and the proportion of parkerswho pay
those rates.

% An alternative perspective is that in the long run travelers see through the veil of
the bundled or implicit pricing of parking. That is, they behave as if they pay the full
cost of parking because they recognize that they are earning less or paying more for
goods at |ocations that bundle parking pricing. From this perspective, travel demand is,
in fact, influenced by the full cost of parking, not just the explicitly priced component.
Although this approach has the advantage of incorporating consideration of parking
costs entirely in the consumer surplus framework, it is inconsistent with the demand
models that many analysts will be using, in practice.

» The risk of being held financially responsible for the
injury caused to others or damageto their property from
an accident.

Analogousto the earlier discussion of thisissueinthe con-
text of transit user costs, any net risks that impinge upon the
driver of the truck or automobile are likely incorporated in
thevalue of timethat travelers appear to be applying. That is,
these costs contribute to the disamenity value of time spent
in truck and automobile travel.

Travelers can, and do, insure against these risks to some
extent. The greater the tendency for travelersto insure against
theserisks (of self-injury or liability), thelesslikely it isthat
the observed value of timeincorporatesthese disamenity ele-
ments. Hence, it is appropriate to include average insurance
premiumsin the user cost asapartial characterization of per-
ceived costs of accident and crime risks.?®

From this perspective, therefore, once the value of time
and insurance costs are incorporated in the measure of user
costs, there is no need for separate accounting of perceived
auto and truck accident and crime costs. The exception is if
the analyst believes that the transit improvement will result
in changesin the travelers’ perceptions of the average riski-
ness of travel. With respect to accidents, this could occur if,
for example,

* The transit improvement caused a shift in travel from
the automobile to transit, and

» This shift changed average driving speeds for those
remaining in their autos (and trucks), and

+ Accident rates changed as a result of the increase in
speed (which will probably increase fatalities),® and

+ This change in accident rates was incorporated in trav-
elers perceptions about risk.

Similarly, the transit improvement could change the trav-
eler’ s perceptions of the riskiness of encountering crime. For
example, the improvement could cause a change in the trav-
eler’ schosen route. The change could either movethetraveler
into areas of higher crime rates or force alonger, more costly
route to avoid crime. The analyst could then incorporate these
estimates of changed risk perceptions, aseither achangeinthe
value of time or a change in the average cost of insurance per
vehicle- or passenger-mile.

2 |t is conceivable that an improvement could be made that decreases accidents but
does not change insurance premiums. In this case, if the user perceives areduction in
safety, this reduction will be reflected in a change in the value of travel time, as dis-
cussed earlier in this chapter. Even if the traveler does not perceive the reduction in
accidents, there may be unperceived benefitsto the safety improvements. Thesearedis-
cussed in more detail in Chapter 4.

% Though Lave (1997) has found that increases in state speed limitsin 1995 not only
did not increasefatalities: they actually dropped slightly. Lave suggests asreasons: bet-
ter use of highway patrol resources, a shift back to limited-access highways from more
dangerous two-lane roads, and areduction in speed variance.



Key point: Once the value of time and insurance
costsareincorporated in the measure of user costs,
thereistypically no need for separate accounting of
perceived auto and truck accident and crime costs.
The exception is the special case where thereisa
clear reason to believe the transit improvement
changes the average risk perception of auto and
truck travelers.

Asapractical matter, thereis very little known about the
rel ationship between traffic characteristics and accident rates
or crime rates. For example, there is contradictory evidence
on the relationship between traffic volumes or speeds and
accident rates. One theory and some evidence support the
notion that, the greater the traffic volume, the greater the prob-
ability of an accident because of the greater likelihood of
encountering other drivers. Since higher traffic volumes are
associated with lower speeds, everything else being equal,
this notion suggeststhat accident rates decline astraffic thins
and speeds increase.

A potentialy contradictory viewpoint is that accidents
increase as volumes decline and speeds increase because of
reduced reaction times at higher speeds. Some analystsreport
confirming this notion empirically too.®! Thus, the conclu-
sion in this guidebook is that the evidence is probably too
weak to warrant adjusting the unit cost of automobile travel
simply because there have been transit-induced changes in
network volumes or speeds. As long as the perceived costs
include properly valued average travel times and insurance
costs, a good argument can be made that any benefitsin the
form of reduced travel riskswill be properly accounted for in
the Basic Benefit calculation.

Data and Analysis

Although there is not a strong case for linking transit
improvementsto changesin theaveragerisk of travel, theana
lyst might encounter a circumstance in which it makes sense
to assume a reduction in these risks as the result of atransit
improvement. To this end, Table 3-13 provides generalized
information on the costs of fatalities and injuries associated
with the use of motor vehicles.®

Death and injury to themselves are not the only risks, how-
ever, that drivers of autos and trucks may perceive asan ele-
ment of user costs. Pedestrians, cyclists, and occupants of
other types of vehicles are also exposed to significant risks of
death and injury, partly due to interactions with automobiles
and trucks. As Table 3-11 indicates, auto owners pay 7.0 to

$Miller (1989b), and Gomez-lbanez (1997) offer datain support of this notion.

32 There are anomaliesin the datain Table 3-5, Table 3-13, and Table 4-10 in Chap-
ter 4. Since the method recommended in this section is based on insurance cost as a
measure of perceived accident costs, those differences do not affect the estimates here.
See the section on unperceived accident costs at the end of Chapter 4.
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8.5 centsper vehicle-mile, on average, to insure against |osses
to themselves and the liability of such encounters. If atran-
sit improvement were to eliminate perceived risks of driving
altogether, therefore, the analyst could use thelevel of insur-
ance costs as a first approximation of the potential for risk
reduction. The value of uninsured risks (which, in our analy-
sis, remains embedded in the value of time) could be added
to the insurance costs, but it is difficult to know how large
travelers perceive that to be.

Key point: If the analyst wishes to speculate that
a transit improvement reduces the average risks
associated with driving, actual accident rates or
insurance premiums can be used to bound the esti-
mated reduction in truck and auto user costs that
would result.

BICYCLE AND PEDESTRIAN USER COSTS
Framework

Transitimprovements may affect biking and walking. Both
modes can serve as feeder and distribution mechanisms for
transit trips. In addition, if transit is used as a primary com-
mute mode, the resulting reduced need for automobile own-
ership may result in increased walking and biking generally
for other purposes. Therefore, it is sometimes necessary to
consider bicycle and pedestrian user costs.

Data and Analysis

The primary perceived cost of both modesis travel time.
In addition, however, there are cash cost elements associated
with both modes as well. In the case of bicycling, thereisa
capital outlay associated with bicycle ownership and awear-
and-tear element associated with bicycle use (tires, time or
cost associated with maintenance and repair, tc.). Inthe case
of walking, however, there are probably no significant, spe-
cific capital or out-of-pocket costs that can be associated
incrementally with this activity.

Table 3-14 presents typical estimates of the user costs
associated with the bicycle and walk modes. Bicycling and
walking time both should be valued at walking time values.
Asthetable suggests, because of the slow effective speeds of
these modes and the high value that users typically place on
walking time, the effective perceived user cost per mile is
high. Consequently, transit improvements that compel sig-
nificant use of these modesin lieu of other modes may raise
perceived user costs significantly in some cases. Theeconomic
justification for the use of these modes, therefore, must come
from secondary impacts and lower capital costs (factors that
are considered in the next chapter).
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TABLE 3-13 Motor vehicle occupants and non-occupantskilled and injured

in 1998
Injuries/Deaths Rate per 100 Cost, in
in 1998 million VMT cents per
(a) VMT(b)
Killed
Total Occupants 35,359 1.35 4.05
Total Non-occupants 6,112 0.23 0.7
Total Killed 41,471 1.58 4.74
Injured
Total Occupants 3,061,000 116.9 117
Total Non-occupants 131,000 5.0 0.05
Total Injured 3,192,000 121.9 1.22

Source (of data on number of injuries, deaths, and vehicle miles traveled): U.S. Department of
Transportation, National Highway Traffic Safety Administration, Traffic Safety Facts 1998, Table 4.

(a) Vehicle miles traveled in 1998 totaled 2,618,701,000,000 [per same source as above (TSF1998),

1998 National Statistics table].

(b) Assumes $3,000,000 per death, and $10,000 per injury (per ECONorthwest).

SUMMARY

This section emphasi zes the cost perceptions of the user of
a transportation network. When a transit improvement is
made, there are changesin those perceptions. Changesin per-
ceived costs are amajor element of user benefits and, hence,
of the benefits of transit improvements.

As Table 3-15 summarizes, this analysis involves first
determining time values and the basic unitsin which activity
will be measured and then gathering datato characterize how
the components of user costs change in reaction to the tran-
sit improvement. Table 3-15 provides pointers to the tabular
and graphical information in this guidebook for each step of
the data assembly process.

TABLE 3-14 Typical user costs of biking and walking

Bicycling Walking
Typical Assumptions
Assumed average speed 8 25
(mph)
Capital cost $500 -
Cost per Pass-Mi. (cents)
Time (time value = $10 125+ 330+
per hour)
Vehicle capital 7 -
Operating and 2 -
maintenance
Total 134+ 330+

Source: ECONorthwest.

?Most people who commute have relatively good bikes; lights; racks; packs; helmet;
lock; and rain gear. $500 seems like a reasonable average estimate of total capital
cost.

Later in this chapter, sample worksheets are presented that
show how these user cost data are merged with travel datato
measure user benefits.

MEASURING TRANSIT'S BENEFITS TO USERS

The previous sections of thereport provide information on
how to measure the unit costs associated with the use of each
type of vehicle in the transportation network. These sections
also discuss how to measure the effect of thetransit improve-
ment on these cost measures.

Wenow need to talk about thetransit improvement’ seffects
on how much use is made of each vehicle type and how unit
cost and travel activity levelsintegrateinto the basic measures
of transit benefits. The basic methods require knowing

» Theamount of travel beforetheimprovement, by mode;

» The perceived user cost associated with that previous
travel pattern;

» The amount of travel after the improvement, by mode;
and

+ Theperceived user cost associated with the revised travel
patterns.

The list reinforces an obvious point: little analysisis possi-
blewithout some measure of theimpact of thetransitimprove-
ment on travel activity by mode. If atransit improvement is
an attractive alternative to automobile use, there will be an
increasein the level of transit use and a decrease in automo-
bile use. The use that trucks make of the transportation net-
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Data Assembly Steps

Parameters to Measure  Guidebook Resources

Step 1: Determine time values

Value of walk, wait, in-

Tables 3-1, 3-2

vehicle and transfer time

Step 2: Determine units of travel
measurement

Step 3: Measure transit user costs, before  Travel time

and after the improvement

Corridor vs. link
Pass.-mile vs. veh.-mile Travel Measurement"”

Accident costs (if

"Selecting the Unit of

Tables 3-3 through 3-8,
Figure 3-1

changed from status quo)

Fares and other out-of-
pocket costs

Step 4: Measure auto/truck user costs,
before and after improvement

Travel time

Accident costs (if

Tables 3-9 through 3-13,
Figure 3-2

changed from status quo)

Vehicle ownership costs

Vehicle operating costs

and tolls

Step 5: Measure bicycle and walk user
costs, before and after improvement

Travel time

Table 3-14

Vehicle ownership costs

Vehicle operating costs

Source: ECONorthwest.

work may also change as an indirect effect of any decreasein
automobile use that occurs.®

This section discusses how to measure changes in travel
activity and how to integrate the travel activity changeswith
user cost changes to measure travel benefits.

Assembling the Required Data on Travel
Activity

Framework

A transit improvement changes the users perception of
the cost of using the transportation network. Predicting the
response elicited from the user is called travel demand analy-
sis or travel demand forecasting. This analysis is the most
difficult part of measuring transit benefits, but it is also the
most important part. Without a thorough understanding of
how both transit and auto users react to the transit improve-
ment, it is impossible to know whether the improvement
yields net traveler benefits.

The analysis proceeds within the context of a base case
and the improvement alternative, studied over the relevant
analysis horizon. In specifying the base and improvement
alternatives, the following points should be borne in mind:

3 n general, much lessis known about the response of truck travel to changesin net-
work conditions than is known about automobile and transit responses. If appropriate,
the truck mode can be ignored in user benefit calculations.

The base case should represent the conditions that the
transit improvement is building upon. In most metro-
politan areas there will already be some level of transit
service in the base case.

The improvement alternative should not mix transit
improvementswith unrelated other investments, such as
an unrelated highway improvement. To do so runs the
risk of obscuring the independent effects of the transit
improvement.

The representation of the transportation system, both in
geographic extent and detail, must be sufficient to cap-
ture the full range of effects of the transit improvement.
Hence, the nature of thetransitimprovement determines,
to alarge degree, how complex the modeling must be.
The analysis or planning horizon should correspond to
the expected life of the transit improvement or policy. In
cases involving significant, fixed capital improvements
(such asalight rail system), the analysis horizon should
correspond with the anticipated life of that investment.
For other policies, the analysishorizon should correspond
with the anticipated duration of the modeled policy.

The analyst should perform the evaluation exercise for
at least two points in time, spanning the analysis hori-
zon. The results from these two points in time can then
beinterpolated to periodsin between for the purposes of
making present value calculations of costs and benefits
over the analysis horizon.

Within each point in time, the analyst may need to per-
form the analysisfor several times of day or dayswithin
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aweek in order to capturetraffic peaking behavior prop-
erly. In an urban commute-oriented setting, for exam-
ple, analyses are performed for the AM peak hour, PM
peak hour and midday periods. Resultsfor other periods
of the day are derived by extrapolation or ignored.

» The time horizon for evaluating both the base case and
the improvement alternative will be identical, with the
time horizon set for the expected life of the improve-
ment. Similarly, the geographic scope of the analysis
should include all that will beimpacted by theimprove-
ment and will beidentical for both the base case and the
proposed alternative.

* Ingeneral, assumptionsregarding normal infrastructure
improvements and related amenities will be identical
between the base case and the proposed alternative over
thelife of the project. The exception to thiswill bethose
situationswhere theimprovement shiftsthelevel of other
amenities supplied so that there is a secondary effect
other than the direct effect of the project. For example, it
may bethat aproposed masstransit project shifts demand
away from parking asmore peopleopt for transit. If area
parking garagesthen lower parking coststo attract more
business, the change in parking costs needs to be taken
into account in the project out-years.

Data and Analysis

Analysts in some jurisdictions have very sophisticated
travel demand modeling tools at their disposal. Others do
not have such models and must either hire consultants to
perform the analysis or make do with rough estimates of the
travel demand responsesto the transit improvement. The lat-
ter type of analysisis acceptable for coarse screening analy-
sis, but is not acceptabl e when significant public investments
are involved.

The conclusion that travel demand models are probably a
necessary component of modern transit planning may seem
to be in contradiction with this guidebook’s stated intent of
providing ssimple tools for small transit agencies. But even
many small jurisdictions (50,000 people) are now running
travel demand models, and it is unlikely that cities much
smaller than that will be making a major transit investment
(certainly not fixed guideway projects). Thereality of current
transit planning is that travel demand models will probably
be used to estimate changes in trips by mode. Jurisdictions
without such models are probably of asizethat their projects
and resources will lead them to choose not to implement the
types of methods suggested in this guidebook in any case, so
the lack of atravel demand model will probably not be the
main impediment.

Thismanual cannot providetravel demand modeling assis-
tance suitable to the vast range of circumstances and transit
improvement projects. Hence, the discussion that followsis
primarily intended to describethe kind of travel demand data
that are needed and how they are typically derived.

First, assumethe perspective of theanalystin alarge urban
area. Transportation analysts there usually have full-fledged
computer models at their disposal to perform demand mod-
eling. These models are very useful for analyzing transit
improvement benefits because they account for the effect of
the improvement on all modes, everywhere in the regional
transportation network. A highway travel demand model is
essential for ng transit improvement benefits because
many of those benefits occur on the road network where
reduced use of vehiclesimproves road network performance
for the vehicles that remain on the road.

Thelarge-scal e, urban transportation planning model styp-
ically have the following elements:

+ A traffic assignment model. This model contains a
description of the transportation network, often at the
level of individual links. The roadway and/or transit
guideway systemsare represented mathematically in the
model, permitting automatic consideration of the effects
of traffic on network loads and performance. Traffic
assignment models are used to determine volume and
speeds, by link, mode, and vehicle class.

» Trip tables. Thetraffic assignment model usesasinput
trip tables that give the number of trips, between all
possible pairs of origin and destination zones, that are
assigned to the network. The trips are typically differ-
entiated by mode. For example, thereistypically a sep-
arate trip table for single-occupant vehicles (SOVs),
carpools, trucks, and buses. Advanced models also dif-
ferentiate the trip table by vehicle or traveler class. For
example, auto and transit trips can be differentiated by
the income class of the user. Thisis helpful in perform-
ing benefit-cost analysis because the value of timevaries
with income class.

* Travel demand models. The trip tables are generated
by travel demand models. These model s predict the vol -
ume of trips, by vehicle class or mode, between zone
pairs. These predictions are based on the characteristics
of the various origin and destination zones (their attrac-
tiveness) and the user cost of travel between the various
zone pairs. The travel demand modelstypically include
both a mode choice step and a destination choice step.
Together these steps permit both of these types of behav-
ioral responsesto be automatically smulated. Advanced
models also have a residential location choice step,
allowing even the number of residents in each zone to
be determined within the model.

Asthisdescription suggests, transportation modeling offers
anatural way to analyze the benefits and costs to travelers of
atransit improvement. With aworking, calibrated model, the
analyst’s task reduces to making changes in user costs and
changesin the transportation network configuration that cor-
respond to the transit improvement being modeled. Analysts
with a computer-based, multi-step demand modeling suite



can then take the following stepsto generate the travel activ-
ity datathey need:

* Run the modding suite for the base case conditions.
The base case conditions are the conditions (user costs
and network configurations) that thetransit improvement
is building upon. The volumes and user costs (by link or
by corridor, depending upon the type of model used)* are
captured from the base run output at the level of detail
that themodel permits. For example, volumes may bedif-
ferentiated by mode and class, aswell aslink, corridor, or
origin-destination zone pair. It is this modeled base case
against which model improvements are compared. Cal-
ibration isimportant for reliable model output, but ana-
lysts should not compare modeled improvements to
actual traffic conditions.

+ Edit the model network to incorporate the transit
improvement. Depending upon the type of improve-
ment, this involves (1) editing the network characteri-
zation to include new transit guideway or highway links
and (2) changing the volume-delay or impedance rela-
tionships that characterize the links in the network, as
necessary.

* Run the modeling suite for the transit improvement
conditions. After editing the model network, the model
isrerun. New volumes and user costs are captured from
this run.

The volume and user cost data generated in the base case
and in the improvement case serve as the basis for transit
benefit-cost calculations. They should be tabulated by link,
corridor, or origin/destination zone pair to perform the cal-
culations described in the next section. Table 3-16isanillus-
tration of how the data for a corridor or zone pair might be
tabulated in the base case and with the project in place.

Table 3-16 shows a9-mile-long corridor that carries both
automobiles and bus transit vehicles. The transit improve-
ment illustrated in this case is an increase in the frequency
of bus service in the corridor from 10 to 25 vehicles per
hour. The transit improvement attracts auto passengers to
transit by reducing walking and waiting time and reduces
the number of automobilesin the corridor; thereby increas-
ing speeds for the remaining autos and for the transit buses
themselves.

Note that there is a net inducement of trips as a result of
the improvement. The combined passenger-miles of auto
and bus travel rises from 45,450 to 46,800. These may be

3 Most large urban transportation planning models operate on a link basis and pro-
vide origin/destination travel demand estimatesin trip tables. The STEP model written
by the late Greg Harvey, however, works on a corridor (zone O-D pair) basis. If the
model operates on alink level and the benefit-cost analysis is to be performed at this
level, it is necessary for the base case to include any new links that will be associated
with the improvement. However, these links will not receive any traffic assignment in
the base case.
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new trips, or trips that are diverted from other corridors or
times of the day because of the improved service. If they
arediverted trips, of course, then it isimportant to calculate
changes in travel activity on other corridors and/or other
times of day, which would be part of the impact of the tran-
sit improvement.

The structure of Table 3-16 is afair representation of the
table structure that is used in actual transit evaluation stud-
ies. In an actual application, of course, atable such as Table
3-16 would have to be expanded to the extent required by the
desired grain of the analysis:

» Table 3-16 incorporates only two modes. Additional
modes, such as carpools, light rail transit, and trucks
might be important to include.

+ All travelersin the table have the same average val ue of
time. If, in fact, it isimportant to tabul ate the effects on
different traveler classes, the travel data can be dis-
aggregated accordingly.

+ Only one corridor (and only one direction of that corri-
dor) is represented in the table. Multiple corridors, or
multiplelinks, aretypically necessary to captureall of the
effects of a significant transit improvement, since traffic
diversion effects across corridorsis very common.®

» Thetable represents only one point in time and one time
of the day. Namely, the table represents the travel activ-
ity inthe AM peak hour of the year 2000. Calculations at
different times of the day and different forecast yearsare
typically necessary to calculatethe present va ue of travel
benefits over the life of the proposed improvement.

 For simplification, Table 3-16 does not include the value
of accidentsor crimes show in Table 3-5: they should be
additive.

Transportation analysts in smaller and rural jurisdictions
typically do not have large transportation planning models at
their disposal. Unless consultants are engaged to develop the
necessary data, the analyst must make the estimates from the
information available. This can be both time-consuming and
risky, especially if thefunds or reputation of the organization
are at staketo asignificant degree. The countervailing advan-
tage, however, isthat smaller, isolated jurisdictions also typ-
icaly have fairly simple networks. Even if estimates of
changein demand are done* by hand,” some rough estimates
are possible. The goal is still the same: to generate user cost
and volume data before and after the transit improvement at
the necessary grain. All significantly affected links or corri-
dors should be included in the tabulation.

35 Multiple corridor analyses may also call for a more complex analysis, with esti-
mates for each pair of origin and destination (O-D). FHWA’s SPASM model performs
the single-corridor analysis shown above. STEAM incorporates the more complex
analysis of multiple O-D combinations.
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TABLE 3-16 Hypothetical travel activity data (one corridor, AM peak hour, year 2000)

Data Type and Abbreviation Data Units Calculation Corridor 1 Corridor 1
Autos Bus Transit
Base With Base With
Case Project Case Project
Raw Activity Data
Corridor length L miles - 9 9 9 9
Vehicles M  number - 4,000 3,500 10 25
Passengers per vehicle D number - 1.2 1.2 25 40
Passengers Q number M*D 4800 4,200 250 1,000
Speed S miles per hr. - 45 54 35 45
Travel time, walking W  min./pass. - 5 5 5 3
Travel time, waiting G min./pass. - - - 15 7
Travel time, in-vehicle T min./pass. (L/S)y60 12.0 10.0 154 12.0
Transfer time E min./pass. - - - -
Fares F cgnts/pass.- - - - 5 5
mi.
Tolls R cents/veh.-mi. - 5 5 - -
Operating costs paid by C cents/veh.-mi. - 20 18 - -
pass.
Value of travel time, walking X  dollars/hour - 20 20 20 20
Value of travel time, waiting Z  dollars/hour - 20 20 20 20
Value of travel time, J dollars/hour 20 20 20 20
transfers
Value of travel time, in Y dollars/hour - 10 10 10 10
vehicle
intermediate Calculations of Perceived Costs
Cost of walk, wait, transfer H cents/pass.-  (100/L)*(W*X+G*Z+E*J)/ 18.5 18.5 741 37.0
mi. 60
Cost of in-vehicle time N cents/pass.-mi (100/Ly*(Y*T)/60 222 18.5 28.6 222
Out-of-pocket cost P cqnts/pass.- F+(R+C)/D 20.8 19.2 5.0 5.0
mi.
Final Calculations of Perceived Costs
Total perceived user cost U cents/pass-mi. N+H+P 61.6 56.2 1076 64.3
Travel volume V pass.-miles L*Q 43,200 37,800 2,250 9,000
Source: ECONorthwest.
Calculating User Benefits Data and Analysis

Framework

Once the data are assembled and tabulated in the manner
discussed above, the next step isthe actual calculation of user
benefits. The arithmetic of the calculation is not complex (as
the equationsin travel demand models often are). In calculat-
ing user benefits, however, it isimportant to maintain consis-
tency between the grain of the analysis that has been chosen
and the method of calculating benefits.

Recall that the basic idea for measuring user benefitsisto
measure the shaded area of Figure 3-1 using volume and user
cost information. That area represents the net user benefit
from changes in user costs and changesin trip volumes that
resultsfrom thetransitimprovement. Specifically, the net user
benefit, B, is calculated from the volume before theimprove-
ment (Vo) and after the improvement (V,), and the user cost
beforetheimprovement (Ug) and after theimprovement (U,),
using the Basic Benefit Calculation formula:



+Vi
B = 9/70 2 l%UO _Ul)'

Astheformulaindicates, benefits depend fundamentally on
thechangeintravel values (V, to V;) and changein user costs,
(Uo — Uy). The first component of the formula calculates an
average volume by adding before and after volumesand divid-
ing by two. That calculation is consistent with trying to esti-
mate the triangle of consumer surplus in Figure 3-1. Every-
thing else being equal, when (U, — U,) is large, benefits are
large. That is, when user costs after the improvement are
smaller than beforetheimprovement, benefitsare accordingly
larger. Note also that if there is no induced or retarded travel
(i.e., Vo = V,), then the formula simplifiesto V(U, — U,); that
is, travel benefitsequal volumetimesthe changein user costs.

Thisformula can be applied at whatever grain is appropri-
ate to the analysis:

» Link level analysis. Inthiscase, theV'sand U’ sarethe
volumes and user costs associated with individual links.
The total benefits of a transit improvement are calcu-
lated by adding the benefits from every affected link.
Again, if there are multiple modes or classes of trips, the
calculation is repeated for each such mode or class.

« Corridor level analysis. In this case, the V'sand U’'s
are the volumes and user costs associated with travers-
ing the corridor or origin-destination pair. Thetotal ben-
efits are calculated by adding the benefits from every
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affected corridor. In addition, if there are multiple
modes or classes of trips, the calculation is repeated for
each such mode or class.

» Aggregate sketch-level analysis. In this case, the V's
and U’s are the average volumes and user costs across
theregion asawhole. At adlightly lower level of aggre-
gation, the region-wide cal cul ation can be performed by
mode or by traveler class.

Sample Calculation

The Basic Benefit Cal culation formulapresented aboveisat
the heart of any user benefit calculations. Even for extremely
complex networks, with many different modes and classes of
users, many links or corridors, and long project time horizons,
the Basic Benefit Calculation formula is used. The formula
itself does not get more complex. The only differenceisthat
many moreindividual calculations must be tracked and prop-
erly merged.

The user cost and volume data in Table 3-16 can be used
to demonstrate the application of the Basic Benefit Calcula-
tion formula in a simple setting. In that table, there is only
one corridor, with two modes, and one time period for one
day. Tocalculatetota benefits, the analyst cal cul atesthe user
benefits for autos on the corridor and adds to them the bene-
fitsto bustransit users.

Table 3-17 walks through the simple calculation. It shows
that the user benefits associated with the transit improvement

TABLE 3-17 User benefit calculation in asimple, one-corridor case (AM peak hour, year 2000)

Corridor 1 Corridor 1
Data and Abbreviation® Data Units  Calculation® Autos Bus Transit
User Cost and Travel Volume Data (from Table 3-16)
Uo U, Uo U,
Total perceived user U  cents/pass.- N+H+P 61.6 56.2 107.6 64.3
cost mi.
Vo Vi Vo V4
Travel volume V  pass.-miles L*Q 43,200 37,800 2,250 9,000
User Benefit Calculation
Change in user cost AU pass.-miles (Up-Uy) =(61.6-56.2) =(107.6 — 64.3)
=54 =433
Average volumes V  cents/pass.- (Mot V)2 =(43,200 + = (2,250 +9,000)/2
mi. 37,800)/2 = 5625
= 40,500
User benefits by mode B dollars AU*V =(5.4 x 40,500)/100 =(43.3x
=2.187.0 5,625)/100
=2,435.63
Total user benefits dollars =2,187.0 + 2,435.63 = 4,622.63

Source: ECONorthwest.

? See Table 3-16 for definition of abbreviations and for some of the data.
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are $4,622 for every AM peak hour in the year 2000. The
benefits are approximately equally derived from benefits
enjoyed by automobile users and benefits enjoyed by bus
transit users. Though thissimple exampleillustratesthe basic
calculationsinvolved, in practice, such acal culation needsto
berepeated for other times of day, for future years, and so on.

Theuser benefit calculationin areal-world setting has many
more dimensions than the simple cal cul ation above. Although
theindividual calculations proceed asin Table 3-17, by using
the Basic Benefit Calculation formul a, the user benefits need
to be calculated for a variety of corridors (or links), modes,
user classes (values of time), times of the day, and project
years over the life of the improvement.

Table 3-18 shows how the cal cul ations might be arranged,
with four modes, two user classes per mode, six daily time

periods, and 20 project years. (Note that the table only por-
trays one corridor.) Each of the user benefit entries requires
the assembly of dataidentical in concept to that presented in
Tables 3-16 and 3-17. This underscores the computational
effort required to assess a transit improvement in detail and
illustrateswhy so many analysts haveturned to computer mod-
elsof their region’ stransportation network asaway of rapidly
and consistently assembling the necessary data.

Though the task of assembling user benefit data appears
daunting, in practice anumber of simplifying procedures are
employed:

* Instead of modeling each of, say, 20 yearsof atransit proj-
ect’s life, analysts frequently model two years (usually

TABLE 3-18 Annual user benéfits, by corridor, mode, user class, time of day and year, in dollars

Corridor 1
Single Occupant Auto Carpool Auto Bus Transit Trucks
Low High Low High Low High
User Class Income Income Income Income Income Income Heavy Light
User Benefits Year 1
AM Peak 2,271 4,769 3,091 3,824 1,221 1,409 3,366 1,991
AM Shoulder 799 634 1,391 970 1,169 605 576 1,747
Midday 743 763 411 472 913 485 435 897
PM Shoulder 1,933 1,524 1,515 1,480 651 1,834 1,205 1,987
PM Peak 1,727 4,570 3,309 4,564 2,162 4,270 2,947 2,943
Night 178 195 331 534 407 490 289 157
User Benefits Year 2
AM Peak 2,407 5,055 3,276 4,053 1,294 1,494 3,568 2,110
AM Shoulder 847 672 1,474 1,028 1,239 641 611 1,852
Midday 788 809 436 500 968 514 461 951
PM Shoulder 2,049 1,615 1,606 1,569 690 1,944 1,277 2,106
PM Peak 1,831 4,844 3,508 4,838 2,292 4,526 3,124 3,120
Night 189 207 351 566 431 519 306 166
) ) ) Use;' Benefits-Year 20 ) ) )
AM Peak 4,996 10,492 6,800 8,413 2,686 3,100 7,405 4,380
AM Shoulder 1,758 1,395 3,060 2,134 2,572 1,331 1,267 3,843
Midday 1,635 1,679 904 1,038 2,009 1,067 957 1,973
PM Shoulder 4,253 3,353 3,333 3,256 1,432 4,035 2,651 4,371
PM Peak 3,799 10,054 7,280 10,041 4,756 9,394 6,483 6,475
Night 392 429 728 1,175 895 1,078 636 345
User Benefits Years 1 through 20

Present 84,165 137,010 110,525 130,285 71,750 100,025 96,995 106,935
Value

@ 8 percent

Source: ECONorthwest.



the first and the last), and interpolate the data for the
in-between years. This is an acceptable practice, of
course, only if one anticipates afairly smooth and lin-
ear trend in travel behavior over the 20 years. If thisis
not the case, the analyst should model additional inter-
vening years.

Instead of modeling every daily time period, analysts
frequently model only the AM or PM peak periods, and
extrapolate the behavior to other time periods using fac-
tors or weights. This is acceptable practice only where
trendsin travel activity are fairly gradual over time and
where the network has a reasonable amount of peak
capacity. If the network isalready heavily loaded in, say,
the AM pesak, future growth will tend to moveinto shoul-
der and midday periods, requiring ateration of the fac-
tors or weights.
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» The number of user classes (time values) can aso be

kept small if thereisnointerest in portraying the pattern
of benefits by user class. Frequently, analysts use asin-
glevalueof time, for example, for dl auto or transit users.
However, one hasto be careful not to have so few user
classes that the analysis misses important differences
in behavior among user classes. In practicetwo, or prefer-
ably three, income class distinctions should be used.
Asnoted later in the guidebook, any simplificationsin
classes of user costs will mean complications in esti-
mating equity impacts.

Developing the data at alink level is very burdensome
computationally and usually adds little to the benefit-
cost analysis. By analyzing user costsand travel volumes
on an O-D pair or corridor basis, a much simpler and
more transparent appraisal results.
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CHAPTER 4
TRANSIT'S SECONDARY IMPACTS

SUMMARY

This chapter describes benefits that derive from transit’s
primary impacts on travel behavior. One such benefit is the
concept of option value. Although some travelers use transit
very infrequently, transit still provides direct value for them
by virtue of itsavailahility. Inthis case, transit actsas a hedge
against contingencies that limit the use of other modes, such
as poor weather, repairs, or rapid fuel price increases. This
chapter provides a methodol ogy to estimate the option value
of transit using well-known financial formulas.

Transit improvements can also provide significant environ-
mental benefits, such as reduced air, water, and noise pollu-
tion when auto use decreases (these benefits are not perceived
by users, so they must be calculated separately). When mea-
suring these impacts, special care must be taken to account
for the vehiclefleet mix (types of buses, rail, and autos), local
and regional traffic conditions, roadway types, existing envi-
ronmental conditions, and built environment factors (adjacent
land uses and population densities), all of which can greatly
affect the benefits that are realized. Area-specific data can
usually be obtained from state DOTS, environmental agen-
cies, or MPOs.

Analyses of air pollution typically consider levels of five
standard pollutants identified by the Environmental Protec-
tion Agency (EPA) and include both local analyses (based
on project-specific land use and traffic data) and area-wide
analyses, for which this chapter provides a general method-
ology and sample calculations using emission algorithms
developed by EPA. For air pollutionin particular, the analy-
sistimeframeisimportant in that it will incor porate assump-
tionsregarding general growth in vehicle milestraveled and
also removal of older, more polluting vehicles.

Noise pollution is more localized than air pollution, and
costs can vary substantially as a function of adjacent land
use density, mitigation measures (e.g., sound walls), existing
ambient conditions, and the nature of the noise (frequency,
time of day). This chapter provides estimated noise costs for
different types of vehiclestraveling on different types of road-
ways (per vehicle-mile traveled). Compared with other types
of impacts, noise impacts (costs) are likely to be relatively
minor unless a large project is constructed that causes new
noise in heavily populated areas with relatively low existing
noise levels.

Water pollution arises from vehicle exhaust, tire wear, oil
leaks, and numerous other sources. While some researchers
have estimated these costs at a national level in the aggre-
gate, thereare no reliable figuresthat disaggregate costs by
mode or local area. Based upon the national estimates, how-
ever, these costs are likely to be very small per vehicle-mile
of travel and can probably be dropped fromtheanalysisunless
special conditions exist.

Finally, this chapter gives guidance to estimate the cost of
accidentsthat are not perceived by users (Chapter 3 describes
how most accident costs are perceived as additional travel
time costs and/or through insurance payments). An example
of thistype of cost might be publicly borne accident response
costs. Based on national data, this chapter suggests that a
reasonable range for these costs (for all modes) is probably
1to 10 cents per vehicle-mile traveled.

OVERVIEW

The user benefits calculated through consumer surplus
measurements typically capture the biggest share of travel
benefits. However, some benefits and costs that result from
transit improvements are not captured by consumer surplus
calculations. This guidebook classifies these benefits (or
costs) as secondary impacts. They are secondary not because
they are unimportant or necessarily smaller, but because they
generaly derive from a transit project’s primary impact on
travel behavior.

Secondary impacts of transitimprovementsarisein anum-
ber of ways. One way is through changes in travel-related
costs that are not perceived by travelers. For example, the
cost of highway patrol and road maintenance services are
often paid for through general taxes, such as property taxes.
Consequently, when a traveler switches modes from the
automobile to transit, there is no perception that the cost of
these services has changed. But with fewer drivers on the
road, the level of highway patrol and road maintenance ser-
vices can be reduced. Similarly, if not al parking costs are
perceived by travelersasacost of driving (because, for exam-
ple, employers and merchants give “free’ parking), the user
costsin Chapter 3 will not fully reflect thetotal cost of travel.
Thesetravel cost savings are properly attributed to the transit
improvement, but will not be accounted for in the consumer



surplus calculation. Most of these types of costs are evalu-
ated in Chapter 5, Direct Costs. A subset of these costs not
appropriately handled as direct capital or operating costs is
addressed at the end of this chapter.!

The option value of transit is another secondary benefit of
transit improvements. People may be willing to pay for a
transportation improvement, even if they do not plan to use
it regularly (and, thus, get little user benefit), in order to pre-
servetheir option to useit. Transit, of course, isnot uniquein
offering expanded options; arguably, anew road al so expands
travel options dightly, and non-users may be willing to pay
something to achieve this. However, transit service provides
opportunities to travel without driving, without owning an
automobile, in inclement weather, and so on that probably
add more “option” for most travelers than additional road
capacity. Conventional, consumer surplus-type calculations
do not capturethiseffect, and special proceduresand dataare
required to place a value on this benefit.

Unperceived travel costs, producer surplus, and the option
value of transit are secondary impacts that affect travelers or
providers of travel services. Thereisalarge, additional class
of secondary impacts, however, that affectsthose wholly out-
side the travel market because of environmental and eco-
nomic externalities generated by travel activity. Air pollution
and noise caused by transportation represent the most com-
monly discussed externalities, but transportation can aso
affect the economy of aregion or aneighborhood. These lat-
ter effects can occur because transportation can affect the
genera productivity of an economy and can affect the loca-
tion of economic activity.

THE OPTION VALUE OF TRANSIT
Framework

Most passenger travel in urban areas involves modes other
than publictransit. Thefact that most travelers do not use tran-
sit, however, does not mean that transit has no direct value to
them. Even travelers who have never used transit may value
the availability of transit service. Specificaly, they may value
transit as a hedge against events that affect their ability to use
the automobile, such as

1 A second type of secondary impact is the producer surplus that may accrue to the
suppliers of transportation services as the result of transit use. The notion of producer
surplusis analogous to the notion of consumer surplus. The cost that suppliers (such as
transit districts and highway agencies) are willing to bear to provide transportation ser-
vices is affected when travel shifts among modes. If these suppliers enjoy economies
of scale (or suffer diseconomies of scal€) in the provision of their services, there can
be changesin producer surplus, i.e., changesin the rel ationship between the costs sup-
pliers are willing to bear and what they receive in compensation.

For example, a policy to increase parking charges could cause a shift of auto travel-
ersto transit, which could reduce costs per passenger-mile to transit agencies. In cases
where the economy is competitive, however, thereislittle or no difference between the
costs suppliers are willing to bear and the compensation they receive. If there are
approximately constant returns to scale within the range of change to the transit operat-
ing system, then there is no producer surplus. Since thisis the most common situation,
itisassumed throughout this guidebook that thereisno producer surplus associated with
the projects being discussed.
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» Bad weather,

» The automobile being unavailable or broken down,

* Increasesin fuel pricesor other factorsthat raisethe cost
of operating an automobile, and

+ Loss of the ability to operate a vehicle.

In economics parlance, the value that is associated with
avoiding such contingent eventsis called option value. Many
other types of servicesin the economy involve similar, con-
tingent events and option value, including insurance policies,
mortgage contracts, club memberships, etc. In financial mar-
kets, explicit agreements that give parties the option to buy
or sell asecurity are, themselves, bought and sold. Because of
the ubiquity of option value conceptsin the economy, econo-
mists have developed mathematical procedures for quantify-
ing option value.

The option of having transit available will only be valu-
ableto those in the population that might conceivably usethe
transit system at some point during the year. For example,
people that drive themselves to work will likely place some
value on having transit as an option on those days when the
weather is especially bad or when their car isbeing repaired.
Conversely, it could be the case that the transit system does
not serve the needs of a certain population, such as residents
living inoutlying areas outsidethetransit servicearea. Inthis
case, it is reasonable to assume an option value of zero for
users who are unlikely to use transit under any conditions.

Some of the mathematical formulae that are used to eval-
uate financial options can be used to establish transit’ soption
value. The application to transit optionsinvolves linking the
parameters of the conventional financial options formula to
the analogous dimensions of transit service availability.

In the case of financial options on stock, the option that is
being valued isthe opportunity to buy? at price X astock that
iscurrently being sold today at price S. The price X iscalled
the exercise or strike price; it is the price at which the holder
of the option getsto exercise an opportunity to buy the under-
lying stock. Whether the option isworth holding (and, hence,
the option’s value) depends not only on the exercise price
agreed upon, but also the likelihood that actual stock prices,
over time, will movein such away that exercise price looks
attractive.® Thevolatility of stock prices (measured asthe stan-
dard deviation, s, of stock price movements) isthefactor that
affects this likelihood. Because the chance of volatile stock
pricesmoving favorably improvesthelonger onewaits, option
value is also affected by the amount of time over which the
option may be exercised (called time until expiration, T, in
years, in the finance parlance) and the risk-free rate of return
per annum (r) that might have been enjoyed in other invest-
ments while waiting to exercise the option.

2 Thistype of option is called a call option.
3 That is, the market price moves so that it exceeds the exercise price. In such acir-
cumstance, the option is said to be “in the money.”
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The mathematical formula that derives the option value
(C, the call premium) is called the Black-Scholes formula,
after two of its authors.*

Data and Analysis

One can usethe Black-Scholescall option pricing formula
to evaluate transit’s option value, because transit’s value to
an automobile user depends on factors analogous to the fac-
tors described above for financial options. Specifically, anal-
ogous to stock prices, the “price” of automobile services (S
is volatile because of the risk of weather, breakdowns, and
other factors described above. Transit provides a way (at
“exercise price” X) to buy replacement services. If the auto
user perceives that there is a strong possibility that the price
of auto serviceswill move such that thetransit price becomes
attractive, the option will have value. Thiswill be the caseif
the price of automobile services has a high standard devia-
tion, o, over time.

The remaining factor for which we must find an analogy
isthetimeto expiration, T, of thetransit option. A good hum-
ber to use would be the time period over which the auto user
expects to take advantage of the option the first time. Hence,
if the auto user expectsto usetransit 10 timesayear, T would
equal 0.1 (T is defined for the analysis as 1/[number of
expected uses of transit]). In the course of ayear, one would
expect the auto user to be willing to “buy” 10 such options
and, over a 20-year horizon, 200 such options. In this way,
one can estimate what the option value of transit is over
extended periods.

Table 4-1 illustrates how the option value varies with the
various key parameters. The table employs the following
assumptions or ranges of assumptions:

S the usua or expected “price” of an automobile trip.
Sincetransit ismost viable for commute trips, this price
should be the full marginal cost (auto operating costs
plus the dollar value of time spent traveling) of atypi-
cal commute trip. For the purposes of this illustration,
the figure $5 per trip is used.

* 0, the standard deviation of S This parameter captures
the volatility or uncertainty of travel by auto. The stan-
dard deviations presented in this table range from $0.25
t0 $2.50, or 5to 50 percent of the $5 price of atrip. This
represents a very broad range and is used here only to

41n addition to the factors S, X, g, and T, the formula uses the normal distribution
N(). The formulais usualy written as:

C = N(d;) - Xe""N(d,)
where

d = IN(gX) +(r +a2/2)T
te oVT

d, =dy —ovT

provide additional possible values for the option value
calculation. The actual standard deviation will likely be
less volatile in practice as the uncertainty of travel by
auto is likely to be smaller than indicated by the range
shown here.

+ X, the“exerciseprice” of atransit trip. Thisfigure should
be the marginal full cost of taking thetrip by transit. As
described in Chapter 3, the marginal full cost of atran-
sit trip percelved by a user is a combination of out-of-
pocket costs, travel time, (which may differ depending on
whether thetimeis spent walking, waiting, or riding), and
other travel characteristics (safety, comfort). Since tran-
sit is (by assumption) not the typically used mode, its
expected price must generally be higher than S. For pur-
poses of thisillustration, we will use the range of $5 to
$8 per trip.

« T, the time to expiration of the transit option. The
parameter, as discussed above, essentially should cap-
ture the frequency with which transit might be option-
ally used. For purposes of thisillustration, we use one-
tenth (0.1, the equivalent of 10 trips) and one-half (0.5,
the equivalent of two trips) year for T.

* 1, therisk-free return. In the illustration, the rate 4 per-
cent is used.

Table 4-1 displaysthe transit option value (per option) for
various exercise prices (i.e., marginal cost of transit), time
to expiration (length of time before expected exercise), and
volatility of auto costs. The table shows that

» The higher the exercise cost of the transit option, the
lower the option value of transit. For transit to have a
high option value, therefore, it must provide areasonable-
cost aternative to the automobile.

» The higher the volatility of automobile costs, the higher
the option value of transit. Thisis because thisincreases
the chancesthat auto use will become excessively costly.

» Thelonger theinterval before expected exercise (T), the
higher the option value of transit.

The valuesin Table 4-1 can be converted to annual transit
option values. If one expects to use transit ten times a year
(i.e., Time=0.1), with amargina transit cost of $6.00, and
volatility of $1.50, the option value is $0.61. If one expects
to use transit only twice ayear (Time = 0.5), that value rises
to $1.78 under the same circumstances. Note, however, that
the annual cost of the option is lower in the second case,
because you expect to only exercise two options, versus ten.
Hence, the annual option value of transit is $6.10 for the ten-
times-a-year case, and $3.56 for the twice-a-year case. These
values can be extrapolated into the future if along-run plan-
ning horizon is relevant by calculating the annual transit
option values for each year and discounting that stream of
annua option valuesat an appropriateinterest rate. (See Chap-
ter 9 for an example of discounting.)
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TABLE 4-1 Transit option value, by exercise price, time, and volatility (per
option)
Marginal Full Cost of Transit Trip (X)
$ 500 $ 550 $ 600 $ 650 $ 700 $ 750 $ 8.00
G Time = 0.1
$ 025|% 017 $ 003 $ 00OC $ 000 $ o000 $ 000 $ 0.00
$ 050)% 032 $ 014 $ 006 $ 002 $ 001 $ 000 & 000
$ 075]% 048 $ 029 $ 017 $ 009 $ 005 $ 003 $ o0.01
$ 100|%$ 064 $ 045 $ 031 $ 021 $ 014 $ 009 $ 0.06
$ 125|1% 079 $ 060 $ 046 $ 034 $ 026 $ 019 $ 014
$ 150|$% 095 $ 076 $ 061 $ 049 $ 039 $ 032 $ 025
$ 175|% 110 $ 092 $ 077 $ 064 $ 054 $ 045 $ 038
$ 200|% 125 $ 107 $ 093 $ 08 $ 069 $ 060 $ 052
$ 225|% 140 $ 123 $ 108 & 096 $ 08 §$ 075 $ 087
$ 2501% 154 $ 138 $ 124 § 111 $ 100 $ 091 § 082
Time=0.5

$ 025|% 040 $ 020 $ 009 $ 004 $ 002 & 001 $ 000
$ 050|% 075 $ 055 $ 040 $ 029 $ 021 & 015 § 0.1
$ 075|% 109 $ 09 $ 075 $ 062 $ 052 $ 043 § 036
$ 100|% 142 $ 125 $ 110 § 097 $ 086 $ 076 $ 068
$ 125(% 174 ¢ 158 $ 145 $ 132 $ 121 $ 112 $ 103
$ 150|% 205 $ 191 $ 178 $ 167 $ 156 $ 147 $ 138
$ 175(% 235 $ 222 $ 210 $ 200 $ 190 $ 18t $ 173
$ 200{% 263 $ 251 $ 241 $ 231 $ 222 $ 214 $ 206
$ 225(% 289 $ 279 $ 269 $ 261 $ 253 $ 245 §$ 238
$ 2501% 314 $ 304 $ 296 $ 288 $ 281 $ 274 $ 268
Notes:

1.8= § 500

2. 1= 4%

Clearly, the option value of transit depends crucialy on
the availability of transit service at a cost that is reasonably
close to (albeit above) the cost of auto for the affected por-
tion of the population. Hence, the key factors needed to esti-
mate the transit option value for an entire region are

» Thetransit exercise price (X) and automabile trip costs
(S for each transit service subgroup;

» Thevolatility of automobiletrip costs (whichwill depend
on westher, congestion levels, and other local variables);
and

» The expected number of times per year that an optional
user might use transit.

ENVIRONMENTAL EXTERNALITIES:
OVERVIEW

This guidebook rejects the idea of estimating “avoided
cost” in favor of always comparing a transit improvement
with some alternative. The analysis in the guidebook
assumes that the transit alternative gets compared with a“do
nothing’ aternative. The analysis could be extended to con-
sider non-transit transportation options (e.g., increased high-
way capacity), but to do so would require an analyst to have
information for highways parallel to all the transit informa-

tion provided in this guidebook.> Though this guidebook
does not provide measurements of all typesof highway costs,
it does so where such costs should enter into the cal cul ations.
Therefore, this section (and others) discusses not only transit
impacts, but also impacts of other modes (in this section, pri-
marily on air quality).

An effective transit improvement can provide environ-
mental benefits, primarily from a decrease in automobile
use and the accompanying reductionsin air pollution, water
pollution, and noise associated with that travel mode. Often
these environmental costs or benefits are not considered by
travelers in everyday decisions about whether to drive or
ridetransit. In addition to those coststhat travelerswillingly
pay for or bear, transportation system users and non-users
bear other costs without compensation, or enjoy other ben-
efits without charge. Externalities occur when private ben-
efits or costs do not equal total benefits or costs to society.
For example, atypical driver does not pay the cost that the
air pollution from his or her car imposes on human health
and environmental quality in the region. A large literature

5 There are many sources for that information, many of which are listed in the bibli-
ography of this report. The point is that such information is the subject of guidebooks
similar to this one in content, length, and complexity. This guidebook does not aspire
to being acomprehensive guidebook for all transportation projects. Itislimited to adis-
cussion of methods for evaluating transit, and primarily intra-metropolitan transit.
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on environmental externalities describes and seeks to esti-
mate many of these unaccounted-for costs and benefits,
including air pollution, global warming, water pollution,
and noise.

For transportation projects, it helps to divide these envi-
ronmental costs into two categories: those that occur during
construction, and those that occur during operation. Con-
struction externalities have a lot of similarities to the exter-
nalities of any large construction project in an urban area.
They consist primarily of short-term effects on air and water
quality (e.g., dust and erosion). These impacts are heavily
dependent on site conditions, construction techniques, and
mitigation. Moreover, there is no compelling reason, and no
comparative empirical evidence, to suggest that the con-
struction of atransit project ismore or less damaging, during
construction, than the construction of an equally sized high-
way project. For example, adding a bus lane to an arterial
probably has the same effects during construction as adding
an auto lane to the same facility. For this reason, we do not
evaluate these impacts in this guidebook. We note, however,
that if the travel demand analysis suggests that travel needs
could, for example, be met by more buses or a new highway
lane, then the environmental impacts of the highway con-
struction option, during construction, will clearly be greater
than those of the transit options and should be estimated.

Environmental impacts during operation could be very
different for transit and auto transportation improvements
because such improvements result in the use of a different
number and type of vehicles and in a difference in vehicle
trips and vehicle-miles. During operation, the main impacts
are on air quality (emissions, road dust), water quality (oil
from roadway water runoff), and noise.

The modeling and measurement of environmental external-
ities is an important part of evaluating transit improvements
because in certain settings these externdities can be signifi-
cant. The procedure for measuring these impactsisto link the
level of emissions or other impacts to measures of vehicle
activity and then to assign monetary value to the effects.

This guidebook iswritten from the perspective that evalu-
ating the benefits and costs associated with atransit improve-
ment involves comparing the results of that improvement
with an alternative world in which the improvement is not
made. The alternativefor comparisonisthe“No-Build” alter-
native typical of an environmental impact statement, not a
“Highway Improvement” aternative. Though the genera
methods described in this guidebook would apply to a high-
way improvement, we have not presented enough highway-
specific benefit and cost information in this manual to allow
an analyst to conduct that type of evaluation based only on
the information in this manual. In contrast, for the “No-
Build” alternative, the analyst should be able (by using atravel
demand model or by back-of-the-envelope calculations) to
make some estimate of how highway trips and congestion will
differ fromtheir valuesin thetransit-improvement aternative,
and the benefits and costs of those differences can be calcu-
lated using the methods and data described in this guidebook.

Applying this approach to comparing alternatives necessi-
tates that transit planners consider automobile impacts in
addition to effects associated with transit. For each alterna-
tive, planners should conduct a full-cost analysis that exam-
ines the impacts associated with the levels of use for both
autos and transit expected in the scenario. Accordingly, this
section reviews environmental impacts associated with vari-
ous travel modes, including cars, trucks, and transit.

Measurements of the physical impacts of environmental
impacts of transportation are clearly important, but for eval-
uation, more is required: those physical measurements need
tobevalued. There aretwo general approachesto evaluation:
estimating costs based on damages (What effect does the
environmental damage haveif it occurs?) or based on control
(What does it cost to keep the damage from occurring?).

The most extensive work on estimating the environmental
costs of motor vehicles has been done by Delucchi.® That
work includes reviews and evaluations of most of the litera-
ture on thetopic. This section draws heavily from Delucchi’s
article, which providesasummary of the state of the practice.

AIR QUALITY
Framework

Transit projects generally benefit air quality since they
reduce reliance on motor vehicles and thereby decrease the
amount of air pollutants generated in a region. However,
adverse air quality impacts could result from increased traf-
fic volumes near transit stations, loss of roadway capacity due
to construction of transit facilities, increased use of diesel-
fueled vehicles, and increased emissions from remote power-
generating facilities.

The air quality impacts of a proposed project depend on
many factors—sourceemissions (i.e., tail pipe emissionsfrom
gasoline- or diesel-fueled motor vehicles or emissionsrel eased
from power-generating facilities that supply the electricity to
rail systems); patternsof vehicle use (i.e., stop-and-go versus
steady-speed driving, vehicular operating conditions, etc.);
the physical environment inwhich vehiclesoperate(i.e., back-
ground air quality levels, local meteorological conditions, etc.);
and the human environment in which the vehicles operate (i.e.,
density of development, health of people exposed, etc.).

Estimating changesin air quality resulting from a proposed
project, therefore, requiresinformation on fleet and trip char-
acteristics, level of traffic congestion, the location of project
facilities relative to sensitive land uses, and local meteoro-
logical conditions and pollutant levels. The large number of
variables that affect air quality levels makes it difficult to
estimate accurately the air quality impacts of aproposed proj-
ect. It is equally difficult to estimate precisely the costs of
these impacts to human health and welfare.

6 Delucchi, 2000. This article synthesizes extensive work he has conducted on this
topic over the previous decade.



Recognizing the uncertaintiesinherent in making these esti-
mates, the following provides a summary of current method-
ologies used to evaluate the air quality impacts of aproposed
transit project. Included is a discussion of the air pollutants
of concern, the variablesthat affect potential impacts, the costs
associated with the emissions of transportation-related air pol-
lutants, and asimple approach (with sample cal culations) that
can be used to approximate the air quality-related costs of a
proposed transit project.

Pollutants of Concern

The use of automobiles, light trucks, commercial trucks,
buses, light rail vehicles, heavy rail vehicles, commuter rail
vehicles, and other vehicles all result in the emission of air
pollutants due to the combustion of hydrocarbons, either
directly from their tailpipes or indirectly from electrical
power-generating facilities. These emissions contributeto a
number of local, regional, and global air quality problems
that affect human health, agriculture, buildings, and the nat-
ural environment, including animal s, vegetation, water qual-
ity, and scenic vistas.

Pollutants of principal concern for transportation projects
include carbon monoxide (CO) and particul ate matter smaller
than 10 microns in diameter (PMy)—pollutants that are
emitted from vehicular tailpipes. Nitrogen oxides (NO,) and
volatile organic compounds (VOCs) are aso released from
transportation sources and are of concern as precursorsin the
formation of ozone (O;) in the atmosphere. Diesel-fueled
vehicles (busesand rail) also emit sulfur oxides (SO,). These
pollutants are also emitted from the power-generating facili-
tiesthat produce el ectricity used to power light-rail and heavy-
rail vehicles.

Elevated ozone levels can cause respiratory problems,
reduce visibility in the atmosphere, and cause damage to
plants, trees, and crops. CO can impair the flow of oxygenin
humans—high levels can result in death; lower levels can
cause breathing difficulties and dizziness. PMy, can cause
respiratory problems and premature death and is the primary
source of haze that reduces visibility. NO, and SO, can cause
lung damage and respiratory illness and contribute to acidic
deposition, with resultant harm to water bodies, vegetation,
and buildings.

Air Quality Standards and Regulations

Asrequired by the federal Clean Air Act (CAA), National
Ambient Air Quality Standards (NAAQS) have been estab-
lished by the U.S. Environmental Protection Agency (EPA)
for O;, CO, NO,, PMy, and SO,. “Primary” standards have
been established to protect the public health while* secondary”
standards have been established to protect the nation’s wel-
fare and account for air pollutant effects on soil, water, visi-
bility, materials, vegetation, and other aspects of the general
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welfare. Many states have promulgated additional, and some-
times more stringent, ambient air quality standards.

The CAA requiresthat plans (State Implementation Plans
or “SIPS") be developed to attain and maintain the NAAQS
within al regions of the country. Under these requirements,
theair quality impact of transportation projects must be stud-
ied to determine if they conform to SIP requirements.

Analysis Types

In general, two types of air quality analyses are conducted
to estimate the impacts of a proposed transportation project:
(1) alocalized (or microscale) analysis to estimate pollutant
concentrations (generally expressed in parts per million or
micrograms per cubic meter) at sensitive land uses located
near heavily congested roadways or intersections that would
be affected by a proposed project and (2) an areawide (meso-
scale) analysisto estimate the total amount of pollutant emis-
sions (“regional emission burdens,” generally expressed in
tons per year) that would be generated by the transportation
network as aconsequence of aproposed project. Theseanaly-
ses are used to demonstrate that a project would not cause or
exacerbate a violation of the NAAQS or increase regional
emissions to levels greater than those allowed in the applic-
able SIP.

Detailed information about the project and the surrounding
roadways and land uses is required to determine, based on a
microscale analysis, whether a proposed project would cause
or exacerbate a violation of the NAAQS. Analysis sites have
to be selected, based on the project’s effect on loca traffic
conditions and roadway configurations, and then evaluated in
detail. Localized air quality effectsare project-specific, and the
costs associated with these effects cannot be estimated using a
generaized procedure. The following discussion, therefore,
focuses on estimating the costs associated with the areawide
(or mesoscale) effects of proposed transit projects. To con-
duct amesoscal e analysis, estimates must be made of thetotal
volume and average speed of vehicles using the affected
roadway network. This information usually comes from a
regional traffic assignment model.

Emission Estimates

The EPA has developed a motor vehicle emission factor
algorithm (“MOBILE") that can be used to estimate vehicu-
lar emissions of CO, VOCs, and NO,. The EPA and all states
(except for California, which usesits own model, EMFAC),
and planning agencies use the latest versions of the MOBILE
model (currently MOBILESB) to estimate vehicle emissions.
Variablesthat must be considered in the emission factor esti-
mates include vehicle mix of the fleet (e.g., cars, light-duty
trucks, and heavy-duty trucks), vehicular speeds and operating
conditions, ambient temperatures, local vehicular inspection
and maintenance and anti-tampering programs, low emission
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vehicle credits, fuel additivesrequirements, vehicular agedis-
tribution, and mileage accrual rates.

The EPA PARTS5 program is used to estimate vehicular
emission factorsfor PM,, and SO,. In addition to many of the
MOBILE variables, PART5 requires the identification of
roadway type (e.g., expressways and local streets), vehicular
weight, and roadway surface silt content.

A critical parameter affecting vehicular factor ratesis the
analysis year. Two competing conditions affect the analysis
year determination. On the one hand, vehicular emissions
generally decrease in future years due to increasingly strin-
gent emission control requirements and the removal of older,
more polluting vehicles from the roadway network. On the
other hand, vehicular emissions may increase in future years
because vehicle-miles of travel tend to increase due to
regional growth.

NO,, VOCs, PM,, and SO, emission factors for the power
facilities that generate the electricity for rail projects can be
obtained from EPA’s Compilation of Air Pollution Emission
Factors (AP-42). While the type of fuel used by a power gen-
erating plant directly affects emissions, thisinformation is not
usually readily available since the power supplied to a partic-
ular facility usually comes from a power grid that is pow-
ered by multiplefacilitiesusing variousfuel types. Regulatory
agencies often do not account for emissions from generating
facilities when estimating transportation-rel ated emissions.

Cost of Air Pollution

Air pollution may result inincreased costsdueto itsimpacts
on human health and welfare. Order-of-magnitude estimates
of these costs may be developed using data provided in

Delucchi (1998) (see Table 4-2). Provided in this table are
low and high estimated air pollution costs (in 1991 dollars)
associated with health, visibility, and crop damage for emis-
sions per kilograms of pollutant emitted. PM,,, VOCs, CO,
NO,, and SO, are considered.

In order to utilize thisinformation in this guidebook, theval -
ues estimated by Delucchi were summarized and simplified.
The revised values, which are presented in Table 4-3, roughly
approximate the low and high total cost (health + visibility +
crop) of emissions per kilogram of pollutant. For simplicity
(and also because the values are small), the health costs of
VOC and NO, emissions as O precursors were split equally
and added to the VOC and NO, costsin Table 4-3. Thevalues
shown in Table 4-3 can be used to estimate the low and high
total costs associated with a proposed trangportation project.

Procedures to Estimate Air Quality Costs
of a Proposed Project

Thefollowing procedures can be used to estimate order-of-
magnitudeair quality costs of aproposed transit project. Table
4-3 provides estimated pollution cost per pollutant per kilo-
gram of pollutant emitted. To usethesevalues, project-specific
information must be obtained, including changes in regional
vehicular volumes and speedsfor the vehicles using each type
of affected transportation system (i.e., roadway networks, tran-
sit projectsutilizing diesel buses, and light and heavy rail proj-
ects) and the emission factors for the affected vehicles.

Changesin regional volumes and speeds associated with a
proposed transportation project are usually available from
the project’ s sponsor or the area’ s metropolitan planning orga-
nization (MPO). Depending on the level of analysisthat was

TABLE 4-2 Summary of the health, visibility, and agriculture cost of emissions

from motor vehicles

Emitted pollutant -->| PM4g | VOCs coO NO, 80, |VOCs+
NO,
Ambient pollutants -->| PM1¢g | Organic| CO NO2, Sulfate 03
PM10 nitrate PM10
PM10
G/mi -- low 0.20 3.10 38.20 3.60 0.20 6.70
G/mi -- high 0.30 3.70 45.30 4.00 0.20 7.70
$-Damages/kg-emitted@
Health -- low 9.75 0.10 0.01 1.17 6.90 0.01
Health -- high 133.78 1.15 0.09 17.29 65.22 0.1
Visibility -- low 0.4 0.0 0.0 0.2 0.9 0.0
Visibility - high 3.9 0.1 0.0 1.1 4.0 0.0
Crops -- low 0.00 0.00 0.00 0.00 0.00 0.19
Crops -- high 0.00 0.00 0.00 0.00 0.00 0.30

Source: Delucchi, 1998.

3Dollar value (in 1991 dollars) of health, visibility, and crop damages due to a change in ambient pollution

resulting from a 10% reduction in direct emissions from all motor-vehicles (heavy-duty diesel trucks as well
as gasoline passenger cars), in all areas of the U. S. {rural as well as urban), in 1990. Emissions from

upstream sources such as refineries, and emissions of road dust, are not included here.




TABLE 4-3 Simplified cost factors* (dollar damages per
kilogram of pollutant emitted)

Emitted pollutant > | PM1g | VOCs CcO NOyx SOy
Total Costs
Low Factor 10 0.2 0.01 1.5 8
High Factor 138 1.5 0.1 19 69

*Based on the data presented in Table 4-2. A kilogram equals 2.2 pounds.

conducted for the project, thisinformation could be available
by roadway type (e.g., expresswaysor local streets), subarea
(e.g., by county or neighborhood), or time period (e.g., AM
or PM peaks or a 24-hour weekday average period). These
estimates should be converted to an annual basis.

Motor vehicle emission factorsfor proposed roadway proj-
ects are usually developed using the MOBILE and PART5
programs. Area-specific inputsto these models can usually be
obtained from a state's department of transportation or envi-
ronmental protection or the local MPO. This analysis is usu-
ally conducted for a project’ sfirst year of operation and/or its
design year.

Emission factors for rail projects can be obtained directly
from the sources cited at the end of this section, under Sample
Calculations. When conducting thisanalysis, it isimportant to
estimate how arail project would affect roadway traffic. It is
likely that the emissions generated directly by a proposed rail
project would be more than offset by an indirect reductionin
motor vehicle emissions.

The estimation of the air-quality-related costs of a project
per pollutant would be conducted by multiplying the values
in Table 4-3 (in dollars per kilogram of pollutant emitted) by
the emission factor for that pollutant (in kilograms of pollu-
tant emitted per vehicle-mile of travel) by the annual vehicle-
miles of travel. This calculation should be made by pollutant
with and without the proposed project.

The following sample calculations are provided to show
how these cal culations could be completed. Two sets of cal-
culations are provided—one for estimating the air-quality-
related costs associated with changes in mobile source (i.e.,
motor vehicle) emissions and the other with changes in rail
emissions. Hypothetical estimates of vehicle-miles of travel
were developed in both cases, and these values were multi-
plied (on a pollutant by pollutant basis) by both the appro-
priate emission factors (in kilograms per vehicle-mile) and
health-related cost factors (in dollar damages per kilogram of
pollutant) presented in Table 4-3. The total cost for all the
pollutants combined were then summed.

Sample Calculations

Sample Calculation: Mobile Source

Provided below isasample cal cul ation that was compl eted
in estimating the air pollution costs of CO, PM,4, VOC, NO,
and SO, emissions from the mobile sources associated with
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ahypothetical transportation project. The following assump-
tions were made in completing this sample calculation:

+ 2007 analysis year;

+ National default cold and hot start percentages (20.6
percent cold and 27.3 percent hot start);

* Vehicle Mix (MOBILES5B default values):

LDGYV (light-duty gasoline vehicles) 56.5 percent
LDGT1 (light-duty gasolinetrucks1)  19.8 percent
LDGT2 (light-duty gasoline trucks 2) 9.1 percent
HDGV (heavy-duty gasolinevehicles) 3.6 percent
LDDV (light-duty diesel vehicles) 0.1 percent
LDDT (light-duty diesdl trucks) 0.2 percent
HDDV (heavy-duty diesel vehicles) 10.3 percent
MC (motorcycles) 0.4 percent

» Average Daily Vehicle-Miles Traveled (VMT):
2007 Future Baseline 410,000
2007 Future Build 400,000

» Average Daily Vehicle-Hours Traveled (VHT):
2007 Future Baseline 21,025
2007 Future Build 20,000

* Number of commuter travel days per year: 250

VMT wasdivided by VHT to estimate average speeds, with
the following results:

+ 2007 future baseline speed:
2007 future build speed:

19.5 mph
20.0 mph

Based on the aboveinformation, emissionsfactorsfor each
pollutant were estimated using the MOBILESB and PART5
models. These are provided in Table 4-4.

To obtain total annual emission rates, the following for-
mula was used:

ER=VMT x EF x 1 kilogram/1000 grams x 250 days per year

Where

ER =emission rate (kilogram/year)
VMT =averagedaily vehicle-milestraveled (vehicle-mile

day)
EF =emission factor (gm/ vehicle-mile)

The estimated emission rates for the sample scenario are
provided in Table 4-5.

TABLE 4-4 Poallutant emission factors (grams per
vehicle-mile)

Pollutant 2007 Baseline EF 2007 Build EF
co 14.05 13.68
VOC 0.91 0.89
NO, 152 152
PMc* 0.076 0.076
SO 0.064 0.064

*Tailpipe emissions only; re-entrained roadway dust not included.
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TABLE 4-5 Pollutant emission burdens (kilograms per year)
2007 Baseline 2007 Build Project-Related
Pollutant Emissions Emissions Changes
Cco 1,440,125 1,368,000 -72,125
VOC 93,275 89,000 -4,275
NOy 155,800 152,000 -3,800
PMiqo 7,790 7,600 -190
SO, 6,560 6,400 -160

The estimated costs associated with these emissions, based
on the cost factors presented in Table 4-3, are provided in
Table 4-6.

Sample Calculations: Emission Estimates
for Rail Engines

Rail locomotivesin the U.S. are of two types:. electric and
diesdl-electric. Electric locomotives are powered by electric-
ity generated at power plantsand distributed by athird rail or
other system while diesel-electric locomotives use diesel
engines and an alternator or generator to produce the elec-
tricity required to power traction motors.

Two methods are available to estimate emissions from
diesel-powered locomotives—one uses emission factorsin
grams per brake horsepower-hour (Method 1); the other uses
fuel consumption rates in grams per galon (g/gal) of fuel
consumed (Method I1).

To estimate annual average emission rates using Method I,
the following formula can be used:

M; =N x HRS x HP x LF x EF,

Where

M; = emission rate of the i pollutant during inventory

period (kilogram per year)
N = number of units
HRS = annual hours of use (hrs)

HP = average cycle-weighted rated horsepower (hp)

LF = typical load factor

EF; = emission factor or average emissions of the i pol-
[utant per unit of use (e.g., grams per horsepower-
hour).

TABLE 4-6 Annual daily costs of pollutant
emissions (1991 dollars)*

Pollutant Low High

CO =721 -7,212

vOC -855 -6,413
NOy -5,700 -72,200
PM1o -1,900 -26,220
SOy -1,280 -11,040
Total -10,456 -123,085

*Negative values indicate an estimated reduction in air
pollution costs.

To estimate annual average emission rates for the loco-
motives using Method 11, the emission factors per pollutant
in g/gal are multiplied by the fuel consumption rate of the
locomotivesin gallonsof fuel per day and by number of days
per year of use.

The EPA has recently established emission standards for
oxides of nitrogen (NO,), hydrocarbons (HC), carbon monox-
ide (CO), and particulate matter (PM) for newly manufac-
tured and remanufactured diesel-powered locomotives and
locomotive engines. Three separate sets of emission standards
have been adopted, with the applicability of the standards
dependent on the date alocomoativeisfirst manufactured. The
first set of standards (Tier 0) appliesto locomotives and loco-
motive engines originally manufactured from 1973 through
2001. The second set of standards (Tier 1) appliesto locomo-
tives and locomotive engines originally manufactured from
2002 through 2004. Thefinal set of standards (Tier 2) applies
to locomotives and locomotive engines originally manufac-
tured in 2005 and later.

Emission factors can be obtained from U.S. Environmen-
tal Protection Agency, Office of Mobile Sources (1997).
Information regarding locomotive type, horsepower rating,
type of fuel and fuel consumption rate, loading factor, and
annual hours of use can be obtained from manufacturers
specifications.

Annual emissions of NO, using Method | for fleet average
locomotive for year 2007 could be estimated as follows:

Myox = 1 x 8 hours/day x 250 days/year x 3000 bhp x 0.5
x 8.51 g/bhp-hr x 1 x 107 kilogram/grams
= 25,530 kilograms/year

The costs associated with these emissions (in 1991 dollars)
are between $38,295 (low) and $485,070 (high).

Annual emissions of NO, using Method 11 for fleet aver-
age locomotive for year 2007 could be estimated as follows:

Muyox = 177 g/gal x 228 gal/day x 250 days/year x 1
x 10 kilogram/gram
= 10,089 kilograms/year

The costs associated with these emissions (in 1991 dollars)
are between $15,134 (low) and $191,691 (high).

In order to approximate emissions from electricaly pow-
eredrail cars, it isnecessary to consider an equivalent emission
source at apower plant, which could be powered, for example,
by natural gas or diesel-powered gas turbines. Emission fac-
tors for gas turbines can be obtained from EPA AP-42 Docu-
ment Compilation of Air Pollutant Emission Factors, Val.1,
Table 3.1-1 and/or 3.1.2, EPA, Office of Air Quality Planning
and Standards, Research Triangle Park NC 27711, 1995.

Emission factors are presented for turbines burning gas
and/or digtillate fuel oil and expressed in g/kW-hr or Ib/hp-hr
(power output) or ng/J or Ib/MMBtu (fuel input). To convert
a standard from g/lkW-hr to g/bhp-hr, multiply it by 0.7457.

Annual emissions of NO, using emission factorsin Ib/hp-
hr for fuel oil could be estimated as follows:



Muox =400 hp x 5.60 x 10 Ib/hp-hr x 8760 hours/year
x 0.454 kilogram/Ib
= 8,909 kilogram/year

The costs associated with these emissions (in 1991 dollars)
are between $13,363 (low) and $169,262 (high). Note that
thesevaluesareranges of estimates, taking into account awide
range of factors, assumptions, and conditions.

(NO, emission factors for natural gas-fired electric gener-
ating facilities are 3.53x102 |b/hp-hr or 0.44 Ib/MMBtu.)

NOISE

Framework

Noise pollution is a more localized phenomenon than air
pollution, and the scale of the impact depends on the density
of the affected residential and commercial development as
well aswhether sound wallsor other barriershelp contain the
noise. The nature of the noise (i.e., level, intermittency, fre-
guency, time of day or night, etc.) affectsits significance, as
do the ambient levels of noise. The location is aso relevant,
assomeland uses, such aslibraries, churches, hospitals, parks,
and residences, are more sensitive to noise than industrial or
commercia areas.

Rough measures of impacts can be obtained from informa-
tion on vehicle speed and average density of adjacent devel-
opment. Higher vehicle speeds, acceleration rates, and oper-
ating weights typically result in increased noise emissions.
Traffic levels aso influence noise impacts: an additional
vehicle-mile traveled on a low-volume roadway generally
has alarger impact than an additional vehicle-mileon ahigh-
volume road.”

Data and Analysis

Delucchi and Hsu (1997) updated and expanded on the
work of Fuller et al. (1983) to estimate the total external dam-
age cost of motor-vehicle noiseinthe United States. Thisesti-
mate is afunction of the percentage loss of housing value per
decibel of noise above a threshold, the average annualized
value of a housing unit, the number of housing units exposed
to motor-vehicle noise, the amount of noise exposure above
the threshold, and a scaling factor, and it accounts for costs
in non-residential areas. The amount of noise above the
threshold isafunction of the speed, volume, and mix of vehi-
cletraffic; the noi se-absorption characteristics of ground sur-
faces; the extent that objects, such as hills and buildings,
shield the receptor from the source; and other factors.®

Thekey parametersin thisanalysis are the damage cost per
decibel, the damage threshold, and the extent of shielding.

" U.S. Department of Transportation, Federal Highway Administration, 1997.
8 Delucchi, 2000.
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Studies of the shadow price of noise in the housing market
indicate that each decibel of noise above athreshold reduces
the value of ahome by 0.2 percent to 1.3 percent. Idedlly, one
would estimate damage per decibel as a function of noise
level, rather than assume that below some threshold (typi-
cally 55 dBA) the damageis zero and above which the dam-
age per decibel isconstant, but thereisinsufficient datato do
this. Based on thismodel, Delucchi and Hsu (1987) estimate
that motor-vehicle noise costs are $0.5 to $15 billion per
year. This estimate of total damage is quite sensitive to the
assumed damage threshold: if the threshold is 50 dBA rather
than 55, the total damage roughly triples.

Assessments of noise impacts associated with expanded
transit or automobile use should focus on the noise incre-
ment accompanying the change because housing transac-
tions are expected to internalize existing noiseimpacts. Table
4-7 shows the marginal cost of noise as a function of VMT
(based on a 10 percent increase in VMT) for various vehicle
typesand roadways. Thistable showsthe noise costs of buses
as two to six times greater than those for an average car,
depending on road conditions. Sinceit isunclear how vehicle
occupancy would affect noise levels, we prefer the vehicle-
mile datashownin Table4-7. Wereport Table4-7 initsorig-
ina form—dollars per 1,000 VM T—but in therest of the text
convert it to “centsper VMT,” the measure used elsewherein
this Guidebook. For example, $2.96 per 1,000 VMT isiden-
tical to 0.3¢ per VMT (rounded): i.e., lessthan /s of one cent.

The costs shown in Table 4-7 are “base case” estimates.
As with other estimates of the environmental costs of vehi-
cle use, the low and high estimates span severa orders of
magnitude; for example, the cost for light-duty autos on an
interstate highway is $0.11 in the low-cost case and $40.11
inthe high-cost case. Thelow- and high-cost cases, however,
maintain the relative difference between vehicle types. Note
also that noise damage is clearly case specific. Additions to
VMT that result from adding anew road or transit guideway
(where there was none before) are likely to be more damag-
ing than more trips on an existing highway; ambient condi-
tions and the density of surrounding development clearly
make a difference.

Toapply the costsin Table 4-7, the analyst should estimate
the changein VMT (by mode, if possible) and roadway type
and apply the costs shown. For example, assume an overly
simple situation where a transit project will cause bus VMT
on aprincipal arteria to increase by 200 VMT per weekday
and will cause auto tripsto decrease by 4,000 VMT per week-
day. An analyst convertsthat to a50,000 VMT per year addi-
tion for buses and a 1,000,000 VMT per year decrease for
autos: the benefit of the resulting reduction in noise is $821
per year ((1,000,000/1,000 x $1.18) —(50,000/1,000 x $7.18)).
Thisexample, admittedly simplified and incompl ete, suggests
that noise impacts are likely to be insignificant: they will be
too small to have any noticeable effect on net benefits unless
the project isabig onethat will create new noisein populated
areas with low ambient noise.
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TABLE 4-7 Estimated marginal cost of noisein urbanized areas (1991 dollar s per

1,000 vehicle-milestraveled, base case estimates)

Vehicle Interstate Other Principal Minor Collector Local

Type Highways Freeways Arterials Arterials Roads Roads
Light-duty autos $2.96 $4.25 $1.18 $0.57 $0.07 $0.00
Medium-duty trucks $8.50 $13.20 $7.02 $5.37 $1.05 $0.00
Heavy-duty trucks $16.69 $30.80 $20.07 $29.93 $4.93 $0.00
Buses $6.36 $9.77 $7.18 $6.42 $1.22 $0.00
Motorcycles $17.15 $27.03 $8.71 $4.67 $0.56 $0.00

Source: Delucchi, 1997, p. 55. Marginal estimates are based on the assumption that VMT increases by about 10%.

Table4-8 provides estimated noise costs for various modes,
including buses, per passenger mileinthe Boston area. Table
4-8isconsistent with therelative impacts shown in Table 4-7;
the noise costs of atransit vehicle arefour to five timesthose
of asingle-occupant vehicle on an expressway at peak hours.
Tables 4-7 and 4-8 suggest that atransit project would need
to remove at least two to six automobiles from the road per
transit vehicle added to have a net reduction in noise costs,
depending on roadway type and time of day.

Most of the data in this section covers passenger vehicles
and buses, but not rail. We expect that atransit agency study-
ing aproposed rail project would need to conduct amuch more
thorough analysis, such as an Environmental Impact State-
ment, which would necessitate more detailed noise measures
and calculations than those covered in this report. For aless
extensive study, such as an evaluation of a new bus route,
the simpler method of estimating noise impacts by estimat-
ing changesin VMT by mode should provide a reasonable
estimate of the value of noise impacts associated with apro-
posed transit improvement that affects the type and number
of vehicle-milestraveled in aregion.

WATER QUALITY
Framework

Water pollutants from transportati on sourcesinclude heavy
metals, particulates, organic chemicals, and other substances
from vehicle exhaust, tires, oil, vehiclefluids, rust, and other
sources. Tirewear, litter, and leaks of ail, transmission fluid,
brake fluid, and antifreeze deposit pollutants on the road-
way. These pollutants enter surface waters and groundwater
through polluted rainfall, deposition of particulates, percola-
tion, and stormwater runoff. Chemicals applied on or near
roads, such as road de-icing salts, herbicides, pesticides, and
fertilizers, can also enter waterways. In addition, vehiclefuels
can taint water supplies through oil spills or leaking storage
tanks. Theincreased impervious surface area associated with
theroad itself al so speedsthe conveyance of water—and pol-
[utants—into streams, lakes, and other surface waters. Air pol-
|utants can lead to water quality problems as well. For exam-

ple, both nitrogen and sulfur oxides create acid precipitation
that can harm aguatic lifein lakes; also, deposits of nitrogen
from NO, emissions can contribute to excessive nutrient lev-
els (eutrophication) in surface waters.

Data and Analysis

Delucchi notes that a number of factors make it difficult to
determine the national cost of water pollution impacts from
transportation. He reviewed the relevant literature and devel-
oped estimates for the total water pollution damage in the
United States from motor-vehicle use ranging from $0.4 to
$1.5 billion (see Table 4-9).° Litman (1999) estimates costs
of 0.2 to 2 cents per mile for oil spills, road salt, hydrologic
impacts, and other water pollution costs, and he suggests that
total water pollution costs from roads and motor vehicles may
total more than $28 billion annually.’® In a 1976 study con-
ducted for the United States, EPA estimated the total cost of
road salt at $8 billion annually, including $600 million per year
in damageto water supplies, vegetation, and health.'* Based on
original research and aliterature review, Lee (1997) estimates
water pollution costs associated with highways at $10 hillion
annually and transit impacts at $0.1 billion (1991 dollars).?2

A completely different method for estimating the cost of
water pollutionisto estimatewhat it would take to reducethe
pollutionto very low levels (control costs). Asapurely hypo-
thetical example, assume that for $200 per year per vehicle
all significant oil leakage could be eliminated. If the vehicle
goes 10,000 miles per year, then the cost is 2¢ per VMT.

The anayst looking for alocal estimate of costs faces sev-
eral problems, the two most difficult of which are (1) that
thereare no datato distinguish among transit (bus, LRT, train)
impacts and auto impacts and (2) that the rolled-up national
averages are not directly applicable to local jurisdictions.
(Converting average total values in Table 4-9 to costs per
VMT yields costs on the order of 0.04¢ per VMT. On the

9 Delucchi, 2000.

01 itman, 1999.

11 U.S. Department of Transportation, Federal Highway Administration, 1997.
2 | eg, 1997.
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TABLE 4-8 Estimatesof noise costs by mode in medium-density Boston area

(1990 cents per passenger miletraveled)

Single-Occupant Auto Bus Rail
on Expressway Transit Transit
Peak 0.1 0.5 04
Off-Peak 0.1 0.2 03

Source: Apogee Research, Inc., 1993.

Note: Costs in this study for bus and rail appear to be estimated by a relative comparison to truck noise;

assumed occupancy for calculating ¢/pmt not described.

other hand, Lee’'s $10 hillion estimate would be about 0.5¢
per VMT). Thus, there are no good estimates of the marginal
costs of water pollution from vehicle operation. That said,
something in the range of 0.1¢ to 2¢ per VMT is what the
data above suggests.

Aswith air pollution and noise, there are reasons to expect
abusto makealarger contribution to coststhan an automobile
(because it is aheavy truck with lower fuel efficiency). But a
counterargument is that transit agencies do routine mainte-
nance that keeps the average bus in better repair and leaking
less oil than the average auto. Since the costs are relatively
small and the differences between vehicle types undeter-
minable, we recommend dropping thisimpact from any local
evaluation, unless specia conditions suggest including it.

Sample Calculation

Many of theimpacts described in this section are (1) either
relatively small compared with user benefits (Chapter 3) or
with direct costs of construction and operation (Chapter 5) or
(2) not much different between base case and bus alternatives
for many projects, because the reduction in environmental
impacts that results from reduced VMT when auto trips shift
to bus (for air quality and noise) is at least partialy offset by
the greater environmental impacts of abus vehicle-mile com-
pared with an auto vehicle-mile. Regarding this second point,
for both air quality and noisethe evidence wereviewed isthat
a bus has an impact that is 1 to 10 times the impact of acar.
This variability is not all uncertainty: some of it results from
rea variability in conditions (e.g., noise impacts clearly vary
depending on ambient levels and surrounding devel opment).

Our assessment is that it is reasonable to assume that, as a
crude point estimate, the air quality and noiseimpacts of abus
vehicle-mile are on the order of five times greater than those
of an auto vehicle-mile. Thus, if the travel demand model (or
other means of estimate) suggests that a transit project will
reduceauto VMT by about fivetimesmorethanit will increase
bus VMT, the environmental impacts (as measured by the
studies cited in this chapter) would be about the same. In that
case, an analyst can skip the details of valuation: if the phys-
ical impacts are approximately equal, so are the costs of the
impacts.

This back-of-the-envelope analysis suggests an obvious
conclusion: bus transit projects will have to be effective (get
good ridership, much of which isbeing shifted from the auto)
if they are to have measurable environmental benefits. To be
effective, they will have to offer servicein high-demand cor-
ridors. Transit projects that send diesel buses to outlying
areas in the interest of providing low-cost mobility are not
likely to have net environmental benefits: |osses are even pos-
sible, since the mobility may simply increase, not shift, trips.
Those new trips have benefits, but those benefits are mea-
sured in Chapter 3 as benefitsto users.

In higher-density, congested corridors, bus trips might
result in a 10-to-1 or even (with hyper-congestion) 20-to-1
substitution of auto trips for bus trips. Assume an analyst
could document that a transit project reduced auto VMT 20
times more than it increased bus VMT (bus VMT increase
50,000; auto VMT decrease 1,000,000). For this to happen,
it would probably have to be the case that the existing bus
servicewasinefficient, and the new project, in part, used exist-
ing buses more efficiently. Assume further the simplerule of

TABLE 4-9 Estimatesof annual water pollution costs of motor-vehicle use, 1990-1991 (billions of

1991 dollars)

Water Pollution Impact Low Est. High Est.
Health and environmental effects of leaking motor-fuel storage tanks $0.1 $0.5
Environmental and economic impacts of large oil spills $0.2 $0.5
Urban runoff polluted by oil from motor vehicles $0.1 $0.5
Health and environmental effects of leaking solid-waste storage sites esﬁfr‘:;ted estirrlr?atlted
Total (not including unestimated impacts) $0.4 $1.5

Source: Delucchi, 2000, Table 6.
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thumb we just posited. In this case, the transit aternative
would have net environmental savings equal to 75 percent of
theauto VMT, equal to 750,000 VMT per year. Previous eti-
matesin this chapter are based on air quality costsin therange
of 2¢ to 10¢ per auto VMT, and noise costs in the range of
0.01¢ to 0.4¢ per VMT. Assume a combined point estimate
of 5¢ per VMT: then the annual value of the environmental
savingsis on the order of $40,000: real money, but probably
an insignificant consideration in what will likely be a multi-
million dollar investment decision.

OTHER IMPACTS

There are several other categories of secondary impacts
that various researchers have identified as real impacts that
are not double-counting of impacts enumerated elsewhere
(Section 11 of this guidebook deals with those impacts that
we believe are primarily derived from and different ways of
expressing thesavingsintravelers' user costs). The main cat-
egories are

+ Parking,

+ Transportation services,
» Other social services, and
» Accidents.

The first three of these categories are measurable as
direct construction, operation, or maintenance costs. they are
addressed in Chapter 5. Thelast category, Accidents, fitsthe
theme of this chapter: accidents create real costs, some of
which may not be completely perceived by users (i.e., some
of the costs are external). If so, the unperceived part of those
costs must be estimated and added to the benefit-cost calcu-
lations. We address that possibility in the next section.

ACCIDENTS
Framework

Travelers, and the vehicles they travel in, sometimes have
accidents. Other thingsbeing equal, the moretravel that occurs
(measured by trips, vehicle-miles, or passenger-miles), the
more accidents there will be. The relationship, in theory, is
likely to be somewhat non-linear, with accidentsincreasing at
agreater rate than vehicle-miles because congestion increases
therisk of accident.

Accidents vary substantialy in their consequences: from
minor damage to a vehicle to multiple fatalities. Thus, the
value of preventing an accident varies. A lot of research has
been done on the value of accident losses and accident pre-
vention. That research typically values the various compo-
nents of accident costs: the value of a human life (fatalities);
the cost of injury and other health effects (morbidity); the cost
of property damage (primarily to vehicles); and miscellaneous
costs (e.g., police, firefighters, EMS, and wreckersto clean up

theaccident; courts, and so on). Sometimesinsurance costsare
counted, though that raises issues of double-counting.

Therefore, again in theory, atransit analyst would like
information about two related but distinct issues: (1) whether
aparticular transit improvement changed the number or sever-
ity of accidentsand (2) what value to place on those changes.

Few transit projects (none that we know of) are undertaken
with a principal goa being the reduction of a known traffic
hazard. Thus, few project evaluations (if any) make explicit
estimates of changesin the type, number, or severity of acci-
dents. Travel demand models do not provide such estimates.
Rather, thetypical project evaluation, if it considersthevalue
of accidentsat all, doesso by (1) estimating changesin VMT
(perhaps by vehicle type) and (2) applying a general rela
tionship between VMT and accidents to cal cul ate changes.

Though that method istypicdl, itisnotinevitable. Thereare
clearly cases of highway projects done primarily for safety
reasons (straightening curves, changing the geometrics of dan-
gerous intersections or interchanges). Experience with such
changes must provide engineers with some data about acci-
dent rates before and after the changes or (on across-sectional
basis) with different accident ratesfor different configurations.
Thus, it isconceivable that an analyst could make explicit esti-
mates for changes in accidents that will result from a specific
transit project.

Evenif such adetailed analysiswere done, however, there
arestill problems of sorting out what should count where. We
argued in Chapter 3 that a lot of the costs of accidents are
already included in the perceived cost of travel through a
combination of insurance and travel time differentials. A
driver knows that there is some risk of an accident with any
trip, and that trips at certain times and locations are riskier
than others. If highway conditions are particularly bad (at
night, bad weather) they may skip atrip entirely. They buy
insurance to reduce their risk of financial loss (primarily
property losses, medical costs, and liability risk): that insur-
ance s part of their long-run perceived costs.*®

The point is that some part of accident costs are perceived
by travelers and included in their calculation of travel cost.
At aminimum, taking estimates of the full costs of accidents
(e.g., from studies that show that the cost of death, injury,
property damage, clean up, courts, and mental suffering are
billions of dollars per year for the United States) as 100 per-
cent additive to other impacts we have previously discussed
in Chapter 3 and 4 definitely overstates the impacts.

Some of the costs of accidents, however, are amost cer-
tainly externalized by travelers. For example, the costs paid
by municipal and state governments to respond to accidents
are probably not part of the coststhat travel ers perceive when
making travel decisions, even though they may ultimately pay
ashare of those costs as local, state, and federal taxpayers.

13 In theory, employees should consider insurance coverage as part of their overall
compensation when they take ajob: in that sense, the costs are perceived. In practice,
many employees may pay little attention to this cost. We assume that travelers count
employer-paid insurance as along-run cost.



As hard as it may be to estimate the costs of accidents, it
isharder still to determinewhat portion of that estimated cost
is aready accounted for in the user benefit calculations
described in Chapter 3.

Data and Analysis

Murphy and Delucchi (1998) “review the purpose, scope,
and conclusions of most of the recent major U.S. studies[on
the social cost of motor vehicle use], and summarize the cost
estimates by individual category.” Most of these studieshave
explicit estimates for accident costs. Rather than go into the
details of how all the components of accident costs are cal-
culated, werefer analyststo that paper and thereportsit cites.
The estimates from the strongest studies, when converted to
cost per vehicle-mile, range from about 1¢ to 20¢. Within
this range is the National Highway Traffic Safety Adminis-
tration estimate that the economic cost in 1994 of motor vehi-
cle crashes was more than $150 hillion,** approximately 6¢
per vehicle-mile.’s

Of the studieswe reviewed, K etcham and K omanoff (1992)
distinguish between accident costs borne by users and those
borne by non-users: by their calculations, non-users bear
roughly 25 percent of the costs. If we assume (abig assump-
tion) that users (travelers) roughly perceive the accident costs
that they are risking, then this study suggests that about 75
percent of the accident costsare perceived. If so, that narrows
the range of external accident costs to about 1¢ to 5¢ per
vehicle-mile.

These estimates are not broken out by vehicle type. Table
4-10 shows one set of estimates for costs per vehicle-mile.
The costs for the average auto (12¢ per VMT) are in the
range we discussed above. This table suggests that a bus has
over 2.5 timesthe accident cost of acar per VMT. Table 3-13
in Chapter 3, however, provides a very different conclusion:
the number of fatalitiesand injuries on busesis so small that it
isamost immeasurable on the basis of cents-per-VMT, while
auto costs are on the order of 1.6¢ per VMT. Table 3-13, how-
ever, looks at just fatalities and injuries, not comprehensive
costs, and looks at what mode people were in when they were
hurt, not what mode was responsible for the damage.

Asafinal way tolook at accident cost data, consider Table
4-11, which shows a breakdown of the component costs of
accidents. It illustratesthat the severity of an accident makesa
difference to its costs. That point is obvious, but its implica
tionsareimportant. Firgt, it meansthat any of the average esti-
mates of accident cost per VMT are not only approximations,
but they are approximationsfor situationswherean anayst can
expect the distribution of accident typesto be roughly compa:
rablewith national averages. The smaller the metropolitan area

1 Blincoe, 1996.

5 U.S. Department of Transportation, National Highway Traffic Safety Administration,
1999, Table 2 estimates the total vehicle-miles traveled in 1994 at 2,358,000,000,000,
yielding acost of approximately 6.38 cents per vehicle-mile. Blincoe, 1996, estimates
the total economic cost of crashesin 1994 at $150.5 billion.

11-43

TABLE 4-10 Comprehensive estimate of motor vehicle
accident costs

Mode Cost Per Vehicle-Mile
Bus $0.32
Light truck $0.19
Medium/heavy truck $0.13
Combination truck $0.23
Car (average) $0.12
Car, Drunk driver $5.50
Car, Sober driver $0.06
Motorcycle $1.50

Source: Presentation of Federal Highway Administration Colloquium on Social Costs
of Transportation, December 12, 1994, Washington, D.C.; Miller et al., "Railroad Injury:
Causes, Costs, and Comparisons with Other Transport Modes," Journal of Safety
Research, Vol. 25, No. 4, 1994, pp. 183-195, as cited in Litman, 1999.

and the transit improvement project, the worse that assump-
tion. Second, it means that any attempt to estimate accident
costs based on local data about actual accidents must be clear
about thetype of accidents being increased or decreased by the
improvement.

In 1994, the annua cost of motor vehicle crashes in the
United States totaled more than $150 billion. Thistotal rep-
resents the economic costs associated with 40,676 fatalities,
5.2 million non-fatal injuries, 3.7 million uninjured vehicle
occupants, and 27 million damaged vehicles. Property dam-
age coststotaled $52.1 billion, and lifetime losses in market-
place production were estimated at $42.4 hillion. Each fatal -
ity represented average discounted lifetime economic costs
to society of more than $830,000, mainly due to the value of
lost productivity in the workplace and household. However,
this figure does not represent less tangible consequences,
such as pain and suffering, to individuals and families. Nor
doesit incorporate the concept of “willingnessto pay” to avoid
death or injury.

The National Highway Traffic Safety Administration reports
avalue of reducing fatal risksin therange of $2 to $5 million
per life saved.'® The cost of non-fatal injuries ranged from
about $1,100 to more than $700,000 per individual for the
most severe damages. Transit riders submit ahigh number of
accident claims with non-fatal injuries. The cost of crashes
in which only property damage occurred totaled $38.9 bil-
lion, or more than $1,600 per damaged vehicle. The property
damage portion of this total is about $1,300; the additional
costsinclude emergency response, insurance administration,
and travel delay. Additionally, crasheswith injuries or fatal-
ities also include property damage, raising the total for all
property damage to $52.1 billion. Costs per damaged vehicle
range from about $1,300 for property-damage-only to $9,600

16 Also, based on arange of other studies, the 1997 Federal Highway Cost Allocation
Study: Final Report useslow, middie, and high estimates of the cost of astatistical death
of $1 million, $2.7 million, and $7 million, respectively (Federal Highway Administra-
tion, http://www.ota.fhwa.dot.gov/hcas/fina).



TABLE 4-11 Summary of unit costs of accidents (1994 Dollars)

Property
Damage
Only MAIS 0 MAIS 1 MAIS 2 MAIS 3 MAIS 4 MAIS § Fatal
Injury Components:
Medical $0 $1 $956 $8,144 $28,064 $100,820 $354,819 $12,089
Prem. $0 $0 $0 $0 $0 $0 $0 $3,389
Funeral
Emergency $28 $19 $152 $337 $506 $1,150 $1,171 $1,055
Medical Svc.
Voc. Rehab. $0 $0 $15 $99 $217 $410 $620 $0
Market $0 $1,315 $11,645 $35,776 $58,073 $184,260 $576,266
Productivity
Household $42 $28 $413 $3,598 $10,903 $18,746 $54,119 $132,630
Productivity
Insurance $103 $69 $573 $3,481 $11,219 $21,165 $49,576 $28,646
Admin.
Workplace $44 $29 $217 $1,681 $3,671 $4,043 $7,049 $7,489
Cost
Legal Costs $0 $0 $136 $2,179 $7,655 $17,087 $45,919 $60,766
Subtotal $218 $146 $3,777 $31,164 $98,011 $221,494 $697,533 $822,328
Non-Injury Components:

Travel Delay $125 $106 $203 $203 $203 $202 $203 $453
Property $1,320 $877 $3,263 $3,356 $5,771 $8,346 $8,018 $9,138
Damage
Subtotal $1,446 $983 $3,466 $3,559 $5,974 $8,548 $8,221 $9,591
TOTAL $1,663 $1,129 $7,243 $34,723 $103,985 $230,042 $705,754 $831,919

Source: Blincoe, 1996, Table 2.

Note: MAIS, the Maximum Abbreviated Injury Scale, represents an estimation of the severity of accident, which is typically
estimated soon after the crash occurs (see Blincoe 1996 for a more detailed explanation). Unit costs are on a per-person
basis for all injury levels; “property damage only” costs are on a per-damaged vehicle basis.

for fatal crashes.’” Another study estimates costs per accident
asfollows: fatality, $1.2 to $2.9 million; injury (no fatality),
$24,000 to $83,000 (higher incapacitating injuries); property
damage only, $2,000 (1996 dollars).’®

We recommend analysts use one of the following methods
to estimate accident costs:

Make an adjustment for the component of those costs
that isalready counted in the perceived travel costs that
are part of the consumer surplus calculation in Chapter
3. A reasonable estimate is probably 25 percent to 75
percent.®®

Where accident data is available and proposed improve-
ments can be shown likely to reduce those accidents by
some estimated amount (or increase themin other places
because of greater volumes without any improvements),

7 Blincoe, 1996.

8 Weisbrod and Weisbrod, 1997. These estimates are similar to those of the often-
cited Urban Institute study, The Costs of Highway Crashes, Final Report (1991).

¥ The choice of the percentage of total accident costs that are perceived can signifi-
cantly affect benefit estimates and comparisons between transit and highway. (DeCorla-
Souza, TRB paper no. 990227).

estimate directly accident cost changes. Accident reports
usually giveanindication of fatalities, injuries, and prop-
erty damage. Table 4-11 gives some idea of the costs of
that damage, depending on severity.

Where accident data is unavailable or the scope or type
of transit improvement makes estimating changesin spe-
cific types and locations of accidents impractical, esti-
mate accident costs based on changesin VMT, by vehi-
cle type if data exist, and in the aggregate, if not. A
reasonable range of estimates for the unperceived com-
ponent of total accident costs across all modesis prob-
ably 1¢ to 10¢ per VMT. Our review of the literature
suggeststo usthat the true valueis closer to the low end
than the high end: 3¢ to 4¢ per VMT isour best estimate
of an average point value.

2 Most reviewers of drafts of this guidebook found it too long and detailed. Itslength
was reduced. As aresult, some variations on the many techniques described in Chap-
ters 3 through 8 are not mentioned. In the case of accidents, for example, the prepon-
derance of evidenceisthat big vehicles (trucks) reduce safety for smaller ones (autos).
By analogy, one might expect buses to have the same effect. Thus, there could be an
interaction: as auto VMT becomes bus VMT, the remaining auto VMT has a slightly
higher accident risk, which reduces (however slightly) the savings in accident costs
from reduction in total VMT.




CHAPTER 5
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TRANSIT'S DIRECT COSTS AND REVENUES

SUMMARY

This chapter describes howto includethe capital and oper-
ating costs of transit in the cost-benefit framework. These are
costs that are paid by non-transportation users, including
transit agencies, private sources (if they help to administer
transit programs), and other public agencies. Capital costs
are primarily for right-of-way, facilities, and vehicles (roll-
ing stock). Operating costs are recurring costs that include
salaries, wages and benefits, materialsand supplies, utilities,
and other expenses related to ongoing operation and main-
tenance. National (average) data are available to help ana-
lysts estimate these costs, however local data should be used
whenever possible. Agency staff, consultants, and vendors
can usually provide data on capital costs and can also help
to estimatetransit patronage fromwhich operating costs can
be derived.

Analysts should also include other direct costs related to,
but not specifically associated with, the construction or oper-
ation of the transit improvement. Transit improvements, for
instance, that require other roadway improvements to sup-
port operations should account for these additional costs,
while benefits (cost savings) should be counted when reduced
highway traffic can reduce costs correlated with traffic lev-
els (e.g. policing). The other major type of direct cost that
should beincluded is avoided costs not already perceived by
transportation users. Auto users, for instance, often only pay
a portion of the full cost of parking. The amount that they
actually pay for parking and save by switching to transit is
calculated when direct user benefits are estimated. The cost
that others (typically employers) pay should also be esti-
mated and tabul ated separately.

Revenue accounting is primarily done to determine finan-
cial feasibility (i.e., Will revenues cover costs?). Revenues
arenot additional societal benefits. In the benefit-cost frame-
work, itisreally only necessary to compare benefitsand costs,
although it is worthwhile to analyze revenue devices (e.g.,
farelevels) that will significantly affect user cost perceptions
(described in Chapter 3).

OVERVIEW

This chapter discusses how to integrate the direct costs of
thetransit improvement into the benefit-cost analysisand dis-

cussestherolethat revenue considerations play in thisanaly-
sis. The purpose of this discussion is to make sure that the
resources that are used to implement and operate the transit
improvement are properly counted for comparison with the
benefits that the transit improvement generates.

We call the resourcesthat are used to implement and oper-
ate the transit improvement direct costs. Project evaluation
requires an estimate of any changein direct coststhat i s specif-
ically associated with implementation of the transit improve-
ments. Thus, the analyst should be interested in the dollar
value of coststhat are

* Incurred for the planning, construction, operation, or
maintenance of transit or other transportation facilities
or equipment;

» Typicaly paid by the non-user sector (as opposed to
many user costs that are paid directly by travelers, such
as gas, insurance, and travel times); and

» Measured relative to the base (non-improvement) case.
(For this third condition, the analyst needs to be inter-
ested only in changes in costs associated with the
improvement, as against the circumstances that will pre-
vail without the improvement.)

For this guidebook, direct costs are defined to include only
direct public sector expenditures incurred in the course of
implementing a transportation project. This does not mean,
however, that only transit agency costs should be included.
Any direct cost incurred by a transportation agency or non-
user that is required to implement the transit improvement is
considered a cost (including private sector costs of adminis-
tering transit programs). If police department costs, for exam-
ple, need to beincreased to policethetransit facility, thiscost
should be included in the direct costs enumerated in this
chapter. No user costs are included in direct costs because
these are already accounted for in the users' perceived cost
calculations. Like benefits, periodic costs (such as annual
operating and maintenance expenses) and any other coststhat
are not borne immediately are reduced to a present value
through discounting.

The analysis must also treat properly the revenues associ-
ated with thetransit improvement. Specifically, it must account
for any changesin revenue that occur as aresult of the tran-
sit improvement. The revenues of interest are
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« Any sources of funds that are collected by transporta-
tion agencies or companies from users of the trans-
portation system (either directly, e.g., fares, tolls, and gas
taxes; or indirectly, e.g., employer taxes and property
taxes); and

» Depending on the circumstances, these revenues may
include transfers from other levels of government (e.g.,
capital or operating grants from the federal government
to local transit agencies).

In general, transit’s direct costs are borne by the transit
agency and the public, or aprivate provider of transit services.
Thetransit agency or private firm typically generatesthe rev-
enue needed to defray these costs through user fees (fares) or
general taxes. The precise mechanism for collecting revenues
isirrelevant to benefit-cost analysis in the accounting sense.
What is needed to perform the benefit-cost cal culation prop-
erly isan estimate of al of the direct costs attributable to the
transit improvement; these are then compared with the user-
and non-user benefits calculated in Chapters 3 and 4. Benefit-
cost analysisis away to determine economic feasibility, i.e.,
whether society gets more out of atransit improvement than
it putsin. For the benefit-cost test to be performed, the sources
of revenue do not even have to be identified. It is enough to
compare benefitswith costs: revenuescan generally beignored.
There are only afew caveatsto this generd rule:

* The benefit-cost calculation is affected by revenue
devicesthat affect user cost perceptions. Consequently,
it isaways best to understand the likely sources of rev-
enue before embarking on a benefit-cost analysis. For
example, if the transit service levies fares, these fares
need to be known and incorporated in the perceived cost
calculations that produce the user benefit estimates.

» Taxesaffect regiona economic efficiency. Hence, when
unrelated economic activity istaxed to subsidize transit
services, it imposes efficiency costs. The reason is that
most taxes change economic behavior. For example,
financing transit through a tax on income may cause
people to work less and, thereby, produce less income.
Similarly, atax on property may change people’'s will-
ingness to acquire or maintain their property, reducing
the output of property-related services. The so-called
excess burden of atax is the value of these ancillary
losses in economic output. The calculation of excess
burdens is complex and beyond the scope of a transit
benefit-cost manual.

» Anunderlying assumption of benefit-cost analysisisthat
any excess revenue generated by an activity isreturned
to society in abeneficial way. That isan important basic
assumption of this guidebook. In general, if a transit
improvement is being eval uated and chosen consistent
with the principles described in the guidebook, this
assumption is reasonable.

» Revenue from outside the political jurisdiction of the
transitimprovement is sometimes considered “free” from
the viewpoint of local decisionmakers. It is not free, of
course, from a societal standpoint, and true, economic
efficiency isunaffected by thislocal perspective. Never-
theless, for alocality with a limited budget, the appro-
priate selection among aternative transit projects can be
affected by the extent to which the project relies on
“free” sourcesof revenue. For reasons discussed in Chap-
ter 2, economists typically disapprove of that type of
analysis because it sets economic efficiency aside as
the key criterion for investment decision. But if it must
be implemented, it can be done by “ zeroing out” those
direct transit system costs that are financed by these
“free” funds.

With these caveats, the revenue characteristics of the
transit improvement scenario are largely irrelevant to the
calculation of basic benefits and costs that is the focus of
Section |1 of this guidebook. The focus of thisdiscussionis
on economic feasibility as measured through a benefit-cost
calculation.

Revenues are, of course, of interest for an evaluation of
arelated, but quite different, feasibility test: whether the
improvement generates enough money to pay for its develop-
ment and operation. Thistest is called the test of financial fea-
shility (revenue-cost analysis, not benefit-cost analysis). This
test isimportant in determining whether the improvement has
the potential to be implemented, but does not affect the under-
lying economic efficiency potential of the improvement.

Key Point: Whilerevenue sourcesare almost always
of interest to policymakers, in the context of benefit-
cost analysis they are transfers, not benefits, and
should not be added to other benefits.

These considerations lead to the following organization
for this chapter. It first discusses costs, and then revenues.
Animplication of the preceding discussion isthat the direct
costs of transit are of key importance in a benefit-cost
analysis: they are a big part of the costs that must be com-
pared against the user and non-user benefits of a transit
investment. These costs consist of both direct costs associ-
ated with the transit program and other transportation costs
affected by the improvement. Thus, this chapter discusses
those costs in two sections: (1) the direct costs of imple-
menting atransit improvement, program, or policy that falls
on transportation agencies (agencies whose primary respon-
sibility is the construction, operation, and maintenance of
transit and highway facilities); and (2) the direct costs to
other agencies that occur as aresult of the improvement (in
the section, Other Direct Costs).



DIRECT COSTS OF TRANSIT IMPROVEMENTS
TO TRANSPORTATION AGENCIES

Framework

Therearetwo dimensionsto direct transit program costs—
(1) capital and (2) operating and maintenance (O/M) costs:

« Capital costs are primarily for right-of-way, facilities,
and rolling stock. The costs of new fixed guideways for
transit (rail or highway) would be included in facility
costs, but an allocation for the costs of existing highways
that normal buses use usually isnot (itisa*“sunk” cost).

+ Operating and maintenance costs include salaries,
wages, and benefits; services, materials and supplies
(e.g., fuel andtires); utilities; casualty and liability costs;
taxes; purchased transportation (contracted transporta
tion and services); expense transfers, and miscellaneous
expenses. Operating costs can aso be separated by spe-
cificfunction. Thesefunctions are vehicle operationsand
general administration. Operationsinclude vehicle oper-
ation (including ticketing and fare collection), vehicle
maintenance, system security, transit-related roadway
maintenance, and non-vehicle maintenance.

Data and Analysis

Tables5-1 and 5-2 show thekinds of information that atran-
sit agency should try to assemble about its own direct costs.
Capital and operating costs can vary depending on the mode
and typeof facilitiesoffered; location (routing and aignment);
system size (capacity); level and quality of the service pro-
vided; and areas served by the transit system. Various depart-
ments or consultants of atransit agency will haveinformation
needed to compile rough cost estimates for a given project. If
aproject isbig enough and far enough along in the decision-
making process to merit arigorous evaluation of its benefits
and costs, thenitisvery likely that an agency will have some
rough estimates of its costs.

Agency staff, staff at other public agencies (e.g., astate or
regional agency), consultants, or vendors will have informa-
tion about capital costsfor rolling stock. Table 5-1 showsthe
kind of information desired. If the project isalarge one, each
of the columns may be further subdivided both by cost cate-
gory and time (if the project isdeveloped over several years).
Detailed spreadsheets or cost reports would frequently be
used in developing atable like that shown as Table 5-1.

Key Point: For very preliminary planning analysis,
order-of-magnitude estimates of capital costs from
standard sourcesor comparable projects should be
adequate. As planning gets more detailed, so will
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the cost estimating, and attention to local condi-
tions and costs will increase.

There are some national data sources that can be used for
these estimates and other estimatesin this chapter. Datafrom
the Characteristics of Urban Transportation Systems! are
largely based on 1989 Section 15 data. More recent data,
though slightly different in coverage and definition, comes
from APTA and other sources. This guidebook uses 1997
APTA datain the example tables.

The same experts can estimate level of service and its
characteristics (e.g., speed and frequency) for thetransit proj-
ect. These data can be used to estimate patronage of the ser-
vice, which, in turn, can define operating costs (Table 5-2).
Most transit agencies will have the data to be able to make
estimatesfor the operating costs of expansionsto existing ser-
vices (e.g., adding anew busline). Local datawill be superior
to national averages.

Whenever transit alternatives have been specified and some
planning-level engineering cost estimates are available for
construction and operation, those estimates will probably be
superior to national averages. Similarly, if an anaystisat an
agency that isalready operating the type of facility or service
that is under consideration for addition to the system, then
agency-specific estimates of per-unit operating costs should
be used. In some cases, however, agencies may be consider-
ing new servicesfor which they have no operating experience,
or may wish to see how their operating estimates compare
with some benchmarks. Tables 5-3 through 5-6 show aver-
age capital and operating costs for U.S. transit agencies.

The dataare compiled from the1l997 National Transit Data
base and administered and compiled by the Federal Transit
Administration. Tables 5-3 through 5-5 show capital and
operating costs, for different transit modes, for three differ-
ent city sizes. Only the dollars resulting in capital expendi-
tures for the given year are reported. The largest component
of each cost category (rolling stock under capital costs; labor
under operating costs) is displayed in a per-unit-cost basis.
Data are simple averages of public transit agency modes
where data from more than two transit agencies are available,
in 1997 dollars. One consequence of this simple-average
methodology isthat per-unit costsreported by larger agencies
are given no more weight than costs of smaller agencies.

While the cost per passenger-mile estimates shown are
based upon historical ridership levels (from many diverse
cities), we recommend using this unit of measure because
(2) it better reflectswhat transportation istrying to do—move
atraveler (person) some distance (mile); moving avehicleis
aderived abjective; (2) it makes comparisons across modes
more intuitive and highlights conclusions about efficiency

! Prepared for Federal Transit Administration under a grant to The Urban Institute,
September 1992, by Cambridge Systematics, Inc.
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TABLE 5-1 Transit capital costsfor a proposed transit improvement (template for type of

data desired)

Transit Mode Rolling Stock

Facilities

Other Total

Mode 1
Mode 2
Mode 3
Total

Source: ECONorthwest.

(e.g. comparing $/passenger-mile for buses versus $/passen-
ger milefor cars); with cost per vehicle-mile, transit always
loses—even if atransit vehicle is carrying 50 times more
peopl e than an automobile; and (3) cost per revenue-vehicle-
mile does not account for deadhead costs—real coststhat are
incurred and need to be tabul ated.

In any event, we expect that most users will be doing their
own ridership estimates, which will change their costs from
the examples provided.

The datain the previous tables are easier to use for project
sketch-planning if they are converted to costs per passenger-
mile. This permitsthe analyst to link direct cost calculations
to the service and benefit cal culations, permitting quick com-
parisons of project alternatives. Table 5-6 shows estimates
of passenger-miles per capitain a transit agency service
area. It displaysthe minimum, maximum, and average annual
passenger-miles per capitafor thethree service areasizesused

in the previous tables. An analyst can use these estimates (or,
better, those of his or her own transit agency) to convert capi-
tal and operating costs to costs per passenger-mile.

Key Point: An analyst can use estimates from
national data (or, better, those of his or her own
transit agency) to convert capital and operating
costs to costs per passenger-mile, which may be
easier to use for sketch-level planning analysis.

OTHER DIRECT COSTS

Framework

Other direct costs not specifically associated with transit
operation could change asthe result of atransitimprovement.
Therearetwo general typesof coststo consider in thiscontext:

TABLE 5-2 Transit operating costsfor a proposed transit improvement (template for type of

data desired)
Function
Expense Class Vehicle Vehicle Non-Vehicle  General Total
Operations Maintenance  Maintenance  Admin.  Expenses

Labor
Operators’ salaries and wages
Other salaries and wages
Fringe Benefits
Services
Material and Supplies
Fuel and lubricants
Tires and tubes
Other
Utilities
Casualty and Liability Costs
Taxes
Purchased Transportation
Miscellaneous Expenses

Total Expenses

Source: ECONorthwest.
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TABLE 5-3 Capital and operating costs by travel mode for small cities (population

<200,000) (1997%)
Travel Mode
Commuter Demand
Rail Heavy Rail Light Rail Bus Vanpool Responsive
Small City (Service Area Population <200,000)
Transit Agencies Reporting - - - 225 1* 241
Capital Costs
Rolling Stock
per passenger trip - - $ 083 - $ 3.65
per passenger mile - - $ 024 - $ 0.65
Total Capital Costs
per passenger trip - - $ 1.15 - $ 3.78
per passenger mile - - $ 03 - $ 0.69
Operating Costs
Labor(incl. fringe benefits)
per passenger frip - - $ 145 - $ 6.24
per passenger mile - - $ 043 - $ 1.20
per bus/train mile - - $ 1.77 - $ 0.99
per bus/train hour - - $23.87 - $ 1274
Total Operating Costs
per passenger trip - - $ 293 - $ 1343
per passenger mile - - $ 078 - $ 2.76
per bus/train mile - - $ 312 - $ 2.32
per bus/train hour - - $43.30 - $ 30.38

*Note: Data compiled from less than 3 agencies are not reported.

Source: ECONorthwest, National Transit Database, 1997.

+ Required improvements or other improvement costs that
are imposed on other parts of the transportation system
and

+ Changesin the cost of services financed by non-users.

Thefirst of these types of costs is relatively easy to char-
acterize. The transit improvement may require roadway or
other improvements to support transit operations, or it may
acquire property without market transactions. These are often
not included in the direct cost accounting of the project itself,
but rather are passed along to other jurisdictions, agencies,
and private parties. All such direct costs, whether paid for as
part of theimprovement or not, should be valued at their fair
market value and included as direct costs. If service actualy
reduces highway congestion, then other operating costs that
are correlated with that congestion (e.g., highway patrol and
municipal traffic courts) may be reduced.

The second type of cost involves more subtle issues. If a
serviceispaid for directly by users, through user charges, the
consumer surplus calculation properly measures the benefits
of saving these costs. Because the savings in user chargesis
part of the user benefit calculation, the savings in the costs
underwritten by those chargesisthusautomatically accounted
for. There are some services, however, that are paid for indi-
rectly, through genera taxesor through other non-user charges.
Some individuals, for example, enjoy “free” parking at their
place of work, paid for by their employer (though, ultimately,
by the worker in the form of lower wages). To the extent that

the transit improvement permits some travelers to travel
without the need for parking, thereis areduction in the cost
of providing parking spaces, relative to the base case. Since
the cost of this serviceis not reflected in user charges, how-
ever, we cannot count on the user-benefit cal cul ation to auto-
matically account for such cost changes. They must be cal-
culated separately. Savingsin thistype of cost are sometimes
called avoided costs, referencing the notion that these are
costs that would otherwise have occurred, but were avoided
by making the transit improvement.

Since alot of the transportation literature refers to avoided
costs (usually, asthe cost of auto travel that isavoided when
travelers shift to alternative modes, change origins and des-
tinations to reduce trip length, or drop the trip completely),
wewant to clarify herewhat should and should not be counted.
Avoided costs are the benefits of avoiding the costs that
(1) would have beenincurred if an alternative choice had been
made and (2) were not considered in making the choice. For
example, suppose atraveler is deciding between traveling by
bus or by auto. The traveler’ s choi ce of transportation modes
is determined in part by the costs he or she incursin using
those modes. In this case, the price of gasoline, auto travel
time, and parking costs paid out-of-pocket by thetraveler will
all be considered when deciding his or her demand for tak-
ing the bus.

While these costs are foregone when the traveler opts for
the bus over the auto, they are not considered as avoided
costs in this context because they are explicitly taken into
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TABLE 54 Capital and operating costs by travel mode for medium cities (population

>200,000 and <1,000,000) (1997%)

Travel Mode

Commuter Demand
Rail Heavy Rail Light Rail Bus Vanpool Responsive
Medium City (Service Area Population 200,000-1,000,000)
Transit Agencies Reporting 4 3 5 156 8 155
Capital Costs
Rolling Stock
per passenger trip $ 463 $§ 022 $ 127 $ 135 §$§ 157 § 3.89
per passenger mile $ 016 $ 002 $ 091 $ 022 $ 004 % 0.48
Total Capital Costs
per passenger trip $ 1009 $ 161 $ 749 $ 161 $ 148 $ 4.95
per passenger mile $ 034 $ 016 $ 356 $ 027 $ 0.04 0.64
Operating Costs
Labor(incl. fringe benefits)
per passenger trip $ 091 $ 283 $ 118 $ 137 $ 047 3 4.66
per passenger mile $ 003 $ 033 $§ 059 $ 032 $ 001 § 0.72
per bus/train mile $ 395 $ 2705 $ 1069 $ 201 $ 012 $ 0.71
per bus/train hour $ 14767 $697.60 $13473 $28.09 $ 471 § 10.29
Total Operating Costs
per passenger trip $ 1273 $ 333 $ 157 $ 426 $ 182 $ 1697
per passenger mile $ 050 $ 038 $ 079 $ 087 $ 005 §$ 2.36
per bus/train mile $ 3941 $ 3182 $ 1402 $ 446 $ 042 $ 2.43
per bus/train hour $140483 $82866 $178.81 $64.79 $1630 §$ 36.40

Source: ECONorthwest, National Transit Database, 1997.

account when deciding the bus/auto choice. Consequently,
the benefit of foregoing these costsis automatically captured
in the consumer surplus calculation for this traveler.

Other coststhat are not explicitly factored into thetraveler’s
decision are considered avoided costs. These avoided costs
consist primarily of external costs and costs borne by others
that a user does not actively consider when making his trans-
portation choice. Examples of these avoided costsinclude the
costs of congestion, emissions, noise, increases in accident
rates, and the employer’ s share of parking costs. These costs
are avoided when the traveler chooses to travel by bus over
auto, but, unlike direct user costs, these costs are not explic-
itly factored into the decision of whether or not to travel by
bus or by auto.

Key Point: Many of the costs of auto travel that a
shift to transit allows a traveler to avoid (hence,
“avoided costs’) are already counted as benefits
in the calculation of consumer surplus (Chapter
3). Coststhat atraveler does not actively consider
when making a transportation choice may, how-
ever, appropriately be considered as additional
benefits of a new transit project if it allows these
costs to be avoided.

Given these definitions, there are three types of services
that may generate avoided costs as the result of a transit
improvement:

+ Transportation support services. Police, fire, and road-
way emergency services are frequently provided through
genera tax levies, but provide services to highway and
transit travelers. To the extent that driving is reduced,
some of these costs may be reduced (avoided) from
what they would have been in the absence of the transit
improvement, and the improvement should be credited
with that benefit. Less direct are hospital and other
emergency medical services that are paid for partly by
user-borne costs (i.e., insurance charges), but that may
also be underwritten by general levies.

» Parking. Employer parking is often underwritten by
employers and provided free to employees. If the tran-
sit improvement reduces the need for parking, this too
can be a source of avoided costs.

+ Other public services. Some analysts argue? that transit
can provide low-cost mohility that can reduce expendi-
tures by other branches of government on socia services.
For example, anew busline may allow aperson to get to
a clinic appointment without having to have the agency
pay for ataxi or run a specia van, or it may mean that a
more expensive home call can be avoided.

Changesin most of these costs are probably best accounted
for by deriving estimates of these costs on a per-passenger-
mile basisand linking these estimatesto the changesin travel

2 See, for example, Lewis and Williams (1999).
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TABLE 55 Annual capital and operating costs by travel mode for large cities (population

>1,000,000) (1997 $)

Travel Mode

Commuter Demand
Rail Heavy Rail Light Rail Bus Vanpool Responsive
Large City (Service Area Population >1,000,000)
Transit Agencies Reporting 13 11 14 72 3 55
Capital Costs
Rolling Stock
per passenger trip $ 1093 $ 009 $ 060 $ 028 $ 209 $ 4.48
per passenger mile $ 111 $ 002 $ 017 $ 006 $ 007 § 0.61
Total Capital Costs
per passenger trip $ 148 $ 108 $ 278 $ 047 $ 250 § 5.83
per passenger mile $ 117 $ 020 $ 062 $ 010 $ 0.08 $ 0.80
Operating Costs
Labor(incl. fringe benefits)
per passenger trip $ 217 $ 146 $ 158 $ 140 $ 068 § 6.33
per passenger mile $ 010 $ 033 $ 048 $ 027 $ 002 % 0.83
per bus/train mile $ 1683 $ 2931 $ 1250 $ 260 $ 015 § 0.80
per bus/train hour $ 54454 $58215 $173.10 $3512 $ 526 $ 10.05
Total Operating Costs
per passenger trip $ 976 $ 205 $ 226 $ 604 $ 270 $ 2933
per passenger mile $ 049 $ 046 $ 065 $ 118 $ 009 $ 4.02
per bus/train mile $ 508t $ 3882 §$ 1801 § 552 % 060 $ 4.19
per bus/train hour $1597.43 $774.73 $256.60 $8571 $21.73 $ 5404

Source: ECONorthwest, National Transit Database, 1997.

that generally generate these costs.® Of coursg, if the change
in costs is negative (i.e., there are cost savings or avoided
costs), then this component of indirect costs will be areduc-
tion in costs, rather than an increase.

In measuring avoided cost, it isimportant to count only the
portion of these coststhat are not represented by user charges
in the user benefit calculation. Failureto follow thisrule will
result in double-counting of some of the improvement’s
effects. Take, for example, the case where thetransit improve-
ment reduces automobile travel. The user benefit calculation
will capture, among other things, the benefit of reduced pay-
ments for gasoline made by travelers. The reduction in auto
travel might also be expected to reduce the need for addi-
tional freeway capacity. The avoided cost analysis should con-
sider the following factors, before reducing direct costs by
the avoided cost of the freeway, in addition to counting the
benefits of the reduced gasoline payments:

» On the one hand, it may be the case that the gasoline
taxes collected in the corridor (as a percentage of total
paymentsfor gasoline) are the mechanism through which
much of the new freeway capacity would be financed.
In this case, it is a double-count to reduce costs by the
avoided cost of thefreeway and claim auser benefit from
the reduced gas taxes paid.

* On the other hand, the freeway expansion that is avoided
may beonly partially paid for by the gasolinetaxeslevied

3 For parking costs, a cost per vehicle trip is better than cost per passenger-mile,
because it will not be dependent on trip length and car occupancy assumptions.

in the affected corridor. In this case, there is somejusti-
fication for including adirect cost-reduction in the direct
cost accounting.

In summary, changes in non-transit direct costs can be an
important consideration in benefit-cost calculations. If atran-
sit improvement causes direct costs to increase or decrease
significantly, these cost changes should be included in the
direct cost accounting for the project.

Data and Analysis
Transportation-Related Services

There is a plausible argument that as traffic volumes
increase, moretransportation-rel ated services(e.g., police, inci-
dent response, and courts) will be needed. If one accepts that
argument, as we do based on casua observation of increased
traffic volumes and the amount and cost of transportation-
related services over the last 50 years, then one must allow
the possibility of a symmetrical relationship: as traffic vol-
umesdecline, service and service costsdecrease.* If one accepts

4 1n the short-run, for small areas and small projects, it is certainly possible that public
budgets for policing, incident response, and courts do not drop in response to better tran-
sit. Maybe the effect is too small to notice, maybe service standards increase slightly
instead, maybe other endogenous factors overwhelm any cost reductions. For along-run
project evaluation, however, it seems reasonable to assume that these costs are afunction
of traffic volumes and to attribute cost savings or increases based on changesin volumes.
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TABLE 56 Passenger-milesper capita by serviceareasize

Service Area Population

<200,000 200,000-1,000,000 >1,000,000
Min _Mean _ Max n Min__ Mean Max n Min__ Mean Max n
Passenger Miles per Capita (Overall)

Commuter Rail - - - 313 - 1.6 96.0 154 - 182 3792 75
Heavy Rail - - - 313 - 9.0 1,166.8 154 - 334 9699 75
Light Rail - 0.0 3.8 313 - 1.7 128.3 154 - 4.8 811 75
Bus - 26.9 2443 313 - 56.5 3959 154 - 621 2728 75
Vanpool - 0.8 1481 313 - 2.0 73.8 154 - 0.9 328 75
Demand

Responsive - 6.1 937.3 313 - 27 15.7 154 - 1.2 87 75

Passenger Miles per Capita (Modes where Pass.-Miles > 0)

Commuter Rail N/A  N/A NA - 17.3 60.2 96.0 4 08 1136 3792 12
Heavy Rail N/A  N/A N/A - 83.6 4604 1,166.8 3 25 2280 9699 11
Light Rail 3.8 3.8 3.8 1 0.8 51.0 128.3 5 0.3 25.6 811 14
Bus 1.0 400 2443 210 0.2 66.9 3959 130 0.0 847 2729 55
Vanpool 11.5 60.3 1481 4 1.0 18.2 73.8 17 5.2 10.7 32.8 6
Demand

Responsive 0.0 8.9 937.3 215 0.1 3.3 15.7 126 0.2 2.1 8.7 45

Source: ECONorthwest, National Transit Database, 1997.

that argument, then it islogical to attempt to estimate some
relationship between some measure of traffic reduction (e.g.,
trips and vehicle-miles) and these costs.

Aswith other cost categories described in this guidebook,
estimates have been made based on aggregated national data
of the average cost per vehicle-mile of transportation-related
services. Recent work by Delucchi (1997) estimatesthetotal
cost of palice, fire, judicial, and correctional servicesrelated
to motor-vehicle use at $17.6 to $27.4 hillion annually (in
1991 dollars), or 0.8¢ to 1.3¢ per vehicle-mile. Other studies
have estimated these costs to be in the range of 1¢ to 4¢ per
vehicle-mile®> Most of these costs are unperceived in the
sense that they are not paid by drivers as drivers (though the
drivers certainly fund the services as state, federal, and local
taxpayers).

Perhaps better estimates could be made using local data,
but there would be many technical problems relating to def-
initions and data that suggest to us that the estimates would
not necessarily be any better. Our opinion is that credit to
transit for some cost savingsisjustified if traffic volumesare
forecasted to be less than they would otherwise be without
the transit project.

Parking

Chapter 3 presents evidence on parking that suggests that
many drivers probably do not perceive the full costs of park-
ing when making trip decisions. In contrast to most other ele-
ments of vehicle operating costs, parking is often not charged
for explicitly, but is bundled with other activities.

5 Terry Moore and Paul Thorsnes. 1994. The Transportation/Land Use Connection.
Planning Advisory Services Report 448/449. American Planning Association. Chicago.

Parking at work, shopping centers, malls, and other retail
establishmentsisfrequently an unpriced amenity. Businesses
have decided that it is better for business to bundle those
costsin abenefits package for employees or the price of goods
for shoppers. Chapter 3 showed several studies that suggest
that about 90 percent of work and shopping trips have no
explicit parking charge. It also noted that many transporta-
tion models use a probability-weighted parking charge to
specify the perceived cost of parking, which impliesthat only
some fraction, and probably a small one, of the cost is pro-
viding parking.®

Thelack of acharge obviously does not mean that parking
costs nothing to provide. Depending on underlying land val-
uesand landscaping, surface parking may cost between $1,500
and $3,000 per space; stalls in structures cost from $10,000
to as much as $25,000 each, depending on land value, struc-
ture type (height, whether it goes below ground), and archi-
tectural quality. Somebody is paying those costs: in many
cases it is the drivers using them, but they may be paying
only partially or not at all asdrivers, but rather asempl oyees,
shoppers, and taxpayers.

So, what does this imply about the magnitude of parking
costs that are unperceived and should be included as a sepa-
rate lineitem in abenefit-cost evaluation of atransit project?
Here is asuggestion for the steps of abasic anaysis.”

+ Get data specific to the area being influenced by the
transit project on (1) the cost of providing parking of
different types, (2) the rates being charged for parking,

6 Assuming that the prevailing parking price for pay-parking is roughly equivalent to
the cost of providing it. For high-demand surface lots, revenues probably exceed annu-
alized capital and operating costs. For most for-fee parking structures, they probably
do not.

7 For more details, and slightly different methods and data, see Cambridge Systemat-
ics. 1998. TCRP Report 35: Economic Impact Analysis of Transit Investments: Guide-
book for Practitioners. National Academy Press, Washington, D.C.



and (3) the percentage of drivers using different types of
parking (if available).

+ Calculate the extent to which prevailing rates support
the cost of the parking. For example, adaily rate of $8,
for 250 workdays, generates $2,000 per year. If the con-
struction and land cost per stall of aparking structureis
about $15,000 and is financed over a 20-year period at
7.5 percent interest, then the annual cost of capital for
the stall is about $1,500. If operation cost per stal is
about $1 to 3 per month (say, $24 to $50 per year), then,
as a first approximation, the users of the parking are
roughly paying the annual cost of the parking. In that
sense, the perceived cost of parking is close to the total
cost, and there may be no unperceived portionto add. An
analyst could make other adjustments that seem reason-
able, for example, by surveying developers and parking
operators about capitalization rates and operation costs.

+ Estimate the percent of drivers who pay for parking. If
in adowntown only 50 percent pay, whilethe other half
use parking paid for by employers or supplied by retail-
ers, then in the previous calculation half of the costs of
parking in the downtown are not perceived by drivers
and, therefore, are not included in the consumer surplus
calculation. Similarly, if there is additional information
on parking costs (such as residentia parking fees or
differences between long-term and short-term parking
costs) then these should also be incorporated in the con-
sumer surplus calculation.

+ Edtimate, based on thetravel demand estimate of changes
inauto trips, how the proposed transit improvement will
reduce demand for auto spaces.

» Multiply the estimate of the unperceived cost of an aver-
age parking space by the reduction in parking spacesto
get an estimate of the additional savingsin parking costs
attributable to the transit project. In this example, if a
transit project reduces the need for 500 daily auto trips
to the downtown, then the annual value of that savings
is roughly $400,000 ($1,525 x 50 percent x 500).

Other Social Services

The argument that low-cost mohility reduces coststo avari-
ety of non-transportation public agencies that provide socia
services seems to double-count transportation benefits. Chap-
ter 3 shows how to calculate benefits to travelers. If the meth-
odstheregenerally do what they purport to do (webelievethey
do), then one must ask what other, non-travel benefits are to
be measured here?

There are several waysto answer this question. One might
assert that the benefit of improved transitisstrictly that travel
is cheaper so that lower-income people can now save money
on trips or, more importantly for social services, make trips
that they would otherwise not make: then those travel bene-
fitsare already captured in the user cost analysis described in
Chapter 3. Some have argued that economies of scalein tran-
sit allow social service agencies to shed costs they now pay
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for taxis, vans, and employee trips to the field.® Even if that
is true, the analysis of user benefits using a travel demand
model should roughly capture the net user benefits.

Theissues here are hard to unravel . Consistent with Chap-
ter 3, atransportation improvement that decreasestravel time
should provide a user benefit, but, in this case, the users may
not be the ones paying the cost anyway (i.e., it may be paid
by the social service agency). If such an agency takes advan-
tage of the improvement by switching the transportation
options it offers, or if riders now have reductions in travel
time, the social benefits may still be approximately captured
in the user benefit calculation.

The issue may be more one of the distribution of impacts
(discussed in Chapter 8). The argument could be that one
should add up all the downstream savings (e.g., because peo-
ple can now afford to travel to see a doctor or employment
counselor, society saves the costs of more expensive inter-
ventions later). If so, measurement becomes intractable and
arbitrary. The implication of that argument seems to be that
low-income households have no transportation options (i.e.,
that it is available below some threshold price or it is not).
Our conclusion is that these purported benefits derive from
and are measured by lower transit-travel cost and increased
transit ridership and should generally be captured in the mea-
surements of consumer surplus described in Chapter 3.

REVENUES

Revenue accounting is primarily done for the purpose of
determining financial feasibility. Theanalyst should, at amin-
imum, prepare atable like Table 5-7. For reasons described
previously, the analyst must be clear that thistracking of rev-
enuesis, in the context of benefit-cost analysis, a description
of transfers, and that revenues are not additive to social ben-
efits. It can be crucial information, however, for policymak-
erswho must find ways of subsidizing atransit improvement
that cannot be financed fully out of the fare box. In addition,
if the analyst wishes to “zero-out” some costs because they
arefinanced with non-local funds, accounting for sources and
uses isimportant.

The row headingsin Table 5-7 can become as detailed as
necessary to show specific sources of funds. The main point
isto distinguish between local (i.e., therelevant service areas
for thetransit improvement) and non-local funds, and, for local
funds, between user fees and other general sources of rev-
enues. A table like this one can be used (1) to answer generd
guestions about expenditures and revenues for policymakers
and the public, (2) to assist an analyst in making decisions
about whether adjustments need to be made to net benefitsin
the benefit-cost calculations, and (3) to describe equity
impacts (by evaluating how different households contribute
to the sources of funds). Chapter 8, Distribution of Transit’s
Impacts, provides additional information about these i ssues.

8 Lewis and Williams (1999, page 160 and following).
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TABLE 57 How todescriberevenuesfor atransit investment (template for type
of data desired)

Sources of Funds Uses of Funds (dollars)

Planning Construction O&M

Local Sources

Fares

Other user-based fees
Other local sources
Non-Local Sources
State grants

Federal grants

Source: ECONorthwest.




SECTION Il

TRANSIT'S IMPACTS—OTHER BENEFITS AND COSTS

To arough approximation, most of the impacts described
in Section Il are distinct and additive. But the literature on
the impacts of highway and transit improvements lists addi-
tional impacts. In the framework of a benefit-cost evalua-
tion, many of these impacts are double counts of theimpacts
in Section |1. That does not mean that they are not real impacts
or that they should be ignored. Rather, it meansthat a care-
ful analyst must measure and present them in such a way
that decisionmakers are aware of the potential for double
counting.

There are clearly overlaps among the impacts described in
thethree chapters of this section: Land Use, Economic Devel-

opment, and Distribution of Impacts. For example, if transit
projects facilitate more intense development, that implies
effectson land devel opment patterns, property values, infra-
structure costs, the amount and pace of development, and
regional economic indicators. The distribution of impacts
(equity) overlaps all categories of impacts—they report the
same impacts, but allocated in pieces to different groups of
interest. As elsewhere, we offer advice on how to go about
collecting the information that decisionmakers may want.

Nonetheless, the public and its el ected officialsare clearly
concerned about these types of impacts, and assertions about
their magnitude can affect policy decisions.
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TRANSIT'S IMPACTS ON LAND USE AND DEVELOPMENT

SUMMARY

Transportation investments can improve the accessibility
and attractiveness of locations by reducing the cost, measured
intime or dollars, of traveling to them. Increased accessibil-
ity makes properties more desirable, which is reflected in
higher salesor rental values. Theseincreased values, inturn,
affect the type and density of development that occurs.

Whileidentifying and measuring theseimpactsare of inter-
est to policymaker s froman economic devel opment, planning,
and equity per spective, increasesin property valuethat result
fromreduced travel times are already counted as direct user
benefits in the benefit-cost framework and should not be
added twicein thefinal tabulation of net benefits. At the same
time, when transportation improvements are leveraged to
develop land at higher intensities, indirect benefits may be
realized via reduced infrastructure costs. The degree of cost
savingsrealized would depend upon local construction, infra-
structure, and other costs, which can vary greatly between
jurisdictions, and the amount of excessinfrastructure capacity.

Predicting and measuring land use changes is a complex
process that must take into consideration numerous local
factors, such asthe degree of improved accessihility, specific
sitecharacteristics(e.g., size, price, and constraints), and the
local and regional real estate markets. Generally speaking,
land use effectswill be more pronounced in growing markets,
although they will take longer to materialize than changesin
travel behavior. In addition, land development will also be
affected by local public policies such as zoning, devel opment
incentives, and infrastructure provision. To estimate land use
impacts, analysts must jointly consider the quality of transit
service, private sector market conditions (e.g., household
and business preferences), and the effectiveness of available
public policy tools.

Large investments that offer significant accessibility bene-
fits(i.e., they serve many travelersand/or generatelargetime
savings) aremorelikely to havelargeland useimpacts. Tran-
sit’ simpacts would be more localized than impacts caused by
highway improvements and, for both highways and transit,
most types of improvements are more likely to redistribute,
rather than generate, economic growth.

Several tools can be used to estimate land use impacts,
ranging fromvery complex and data-intensive computer mod-
elsto more qualitative (and typically less expensive) methods

such as expert panels. Several of these tools and their differ-
ent advantages (e.g., ease of use) and disadvantages(e.g., high
cost) are described in the chapter.

OVERVIEW

Transportation allows interaction between activities or
land uses. Thisinteraction is measured as accessibility, which
reflects both the attractiveness of potential destinationsand
the ease of reaching them (Handy 1993). The potential for
interaction between any two places increases as the cost of
movement between them—in terms of either money or time—
decreases. The structure and capacity of the transportation
network, obviously, affect the level of accessibility.

For transit (or any other mode), accessibility can be mea-
sured as the number and extent of destinations in the region
that can be reached from a particular transit-served location.
The larger and more extensive the transit system (and the
greater its ridership), the more a given transit improvement
islikely to influence land use in the vicinity of a new corri-
dor, transit center, or station.

Accessibility, and transportation’ sstrong contribution toiit,
affect the desirability (and, hence, the price) of different loca-
tions. These different prices in turn influence the type and
intensity of land use. That, in short, isthe connection between
transportation improvements and land use. Behind this short
description, however, are many complex and confounding
relationships that make predicting the impacts of a trans-
portation investment on land use and devel opment anything
but mechanical.

From the perspective of benefit-cost analysis, there are
several points about the impacts of atransit project on land
use that must be clarified:

* Travel benefits get capitalized into property values.
Changes in land values may be of interest to decision-
makers and the public and may have implications for
assessments of equity, but may reflect adouble-count of
travel benefits.

» Property values are correlated with the intensity
and, to alesser extent, thetype of development. How
development might change around a transportation
investment is certainly of interest to decisionmakers.
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For benefit-cost analysis, the same point applies: if trans-
portation improvements create travel benefits by reduc-
ing travel times and increasing accessibility, and those
improvements are reflected in increasesin property val-
ues, which in turn cause increases in development, the
real benefits should be measured at one end or the other,
and certainly not added up for every point in between.

* Not all land useimpactsare double-counting of user
benefits. The literature of urban economics and eco-
nomic development is generally in agreement that there
are agglomerative economies of various types (also
called economies of clustering or proximity). Such
clustering may allow exploitation of scale economies,
reduced labor cost, better communication, and innova-
tion. TCRP Report 35! notesthat such benefits, and those
of infrastructure cost savings from compact develop-
ment patterns, may be real, additional benefits of atran-
sit improvement. A subset of these agglomerative econ-
omies is development costs: a large literature has been
developed over thelast 30 yearsthat attemptsto measure
how infrastructure costs (public facilities) might change
with different devel opment patterns. The smpleideais
that greater density means|ess extension of roads, pipes,
and lines, so that costs would be lower (we discuss this
later in this chapter).

Any of the above may be of importance to decisionmakers.
The first two categories of effects are likely to double-count
travel benefitsto some extent and each other to agreat extent.
Thethird category ismore likely to be measuring unique and
additive benefits.

This chapter addresses each of these points under four
headings:

* Changesin land development. Thisisthe longest sec-
tion of the chapter. It focuses on the fundamental issues:
if transportation affects land use, through what mecha-
nisms does it work, how would such effects be mea-
sured in concept, and what data sources and techniques
are available for that measurement?

+ Changesin property value. If transportation improve-
ments change land use, theory and practice suggest that
such changes be measured as changes in property: the
value of the travel-time saving should get capitalized in
land value, which theoretically reflects the future stream
of travel benefits provided by theimprovement. This sec-
tion is also, however, logically part of economic devel-
opment impacts, which iswhere this guidebook presents
it. Thus, this section simply pointsto Chapter 7.

« Changes in the cost of development. When transit
influences land development, the result is construction
or redevelopment on one or more parcels of land. This

* Cambridge Systematics. 1998. TCRP Report 35: The Economic Analysis of Transit
Investments: A Guidebook for Practitioners.

section describes how the costs of land development
around transit can differ, distinguishing between capital
and operating, and public and private costs. Measuring
and comparing these indirect costs requires care, and
this section provides general guidance regarding how to
conduct a case-by-case assessment and where relevant
cost data may be found.

» Agglomerative economies. As with property values,
this discussion logically could be included in this chap-
ter or the next one. This section simply points to Chap-
ter 7 on economic development issues for a discussion
of agglomerative economies.

Key point: Transportation improvements can
increase the accessibility of properties when it
becomesrelatively |essexpensive in terms of money
or timetotravel tothem. Thesereductionsintravel
cost become capitalized into (increased) property
values. While increased property values are sim-
ply another measure of accessibility (they are not
additional benefits), additional benefits can arise
when the clustering of business activity creates
scale economies or if infrastructure cost savings
result from compact development (an indirect ben-
efit of transportation).

CHANGES IN LAND DEVELOPMENT

Framework

Consider the construction of a new transit station. Loca-
tionsin the vicinity of the station are made more accessible,
and some shift in travel patterns occurs. As travelers make
more trips to this location, development pressures intensify,
leading to increased land values as competition for sites
increases (provided land use policies allow for changes in
land use and density). The new development that occurs, in
turn, causes additional shiftsin travel patterns.

The magnitude of changesin land use depend upon anum-
ber of factors, including how much accessibility isimproved,
the relative attractiveness of the specific parcels near the sta-
tion, and thereal estate market in the station area. Theregional
real estate market will mediate the changesfurther. In arobust
fast-growing economy, demand for new housing and com-
mercial activities will be high. Under these conditions, the
effects of accessibility changeswill be stronger than they are
in aweak market.

The likelihood of development near atransportation invest-
ment isinfluenced by both the public and private sectors. Pub-
lic policy, including zoning and development incentives, may
attract or deter development. The size, price and characteris-
tics of specific sites also influence devel opment potential.

For transit in particular (rather than for transportation in
general), case studies have shown several factorstoinfluence



the type, intensity, and timing of development near stations.?
Some of these fall within the realm of public policy, such as
the quality of the transit service and the variety and quality
of the policies and tools available to influence devel opment.
Othersclearly are exogenous, such asregional growth. Others
may be affected by citizens' purposeful activity, but may be
fixed in the short run (see Figure 6-1). These include the pres-
ence or absence of aregiona land use vision and a transit-
supportive political culture.

Understanding the relationships between transportation
and land use also requires an understanding of the context
in which transportation investment decisions are made. It is
difficult to measure, predict, and coordinate transportation
and land use because of differences in the parties making
decisions, the types of organizationsinvolved, and the time
that it takes for effects to be seen. The public sector is a
major provider of transportation infrastructure, but most
land use decisions are made by the private sector. Land poli-
ciesarelargely aresponsibility of local governments, while
federal, state, and local governments determine transporta-
tion policies. Travel responses to land use and transporta-
tion system changes are seen much more quickly than land
uSe responses.

To estimate or quantify the land use impacts of a trans-
portation investment, one must understand who is making
decisions affecting land use and what factors influence their
decisions. These“actors’ include households, businessfirms,
developers, and government agencies.

Households seek housing that satisfiestheir needsand pref-
erences and fitswithin their budgets. Accessibility isonly one
of many factors that households consider in making these
choices. Sincethe mgjority of tripsare madefor non-work rea-
sons, households consider access to stores, services, friends,
and other destinations besides work when choosing housing.
Many househol ds are more concerned about affordability than
with accessto jobs, provided they are not too distant from the
current jobs or primary destinations of household members.

2 For more information on the nature and influence of these factors, see Parsons
Brinckerhoff Quade & Douglas, TCRP Report 16: Transit and Urban Form, Vol. 1,
Part 1, and Vol. 2, Part 2.
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For households who have a large set of affordable choices,
other factors such as school quality, neighborhood amenities,
and the type of people living in the community can aso play
adecisiverolein their final choices.

Firms seek locations where they can make a profit. Differ-
ent types of firms place different emphases on access to work-
ers, customers, suppliers, and others. Like households, firms
must consider multiple factors, including accessibility and
affordability in making location decisions. Thefinal site selec-
tion may hinge on factors such as differences in local tax
rates, the cost and availability of services, and the prestige of
the location.

Developers balance the needs and preferences of potential
customers with the costs of developing in different locations
when deciding where and what to build. They consider both
the factors that influence household and location choices,
such as preferred locations and site characteristics, and the
costs and land supply limitations, if any, due to governmen-
tal policies.

Government policies influence the supply of land avail-
able for development and affect the cost of development.
The supply of land available for different types of develop-
ment is constrained by zoning, environmental regulations,
and the provision of water, sewer, and other infrastructure.
The cost of development can be lowered with economic
development incentives. The cost of development can
increase with multiple and ambiguous requirements for
obtaining permits, infrastructure standards, or parking or
design standards.

These playersinteract in amarket where the price for land
acts to sort the type and location of development. House-
holds, businesses, and developers are willing to pay for land
up to the amount they anticipate they will receive in future
benefits. Some stand to benefit from certain locations more
than othersand will outbid all othersfor these desirable sites.

Key point: Accessibility alone does not determine
changes in land use development, particularly for
transit. The timing and intensity of development
are also influenced by rates of regional growth,
local support for transit, local and regional growth

Transit
. . . Station Areas Region &
Regional R Strongt; d s Tranftn't ngTh-Quillty Regional With Local Long Term
Vision especte upportive ransi Growth Development Policies & Focus
Institutions Culture Services .
Potential Tools
Land Use

Source: Parsons Brinckerhoff, Transit and Urban Form, Vol. 1, Part 1, 1996.

Figure6-1. Mediating influences on the transit-urban form relationship.
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management policiesand tools, household and busi-
ness preferences, and land availability and zoning
near station areas.

Data and Analysis

For analysts seeking to conduct land use impact assess-
ments, the steps are

1
2.
3.

o u

Understand existing conditions and trends,

Establish policy assumptions,

Measure the transportation outcomes with and without
the projects or service changes,

Estimate the total study area population and employ-
ment growth with and without project or service,
Inventory the land with development potential, and
Estimate how the project will change the location and
type of development within the study area from what
would occur anyway.

MPOs and DOTscan useavariety of toolsfor land usefore-
casts and land use impact assessment, depending upon their
size, the questions they have been asked to answer, and their
interestsin advancing the practice. There are eight basic types
of analytical proceduresor toolscurrently availableand in use.

Comprehensiveplansand other land useregulations.
It is important to understand that land use regulations
influence where and what type of development can
occur. However, much current analytic practice relies
too heavily on public policy as the primary shaper of
urban form. For political reasons, many regions produce
“plancasts’ that assume that development will occur
where land use policies and regulations direct that
growth. When using comprehensive plans in impact
assessment, it is important to evaluate redistically the
effectiveness of thesetoolsat shaping growth and to con-
sider how the land market might produce different out-
comes from those described in policy.
Qualitative methods that tap expert knowledge.
MPOsand DOTsuseavariety of qualitative methodsto
understand the complexity of urban development. These
tools can be used asthe primary method of analysisor in
conjunction with other tools. Panels of experts, Delphi
methods, interviews, surveys, and case studies are qual -
itative techniques that rely on the knowledge and skills
of one or more experts to determine where growth is
likely to occur. These methods can combine understand-
ing of thetheory of urban development, empirical knowl-
edge of transportation-and use interactions, and under-
standing of local situations.

Qualitative methods are not substitutes for data col-
lection. They should be based on asound understanding
of existing conditions and trends, but this information

3 Parsons Brinckerhoff Quade & Douglas, Inc. Land Use Impacts of Transportation:
A Guidebook. NCHRP Project 8-32(3). 1998.

is analyzed by experts without statistical techniques or
guantitative model sto estimate what the futurewill hold.
The results of qualitative approaches depend upon the
breadth and depth of knowledge of the expertsinvolved
in the process.

Allocation rules for assigning population and jobsto
zones. Allocation rules use simple trend extrapolations
(e.g., fast-growing areaswill continueto grow rapidly) or
simple measures of accessibility and other attractiveness
factors to allocate expected growth to different zones.
They are easy to use and do not require extensive data.
They work best in typical situations and for widespread
activitieslikeretailing and residential development. They
must be supplemented with other methods, such as qual-
itative analysis, to decide how to handle issues such as
the location of large employers, changes in household
and business|ocation preferences, and other factorsthat
might cause future devel opment to differ from past pat-
terns. All assumptions must be explicit.

Decision rules. Many land use forecasting or impact
assessments require some simple decision rules that
quantify certain relationships between transportation
and land use. These rules are based on empirical evi-
dence from the region or from other locations with sim-
ilar projects. Decision rules are often needed because the
process of urban development istoo complex to analyze
in its full detail. They are typically used in conjunction
with other processes such as Gl Sanalysis of developable
land. Especially when using decision rules from another
location, the context in which they were devel oped must
be carefully compared with the study area to determine
whether there are any critical differencesin these places
that might invalidate the use of therule.

Statistical methods. Multiple linear regression and
discrete choice models are two statistical methods for
evaluating therelative roles of multiple factorsin shap-
ing land use patterns. Because they consider the effects
of multiple variables, they can represent more of the
complexity of urban systemsthan simple allocation or
decision rules, provided the appropriate variables are
included in the analysis. These methods require consid-
erabletechnical skillsand large data setsto provide accu-
rate results. Like other methods that rely on recent local
data, they assume that past trends will continue into the
future. These models provide information about what
happens “on average.”

Geographic infor mation systems. Increasingly MPOs
and DOTs are using GIS to manage, analyze, and map
geographic relationships. GIS can be used in conjunc-
tion with any of the other toolsto help understand trends
and development opportunities and to sort out the com-
plex behavior and interactionsin theland market. While
the cost and difficulties of using GIS have been declin-
ing as new PC-based systems have been devel oped, con-
Siderable staff timeisstill required to set up and maintain
the databases for an effective GIS.



+ Regional economic models. Regional economic models
simulate an ared’ s economy and are useful for estimat-
ing regiona population and employment growth totals
that are needed as input to other forecasting processes.
Such models can also be used in inter-metropolitan
impact assessments to assign growth to individual coun-
ties for large geographic scale projects. Some models
predict only job growth; others include both job and
population growth. A number of models are commer-
cialy available, and others have been devel oped for par-
ticular regions by MPOs, DOTSs, and other state agen-
cies. It isimportant to understand the assumptions of the
regiona economic model when interpreting the output.
Formal land use models. The principal formal model
systems in use or available today include DRAM/
EMPAL, MEPLAN, TRANUS, METROSIM, HLFM
1+, LUTRIM, URBANSIM, and CUF. Whilethisclass
of analytic techniques is suited to large-scale analyses
for which few other tools exist, users of formal land use
models are concerned about how difficult they are to
use; their high costsin time, data, and consulting needs;
the accuracy of the results; the lack of integration with
transportation models; and insufficient documentation.
DRAM/EMPAL and HLFM |1+ are based on Lowry
gravity models that assume that accessibility is the key
concept in location choice. They do not adequately rep-
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resent other factorsthat influence the location choices of
households and firms.

Some of the models, such as CUF, TRANUS,
MEPLAN, and URBANSIM, have been designed for ease
of policy analysis. The experience with these modeis is,
however, limited, with the first full-scale applications of
these modelsin the United States currently underway.

Table 6-1 shows how these tools can be applied in assess-
ments of land use impacts.

Table 6-2 summarizes the state of knowledge about the
impacts of transportation investments and policy onland use.
It necessarily oversimplifies things, since all transportation
initiativesthat change accessibility, to whatever degree, have
an effect on the location, intensity of uses, land prices, and
possibly the mix of uses over the long term.

Table 6-2 shows the relative elasticity or magnitude of
land use impacts from various types of highway and transit
investments and poalicies. In other words, it provides arela
tive measure of the degree to which land use impacts will
occur. When an action is labeled as having “high” land use
elagticity, this means that the changes are significant in rela
tion to other types of investments or policies, not that the
changes are necessarily large in the absolute sense. In addi-
tion, these elasticities are generalized to illustrate the “aver-
age” impacts of the “average” transportation investment of

TABLE 6-1 Summary of analytical toolsand their relationship to the behavioral framework
Analytical Relationship To The Behavioral
Tool Framework Use In Impact Assessment
Qualitative Metans :’:]fgatr;]er.ing and;?:lyzingt!nfct)}'mation on local Understand existing conditions.
actors, their choices, . .
methods ! 1ces, an thelr motivations Establish policy assumptions.
Way to estimate future location choices based on i i
understanding of development processes in the region, ~ EStimate total population and employment growth.
Inventory of developable land.
Assign households and jobs to zones.
Allocation When based on local data, they reveal typical Assign households and jobs to zones.
rules outcomes of the land market for widespread activities
like residential development and retailing.
Decision When based on local data or empirical evidence from Inventory of developable land.
imil ions, th | relationships that ) .
rules zm&g;‘z}éj |Oc;ntf]e gg;::ﬁ(erf ationships that are Assign households and jobs to zones.
Statistical :By estimart]ing the Lelati\lle effeﬁts of mufltir;])le fafctors on Understand existing conditions.
ocation choices, they clarify the role of these factors in ) :
models location dec}sion—maiing. ify : Estimate total population and employment growth.
Assign households and jobs to zones.
Geographic Anal;lfze andtmgptsthe Lelationr?hipf beftweden Ialmd . Understand existing conditions.
; supply, constraints and opportunities for development,
gfz;;nn?tlon and choices of households and firms. Inventory of developable land.
Y Assign households and jobs to zones.
Regional Simulate the economy to estimate county or regional Estimate total popu