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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 innovations into
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 originally identified in TRB Special
Report 213—Research for Public Transit: New Directions,
published in 1987 and based on a study sponsored by the Urban Mass
Transportation Administration—now the Federal Transit Admin-
istration (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, a memorandum
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acting through the Transportation Research Board (TRB); and 
the Transit Development Corporation, Inc. (TDC), a nonprofit
educational and research organization established by APTA.
TDC is responsible for forming the independent governing board,
designated as the TCRP Oversight and Project Selection (TOPS)
Committee.

Research problem statements for 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 operational problems. The TCRP
results support and complement other ongoing transit research and
training programs.
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FOREWORD
By Staff

Transportation Research
Board

This report provides a valuable resource for people who have the 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 a guidebook 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 students in related fields.

The guidebook was developed largely to support transit planners in 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 tools for practitioners.  The guidebook is divided into five sections.  Sec-
tion I explains how to use the guidebook and provides an overview of benefit-cost eval-
uation concepts and their application to transit projects.  Section II addresses the basic
benefits and costs of transit projects, including impacts on travel, secondary impacts on
the environment and safety, and the direct costs and revenues of transit projects.   Sec-
tion III discusses other benefits and costs of transit projects, including impacts on land
use and land development, 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 is included 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 resources for 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 slideshows that
can be easily 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.



• A resource library.  The CD-ROM contains resources to support practitioners
as they evaluate the costs and benefits of transit projects.  These include a glos-
sary of terms to clarify topics in the guidebook, a list 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 investments in transit. The theoretical framework
for such evaluation is well developed in the professional literature, but moving from
theory to measurement is time-consuming and difficult. Ideas that make sense in the
abstract and in general become problematic when one tries to apply them to specific
situations and in detail. The realities 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 a regional or local transit agency to actually do the measurement and make the cal-
culations for a real project.

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

• Analytical tools (downloadable Microsoft Excel spreadsheets) to help analysts orga-
nize and calculate data to complete a benefit-cost analysis. These worksheets emulate the
methods illustrated in the guidebook and can be easily customized for a wide range of appli-
cations. Each worksheet includes references to sections of the guidebook where more infor-
mation can be found.

• Presentation templates (downloadable, easily customized Microsoft PowerPoint
slideshows) to help transit agencies effectively communicate their findings and conclusions
to a wide range of audiences (e.g., elected officials, the media, and the general public). The
slideshows 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 miles traveled by X”).

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

— A glossary of terms to 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,
organization, 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 projects in particular. An
elementary understanding of the ideas in Chapter 2 is essen-
tial to understand the measurements and analytical tech-
niques described in Sections II and III.
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CHAPTER 1

INTRODUCTION

SUMMARY

This report synthesizes theory and empirical work to provide
practical methods for estimating the benefits and costs of many
typical transit improvements. It is written primarily for transit
planners in 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 the right 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 issues related to the
benefits and costs of transportation.

Only a small part of the work done by academics, consul-
tants, and agencies in enumerating, classifying, and measuring
the benefits and costs of transit has made its way into planning
practice. Planners in transit agencies could benefit from under-
standable synthesis of practical methods they can use to esti-
mate the benefits and costs of transit.

Prior to this guidebook, TCRP completed one project that
provided a list of definitions and relationships among transit’s
positive and negative effects and a second that presented a
broad array of predictive and evaluative methods that focus on
the economic impacts of public transportation investments.1

This guidebook builds on this earlier work but tries to pack-
age it in a way that will make it more accessible to local trans-
portation planners. It attempts to provide practical guidance
and techniques for quantifying the effects of existing transit
services and proposed improvements. It attempts to help tran-
sit system planners and managers respond to questions from

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
the true social cost of transportation investments and a desire
for assurance that data and analysis support the proposed
level of public investment.

This guidebook adopts the framework of benefit-cost analy-
sis for thinking about transit’s effects. The professional 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 decisions are at least modestly tractable to tech-
nical analysis, then better analysis (i.e., better theory,
data, and methods) should lead to better decisions.

• Technical analysis of alternatives is always about their
relative advantages and disadvantages—about their ben-
efits and costs. It should be possible to agree, at least, on
the categories of benefits and costs that transit has and
how they might be measured and evaluated.

• The theory 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
impacts are difficult to quantify, much less denominate in 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 analysis is not their exclusive
domain. Many types of impacts are better analyzed and mea-
sured by engineers, social 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

1 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).



that is neutral on the issue of the net benefits of any particu-
lar transit project. We try to provide a logical and compre-
hensive list of potential benefits and costs and 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 evaluation of transportation and transit improve-
ments and programs in 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 all three audiences, the fundamental reason to read
the report is similar: it provides a solid framework for eval-
uating transportation options and some estimates of many of
the benefits and costs of investments in transit. How to read
the report, however, is different for the different audiences.
Figure 1-1 illustrates the recommendation for the primary
audience.

I-4

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 one is will-
ing and able to carry that evaluation. Figure 1-1 illustrates the
obvious point that the more sophisticated methods build on
the simple ones and on the theory of transportation econom-
ics that 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 developing 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 allow a transit
agency of any size to make rough estimates of the benefits and
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 on local 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 travelers and non-
travelers, and so on. Each of those variables can be viewed
as a dimension 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.

Figure 1-1. How to read this report.



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

Some technical experts who 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 data and methods. We tried to find a middle 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 have tried to make it 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 as they wade
through the details.

Table 1-1 provides a list 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 1-1 is optimal. 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 appropriate level of analy-
sis depends more on the size of the investment decision than
on the type of investment.

The rest of this report is organized as follows:

Section I: Overview

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

Section II: 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 evaluation: benefits
to travelers, spillover environmental costs to society, and costs
(for construction and operation) to taxpayers. We refer to it as
the basic analysis because it focuses on benefits and costs that
(1) are directly related to changes in 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 analysis is right for your agency?



efficiency and takes a national and aggregated social per-
spective, rather than a local and disaggregated individual or
group perspective. It is an incomplete analysis, but provides
a solid foundation upon which other measures of benefits and
costs can be added later (Section III).

Section III: Transit’s Impacts—Other Benefits
and Costs

This section goes beyond the basic analysis of Section II 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 II. This section looks at
impacts on land use, economic development, and other factors.
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Section IV: Synthesis

This section draws together the results of Chapters 3 through
8 to come to 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 a local
decisionmaking process.

Section V: Appendices

The report is written to provide an overview of key issues
and simple evaluation techniques. Several appendices add
technical details.
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CHAPTER 2

OVERVIEW OF BENEFIT-COST CONCEPTS AND THEIR APPLICATION 
TO TRANSIT

SUMMARY

There is general agreement among policymakers and ana-
lysts that, in theory, good policy evaluation requires the iden-
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 how well those benefits and costs can be identified, mea-
sured, and summed in practice. This chapter discusses the key
principles for measuring benefits and costs, the inherent and
remediable limitations of benefit-cost analysis, and implica-
tions for how this guidebook categorizes and attempts to
measure 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-
fits and 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 understandable exam-
ples to help local transportation planners and decisionmakers
evaluate 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 change in policy).

At the heart of benefit-cost analysis (and of all rigorous pol-
icy evaluation) is the hope, if not the presumption, that most of
the significant efficiency and equity impacts of alternative
policies can be identified, described (and, in many cases, quan-
tified), and compared in order to make rational choices among
alternative policies.

In theory, benefit-cost analysis is inclusive: its objective is
to quantify (and value in dollars, if possible) all significant
benefits and costs that stem from a particular action. In prac-
tice, benefit-cost analysis is partial. Its critics argue that the
practitioners of benefit-cost analysis spend all their time quan-
tifying impacts that are amenable to valuation in dollars, and
no time on other types of impacts that are no less real 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.

In summary, there is generally (1) agreement among policy-
makers and analysts that, in theory, good policy evaluation
requires the identification 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 shows the goal of benefit-cost analysis: to be able
to describe all 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-
times refers to this goal as full-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, a benefit of travel time savings is the same
as the removal of a travel time cost. Thus, in practice, a full-
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



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 subgroups rather than society as a whole
addresses questions about the distribution of impacts and
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 alternative policies. This procedure is
so common in policy evaluation1 that its importance (and the
possibilities for error) is often overlooked. For planning proj-
ects,2 analysts are asked to describe at least two future worlds,
both hypothetical: one of which results from a continuation

I-8

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.,
policies/investments).

The notion of differences in impacts is important; many
project evaluations are ambiguous about key assumptions in
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
as if they were benefits, add multiplier effects, and estimate
the number of construction jobs to make the case for big eco-
nomic impacts.3 But, to a close approximation, $100 million
spent on the construction of auto lanes has the same effect on
these economic variables: the difference is zero. If $100 mil-
lion of local money is going to be spent on transportation
construction projects no matter what, then the job, income, and
multiplier effects, whether for transit or highways,4 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 a small subset of impacts is considered
and the distribution of those impacts may be ignored; and so
on. Those problems have led many policymakers and analysts
to support a pragmatic approach to policy: “it will always be
political and facts are only marginally important, so let’s not
waste time by having technicians building, burnishing, and
worshipping models of suspicious character and dubious
worth.” A more extreme extension of this argument is that not
only does the complexity of transit investment decisions make
them intractable to a disaggregated analysis of benefits 
and costs, but the outcomes of a political decisionmaking
process are inherently more likely to be optimal because all the
immeasurable impacts get evaluated implicitly in the process
of reaching agreement on public policy.

Maybe. But this report is based on the assumptions (and the
hope) that logic 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 a logical framework for beginning an evalua-
tion of transit’s benefits and costs.

A BASIC BENEFIT-COST FRAMEWORK

This report is not meant as a primer on benefit-cost analy-
sis, full-cost evaluation, or least-cost planning. Several recent

1 It is used, for example, in Environmental Impact Statements (the “No Action” alter-
native compared with the “Build” alternatives).

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.

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.

4 We ignore, in this example, the possibility that the multiplier effects of highway and
transit projects may be different.

Figure 2-1. A full-cost framework for evaluating the
impacts of public policies and investments.



reports are available that go into these topics in more detail,
both in general and in particular, for transportation.5

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 analysis as context. If you
already have that understanding, skip ahead to the final sec-
tion of this chapter, 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 COSTS6

General Steps of Benefit-Cost Analysis

The general steps for evaluating the full benefits and costs
of transit follow the logic of all policy analysis and are roughly
as follows:

1. Identify policy/investment options.
2. Describe the scope of the analysis. In particular, 

(a) what types of impacts are likely 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 a way that avoids dou-
ble counting. For example, the travel-time benefits of
transit improvements are amendable to quantification
(How much time does the average transit user and auto
user save as a result of the improvement?) and mone-
tization (What is the value of that time savings?). Other
impacts (e.g., effects on 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., changes in property values may 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 impacts into dollars (“monetize” the ben-
efits and costs).
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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 costs to estimate a net
benefit for each alternative.

7. Measure or discuss non-monetizable impacts.
8. Conduct sensitivity analysis to show how changes in

key assumptions affect the outcomes of the analysis.
9. Combine the analysis of all 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 a transit-action
alternative compared with a do-nothing alternative).

10. If the information in Step 9 does not suggest an obvi-
ous preference, develop a formal or informal method
for scoring and weighting different criteria to facilitate
the selection of a preferred 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 II and III of this guidebook (Chapters 3 through 8)
address Steps 4, 5, 6, and 7. Section IV (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
problems that any full-cost evaluation must address. The rest
of this section provides some background and advice on issues
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 is typical to begin a description of benefits and
costs with the ones related to direct costs of the investment
and to the changes in travel performance one buys by paying
those costs.

The direct costs of 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 institutions). Typical 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
projects use. New rail transit lines require labor (for planning,

5 See the bibliography for more detail. The literature on benefit-cost analysis as
applied to transportation goes back a long way. It was summarized best in the 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.

6 Much of this section is drawn from previous work of ECONorthwest.



design, and construction), concrete, steel, machinery, and
so on. Most economists believe that the markets for these
resources operate relatively well,7 and that the prices paid
for these resources are a relatively good approximation of
what society gives up by committing these resources to one
use instead 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 people and
property near highways where automobiles generate that pol-
lution. Economists call such costs spillovers or externalities
and argue that society should consider them in its evaluation
of a project because they result in real gains or losses.

An example makes the point clear. Suppose a city is eval-
uating two options for adding travel capacity across a river:
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 time improve-
ments are only 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 analysis 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 a resource itself. Steel, concrete,
labor, driver time, and gasoline are real resources that
are expended in the process of trip-making. Concrete
laid in a freeway is concrete not available for a sidewalk,
and vice versa. Economists express this point by refer-
ring to opportunity cost: the value of a resource in 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
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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 the true 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
triple it (the multiplier effect), and then count it as a ben-
efit yet again under the heading of jobs. A related point
is that what are often listed and added as either benefits
and costs are actually transfers. Taxes and grants are
usually 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.

• Benefits are negative costs; costs are negative 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 is to
discuss these reductions as user benefits (i.e., they are
desirable impacts). The convention derives from the rea-
sonable assumption that for any transportation improve-
ment to merit consideration, it should reduce these costs;
the reductions in costs are benefits for the users.

• Benefits and costs should be defined, to the extent pos-
sible, in a way that is both comprehensive and mutu-
ally exclusive. Accounting for all benefits and costs
requires identifying a comprehensive list of all (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 example, transportation evaluation typically counts
reductions in travel time as a benefit. But some evalua-
tions go on to count as benefits the increases in property
values and tax revenues that might be primarily the
effects of such reductions in travel 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 (as theory suggests they are, to a large
extent), double-counting occurs.

7 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 analysis is exter-
nal costs (and perhaps benefits) that are not reflected in market prices. Most economists
assume that these external costs are either (1) small relative to market prices, or (2) too
far removed from the analysis of a transit investment to be amenable to analysis or use-
ful for decisionmaking. Other analysts believe that these external costs are at the heart
of critique of benefit-cost analysis. This guidebook deals with 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).



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
reasons for the increase 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 obvious is 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” alternative. To choose
among alternative actions, it is sufficient to know how their
effects differ. In all cases, the concern should be with rea-
sonable 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 same logic 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 alternative 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
transit in place would 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 a base 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 costs or 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 the two 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 a transit build
alternative with a highway build alternative, he/she will have
to consult other sources (many are identified 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-
sis incorporates this preference for present consumption.

Given the choice of $100 today or a note redeemable for
$100 one year from now, most people would choose the $100
today. But if that note were worth $1,000 in one year, most
people would 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 a year 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
whole is indifferent to receiving a dollar’s worth of benefits in
the future or some lesser amount today. This lesser, 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



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 funds from private
investment, so the real rate of return (opportunity cost of cap-
ital) in the private sector is a better measure of the time value
of money.

Three points make the choice of a discount rate a little less
intimidating. First, for federal projects the discount rate may
be set by the federal government.8 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) data limitations (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 distribution is fair
or equitable.
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Several 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-
tions are often overlooked. If a transportation 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 potentially (and
probably) different for different groups. Yet 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 has identified as special classes: for example,
low-income, minority, or physically disabled.9 Distri-
bution also has a spatial 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
question can be organized by type of traveler: transit
versus auto; non-auto versus auto; commuter versus off-
peak traveler; local traveler versus through traveler.

The ideal data base for a complete distributional analy-
sis would be one that would have a record for each per-
son in the determined area of impact and that would list
in fields all significant impacts on that person (e.g.,
travel, environmental, and economic), and all 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, the impacts of a project on low-income
transit riders in 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
benefits or real economic costs. This point reiterates the
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 a bus lane 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 eligible for 20 percent federal funding.
The projects are no different: they still require the same
amount of labor and materials that they did before, and a

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. If 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.

9 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 (payments not
directly from transit users) to transit. For example, tran-
sit on high-density corridors may be able to 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
disabilities, the overall ratio of farebox revenue to cost is
low. Is that a problem with transit, or is that a cost that
society has decided is worth bearing and, therefore, attrib-
utable to general fund expenditures on social programs?

• Simple analyses of distributional impacts can easily
be wrong. Consider this example. Transit improvements
are made that increase mobility in a low-income, rental-
housing area. So low-income families receive all 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 price increases may be insignificant: 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 prices rise
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 impacts is as a subset of the type of direct
impact under investigation, but (2) that format potentially
means not only a lot of extra analysis, but also a report orga-
nization that may not be suitable for the type of high-level
evaluation that policymakers are willing to do. The organi-
zation of this report 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
analysis together 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 political 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 multiple criteria for evaluation, they always lead
to a situation where decisionmakers are asked to look at mul-
tiple performance measures for several alternatives and some-
how come to a conclusion about the preferred alternative. In
the worst case, the relative importance of the different impacts
measured is ignored entirely. More often, the measures are
weighted implicitly or explicitly as being equal (e.g., “This
alternative performed best on more criteria than any other, so
it wins.”). Sometimes, formal scoring or weighting occurs,
but such methods are inherently flawed and, in addition, often
poorly implemented.

Most of this report 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 as their 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 analysis as it applies to tran-
sit is provided by Lewis and Williams (1999). The critique is
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 elects them,
and (2) many benefit-cost analyses find many transit invest-
ments to have costs in excess of benefits, while at the same
time the public sector continues to allocate funds to 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 as irrelevant. On the contrary, the
bulk of the book contains attempts to categorize and mea-
sure transit’s benefits and costs.10 Thus, the critique is more
that benefit-cost analysis, as it has been applied to transit, has

10 Lewis and Williams make measurements of transit benefits in 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 a local level, how to
evaluate marginal additions to local transit systems.



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 be useful 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.11

A different, but related, critique of benefit-cost analysis is
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 always possible and often justified, and final results
may vary (perhaps substantially) when different assumptions
are made.12

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 projects in particular. This section shows
several.

Before making that list of impacts, we note a critical issue
in the application of benefit-cost analysis to transportation.
Remember that the ultimate objective of benefit-cost analy-
sis is to get to a measure of net impacts for decisionmaking.
One way to do that—typical and logical—is to list all the sep-
arate types of impacts that a transportation project might have
and then measure and add those impacts (positive and nega-
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tive) to arrive at a measure 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 is that the assumption fails to account for
the interaction among effects.

An example illustrates the problem. Consider the hypo-
thetical benefits to the users of some new transit service: abil-
ity to make new trips to 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: changes in fares, travel times, automobile oper-
ating costs, and so on. In fact, 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 make their 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 a long 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 a trip (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 benefits to users. In practice, it is impossible
to look 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).

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

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 is not, 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 later in this guidebook).

11 A more extreme form of the critique of benefit-cost analysis is that the benefits and
costs of transit are so many and interconnected that any attempt to disaggregate them
and measure them separately will always fail to give even an approximation of the real
net values to society. In that case, all 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 majority 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 a major-
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 a way 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.

12 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.



That said, the rest of this section takes a disaggregated
approach to transit benefits and costs and tries to identify
all the individual 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 as it 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 a tran-
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 a larger 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 as reduced welfare or as increased taxes to government
to ameliorate the indirect 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 left corner only
direct, local, public costs of transit are left. No one would
argue that this is a measure of the full costs of transit, and it

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



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, change in 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 this attribute 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 results in 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 reductions in 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 one line for
“Mobility,” 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.13 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.14 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 one that starts with the intention 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 also recognizes that
the impacts of improved transit service can be to allow new
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trips (categorized under Mobility effects) and to decrease
travel time for 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,
reduce travel 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
table is a unique 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 the transit improve-
ment (e.g., whether the improvement causes new trips, or dis-
places trips from transit, auto, or other modes). Second, it
does not deal explicitly with the distribution of impacts.

The current state of the practice tends to focus on 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 a lesser 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 a national scale.

Although called a benefits tree by its authors, Table 2-3 also
helps clarify costs, which can frequently be treated as nega-
tive benefits (i.e., as disbenefits). For example, time spent
traveling is a cost of travel, so travel-time savings from a tran-
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
problems for evaluation. Many studies of alternatives end up
with a lot of double counting. Consider Tables 2-2 and 2-3,
which attempt to provide a comprehensive list 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-
mobile trips. In concept, both benefit-cost analysis and 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 a result of that initial change.

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

13 This is 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.



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

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



travelers may switch from auto to bus and avoid auto costs.
But many of the costs avoided are internalized by the indi-
vidual travelers and are what motivates them to 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 ways that impacts
can be organized. By providing the detail they do, they also
make it easier to see what might be double-counted or left
out. The next section describes how we incorporate these ideas
into an organization of impacts that we believe is economi-
cally correct and logically consistent, and, hence, useful for
explaining and performing transit evaluation.
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IMPLICATIONS FOR THIS REPORT

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

• The idea that 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 the fact 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

TABLE 2-3 More detailed hierarchy of the benefits of transit (per Beimborn et al.)



travelers: it is measured as the sum of the change in 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
improvements is by measuring consumer surplus,15 and
that adding separate measures of transit benefits almost
certainly over-counts benefits.

• The challenge for this guidebook is to provide an analyt-
ical 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 transit impacts. 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 make this report 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 reports it references
for more detail. Table 2-3 shows how complicated the
identification of impacts can be. In doing so, it does not
translate easily into chapter headings and subheadings.

These considerations lead to the following organization for
our report. Impacts are first 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
impacts are divided into those that affect transit users directly
and those that affect users of other modes. The organization
is as follows.

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

This section addresses impacts about which there is a
general consensus that they are (1) directly attributable to 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: improvements in 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 less impor-
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tance, but rather impacts that derive from the primary
impact of building, operating, and maintaining more tran-
sit facilities and service. The main categories of sec-
ondary impacts are Environmental, Land Use, Economic
Development (including impacts on jobs, income, and
profits), and Other. This chapter focuses on the envi-
ronmental impacts because they 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’s Direct Costs and Revenues. This
chapter focuses on money transactions, the most obvious
of which for transit and transportation are the 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 measure in dol-
lars; (2) a discussion of costs facilitates a discussion of
several 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 really the initiating impacts, in the sense that those
expenditures create the transit projects from which other
impacts flow.

Section III: Transit’s Impacts—Other 
Benefits and Costs

This section deals 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’s Impacts on Land Use and 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
development 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 different15 Chapter 4 and an appendix discuss these points in more detail.



groups are affected by transit investments—who gains
and who pays?

Section V: Appendices

The report is written to provide an overview of key issues
and simple evaluation techniques. Several appendices add
technical details:
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• Appendix A, Bibliography
• Appendix B, Integrated Models for Conducting Compre-

hensive Benefit-Cost Analysis
• Appendix C, Sample Calculations
• Appendix D, Converting Monetary Costs and Benefits

to a Common Base Year (Constant Dollars)



SECTION II:

TRANSIT’S IMPACTS—THE BASIC BENEFITS AND COSTS

This section focuses on the benefits and costs that have tra-
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
consequences of a transportation improvement, (2) generally
mutually exclusive—in other words, they do not overlap sub-
stantially in the impacts they measure, and (3) measurable
and, in most cases, monetizable. This section addresses these
benefits and costs in three parts:

• Those associated directly with activity of travel itself
and its effect on users. This section introduces the notion
of consumer surplus and presents the basic 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 a transit improvement, but they are among
the most significant ones and a good place to start an evalu-
ation. Thus, the chapters in this section focus on impacts that
are quantifiable using accepted benefit-cost analysis tech-
niques. Section III then discusses other impacts that Section
II does not cover.
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CHAPTER 3

TRANSIT’S TRAVEL IMPACTS

SUMMARY

Transit’s impact on travel behavior (for all modes) is the
primary source of societal benefits from transit. 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 modes in
the aggregate), it cannot affect user travel behavior. This
chapter describes the different components of perceived user
costs (other chapters discuss real costs that 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 service is integrated
(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 analysis is rec-
ommended for detailed studies.

The other major category of perceived transit cost costs is
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.

It is likely that transit users already incorporate perceived
accident and crime costs into their subjective values of travel
time, and thus they can be ignored. 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

users is travel time, although different components must be
calculated (in-vehicle time, walking time, and parking search
time). These calculations 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 models or generalized volume-delay
relationships.

Auto and truck operating costs related to fuel consump-
tion, parts replacement, insurance, and other categories are
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 estimate their own local cost data as this data changes fre-
quently. 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 trucks is likely to be incorporated into value of time esti-
mates, which should be augmented with insurance costs.
These numbers 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) the amount of travel after the improvement; 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 alternative).

OVERVIEW

Transit improvements alter the characteristics of a region’s
transportation network. In response, travelers may change
their choices of the time, mode, path, and frequency of travel.



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 a transit 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.

Benefits to travelers from 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, emphasize measurement of the will-
ingness to pay. Measurements of willingness to pay for trans-
portation services allow transportation analysts to convert
changes in travel activity to changes in economic benefits to
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 takes to 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.1

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 shows the
basic relationship. The demand curve in 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 (Vo) are willing to incur costs of Uo,
but additional users would be willing to use transit if the costs
are reduced to Ui. The notion of consumer surplus recognizes
that, at virtually any point on the demand curve (such as that
level of demand associated with cost Uo), most of the people
who are using transit services would be willing to pay more
than they are actually 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
marginal benefit curve. For any given volume of trips, it indi-
cates the benefit that is derived from the last trip at that vol-
ume. The reason that the trip cost Uo is associated with no
more trips than Vo is that the marginal benefit of an additional
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trip would be less than the user’s cost to make that trip. The
area under the demand curve at a given level of trip making,
therefore, represents the aggregate of the gross benefits that
travelers enjoy from trip making. Calculations of changes in
this area (changes in consumer surplus) can be used to mea-
sure the user benefits of a transit improvement.

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

Suppose, for instance, a transit investment were to reduce
the costs of using transit from Uo to Ui, 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 willingness to pay of some previous non-users.2 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 Vo

trips) enjoy a cost reduction per trip of Uo − U1 and a benefit
equal to that reduction times the number of trips (Vo) as rep-
resented by the shaded rectangle. New trips in excess of Vo

create progressively less consumer surplus (the shaded trian-
gle). The last new trip, at V1, generates no net benefit because
the marginal benefit is exactly offset by the user cost, U1.3

BASIC MODULES OF ANALYSIS

In concept, consumer surplus is what one needs to measure
to get a preliminary estimate of the net benefits to travelers
of a transit 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 Vo and
V1). Total user benefits, B, can be calculated, therefore, as:

1 Possible benefits to others in non-traveler capacities (e.g., as residents, workers, and
business owners) are discussed later.

2 If 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.

3 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.



This calculation (which we call the Basic Benefit Calcula-
tion) highlights the factors that influence the benefit calcula-
tion and the basic modules of analysis that must be put together
to do a transit evaluation:

• Measuring User Costs. The consumer surplus calcula-
tion relies on changes in perceived user costs. There-
fore, a logical module of the analysis is the calculation
of changes in perceived costs. This calculation can be
done by one analyst, while others work on other matters.

Key point: The consumer surplus calculation 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 are fairly simple. In a real-world
application, decisions must be made about the level of
detail desired and precisely how (and at what detail) to
measure travel volumes.
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The rest of this chapter is organized into two remaining
sections around these two categories: the first 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 changes in these costs with estimates
of demand (how much people travel 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 assemble 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 hopes to answer and the
data available. Benefit-cost analysis can be performed using
various data types, but the precision and detail of the analy-
sis will 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, as the consumer surplus calcula-
tion suggests. The unit of travel can be passenger- or vehicle-
trips or passenger- or vehicle-miles.5 In the former 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 a whole.

Figure 3-1. User benefits from transportation improvements.

5 Some new demand models are based on tours, the notion of trips that originate and
end at the same place, e.g., the residence. Tours help the demand modeler 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.

4 This formula is derived from the standard formula for the area of a trapezoid. It pre-
sumes that the demand curve is essentially linear over the range of the calculation. This
is generally a reasonable assumption since changes in user costs tend to be small. More
sophisticated specifications are possible, but add needless complication to the exposi-
tion in this guidebook.



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 as the value of time) must be expressed on a per-
vehicle basis using vehicle-occupancy rates. Conversions in
either direction involve the following, simple arithmetic:

Passenger-miles = Vehicle-miles × Passengers/Vehicle

Vehicle-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 calcu-
lations are easily extended to other measurements.

The grain of the analysis refers to whether different classes
of vehicles or passengers are measured separately (or con-
solidated into a single class) and how much geographic detail
is preserved in the data. The purpose of a fine-grain analysis
is twofold. First, it can facilitate analysis of the impacts 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 analysis is overly aggregated, it is likely that some of
the effects of the transit improvement may be overlooked. As
a practical matter, the grain of the analysis is largely driven
by the data that 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 a transit
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 a full evalu-
ation. All these need to be analyzed and are presented in later
chapters of this guidebook.

MEASURING USER COSTS

The first logical task in appraising the impact of a transit
improvement is to measure its impact on user costs. If a tran-
sit improvement does not change the cost of travel perceived
by users, it cannot (by definition) affect user travel behavior.6
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In turn, if an improvement has no effect on travel behavior,
it is hard to argue that it will generate direct user benefits. It
is also 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.7

Key point: A transit improvement must reduce per-
ceived user costs if it is to 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 differences in users’ incomes and the mode being
used, the benefit of a transit improvement will also vary from
user to user. To measure and address equity issues, therefore,
one must measure user benefits separately for different income
classes of users. Lewis and Williams (1999) estimate con-
sumer surplus, for example, for transit users in 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 all 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 services to 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 its right-of-way. In
those parts of the network so affected, roadway speeds may
be reduced as a result of the loss of road capacity. This change
in roadway speeds, in turn, affects auto users’ perception of
the cost of using the automobile.

Key point: The more interconnected is the trans-
portation network, the more important it is to mea-
sure changes in user costs of all modes across the
whole affected network.

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

6 Chapter 2 explains why user benefits and user costs are really two different ways of
viewing the same impact. For example, a decrease in the cost of a trip is a travel benefit.

7 In the remainder of this discussion, the terms “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 a simple transit trip involves a complex pattern of
travel time and cash outlays. A transit user typically must get
to the transit vehicle, wait for it to arrive, travel in the vehicle,
and then get from a transit stop to a final destination. If the trip
involves transfers from one transit vehicle to another, there
may be additional waiting, walking, and in-vehicle travel.
Other modes may also be involved in the trip if, for example,
a traveler 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 travelers attribute to travel
time. This disutility varies with the type of activity involved,
such as walking to a transit 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, is usually 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:

• In concept, how people value time spent in travel depends
on the mode of travel, the purpose of the travel, the trip
component (e.g., waiting versus riding), the total travel
time, socioeconomic characteristics (which are often
measured generally by income), and other preferences.

• The value of travel-time savings typically accounts “for
a very 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.”

• Estimates of the value of time are typically linked to wage
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 the implicit value of all non-work (“leisure”) time is
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 value 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
as low as 20 percent and as high as 100 percent (in a few
cases, even higher). Small concludes “a reasonable aver-
age value of time for journey to work is 50% of the gross
wage rate.” Higher-income travelers value their time
more, but the increment in value is 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-
ities while traveling, the relative comfort of the trip, etc.,
may be responsible for this loose relationship between
wages and time values.

• The value of walking and waiting time can be two to
three times greater than riding (in-vehicle) time, but there
is a lot of variability. The activities of walking and wait-
ing (as part of a motorized trip) are apparently generally
perceived as less enjoyable than actual travel in a vehi-
cle.8 This may be a result of the exposure to weather,
crime or other disamenities, and a greater sense of uncer-
tainty about the trip progressing in a timely manner.

• Business travel has a higher value than commuting
(though, generally, still lower than the wage rate), per-
haps because it is a more stressful activity. Leisure travel
may have a higher or lower value than commuting: some
empirical work supports the intuitively 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 suggests that time values are 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
less than 1 mile).9 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.

9 Winston and Shirley (1998) found that time values range from 8 percent of the pre-
tax wage rate for trips less than 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).



were consistently lower than peak values (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-commercial
travelers generally value their travel time at a substantial
fraction of their wage10, but that the actual value can vary
with the type and length of trip and other factors.

Key point: Travel time is typically valued as a per-
centage of the wage rate. A reasonable estimate of
the value of in-vehicle time is 50 percent of the
gross wage rate of the traveler, 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

The lesson from the record of empirical studies of time value
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 studies if they fall within normal ranges. It
is imperative, however, that the analyst use time values in a
consistent manner and make sure that the decision to proceed
with the transit improvement is not crucially dependent upon
the use of an unusual time value. It is also 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, is to assemble a table of appropriate time
values. These values allow the conversion of quantities of
time to dollar-valued time.

Tables 3-1 and 3-2 present generally accepted estimates
of the value of transit travel time for various transit time ele-
ments. Table 3-1 displays the value of in-vehicle time as a
percent of the gross wage rate for various types of transit
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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 across alternatives. To illustrate 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 time values on bus or light or heavy rail systems.
Although rail transit is often considered a “higher amenity”
service than bus transit, time value studies do not support this
notion.

The unit value of time spent traveling is only half of the
calculation; the other half, which is more 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:

• Headways affect waiting time. Increasing the frequency
of transit vehicles (buses or trains) on a given route
decreases the average time between arrivals of the transit
vehicles (headways). This decrease in headways reduces
the average, expected waiting time. Simple, probabilistic
models of 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) it is likely that travelers will schedule their
arrivals to 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. The waiting
time element occurs when the actual 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.

• Integrating feeder and line-haul service reduces trans-
fer waiting time. Line-haul type transit improvements
provide high-speed service along a fixed 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 the line-
haul service. Certain types of services (such as bus tran-
sit or vanpool services) permit the feeder and line-haul
services to be provided by the same vehicle, thereby elim-
inating one time-cost element—the transfer wait. Other
types of line-haul transit (such as rail 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 services impose a transfer wait on the user.

10 Recent work by Calfee and Winston (1998) used data from stated preference sur-
veys to 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 time to on the order of 15 per-
cent to 25 percent of the gross wage, the low end of Small’s estimates.



• The number of transit lines affects walking time and
transfer waiting time. Multi-line service can decrease
both walking and waiting time. It permits the starting and
ending points to the line to correspond better to the start
and end of individuals’ actual trips. Consequently, less
time is spent accessing the transit service and, by reduc-
ing the number of transfers, waiting time can be reduced.

For unusual transit improvements, or ones that are highly
dependent on local conditions, detailed engineering simula-
tions are required to accurately determine the effect of the
improvement on travel time. (Dial-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.11 In par-
ticular, simple models of transit service optimization allow
one to roughly estimate perceived user costs from a few key
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parameters of the service. These models also give some guid-
ance as to how much the user time costs will change with
changes in the assumed parameters.

Appendix C presents calculations that illustrate the results
of some simple models of transit service optimization. The
tables in Appendix C provide a starting point for estimating
transit user costs and some rules for 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. This type of service involves vehi-
cles operating on a fixed route. It is an appropriate model
for simple rail or transit improvements or for bus transit
services that 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-
gests a simple useful rule for relating waiting time to the
volume of transit users. Specifically, optimal vehicle or
train frequency increases with the square root of the level
of transit demand. Hence, if corridor transit demand dou-
bles, vehicle frequency should increase by the square

TABLE 3-1 Value of transit travel time for various time elements

TABLE 3-2 Value of transit travel time for various average wage levels

11 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 the transit agency’s operating costs. The basic notion is that if a transit agency
is operating effectively, it will operate so as to economize on travelers’ time as long as
creating savings in travelers’ time does not cost the agency more than the patrons’ time
is worth.



root of two (i.e., 1.41 times). Consequently, the relative
average waiting time at the higher demand will be the
inverse of this amount (i.e., 1/1.41 = 0.70). Access time
(i.e., the time travelers spend getting to the transit line)
is unchanged.12

• Integrated transit service. With integrated transit ser-
vice, both waiting time and access time 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 a line-haul fashion. The service is opti-
mized both in terms of frequency of the service (head-
ways) and the number of routes (which affects walking
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 2/3 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 2/3 power of 2 is
1.59). For an individual passenger, the increased fre-
quency and proximity of service (because of the increased
number of routes) yields a reduction in both waiting
and access time per trip that will decline with the inverse
of the cube root of transit demand. Hence, if corridor
transit demand doubles, the combined waiting and access
(walking) time will be 0.79 of the previous level of these
components.13

These are rules of thumb that can help the technically ori-
ented analyst determine quickly the effects of 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 the analyst who
is charged with measuring the benefits of a transit improve-
ment, however, these rules of thumb can be useful. It is com-
mon, for example, for the level 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
determine the approximate effect of different tran-
sit demand assumptions on transit access and/or
waiting time. For fixed route services, the rule is a
square root rule. For flexible route, integrated ser-
vices, the rule is a cube root rule. These rules are
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not a substitute for 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 is important to recognize
that users may not perceive all of the monetary costs associ-
ated with their travel. For example, in most places transit ser-
vice is partially 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
are certainly costs directly attributable to 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 elsewhere.

Data and Analysis

The out-of-pocket, or monetary, elements of transit user
costs are relatively straightforward to calculate. As with 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 calculations presented in this report.

Transit fares are not necessarily related to the cost of pro-
viding transit service. In most jurisdictions, transit service is
subsidized, and fares are a discretionary policy variable. This
discretion can extend to the elimination of transit fares alto-
gether. Consequently, 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 3-3 illustrates recent trends in transit fares. Although
average fares have generally grown with inflation, most tran-
sit systems employ simple fare structures. As Table 3-3 illus-
trates, it is relatively uncommon to have peak period, trans-
fer, or zone surcharges. Most transit fare structures are flat
fares (a fixed fare per trip, regardless of length or transfers)
or a simple zone fare (where fares vary with distance, but
only with a few fare zones). The simplicity of fare structures

12 This “square root dispatch rule” has been recognized in the literature for some time.
See, for example, Newell, 1971.

13 The cube root dispatch and routing rules were developed in Pozdena, 1975.



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 fares for 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.
The latter make the derivation of the actual, effective fare per
passenger-mile somewhat more uncertain. As Table 3-3 indi-
cates, the actual fare received is less than 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-
ginal cost (to the user) of an additional trip essentially zero,
the analyst should not assume that this means that the per-
ceived cost is always zero. Typically, 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 a different
assumption for these trips. The perceived fare cost of each
non-primary trip is probably close to zero.
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The analyst should, of course, use existing or proposed
fare structures in the evaluation of a transit improvement. If
the fare structure for a new transit improvement is unknown,
the analyst may wish to use, as a placeholder for the real 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. As the table indicates, in 1997, the fare per passenger-
mile ranged from $0.04 for vanpool to $0.30 for trolley bus.14

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 activities include auto operating costs, parking costs,
and taxi fares. Whether or not these costs are included 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

TABLE 3-3 Passenger fares summary (current $, not inflation adjusted)

14 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. As indicated by the
discussion in the text, the analyst may wish to use a slightly higher figure for primary
trips and figure closer to zero for non-primary trips.



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

Costs of Accidents and Crime

Framework

Accidents and crime are significant features of transit travel,
as they 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 time is usually obtained from
revealed preference or stated preference studies,15 it can be
argued that the perceived costs of accidents and crime per
passenger-mile are implicitly incorporated in the time-cost
elements of user cost. Specifically, the more dangerous a mode
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 is that no special attention needs to be paid to the per-
ceived cost aspects of accidents and crime because changes
in the perceived burden of these events is already accounted
for when changes in travel time are accounted for in the ben-
efit calculation. This is probably an oversimplification; value
of time studies have not identified differences in the value of
time among various modes of travel. This result is inconsis-
tent with data that suggests that the incidence of accidents
and crime is quite different among modes. Nevertheless, if it
is not clear that the transit improvement under study is going
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to affect perceived accident and crime rates per passenger-
mile in an unambiguous way, the analyst may have to ignore
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 incorporate 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
crime that are not perceived by users. These cost elements are
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 a few circumstances in which the analyst
need perform special analyses of accident/crime perceptions
when constructing perceived transit user costs:

• When the transit improvement presents an unusually
safe (or risky) profile. In this instance, the analyst must
establish what level of accident and crime risk is implicit
in the value-of-time studies that are being used in the
analysis. The analyst must then estimate the relative dif-
ference in safety that the proposed improvement repre-

TABLE 3-4 Passenger fare by mode, 1997 dollars

15 Revealed preference studies use as basic data people’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.



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 is important to account for general regional trends
in accident and crime rates. Since transit improve-
ment evaluation is a forward-looking exercise, it may be
important to adjust for trends in accident and crime rates.
Again, the task of the analyst is to estimate the relative
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difference in 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 The incident rate and value of accidents and crime (combined) on transit, 1998



with transit-related accidents and crimes against passengers.
These data suggest the following:

• Accident and crime costs are not trivial. Across all
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 (a nascent technology)
and demand-responsive systems appear to impose the
greatest costs, and vanpools and rail systems the least.

Calculation of the safety increment from these data is
straightforward. For example, if an existing, demand-responsive
system is being replaced with a fixed-route motor bus system,
the improvement might reasonably be credited with an 8.5-
cent lower perceived user cost, per passenger-mile, in the tran-
sit mode calculation of user costs. This is 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
average is only 4.4 cents (8.5 = 12.9 − 4.4).

The accident and crime rates in Table 3-5 represent recent
national averages, but will undoubtedly change over time.
They should be used directly, only if better localized infor-
mation is not available. The monetization of these crime rates
in Table 3-5 uses approximate values 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 analysis is
the value that travelers implicitly place on their own lives and
injuries, because this is presumably what is reflected in their
valuations of perceived risks. In the language of the literature
on fatality and injury risk, therefore, the appropriate value is
the hedonic value of fatalities or injury–i.e., the value that the
travelers themselves appear to use when making decisions to
reduce or insure against risk of death or injury.

The table makes the simplifying assumption that the value
of fatalities is $3 million per fatality and that injuries have a
value of $10,000 per injury. There is great debate over the
appropriate value of fatalities and injuries, but these values are
close to the values represented by recent hedonic value-of-life
and injury analyses.16, 17 If a proposed transit improvement is
believed to have especially important effects on traveler safety,
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the analyst should review available life and injury valuation
studies or engage an economist trained in risk analysis.18

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 services in transit trips.

• Transit improvements cause general changes in net-
work performance. A transit improvement will cause
some existing automobile users to 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 potential 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 the impact
on traffic volumes is small.

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

Framework

As with transit, the major component of the perceived cost
of auto and truck use is travel time. The basic principles of
travel time valuation discussed above for transit user costs
apply to automobile and truck user costs as well. The impor-
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 are in-vehicle time, 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

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

17 The injury risk literature suggests that the hedonic value of injuries resulting 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.

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 the transit improvement. Poli-
cies (such as a change in parking policy or facilities) may
affect parking search time and walking time as well. 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 value time. Time-value 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 needs to
accommodate the occupancy characteristics of the vehicle
and the different values of time of the occupants.

Trucks and other commercial vehicles (including business-
use automobiles) pose an additional complication. The value
of in-vehicle time that 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:

• The value of drivers’ time. The value of the drivers’
time is the 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.”

• Time-related 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 it is delivered. This is clearly a perceived cost
element in the case in which the entity that owns the
inventory also operates the truck. Even for 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 in terms of passenger-car equivalents or PCEs)
to delay, measured as the number of minutes it takes to travel
a mile. 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 a modeling environment, the changes in travel time
associated with changes in vehicle volumes will be generated
by the model (on a link-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-
ridors being affected. These relationships are presented in the
Highway Capacity Manual.19

Monetizing the changes in auto and truck in-vehicle time
caused by a transit improvement requires information on the
value of time. Research on automobile and truck travel time
valuation has yielded a rich, but sometimes bewildering, body
of evidence about the value of automobile and truck travel
time. (See the subsection on travel time, under Transit User
Costs, for a summary of the literature.)

Tables 3-6 and 3-7 synthesize recent studies on the value
of in-vehicle time as it applies to automobile and truck travel.
The studies rely on estimates of the value of various time
components as a fraction 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 various types of auto and truck travel.
To illustrate the application of these percentages, Table 3-7
converts these percentages to dollar values for a range 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 is likely 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. There is
some evidence that a minute’s time savings is more impor-
tant if it is a minute 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 this further in
special circumstances.20

As indicated above, for commercial travel (business use of
automobiles or trucks), it is probably more appropriate to use
total compensation, rather than the simple wage rate, in esti-
mating the value of time. The opportunity cost of an hour of
a commercial truck driver’s time, for example, is the benefit-
loaded cost of hiring the driver, not just the driver’s base
wage. As Table 3-8 suggests, on average, total compensation

19 Transportation Research Board, 1998.
20 See Small, 1997.



is 20 percent greater than the hourly wage, and 21 percent
higher for the trucking and warehousing sector, in particular.22

An often-overlooked time-cost of commercial travel is
the inventory 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,
there is a financial opportunity cost associated with the time
the vehicle (and the cargo) spend on the road. Consequently,
the travel time of commercial vehicles imposes an interest or
financing cost.

Table 3-9 presents the inventory cost, per vehicle-hour, for
cargoes of various values at various interest rates. As the table
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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 is especially important, of course, to do so in settings where
truck traffic volumes are high and/or cargoes tend to be unusu-
ally valuable.

Vehicle Operating and Ownership Costs

Framework

If a transit improvement alters the modal balance between
auto and transit, it affects not only travel times, but also auto-
mobile and truck operating costs. It also may change house-
holds’ decisions about owning automobiles. This section dis-

21 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, 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 is the hourly average of all cash compensa-
tion (including wages, salary, and overtime compensation).

TABLE 3-7 Value of automobile and truck travel time savings for various wage rates21

TABLE 3-6 Value of automobile and truck in-vehicle time



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

The operation of an automobile or truck involves costs that
are, to a large extent, directly variable with the use of the vehi-
cle (fuel, oil, tire wear, tolls, maintenance and repair, parking
charges, etc.), as well as costs that are relatively fixed once the
decision to own a vehicle has been made (insurance and the
capital costs of the vehicle). There is a debate as to whether all
ownership costs are perceived (and, hence, influence the con-
sumer surplus calculation) or whether only a subset of such
costs influence travel cost perceptions and, hence, behavior.

Proponents of the latter view argue that many travelers
already own a motor vehicle and, hence, their decisions about
using transit or changing routes are made on the basis of mar-
ginal cost differences only. In the context of automobile oper-
ating costs, such costs would include only those costs directly
variable with the use of the vehicle (primarily, fuel, tolls, and
parking charges; secondarily, oil, tire wear, tolls, maintenance
and repair). Proponents of this view argue, therefore, that the
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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 decisions to 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.23 To mea-
sure the benefits of a transit 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 a motor vehicle can change if the speed of travel changes
or if the type of vehicle used to make the trip 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, oil, tires, and
parts at different rates.

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

23 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 variations in 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 also consistent with the view
that, over the long run, users consider the effect of vehicle ownership costs when mak-
ing travel decisions.

TABLE 3-8 Average wages and total compensation, by industry, 1990

TABLE 3-9 Cargo inventory costs (dollars per vehicle-hour)



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 contains its recent 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 dollars from 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 a mid-sized car getting 20 miles per
gallon, the cost per mile of gas is between 8¢ and 10¢, sub-
stantially higher than any of the estimates in 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
average life (10 to 20 years, with, say, 15 years as an average),
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divided by average mileage per year (say, 15,000). Those par-
ticular assumptions yield a cost 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 problems in constructing and using an estimate
of average vehicle operating costs is the 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 numbers to all vehicles or create tables more like Tables
3-10 and 3-11 for different classes of vehicles. The additional
problems of the last method are that one would need at least
a few more columns to deal with used cars and one would
have to estimate the percentage of vehicles in 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

TABLE 3-10 Automobile driving costs, 1999



vehicle owners), and given assumptions in the text
about average vehicle cost, miles per gallon, and
mileage, then the costs per vehicle-mile of 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 least
be aware of, is the averages. Average vehicle occupancy will
vary by trip purpose, time of day, gasoline price, and local
conditions.

Some experts critique 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
results in better gas mileage for vehicles. Some argue that the
STEAM model (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 calculate more accu-
rately the costs and benefits of proposed changes to the oper-
ating costs of a vehicle, given average vehicle-miles traveled
and gasoline costs. If the transit investment is expected to
cause only minor changes in vehicle speeds, analysts 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 special attention in a transit evaluation context. Park-
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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 employers have determined that it is less costly
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 3-11 Cost of owning and operating selected motor vehicles (1991 cents/mile)

TABLE 3-12 Fuel consumption rates used in
STEAM, auto and truck



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.24 Pucher estimated in 1993 that 90 per-
cent of customer and employee parking is free,25 and the 1990
Nationwide Personal Transportation Survey (NPTS) data sug-
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 the relatively high administrative cost of charging
for parking in many locations.26

Most urban transportation demand models typically rec-
ognize that most employees and shoppers do not pay for park-
ing, even though some do. The models use the nominal, posted
parking price multiplied by the probability that the traveler
actually pays for parking as the measure of perceived parking
charges.27 Since many analysts will be using transit demand
estimates from just such a model, 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 one that is consistent with typ-
ical travel demand models). But in order to fully account for
the effect of a transit improvement on parking costs, transit’s
effect on parking utilization and the unperceived costs of park-
ing must be addressed as a separate calculation.28 The details
of this calculation are presented in Chapter 5.

Costs of Accidents and Crime

Framework

The traveler’s perception of the cost of accidents and crime
is an element of automobile and truck user costs. This includes
perceived costs associated with two types of risks:

• Risks borne directly by the traveler as the potentially
injured party from accidents or crime and
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• The risk of being held financially responsible for the
injury caused to others or damage to their property from
an accident.

Analogous to the earlier discussion of this issue in the con-
text of transit user costs, any net risks that impinge upon the
driver of the truck or automobile are likely incorporated in
the value of time that 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 travelers to insure against
these risks (of self-injury or liability), the less likely it is that
the observed value of time incorporates these disamenity ele-
ments. Hence, it is appropriate to include average insurance
premiums in the user cost as a partial characterization of per-
ceived costs of accident and crime risks.29

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 changes in 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),30 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’s chosen route. The change could either move the traveler
into areas of higher crime rates or force a longer, more costly
route to avoid crime. The analyst could then incorporate these
estimates of changed risk perceptions, as either a change in the
value of time or a change in the average cost of insurance per
vehicle- or passenger-mile.24 Shoup and Pickrell, 1980.

25 Pucher, 1993.
26 Transportation Research Board, 1998.
27 For example, the Puget Sound (Washington) travel demand model uses survey

information on nominal off-street parking rates and the proportion of parkers who pay
those rates.

28 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 locations 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.

29 It is conceivable that an improvement could be made that decreases accidents but
does not change insurance premiums. In this case, if the user perceives a reduction 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 benefits to the safety improvements. These are dis-
cussed in more detail in Chapter 4.

30 Though Lave (1997) has found that increases in state speed limits in 1995 not only
did not increase fatalities: they actually dropped slightly. Lave suggests as reasons: bet-
ter use of highway patrol resources, a shift back to limited-access highways from more
dangerous two-lane roads, and a reduction in speed variance.



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

As a practical matter, there is very little known about the
relationship 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 suggests that accident rates decline as traffic thins
and speeds increase.

A potentially contradictory viewpoint is that accidents
increase as volumes decline and speeds increase because of
reduced reaction times at higher speeds. Some analysts report
confirming this notion empirically too.31 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 benefits in the
form of reduced travel risks will be properly accounted for in
the Basic Benefit calculation.

Data and Analysis

Although there is not a strong case for linking transit
improvements to changes in the average risk of travel, the ana-
lyst might encounter a circumstance in which it makes sense
to assume a reduction in these risks as the result of a transit
improvement. To this end, Table 3-13 provides generalized
information on the costs of fatalities and injuries associated
with the use of motor vehicles.32

Death and injury to themselves are not the only risks, how-
ever, that drivers of autos and trucks may perceive as an 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
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8.5 cents per vehicle-mile, on average, to insure against losses
to themselves and the liability of such encounters. If a tran-
sit improvement were to eliminate perceived risks of driving
altogether, therefore, the analyst could use the level 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

Transit improvements 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 modes is travel time.
In addition, however, there are cash cost elements associated
with both modes as well. In the case of bicycling, there is a
capital outlay associated with bicycle ownership and a wear-
and-tear element associated with bicycle use (tires, time or
cost associated with maintenance and repair, etc.). In the 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.
As the table 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 modes in lieu of other modes may raise
perceived user costs significantly in some cases. The economic
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).

31Miller (1989b), and Gomez-Ibanez (1997) offer data in support of this notion.
32 There are anomalies in the data in 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.



SUMMARY

This section emphasizes the cost perceptions of the user of
a transportation network. When a transit improvement is
made, there are changes in those perceptions. Changes in per-
ceived costs are a major 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 units in which activity
will be measured and then gathering data to 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.

II-22

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

MEASURING TRANSIT’S BENEFITS TO USERS

The previous sections of the report 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 the transit improve-
ment on these cost measures.

We now need to talk about the transit improvement’s effects
on how much use is made of each vehicle type and how unit
cost and travel activity levels integrate into the basic measures
of transit benefits. The basic methods require knowing

• The amount of travel before the improvement, by mode;
• The perceived user cost associated with that previous

travel pattern;
• The amount of travel after the improvement, by mode;

and
• The perceived user cost associated with the revised travel

patterns.

The list reinforces an obvious point: little analysis is possi-
ble without some measure of the impact of the transit improve-
ment on travel activity by mode. If a transit improvement is
an attractive alternative to automobile use, there will be an
increase in the level of transit use and a decrease in automo-
bile use. The use that trucks make of the transportation net-

TABLE 3-13 Motor vehicle occupants and non-occupants killed and injured
in 1998

TABLE 3-14 Typical user costs of biking and walking



work may also change as an indirect effect of any decrease in
automobile use that occurs.33

This section discusses how to measure changes in travel
activity and how to integrate the travel activity changes with
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:
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• 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
improvements with 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 the transit improvement determines,
to a large 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 as a light rail system), the analysis horizon should
correspond with the anticipated life of that investment.
For other policies, the analysis horizon 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
be interpolated to periods in 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 analysis for several times of day or days within

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

TABLE 3-15 Summary of user cost analysis



a week in order to capture traffic 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. Results for 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 be impacted by the improve-
ment and will be identical for both the base case and the
proposed alternative.

• In general, assumptions regarding normal infrastructure
improvements and related amenities will be identical
between the base case and the proposed alternative over
the life of the project. The exception to this will be those
situations where the improvement shifts the level of other
amenities supplied so that there is a secondary effect
other than the direct effect of the project. For example, it
may be that a proposed mass transit project shifts demand
away from parking as more people opt for transit. If area
parking garages then lower parking costs to 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 responses to the transit improvement. The lat-
ter type of analysis is acceptable for coarse screening analy-
sis, but is not acceptable 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 simple 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). The reality 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 a size that 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 a travel demand model will probably not be the
main impediment.

This manual cannot provide travel demand modeling assis-
tance suitable to the vast range of circumstances and transit
improvement projects. Hence, the discussion that follows is
primarily intended to describe the kind of travel demand data
that are needed and how they are typically derived.
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First, assume the perspective of the analyst in a large 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 assessing transit improvement benefits because
many of those benefits occur on the road network where
reduced use of vehicles improves road network performance
for the vehicles that remain on the road.

The large-scale, urban transportation planning models typ-
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 systems are 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. The traffic assignment model uses as input
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, there is typically 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. This is helpful in perform-
ing benefit-cost analysis because the value of time varies
with income class.

• Travel demand models. The trip tables are generated
by travel demand models. These models 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 models typically include
both a mode choice step and a destination choice step.
Together these steps permit both of these types of behav-
ioral responses to be automatically simulated. Advanced
models also have a residential location choice step,
allowing even the number of residents in each zone to
be determined within the model.

As this description suggests, transportation modeling offers
a natural way to analyze the benefits and costs to travelers of
a transit improvement. With a working, calibrated model, the
analyst’s task reduces to making changes in user costs and
changes in 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 steps to generate the travel activ-
ity data they need:

• Run the modeling suite for the base case conditions.
The base case conditions are the conditions (user costs
and network configurations) that the transit improvement
is building upon. The volumes and user costs (by link or
by corridor, depending upon the type of model used)34 are
captured from the base run output at the level of detail
that the model permits. For example, volumes may be dif-
ferentiated by mode and class, as well as link, corridor, or
origin-destination zone pair. It is this modeled base case
against which model improvements are compared. Cal-
ibration is important 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
is rerun. 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 3-16 is an illus-
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 a 9-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 automobiles in 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
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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
are diverted trips, of course, then it is important 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 a fair representation of the
table structure that is used in actual transit evaluation stud-
ies. In an actual application, of course, a table 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 travelers in the table have the same average value of
time. If, in fact, it is important to tabulate 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
multiple links, are typically necessary to capture all of the
effects of a significant transit improvement, since traffic
diversion effects across corridors is very common.35

• The table represents only one point in time and one time
of the day. Namely, the table represents the travel activ-
ity in the AM peak hour of the year 2000. Calculations at
different times of the day and different forecast years are
typically necessary to calculate the present value of travel
benefits over the life of the proposed improvement.

• For simplification, Table 3-16 does not include the value
of accidents or 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 the funds or reputation of the organization
are at stake to a significant degree. The countervailing advan-
tage, however, is that smaller, isolated jurisdictions also typ-
ically have fairly simple networks. Even if estimates of
change in 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.

34 Most large urban transportation planning models operate on a link basis and pro-
vide origin/destination travel demand estimates in 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 a link 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. 

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.



Calculating User Benefits

Framework

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

Recall that the basic idea for measuring user benefits is to
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 changes in trip volumes that
results from the transit improvement. Specifically, the net user
benefit, B, is calculated from the volume before the improve-
ment (V0) and after the improvement (V1), and the user cost
before the improvement (U0) and after the improvement (U1),
using the Basic Benefit Calculation formula:

TABLE 3-16 Hypothetical travel activity data (one corridor, AM peak hour, year 2000)



As the formula indicates, benefits depend fundamentally on
the change in travel values (V0 to V1) and change in user costs,
(U0 − U1). The first component of the formula calculates an
average volume by adding before and after volumes and 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 (U0 − U1) is large, benefits are
large. That is, when user costs after the improvement are
smaller than before the improvement, benefits are accordingly
larger. Note also that if there is no induced or retarded travel
(i.e., V0 = V1), then the formula simplifies to V(U0 − U1); that
is, travel benefits equal volume times the change in user costs.

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

• Link level analysis. In this case, the V’s and U’s are the
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’s and U’s
are the volumes and user costs associated with travers-
ing the corridor or origin-destination pair. The total 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
the region as a whole. At a slightly lower level of aggre-
gation, the region-wide calculation can be performed by
mode or by traveler class.

Sample Calculation

The Basic Benefit Calculation formula presented above is at
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 difference is that
many more individual 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. To calculate total benefits, the analyst calculates the user
benefits for autos on the corridor and adds to them the bene-
fits to bus transit 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 a simple, one-corridor case (AM peak hour, year 2000)



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 this simple example illustrates the basic
calculations involved, in practice, such a calculation needs to
be repeated for other times of day, for future years, and so on.

The user benefit calculation in a real-world setting has many
more dimensions than the simple calculation above. Although
the individual calculations proceed as in Table 3-17, by using
the Basic Benefit Calculation formula, 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 calculations might be arranged,
with four modes, two user classes per mode, six daily time
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periods, and 20 project years. (Note that the table only por-
trays one corridor.) Each of the user benefit entries requires
the assembly of data identical 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
illustrates why so many analysts have turned to computer mod-
els of their region’s transportation network as a way of rapidly
and consistently assembling the necessary data.

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

• Instead of modeling each of, say, 20 years of a transit proj-
ect’s life, analysts frequently model two years (usually

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



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 a fairly smooth and lin-
ear trend in travel behavior over the 20 years. If this is
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
trends in travel activity are fairly gradual over time and
where the network has a reasonable amount of peak
capacity. If the network is already heavily loaded in, say,
the AM peak, future growth will tend to move into shoul-
der and midday periods, requiring alteration of the fac-
tors or weights.
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• The number of user classes (time values) can also be
kept small if there is no interest in portraying the pattern
of benefits by user class. Frequently, analysts use a sin-
gle value of time, for example, for all auto or transit users.
However, one has to be careful not to have so few user
classes that the analysis misses important differences
in behavior among user classes. In practice two, or prefer-
ably three, income class distinctions should be used.
As noted later in the guidebook, any simplifications in
classes of user costs will mean complications in esti-
mating equity impacts.

• Developing the data at a link level is very burdensome
computationally and usually adds little to the benefit-
cost analysis. By analyzing user costs and 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 its availability. In this case, transit acts as 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 methodology 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 vehicle fleet 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 pollution in particular, the analy-
sis timeframe is important in that it will incorporate assump-
tions regarding general growth in vehicle miles traveled 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 vehicles traveling 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, there are no reliable figures that 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 from the analysis unless
special conditions exist.

Finally, this chapter gives guidance to estimate the cost of
accidents that 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 this type 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
1 to 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
generally derive from a transit project’s primary impact on
travel behavior.

Secondary impacts of transit improvements arise in a num-
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 all parking costs are
perceived by travelers as a cost of driving (because, for exam-
ple, employers and merchants give “free” parking), the user
costs in Chapter 3 will not fully reflect the total cost of travel.
These travel cost savings are properly attributed to the transit
improvement, but will not be accounted for in the consumer
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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.1

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-
serve their option to use it. Transit, of course, is not unique in
offering expanded options; arguably, a new road also expands
travel options slightly, 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 capture this effect, and special procedures and data are
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. There is a large, additional class
of secondary impacts, however, that affects those 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 also
affect the economy of a region or a neighborhood. These lat-
ter effects can occur because transportation can affect the
general 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 public transit. The fact 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. Specifically, they may value
transit as a hedge against events that affect their ability to use
the automobile, such as

• Bad weather,
• The automobile being unavailable or broken down,
• Increases in fuel prices or other factors that raise the 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 events is called option value. Many
other types of services in 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 a security are, themselves, bought and sold. Because of
the ubiquity of option value concepts in the economy, econo-
mists have developed mathematical procedures for quantify-
ing option value.

The option of having transit available will only be valu-
able to those in the population that might conceivably use the
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 is being repaired.
Conversely, it could be the case that the transit system does
not serve the needs of a certain population, such as residents
living in outlying areas outside the transit service area. In this
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’s option
value. The application to transit options involves 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 is the opportunity to buy2 at price X a stock that
is currently being sold today at price S. The price X is called
the exercise or strike price; it is the price at which the holder
of the option gets to exercise an opportunity to buy the under-
lying stock. Whether the option is worth 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 move in such a way that exercise price looks
attractive.3 The volatility of stock prices (measured as the stan-
dard deviation, s, of stock price movements) is the factor that
affects this likelihood. Because the chance of volatile stock
prices moving favorably improves the longer one waits, 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.

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
surplus is 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 scale) in the provision of their services, there can
be changes in producer surplus, i.e., changes in the relationship 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-
ers to transit, which could reduce costs per passenger-mile to transit agencies. In cases
where the economy is competitive, however, there is little 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 this is the most common situation,
it is assumed throughout this guidebook that there is no producer surplus associated with
the projects being discussed.

2 This type of option is called a call option.
3 That is, the market price moves so that it exceeds the exercise price. In such a cir-

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.4

Data and Analysis

One can use the Black-Scholes call 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 services will move such that the transit price becomes
attractive, the option will have value. This will be the case if
the price of automobile services has a high standard devia-
tion, σ, over time.

The remaining factor for which we must find an analogy
is the time to expiration, T, of the transit option. A good num-
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 expects to use transit 10 times a year, T would
equal 0.1 (T is defined for the analysis as 1/[number of
expected uses of transit]). In the course of a year, 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 usual or expected “price” of an automobile trip.
Since transit is most viable for commute trips, this price
should be the full marginal cost (auto operating costs
plus the dollar value of time spent traveling) of a typi-
cal commute trip. For the purposes of this illustration,
the figure $5 per trip is used.

• σ, 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
to $2.50, or 5 to 50 percent of the $5 price of a trip. This
represents a very broad range and is used here only to

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 “exercise price” of a transit trip. This figure should
be the marginal full cost of taking the trip by transit. As
described in Chapter 3, the marginal full cost of a tran-
sit trip perceived by a user is a combination of out-of-
pocket costs, travel time, (which may differ depending on
whether the time is 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 this illustration, 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 this illustration, we use one-
tenth (0.1, the equivalent of 10 trips) and one-half (0.5,
the equivalent of two trips) year for T.

• r, the risk-free return. In the illustration, the rate 4 per-
cent is used.

Table 4-1 displays the 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 a reasonable-
cost alternative to the automobile.

• The higher the volatility of automobile costs, the higher
the option value of transit. This is because this increases
the chances that auto use will become excessively costly.

• The longer the interval before expected exercise (T), the
higher the option value of transit.

The values in 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 a marginal transit cost of $6.00, and
volatility of $1.50, the option value is $0.61. If one expects
to use transit only twice a year (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 a long-run plan-
ning horizon is relevant by calculating the annual transit
option values for each year and discounting that stream of
annual option values at an appropriate interest rate. (See Chap-
ter 9 for an example of discounting.)

4 In addition to the factors S, X, σ, and T, the formula uses the normal distribution
N(). The formula is usually written as:

where

d
S X r T

T

d d T

1

2

2 1

2= + +

= −

ln( / ) ( / )σ
σ

σ

C SN d Xe N drT= − −( ) ( )1 2



II-33

Clearly, the option value of transit depends crucially 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

• The transit exercise price (X) and automobile trip costs
(S) for each transit service subgroup;

• The volatility of automobile trip costs (which will depend
on weather, 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’ alternative. 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.5 Though this guidebook
does not provide measurements of all types of highway costs,
it does so where such costs should enter into the calculations.
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 reductions in 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
ride transit. In addition to those costs that travelers willingly
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, a typical 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

TABLE 4-1 Transit option value, by exercise price, time, and volatility (per
option)

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 a comprehensive guidebook for all transportation projects. It is limited to a dis-
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 a transit project is more 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 externalities can be signifi-
cant. The procedure for measuring these impacts is to link the
level of emissions or other impacts to measures of vehicle
activity and then to assign monetary value to the effects.

This guidebook is written from the perspective that evalu-
ating the benefits and costs associated with a transit improve-
ment involves comparing the results of that improvement
with an alternative world in which the improvement is not
made. The alternative for comparison is the “No-Build” alter-
native typical of an environmental impact statement, not a
“Highway Improvement” alternative. Though the general
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 a travel
demand model or by back-of-the-envelope calculations) to
make some estimate of how highway trips and congestion will
differ from their values in the transit-improvement alternative,
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
to be valued. There are two general approaches to evaluation:
estimating costs based on damages (What effect does the
environmental damage have if 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.6 That
work includes reviews and evaluations of most of the litera-
ture on the topic. This section draws heavily from Delucchi’s
article, which provides a summary 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—source emissions (i.e., tail pipe emissions from
gasoline- or diesel-fueled motor vehicles or emissions released
from power-generating facilities that supply the electricity to
rail systems); patterns of vehicle use (i.e., stop-and-go versus
steady-speed driving, vehicular operating conditions, etc.);
the physical environment in which vehicles operate (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 changes in air quality resulting from a proposed
project, therefore, requires information 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 a proposed 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.
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Recognizing the uncertainties inherent in making these esti-
mates, the following provides a summary of current method-
ologies used to evaluate the air quality impacts of a proposed
transit project. Included is a discussion of the air pollutants
of concern, the variables that affect potential impacts, the costs
associated with the emissions of transportation-related air pol-
lutants, and a simple approach (with sample calculations) 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 contribute to a
number of local, regional, and global air quality problems
that affect human health, agriculture, buildings, and the nat-
ural environment, including animals, vegetation, water qual-
ity, and scenic vistas.

Pollutants of principal concern for transportation projects
include carbon monoxide (CO) and particulate matter smaller
than 10 microns in diameter (PM10)—pollutants that are
emitted from vehicular tailpipes. Nitrogen oxides (NOx) and
volatile organic compounds (VOCs) are also released from
transportation sources and are of concern as precursors in the
formation of ozone (O3) in the atmosphere. Diesel-fueled
vehicles (buses and rail) also emit sulfur oxides (SOx). These
pollutants are also emitted from the power-generating facili-
ties that produce electricity 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 oxygen in
humans—high levels can result in death; lower levels can
cause breathing difficulties and dizziness. PM10 can cause
respiratory problems and premature death and is the primary
source of haze that reduces visibility. NOx and SOx 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

As required 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 O3, CO, NO2, PM10, and SO2. “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

welfare. Many states have promulgated additional, and some-
times more stringent, ambient air quality standards.

The CAA requires that plans (State Implementation Plans
or “SIPs”) be developed to attain and maintain the NAAQS
within all regions of the country. Under these requirements,
the air 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) a localized (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) analysis to 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 a consequence of a proposed project. These analy-
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 local traffic
conditions and roadway configurations, and then evaluated in
detail. Localized air quality effects are project-specific, and the
costs associated with these effects cannot be estimated using a
generalized procedure. The following discussion, therefore,
focuses on estimating the costs associated with the areawide
(or mesoscale) effects of proposed transit projects. To con-
duct a mesoscale analysis, estimates must be made of the total
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 NOx. The EPA and all states
(except for California, which uses its own model, EMFAC),
and planning agencies use the latest versions of the MOBILE
model (currently MOBILE5B) to estimate vehicle emissions.
Variables that 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 additives requirements, vehicular age dis-
tribution, and mileage accrual rates.

The EPA PART5 program is used to estimate vehicular
emission factors for PM10 and SOx. 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 rates is 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.

NOx, VOCs, PM10, and SOx 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, this information 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 multiple facilities using various fuel types. Regulatory
agencies often do not account for emissions from generating
facilities when estimating transportation-related emissions.

Cost of Air Pollution

Air pollution may result in increased costs due to its impacts
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. PM10, VOCs, CO,
NOx, and SOx are considered.

In order to utilize this information in this guidebook, the val-
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 NOx emissions as O3 precursors were split equally
and added to the VOC and NOx costs in Table 4-3. The values
shown in Table 4-3 can be used to estimate the low and high
total costs associated with a proposed transportation project.

Procedures to Estimate Air Quality Costs 
of a Proposed Project

The following procedures can be used to estimate order-of-
magnitude air quality costs of a proposed transit project. Table
4-3 provides estimated pollution cost per pollutant per kilo-
gram of pollutant emitted. To use these values, project-specific
information must be obtained, including changes in regional
vehicular volumes and speeds for the vehicles using each type
of affected transportation system (i.e., roadway networks, tran-
sit projects utilizing diesel buses, and light and heavy rail proj-
ects) and the emission factors for the affected vehicles.

Changes in 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 analysis that was

TABLE 4-2 Summary of the health, visibility, and agriculture cost of emissions
from motor vehicles
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conducted for the project, this information could be available
by roadway type (e.g., expressways or 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 factors for proposed roadway proj-
ects are usually developed using the MOBILE and PART5
programs. Area-specific inputs to 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’s first 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 this analysis, it is important to
estimate how a rail 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 reduction in
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 calculations 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 is a sample calculation that was completed
in estimating the air pollution costs of CO, PM10, VOC, NOx

and SOx emissions from the mobile sources associated with

a hypothetical 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 (MOBILE5B default values):

LDGV (light-duty gasoline vehicles) 56.5 percent
LDGT1 (light-duty gasoline trucks 1) 19.8 percent
LDGT2 (light-duty gasoline trucks 2) 9.1 percent
HDGV (heavy-duty gasoline vehicles) 3.6 percent
LDDV (light-duty diesel vehicles) 0.1 percent
LDDT (light-duty diesel 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 was divided by VHT to estimate average speeds, with
the following results:

• 2007 future baseline speed: 19.5 mph
• 2007 future build speed: 20.0 mph

Based on the above information, emissions factors for each
pollutant were estimated using the MOBILE5B and PART5
models. These are provided in Table 4-4.

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

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

Where

ER =emission rate (kilogram/year)
VMT =average daily vehicle-miles traveled (vehicle-mile

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

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

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

TABLE 4-4 Pollutant emission factors (grams per 
vehicle-mile)
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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 locomotives in the U.S. are of two types: electric and
diesel-electric. Electric locomotives are powered by electric-
ity generated at power plants and distributed by a third 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 factors in
grams per brake horsepower-hour (Method I); the other uses
fuel consumption rates in grams per gallon (g/gal) of fuel
consumed (Method II).

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

Mi = N × HRS × HP × LF × EFi,

Where

Mi = 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
EFi = emission factor or average emissions of the i pol-

lutant per unit of use (e.g., grams per horsepower-
hour).

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

The EPA has recently established emission standards for
oxides of nitrogen (NOx), 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 a locomotive is first manufactured. The
first set of standards (Tier 0) applies to locomotives and loco-
motive engines originally manufactured from 1973 through
2001. The second set of standards (Tier 1) applies to locomo-
tives and locomotive engines originally manufactured from
2002 through 2004. The final 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 NOx using Method I for fleet average
locomotive for year 2007 could be estimated as follows:

MNOx = 1 × 8 hours/day × 250 days/year × 3000 bhp × 0.5 
× 8.51 g/bhp-hr × 1 × 10-3 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 NOx using Method II for fleet aver-
age locomotive for year 2007 could be estimated as follows:

MNOx = 177 g/gal × 228 gal/day × 250 days/year × 1 
× 10-3 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 electrically pow-
ered rail cars, it is necessary to consider an equivalent emission
source at a power 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, Vol.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 distillate fuel oil and expressed in g/kW-hr or lb/hp-hr
(power output) or ng/J or lb/MMBtu (fuel input). To convert
a standard from g/kW-hr to g/bhp-hr, multiply it by 0.7457.

Annual emissions of NOx using emission factors in lb/hp-
hr for fuel oil could be estimated as follows:

TABLE 4-5 Pollutant emission burdens (kilograms per year)

TABLE 4-6 Annual daily costs of pollutant
emissions (1991 dollars)*
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MNOx = 400 hp × 5.60 × 10-3 lb/hp-hr × 8760 hours/year 
× 0.454 kilogram/lb 

= 8,909 kilogram/year

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

(NOx emission factors for natural gas-fired electric gener-
ating facilities are 3.53x10-3 lb/hp-hr or 0.44 lb/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 as whether sound walls or other barriers help contain the
noise. The nature of the noise (i.e., level, intermittency, fre-
quency, time of day or night, etc.) affects its significance, as
do the ambient levels of noise. The location is also relevant,
as some land uses, such as libraries, churches, hospitals, parks,
and residences, are more sensitive to noise than industrial or
commercial 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 also influence noise impacts: an additional
vehicle-mile traveled on a low-volume roadway generally
has a larger impact than an additional vehicle-mile on a high-
volume road.7

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 noise in the United States. This esti-
mate is a function 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 is a function of the speed, volume, and mix of vehi-
cle traffic; the noise-absorption characteristics of ground sur-
faces; the extent that objects, such as hills and buildings,
shield the receptor from the source; and other factors.8

The key parameters in this analysis are the damage cost per
decibel, the damage threshold, and the extent of shielding.

Studies of the shadow price of noise in the housing market
indicate that each decibel of noise above a threshold reduces
the value of a home by 0.2 percent to 1.3 percent. Ideally, one
would estimate damage per decibel as a function of noise
level, rather than assume that below some threshold (typi-
cally 55 dBA) the damage is zero and above which the dam-
age per decibel is constant, but there is insufficient data to do
this. Based on this model, 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 noise impacts. 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
types and roadways. This table shows the noise costs of buses
as two to six times greater than those for an average car,
depending on road conditions. Since it is unclear how vehicle
occupancy would affect noise levels, we prefer the vehicle-
mile data shown in Table 4-7. We report Table 4-7 in its orig-
inal form—dollars per 1,000 VMT—but in the rest of the text
convert it to “cents per VMT,” the measure used elsewhere in
this Guidebook. For example, $2.96 per 1,000 VMT is iden-
tical to 0.3¢ per VMT (rounded): i.e., less than 1/3 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 several 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
in the high-cost case. The low- 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 a new 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.

To apply the costs in Table 4-7, the analyst should estimate
the change in 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 a principal arterial to increase by 200 VMT per weekday
and will cause auto trips to decrease by 4,000 VMT per week-
day. An analyst converts that to a 50,000 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 ×$1.18) – (50,000/1,000 ×$7.18)).
This example, admittedly simplified and incomplete, 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 is a big one that will create new noise in populated
areas with low ambient noise.

7 U.S. Department of Transportation, Federal Highway Administration, 1997.
8 Delucchi, 2000.
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Table 4-8 provides estimated noise costs for various modes,
including buses, per passenger mile in the Boston area. Table
4-8 is consistent with the relative impacts shown in Table 4-7;
the noise costs of a transit vehicle are four to five times those
of a single-occupant vehicle on an expressway at peak hours.
Tables 4-7 and 4-8 suggest that a transit 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 a transit agency study-
ing a proposed rail project would need to conduct a much 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 a less
extensive study, such as an evaluation of a new bus route,
the simpler method of estimating noise impacts by estimat-
ing changes in VMT by mode should provide a reasonable
estimate of the value of noise impacts associated with a pro-
posed transit improvement that affects the type and number
of vehicle-miles traveled in a region.

WATER QUALITY

Framework

Water pollutants from transportation sources include heavy
metals, particulates, organic chemicals, and other substances
from vehicle exhaust, tires, oil, vehicle fluids, rust, and other
sources. Tire wear, litter, and leaks of oil, 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, vehicle fuels
can taint water supplies through oil spills or leaking storage
tanks. The increased impervious surface area associated with
the road itself also speeds the conveyance of water—and pol-
lutants—into streams, lakes, and other surface waters. Air pol-
lutants can lead to water quality problems as well. For exam-

ple, both nitrogen and sulfur oxides create acid precipitation
that can harm aquatic life in lakes; also, deposits of nitrogen
from NOx 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).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.10 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 damage to water supplies, vegetation, and health.11 Based on
original research and a literature review, Lee (1997) estimates
water pollution costs associated with highways at $10 billion
annually and transit impacts at $0.1 billion (1991 dollars).12

A completely different method for estimating the cost of
water pollution is to estimate what it would take to reduce the
pollution to very low levels (control costs). As a purely 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 analyst looking for a local estimate of costs faces sev-
eral problems, the two most difficult of which are (1) that
there are no data to 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

TABLE 4-7 Estimated marginal cost of noise in urbanized areas (1991 dollars per 
1,000 vehicle-miles traveled, base case estimates)

9 Delucchi, 2000.
10 Litman, 1999.
11 U.S. Department of Transportation, Federal Highway Administration, 1997.
12 Lee, 1997.
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other hand, Lee’s $10 billion 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.

As with air pollution and noise, there are reasons to expect
a bus to make a larger contribution to costs than an automobile
(because it is a heavy 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 this impact from any local
evaluation, unless special conditions suggest including it.

Sample Calculation

Many of the impacts 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 partially offset by
the greater environmental impacts of a bus vehicle-mile com-
pared with an auto vehicle-mile. Regarding this second point,
for both air quality and noise the evidence we reviewed is that
a bus has an impact that is 1 to 10 times the impact of a car.
This variability is not all uncertainty: some of it results from
real variability in conditions (e.g., noise impacts clearly vary
depending on ambient levels and surrounding development).

Our assessment is that it is reasonable to assume that, as a
crude point estimate, the air quality and noise impacts of a bus
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
reduce auto VMT by about five times more than it 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 is being shifted from the auto)
if they are to have measurable environmental benefits. To be
effective, they will have to offer service in 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: losses 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 benefits to 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
service was inefficient, and the new project, in part, used exist-
ing buses more efficiently. Assume further the simple rule of

TABLE 4-8 Estimates of noise costs by mode in medium-density Boston area
(1990 cents per passenger mile traveled)

TABLE 4-9 Estimates of annual water pollution costs of motor-vehicle use, 1990–1991 (billions of
1991 dollars)



thumb we just posited. In this case, the transit alternative
would have net environmental savings equal to 75 percent of
the auto VMT, equal to 750,000 VMT per year. Previous esti-
mates in this chapter are based on air quality costs in the range
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
savings is 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 III of this guidebook deals with those impacts that
we believe are primarily derived from and different ways of
expressing the savings in travelers’ 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. The last category, Accidents, fits the
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 things being equal, the more travel 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 accidents increasing at
a greater rate than vehicle-miles because congestion increases
the risk of accident.

Accidents vary substantially 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 wreckers to clean up
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the accident; courts, and so on). Sometimes insurance costs are
counted, though that raises issues of double-counting.

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

Few transit projects (none that we know of) are undertaken
with a principal goal being the reduction of a known traffic
hazard. Thus, few project evaluations (if any) make explicit
estimates of changes in the type, number, or severity of acci-
dents. Travel demand models do not provide such estimates.
Rather, the typical project evaluation, if it considers the value
of accidents at all, does so by (1) estimating changes in VMT
(perhaps by vehicle type) and (2) applying a general rela-
tionship between VMT and accidents to calculate changes.

Though that method is typical, it is not inevitable. There are
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 a cross-sectional
basis) with different accident rates for different configurations.
Thus, it is conceivable that an analyst could make explicit esti-
mates for changes in accidents that will result from a specific
transit project.

Even if such a detailed analysis were done, however, there
are still 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 a trip entirely. They buy
insurance to reduce their risk of financial loss (primarily
property losses, medical costs, and liability risk): that insur-
ance is part of their long-run perceived costs.13

The point is that some part of accident costs are perceived
by travelers and included in their calculation of travel cost.
At a minimum, 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 almost 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 costs that travelers perceive when
making travel decisions, even though they may ultimately pay
a share 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 a job: 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 a long-run cost.
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As hard as it may be to estimate the costs of accidents, it
is harder still to determine what portion of that estimated cost
is already 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 studies have
explicit estimates for accident costs. Rather than go into the
details of how all the components of accident costs are cal-
culated, we refer analysts to that paper and the reports it 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 billion,14 approximately 6¢
per vehicle-mile.15

Of the studies we reviewed, Ketcham and Komanoff (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 (a big 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 costs are 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 times the accident cost of a car per VMT. Table 3-13
in Chapter 3, however, provides a very different conclusion:
the number of fatalities and injuries on buses is so small that it
is almost 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.

As a final way to look at accident cost data, consider Table
4-11, which shows a breakdown of the component costs of
accidents. It illustrates that the severity of an accident makes a
difference to its costs. That point is obvious, but its implica-
tions are important. First, it means that any of the average esti-
mates of accident cost per VMT are not only approximations,
but they are approximations for situations where an analyst can
expect the distribution of accident types to be roughly compa-
rable with national averages. The smaller the metropolitan area

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 the type of accidents being increased or decreased by the
improvement.

In 1994, the annual cost of motor vehicle crashes in the
United States totaled more than $150 billion. This total 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 costs totaled $52.1 billion, and lifetime losses in market-
place production were estimated at $42.4 billion. 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
does it incorporate the concept of “willingness to pay” to avoid
death or injury.

The National Highway Traffic Safety Administration reports
a value of reducing fatal risks in the range of $2 to $5 million
per life saved.16 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 a high 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
costs include emergency response, insurance administration,
and travel delay. Additionally, crashes with 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

14 Blincoe, 1996.
15 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 a cost of approximately 6.38 cents per vehicle-mile. Blincoe, 1996, estimates
the total economic cost of crashes in 1994 at $150.5 billion.

TABLE 4-10 Comprehensive estimate of motor vehicle
accident costs

16 Also, based on a range of other studies, the 1997 Federal Highway Cost Allocation
Study: Final Report uses low, middle, and high estimates of the cost of a statistical death
of $1 million, $2.7 million, and $7 million, respectively (Federal Highway Administra-
tion, http://www.ota.fhwa.dot.gov/hcas/final).
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for fatal crashes.17 Another study estimates costs per accident
as follows: 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).18

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

• Make an adjustment for the component of those costs
that is already 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.19

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

estimate directly accident cost changes. Accident reports
usually give an indication 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 changes in spe-
cific types and locations of accidents impractical, esti-
mate accident costs based on changes in 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 modes is prob-
ably 1¢ to 10¢ per VMT. Our review of the literature
suggests to us that the true value is closer to the low end
than the high end: 3¢ to 4¢ per VMT is our best estimate
of an average point value.20

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

17 Blincoe, 1996.
18 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).
19 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).

20 Most reviewers of drafts of this guidebook found it too long and detailed. Its length
was reduced. As a result, 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 evidence is that 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.
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CHAPTER 5

TRANSIT’S DIRECT COSTS AND REVENUES

SUMMARY

This chapter describes how to include the 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, materials and 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 estimate transit patronage from which 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 be included 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 tabulated separately.

Revenue accounting is primarily done to determine finan-
cial feasibility (i.e., Will revenues cover costs?). Revenues
are not additional societal benefits. In the benefit-cost frame-
work, it is really only necessary to compare benefits and costs,
although it is worthwhile to analyze revenue devices (e.g.,
fare levels) that will significantly affect user cost perceptions
(described in Chapter 3).

OVERVIEW

This chapter discusses how to integrate the direct costs of
the transit improvement into the benefit-cost analysis and dis-

cusses the role that revenue considerations play in this analy-
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 resources that are used to implement and oper-
ate the transit improvement direct costs. Project evaluation
requires an estimate of any change in direct costs that is specif-
ically associated with implementation of the transit improve-
ments. Thus, the analyst should be interested in the dollar
value of costs that are

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

• Typically 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 be increased to police the transit facility, this cost
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 costs that
are not borne immediately are reduced to a present value
through discounting.

The analysis must also treat properly the revenues associ-
ated with the transit improvement. Specifically, it must account
for any changes in revenue that occur as a result 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 a private provider of transit services.
The transit agency or private firm typically generates the rev-
enue needed to defray these costs through user fees (fares) or
general taxes. The precise mechanism for collecting revenues
is irrelevant to benefit-cost analysis in the accounting sense.
What is needed to perform the benefit-cost calculation prop-
erly is an estimate of all 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 analysis is a way to determine economic feasibility, i.e.,
whether society gets more out of a transit improvement than
it puts in. For the benefit-cost test to be performed, the sources
of revenue do not even have to be identified. It is enough to
compare benefits with costs: revenues can generally be ignored.
There are only a few caveats to this general rule:

• The benefit-cost calculation is affected by revenue
devices that affect user cost perceptions. Consequently,
it is always 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.

• Taxes affect regional economic efficiency. Hence, when
unrelated economic activity is taxed 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, a tax 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 a tax 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.

• An underlying assumption of benefit-cost analysis is that
any excess revenue generated by an activity is returned
to society in a beneficial way. That is an important basic
assumption of this guidebook. In general, if a transit
improvement is being evaluated and chosen consistent
with the principles described in the guidebook, this
assumption is reasonable.

• Revenue from outside the political jurisdiction of the
transit improvement is sometimes considered “free” from
the viewpoint of local decisionmakers. It is not free, of
course, from a societal standpoint, and true, economic
efficiency is unaffected by this local perspective. Never-
theless, for a locality with a limited budget, the appro-
priate selection among alternative transit projects can be
affected by the extent to which the project relies on
“free” sources of 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 II of this guidebook. The focus of this discussion is
on economic feasibility as measured through a benefit-cost
calculation.

Revenues are, of course, of interest for an evaluation of
a related, but quite different, feasibility test: whether the
improvement generates enough money to pay for its develop-
ment and operation. This test is called the test of financial fea-
sibility (revenue-cost analysis, not benefit-cost analysis). This
test is important 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: While revenue sources are 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.
An implication of the preceding discussion is that 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 a transit 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 a result of the improvement (in
the section, Other Direct Costs).
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DIRECT COSTS OF TRANSIT IMPROVEMENTS
TO TRANSPORTATION AGENCIES

Framework

There are two dimensions to 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 is not (it is a “sunk” cost).

• Operating and maintenance costs include salaries,
wages, and benefits; services; materials and supplies
(e.g., fuel and tires); utilities; casualty and liability costs;
taxes; purchased transportation (contracted transporta-
tion and services); expense transfers, and miscellaneous
expenses. Operating costs can also be separated by spe-
cific function. These functions are vehicle operations and
general administration. Operations include vehicle oper-
ation (including ticketing and fare collection), vehicle
maintenance, system security, transit-related roadway
maintenance, and non-vehicle maintenance.

Data and Analysis

Tables 5-1 and 5-2 show the kinds of information that a tran-
sit agency should try to assemble about its own direct costs.
Capital and operating costs can vary depending on the mode
and type of facilities offered; location (routing and alignment);
system size (capacity); level and quality of the service pro-
vided; and areas served by the transit system. Various depart-
ments or consultants of a transit agency will have information
needed to compile rough cost estimates for a given project. If
a project is big enough and far enough along in the decision-
making process to merit a rigorous evaluation of its benefits
and costs, then it is very likely that an agency will have some
rough estimates of its costs.

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

Key Point: For very preliminary planning analysis,
order-of-magnitude estimates of capital costs from
standard sources or comparable projects should be
adequate. As planning gets more detailed, so will

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 estimates in this chapter. Data from
the Characteristics of Urban Transportation Systems1 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 data in the example tables.

The same experts can estimate level of service and its
characteristics (e.g., speed and frequency) for the transit 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
estimates for the operating costs of expansions to existing ser-
vices (e.g., adding a new bus line). Local data will 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 analyst is at an
agency that is already 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 services for 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 data are compiled from the1997 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 is that per-unit costs reported 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
(1) it better reflects what transportation is trying to do—move
a traveler (person) some distance (mile); moving a vehicle is
a derived objective; (2) it makes comparisons across modes
more intuitive and highlights conclusions about efficiency

1 Prepared for Federal Transit Administration under a grant to The Urban Institute,
September 1992, by Cambridge Systematics, Inc.
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(e.g. comparing $/passenger-mile for buses versus $/passen-
ger mile for cars); with cost per vehicle-mile, transit always
loses—even if a transit vehicle is carrying 50 times more
people than an automobile; and (3) cost per revenue-vehicle-
mile does not account for deadhead costs—real costs that are
incurred and need to be tabulated.

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 data in the previous tables are easier to use for project
sketch-planning if they are converted to costs per passenger-
mile. This permits the analyst to link direct cost calculations
to the service and benefit calculations, permitting quick com-
parisons of project alternatives. Table 5-6 shows estimates
of passenger-miles per capita in a transit agency service
area. It displays the minimum, maximum, and average annual
passenger-miles per capita for the three service area sizes used

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 as the result of a transit improvement.
There are two general types of costs to consider in this context:

TABLE 5-1 Transit capital costs for a proposed transit improvement (template for type of
data desired)

TABLE 5-2 Transit operating costs for a proposed transit improvement (template for type of
data desired)
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the transit improvement permits some travelers to travel
without the need for parking, there is a reduction in the cost
of providing parking spaces, relative to the base case. Since
the cost of this service is not reflected in user charges, how-
ever, we cannot count on the user-benefit calculation to auto-
matically account for such cost changes. They must be cal-
culated separately. Savings in this type 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 a lot of the transportation literature refers to avoided
costs (usually, as the cost of auto travel that is avoided when
travelers shift to alternative modes, change origins and des-
tinations to reduce trip length, or drop the trip completely),
we want to clarify here what should and should not be counted.
Avoided costs are the benefits of avoiding the costs that
(1) would have been incurred if an alternative choice had been
made and (2) were not considered in making the choice. For
example, suppose a traveler is deciding between traveling by
bus or by auto. The traveler’s choice of transportation modes
is determined in part by the costs he or she incurs in using
those modes. In this case, the price of gasoline, auto travel
time, and parking costs paid out-of-pocket by the traveler 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

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

• Changes in the cost of services financed by non-users.

The first 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 the improvement or not, should be valued at their fair
market value and included as direct costs. If service actually
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
service is paid for directly by users, through user charges, the
consumer surplus calculation properly measures the benefits
of saving these costs. Because the savings in user charges is
part of the user benefit calculation, the savings in the costs
underwritten by those charges is thus automatically accounted
for. There are some services, however, that are paid for indi-
rectly, through general taxes or 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

TABLE 5-3 Capital and operating costs by travel mode for small cities (population
<200,000) (1997$)
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account when deciding the bus/auto choice. Consequently,
the benefit of foregoing these costs is automatically captured
in the consumer surplus calculation for this traveler.

Other costs that are not explicitly factored into the traveler’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 costs include 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). Costs that a traveler 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
general 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 argue2 that transit
can provide low-cost mobility that can reduce expendi-
tures by other branches of government on social services.
For example, a new bus line may allow a person to get to
a clinic appointment without having to have the agency
pay for a taxi or run a special van, or it may mean that a
more expensive home call can be avoided.

Changes in most of these costs are probably best accounted
for by deriving estimates of these costs on a per-passenger-
mile basis and linking these estimates to the changes in travel

TABLE 5-4 Capital and operating costs by travel mode for medium cities (population
>200,000 and <1,000,000) (1997$)

2 See, for example, Lewis and Williams (1999).
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that generally generate these costs.3 Of course, if the change
in costs is negative (i.e., there are cost savings or avoided
costs), then this component of indirect costs will be a reduc-
tion in costs, rather than an increase.

In measuring avoided cost, it is important to count only the
portion of these costs that are not represented by user charges
in the user benefit calculation. Failure to follow this rule will
result in double-counting of some of the improvement’s
effects. Take, for example, the case where the transit 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
payments for 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 the freeway and claim a user benefit from
the reduced gas taxes paid.

• On the other hand, the freeway expansion that is avoided
may be only partially paid for by the gasoline taxes levied

in the affected corridor. In this case, there is some justi-
fication for including a direct 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 a tran-
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, more transportation-related services (e.g., police, inci-
dent response, and courts) will be needed. If one accepts that
argument, as we do based on casual 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-
umes decline, service and service costs decrease.4 If one accepts

TABLE 5-5 Annual capital and operating costs by travel mode for large cities (population
>1,000,000) (1997 $)

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.

4 In 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 a long-run
project evaluation, however, it seems reasonable to assume that these costs are a function
of traffic volumes and to attribute cost savings or increases based on changes in volumes.
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that argument, then it is logical to attempt to estimate some
relationship between some measure of traffic reduction (e.g.,
trips and vehicle-miles) and these costs.

As with 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) estimates the total
cost of police, fire, judicial, and correctional services related
to motor-vehicle use at $17.6 to $27.4 billion 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.5 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 savings is justified if traffic volumes are
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.

Parking at work, shopping centers, malls, and other retail
establishments is frequently an unpriced amenity. Businesses
have decided that it is better for business to bundle those
costs in a benefits 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 implies that only
some fraction, and probably a small one, of the cost is pro-
viding parking.6

The lack of a charge obviously does not mean that parking
costs nothing to provide. Depending on underlying land val-
ues and 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 as drivers, but rather as employees,
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 line item in a benefit-cost evaluation of a transit project?
Here is a suggestion for the steps of a basic analysis:7

• 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,

TABLE 5-6 Passenger-miles per capita by service area size

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

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.
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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, a daily rate of $8,
for 250 workdays, generates $2,000 per year. If the con-
struction and land cost per stall of a parking structure is
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 stall 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 portion to 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 a downtown only 50 percent pay, while the 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 residential parking fees or
differences between long-term and short-term parking
costs) then these should also be incorporated in the con-
sumer surplus calculation.

• Estimate, based on the travel demand estimate of changes
in auto 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 spaces to
get an estimate of the additional savings in 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 × 50 percent × 500).

Other Social Services

The argument that low-cost mobility reduces costs to a vari-
ety of non-transportation public agencies that provide social
services seems to double-count transportation benefits. Chap-
ter 3 shows how to calculate benefits to travelers. If the meth-
ods there generally do what they purport to do (we believe they
do), then one must ask what other, non-travel benefits are to
be measured here?

There are several ways to answer this question. One might
assert that the benefit of improved transit is strictly 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-
fits are already captured in the user cost analysis described in
Chapter 3. Some have argued that economies of scale in tran-
sit allow social service agencies to shed costs they now pay

for taxis, vans, and employee trips to the field.8 Even if that
is true, the analysis of user benefits using a travel demand
model should roughly capture the net user benefits. 

The issues here are hard to unravel. Consistent with Chap-
ter 3, a transportation improvement that decreases travel 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. The analyst should, at a min-
imum, prepare a table like Table 5-7. For reasons described
previously, the analyst must be clear that this tracking of rev-
enues is, 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-
ers who must find ways of subsidizing a transit improvement
that cannot be financed fully out of the fare box. In addition,
if the analyst wishes to “zero-out” some costs because they
are financed with non-local funds, accounting for sources and
uses is important.

The row headings in Table 5-7 can become as detailed as
necessary to show specific sources of funds. The main point
is to distinguish between local (i.e., the relevant service areas
for the transit 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 general
questions 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 benefits in
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 issues.

8 Lewis and Williams (1999, page 160 and following).
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TABLE 5-7 How to describe revenues for a transit investment (template for type
of data desired)



SECTION III:

TRANSIT’S IMPACTS—OTHER BENEFITS AND COSTS

To a rough approximation, most of the impacts described
in Section II 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 the impacts
in Section II. That does not mean that they are not real impacts
or that they should be ignored. Rather, it means that 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
the three chapters of this section: Land Use, Economic Devel-

opment, and Distribution of Impacts. For example, if transit
projects facilitate more intense development, that implies
effects on land development 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 elected officials are clearly
concerned about these types of impacts, and assertions about
their magnitude can affect policy decisions.
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CHAPTER 6

TRANSIT’S IMPACTS ON LAND USE AND DEVELOPMENT

SUMMARY

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

While identifying and measuring these impacts are of inter-
est to policymakers from an economic development, planning,
and equity perspective, increases in property value that result
from reduced travel times are already counted as direct user
benefits in the benefit-cost framework and should not be
added twice in the final 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
savings realized would depend upon local construction, infra-
structure, and other costs, which can vary greatly between
jurisdictions, and the amount of excess infrastructure capacity.

Predicting and measuring land use changes is a complex
process that must take into consideration numerous local
factors, such as the degree of improved accessibility, specific
site characteristics (e.g., size, price, and constraints), and the
local and regional real estate markets. Generally speaking,
land use effects will be more pronounced in growing markets,
although they will take longer to materialize than changes in
travel behavior. In addition, land development will also be
affected by local public policies such as zoning, development
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 travelers and/or generate large time
savings) are more likely to have large land use impacts. Tran-
sit’s impacts 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 from very complex and data-intensive computer mod-
els to 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. This interaction is measured as accessibility, which
reflects both the attractiveness of potential destinations and
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
is likely to influence land use in the vicinity of a new corri-
dor, transit center, or station.

Accessibility, and transportation’s strong contribution to it,
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, is the 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 development anything
but mechanical.

From the perspective of benefit-cost analysis, there are
several points about the impacts of a transit 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 a double-count of
travel benefits.

• Property values are correlated with the intensity
and, to a lesser extent, the type of development. How
development might change around a transportation
investment is certainly of interest to decisionmakers.



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 increases in 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 use impacts are 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 351 notes that such benefits, and those
of infrastructure cost savings from compact develop-
ment patterns, may be real, additional benefits of a tran-
sit improvement. A subset of these agglomerative econ-
omies is development costs: a large literature has been
developed over the last 30 years that attempts to measure
how infrastructure costs (public facilities) might change
with different development patterns. The simple idea is
that greater density means less 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 benefits to some extent and each other to a great extent.
The third category is more likely to be measuring unique and
additive benefits.

This chapter addresses each of these points under four
headings:

• Changes in land development. This is the 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?

• Changes in 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 the improvement. This sec-
tion is also, however, logically part of economic devel-
opment impacts, which is where this guidebook presents
it. Thus, this section simply points to 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
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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
becomes relatively less expensive in terms of money
or time to travel to them. These reductions in travel
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-
tions in 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 shifts in travel patterns.

The magnitude of changes in land use depend upon a num-
ber of factors, including how much accessibility is improved,
the relative attractiveness of the specific parcels near the sta-
tion, and the real estate market in the station area. The regional
real estate market will mediate the changes further. In a robust
fast-growing economy, demand for new housing and com-
mercial activities will be high. Under these conditions, the
effects of accessibility changes will be stronger than they are
in a weak market.

The likelihood of development near a transportation invest-
ment is influenced 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 development potential.

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

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



the type, intensity, and timing of development near stations.2

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 development.
Others clearly are exogenous, such as regional 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 a regional 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 organizations involved, 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-
cies are largely a responsibility 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, business firms,
developers, and government agencies.

Households seek housing that satisfies their needs and pref-
erences and fits within their budgets. Accessibility is only one
of many factors that households consider in making these
choices. Since the majority of trips are made for non-work rea-
sons, households consider access to stores, services, friends,
and other destinations besides work when choosing housing.
Many households are more concerned about affordability than
with access to jobs, provided they are not too distant from the
current jobs or primary destinations of household members.
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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 also play
a decisive role in 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. The final 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 players interact in a market 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 others and will outbid all others for 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

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.

Figure 6-1. Mediating influences on the transit-urban form relationship.



management policies and 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. Understand existing conditions and trends,
2. Establish policy assumptions,
3. Measure the transportation outcomes with and without

the projects or service changes,
4. Estimate the total study area population and employ-

ment growth with and without project or service,
5. Inventory the land with development potential, and
6. Estimate how the project will change the location and

type of development within the study area from what
would occur anyway.

MPOs and DOTs can use a variety of tools for land use fore-
casts and land use impact assessment, depending upon their
size, the questions they have been asked to answer, and their
interests in advancing the practice. There are eight basic types
of analytical procedures or tools currently available and in use.3

• Comprehensive plans and other land use regulations.
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 realistically the
effectiveness of these tools at 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.
MPOs and DOTs use a variety of qualitative methods to
understand the complexity of urban development. These
tools can be used as the primary method of analysis or 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 the theory of urban development, empirical knowl-
edge of transportation–land use interactions, and under-
standing of local situations.

Qualitative methods are not substitutes for data col-
lection. They should be based on a sound understanding
of existing conditions and trends, but this information
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is analyzed by experts without statistical techniques or
quantitative models to estimate what the future will hold.
The results of qualitative approaches depend upon the
breadth and depth of knowledge of the experts involved
in the process.

• Allocation rules for assigning population and jobs to
zones. Allocation rules use simple trend extrapolations
(e.g., fast-growing areas will continue to 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
activities like retailing 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 location preferences, and other factors that
might cause future development 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 is too complex to analyze
in its full detail. They are typically used in conjunction
with other processes such as GIS analysis of developable
land. Especially when using decision rules from another
location, the context in which they were developed must
be carefully compared with the study area to determine
whether there are any critical differences in these places
that might invalidate the use of the rule.

• Statistical methods. Multiple linear regression and
discrete choice models are two statistical methods for
evaluating the relative roles of multiple factors in shap-
ing land use patterns. Because they consider the effects
of multiple variables, they can represent more of the
complexity of urban systems than simple allocation or
decision rules, provided the appropriate variables are
included in the analysis. These methods require consid-
erable technical skills and large data sets to 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 information 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 tools to help understand trends
and development opportunities and to sort out the com-
plex behavior and interactions in the land market. While
the cost and difficulties of using GIS have been declin-
ing as new PC-based systems have been developed, con-
siderable staff time is still required to set up and maintain
the databases for an effective GIS.

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



• Regional economic models. Regional economic models
simulate an area’s economy and are useful for estimat-
ing regional 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-
cially available, and others have been developed for par-
ticular regions by MPOs, DOTs, and other state agen-
cies. It is important to understand the assumptions of the
regional 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
II+, LUTRIM, URBANSIM, and CUF. While this class
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 costs in time, data, and consulting needs;
the accuracy of the results; the lack of integration with
transportation models; and insufficient documentation.

DRAM/EMPAL and HLFM II+ are based on Lowry
gravity models that assume that accessibility is the key
concept in location choice. They do not adequately rep-

III-7

resent other factors that 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 models is,
however, limited, with the first full-scale applications of
these models in 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 on land use.
It necessarily oversimplifies things, since all transportation
initiatives that 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 policies. In other words, it provides a rela-
tive measure of the degree to which land use impacts will
occur. When an action is labeled as having “high” land use
elasticity, 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 tools and their relationship to the behavioral framework



that type. Some areas or projects may have impacts that are
greater or less than these elasticities would suggest depend-
ing, for instance, on the life cycle stage of the improvements
or any of the other mitigating factors that are listed.

Table 6-2 shows that potential land use impacts include
increases in both land value and development density. Major
transit infrastructure investments are less likely to have signif-
icant land use impacts than highway investments if they serve
a smaller travel market. In these situations, they may not have
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the same range of impacts as added highway capacity. How-
ever, in locations well-served by transit, localized land use
changes can be significant, particularly when clear accessi-
bility advantages are conferred to nearby properties. As with
highways, anything less than major infrastructure investments
is not likely to have significant, measurable land use impacts.

Most studies of transit and property values have focused on
rail investments and show that nearby transit service increases
residential property values. The closer to transit, the greater

TABLE 6-2 Land use  impacts of transportation investments and policies



the increase in value. However, reductions in value are fre-
quently found for properties immediately adjacent to stations
due to noise and other impacts.

Table 6-2 addresses impacts in general and in the aggregate,
but highway and transit improvements may have different spa-
tial impacts. Highway impacts tend to be more diffused and,
thus, may be harder to measure than transit impacts. Highways
are multimodal; they serve individual travelers, public tran-
sit, and goods movement. Changes in highway accessibility,
therefore, directly affect all aspects of economic activity.

Because transit only serves passengers and usually a small
percentage of those, its land use effects are likely to be more
localized and, thus, more definable than those of highway proj-
ects. Moreover, transit’s impacts are likely to be redistribu-
tive; land uses that locate near transit are unlikely to represent
a net change in the overall rate or magnitude of regional
growth. Rather they represent changes in the location of activ-
ities within a region.

At the same time, transit can be used to help redefine where
economic activity will occur within a region and provide a
means to implement other regional planning goals (e.g., com-
pact growth, increased affordable housing, preserving exist-
ing neighborhoods). When used as a redevelopment tool,
transit station areas can attract investment from redevelopment
boards, transit agencies, housing groups, local and regional
governments, and business associations. An articulated and
funded strategy for transit investments provides part of a
framework for efficient development; investment coming
from different sources can be combined to create higher lev-
els of benefits than would otherwise occur.

The same is true for most land use impacts of highways;
they are more likely to be redistributive than additive. But,
there are conditions under which a highway investment is
more likely to influence net regional growth than is a transit
investment. These include situations in which highway invest-
ments (including ITS investments) enhance the travel times
for the movement of goods. This would have the effect of
enhancing the productivity of area firms, making possible a
real growth in regional production, income, and employment.

In communities with large transit systems, the same con-
ditions may apply. The ability to move passengers who are
traveling for business reasons to and from a region’s airport
or to and from neighboring metropolitan areas by high-speed
rail would be ones in which travel time savings by transit
could result in net regional economic growth. These situa-
tions are increasingly important as the service sector’s dom-
ination of regional economies continues to increase.

But, for all but the largest investments in the largest tran-
sit systems, it is reasonable to assume that land use impacts
represent little or no net change in the overall rate of regional
economic or population growth. Rather, land use impacts
would be intra-metropolitan in nature.4
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The elasticities in Table 6-2 reflect the general experience
of many diverse transit investments; specific investments,
however, may show greater or reduced impacts. It is beyond
the scope of this report, however, to discuss the specific
impacts of multiple transit systems. Rather, users can refer to
the list of mitigating factors that is provided and the discus-
sion of other important factors (e.g., zoning and policy) to see
how their own improvements may yield similar or different
results.

It is fair to say that formal land use models, with their
extensive data inputs and lengthy calibration process, are
only suited to the largest and most complicated transit invest-
ment decisions, such as the creation or substantial expansion
of a regional rail system. Such models should be developed
at a regional scale, in agencies with strong commitments to
GIS data, and where there are likely to be numerous, ongoing
studies of land use/transportation interactions.

Even in these circumstances, the analyst should consider the
use of other techniques besides formal models. Extensive inter-
views, the use of expert panels, the Delphi Process, and/or the
use of case studies may be both cost-effective and informative.

By contrast, examinations of the land use impacts of local
transit investments (including the construction of a transit
center or station, for example) require almost exclusively the
use of techniques that incorporate substantial local knowledge
of individual property owners, parcels, zoning designations,
and real estate conditions. The analyst will likely find one or
more of the qualitative methods well suited to this task.

Experience in the application of the above tools and tech-
niques for land use impact analysis suggests the following
lessons for analysts:

• Think through the process of development and
improve understanding of the particular players in
your region. Households base their location choices on
similar factors in most parts of the country, and devel-
opers of national franchises consider a standard set of
criteria in the selection of their sites. But regions do dif-
fer in the types of developers who work there, in the mix
of households and firms, and in the role of public poli-
cies. It is equally important to understand these differ-
ences from general patterns.

• Recognize that other factors may be just as impor-
tant as, or even more important than, accessibility.
Most households and firms consider a wide variety of
factors before making location choices. Accessibility is
just one such factor. It is unwise to base a land use
impact assessment solely on changes in accessibility.

• Remember that public policies interact with market
forces to shape the pattern of development. Zoning
land for particular types of development does not guar-
antee that those types of development will occur; neither
do economic development incentives. However, when
these polices work in concert with market forces, they
can shape development.

4 NCHRP Report 323A furnishes the analyst with extensive information on each of
the tools described here and specific examples and references for their application.



Key point: Several tools exist to help analysts esti-
mate land use impacts. These tools offer different
strengths and weaknesses and vary substantially
with respect to their flexibility, complexity, quanti-
tative rigor, data requirements, cost, and ease of use.
No one tool is necessarily best—frequently multi-
ple tools are used if resources permit.

Key point: For all types of transportation improve-
ments, major investments that confer large accessi-
bility advantages are more likely to have significant,
measurable land use impacts. Transit’s impacts will
be more localized than those generated by high-
way improvements. For both highways and transit,
improvements in access are more likely to redis-
tribute, rather than generate, economic growth.

CHANGES IN PROPERTY VALUE

These impacts are addressed in Chapter 7, Transit’s Impacts
on Economic Development.

CHANGES IN THE COST OF DEVELOPMENT

Framework

When transit influences land development patterns, the
result is the construction or reconstruction of improvements
on one or more parcels of land. The costs and benefits asso-
ciated with land development near transit are indirect; they
are not directly associated with the transit improvement. This
issue takes on special importance in light of the ongoing
debate about the “costs of sprawl,” because in a full-cost
framework it is appropriate to ask not only about the types of
development that may occur but also about public and pri-
vate costs.

We divide the discussion, as is traditional, into separate
ones for capital and operating costs for both the public and
private sectors.

Private Capital Costs

Private capital costs for the construction or renovation of
real estate vary by region. A standard reference for such costs
is the Dodge Company, whose publications are used by cost
estimators across the United States. This source provides unit
costs for real estate construction.

Capital costs in the private sector vary for reasons other
than regional location. First, requirements of local building
codes affect costs from location to location. Second, “soft”
costs of construction vary from jurisdiction to jurisdiction
and may, in some cases, be significant. These costs include
the amount of time necessary to negotiate approvals for build-
ing and site design, for which a dollar value can be estimated.
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Third, many developments result in the need to improve
existing infrastructure. These improvements could pay for
replacement or upgrading of water and sewer mains and con-
nections, storm drainage or service, or transportation (streets
and roads) in the vicinity of the project.

Note that to this point we have assumed implicitly that an
approximately identical development (same type, intensity,
and design) could occur either with or without some transit
development. That assumption limits the analysis to the ques-
tion: Does the transit investment change the cost of that devel-
opment for a private developer? The broader questions—the
ones that people concerned about the cost of sprawl are inter-
ested in—have to do with the overall efficiency of public
infrastructure: they are addressed in the next section.

In summary, development “induced” to sites near transit
may have different (either higher or lower) capital costs in a
transit-served location than it might in another location. These
differences may be due to differences in construction, infra-
structure, or soft costs.

Public Capital Costs

The debate about the public capital costs of development,
including development near transit, has two important dimen-
sions. The first is the distribution of the costs. Communities
continue to debate whether the public sector ought to pay
for extending infrastructure necessary to support growth, or
whether these costs ought to be borne directly by developers
(and indirectly by homebuyers and tenants). This has led to
a separation of public and private sector capital costs alto-
gether, a distinction which in the context of this report has
bearing, because we advocate a full-cost framework in which
both public and private sector costs ought to be combined
and compared with benefits.

A second dimension of the debate is technical rather than
political. It bears on whether development in areas already
served by public utilities is more economical, because infra-
structure already exists to serve it. Thus, if sites near transit
are already served by water, sewer, and streets, does redevel-
opment there represent a lower-cost alternative than develop-
ment at the urban edge, where the services are absent?

Not all sites near transit may be served (partially or fully)
by utilities. Even if they are, however, various circumstances
influence whether the development of these sites represents
an economically more efficient solution. Most of the argu-
ments for the increased efficiency of density turn on assump-
tions about better use of underutilized capacity of infrastruc-
ture or buildings. Many developed residential neighborhoods
and many older commercial areas are occupied less densely
than they were at the time of their construction. Average
household sizes have decreased, leading many neighborhoods
to have fewer people today than they did a generation or two
ago. Many commercial buildings are underutilized, with sub-
stantial vacant space.



There is little debate in the professional literature that, in
the short run, the marginal capital cost for infrastructure will
be lower if excess capacity already exists—that point is true
almost by definition. There is debate, however, about whether
average costs might be a better measure than marginal ones for
a long-run analysis of the infrastructure savings of develop-
ment patterns (in which case, excess capacity is just a one-time
opportunity that can be taken advantage of now or later). These
concerns can be addressed through determining the timeframe
in which the benefit-cost analysis will be conducted.

Another aspect of the debate about the efficiency of urban
development and redevelopment results from the densities at
which urban sites are used relative to their suburban counter-
parts. A recent TCRP report on costs of sprawl5 synthesizes
the debate on this and related subjects. Reviewing available
literature, the report concludes that “compact development,”
which is both contiguous and at higher density than that found
at the urban edge, is associated with infrastructure costs that
are 75 to 95 percent of those found in “sprawling” develop-
ment patterns. The largest cost savings result from the need
for fewer roadways. The authors estimate road costs in com-
pact areas to be 75 percent of those in sprawling areas. They
also estimate the cost of water and sewer to be 80 percent and
schools to be 95 percent of those in sprawl.

Although there is extensive literature on this topic, no
consensus about the effects of density on development costs
has been reached. Transit analysts must be careful not to
assume a direct causal relationship that goes from transit, to
density, to savings in infrastructure costs:

• Capital costs can vary dramatically. The costs of a spe-
cific development on a specific site may vary widely from
the average cost in an area.

• Small infill developments have the smallest impact on
infrastructure and the smallest marginal public capital
costs because they are most likely to take full advantage
of existing available infrastructure and add only modestly
to the demand for these systems. Thus, scattered infill and
redevelopment near high-capacity transit services may be
able to take advantage of local sewer, water, and road net-
works by using capacity that would otherwise be idle.
For central plants (e.g., water and wastewater treatment)
the analysis is more complicated, because their excess
capacity that gets used may be independent of develop-
ment patterns.

• Claims for the high costs of redevelopment and infill
projects may be traced, not necessarily to a lack of capac-
ity in public infrastructure, but rather to the common
practice of negotiating exactions to rehabilitate, main-
tain, or upgrade existing infrastructures. Since most city
government budgets for capital investments are under-
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funded, municipal departments seek to recover as much
as possible by various means. From the point of view of
benefit-cost analysis, the costs of replacing or rehabili-
tating public infrastructure, which has long been subject
to under-maintenance, should properly not be attributed
to a redevelopment or infill project budget. Desperate
times may result in desperate actions, but the benefit-
costs ledger of a transit-served development project
should not be burdened with costs attributable to condi-
tions unrelated to its development.

• There is a reasonable case for concluding that transit-
served sites in existing developed areas may require less
public capital for infrastructure than sites at the urban
edge. There is also a body of evidence suggesting that
compact, contiguous development patterns are similarly
less costly. However, transit’s strongest role in creating
these patterns is limited to those metropolitan areas where
transit access confers a clear accessibility advantage.
Generally, these are the largest urban areas, with the
largest transit systems and highest levels of congestion.

Public and Private Operating Costs

The major focus of research interest in this topic has been
on the extent to which public sector operating costs, in the
form of public services such as police, fire, emergency vehi-
cles and the like, vary as a function of urban density. To the
extent that development near transit would be at densities
systematically higher than those possible in the absence of
the transit improvement, it is relevant to ask the extent to
which marginal costs for public services might be lower.

In general, the literature on public service operating costs
shows that, unlike capital costs, service costs are slightly
higher at urban densities than suburban ones. The cost curve
is U-shaped, meaning that government service costs are high
at the lowest and highest density ranges and lower in the mid-
dle range of densities.

Researchers do not agree, however, on whether these higher
costs are a function of density or whether they are attributable
to other factors. To the extent that urban areas have relatively
higher proportions of households with lower incomes, they
provide higher levels of services to meet the needs of these
citizens. In addition, as communities mature, it is common
for their citizens to demand and pay for various services and
amenities not commonly provided in less well-organized
jurisdictions. These could include parks, community, civic,
and performing arts centers. Thus, tastes and preferences,
combined with social and economic factors, may explain a
good deal of the variation observed in public service costs.

Summary

Costs of development near transit are examples of indirect
costs, rather than direct ones. Measuring and comparing these

5 Burchell et al. 1998. TCRP Report 39: Costs of Sprawl Revisited: The Evidence of
Sprawl’s Negative and Positive Impacts. Washington D.C.: Transportation Research
Board.



indirect costs requires care. The alternatives must be clearly
defined. Is the comparison between development of a given
site at a higher density with transit versus a lower density
without it? Or, is the comparison between development of an
urban site and some unnamed suburban one in an automobile-
served location? Both of these, it could be argued, are indi-
rect consequences of transit investments.

If the alternatives have been clearly specified, the next set
of challenges pertains to determining whether and how public
and private capital and operating costs vary for the develop-
ments in question. The literature suggests that the following
factors are relevant.

• Private construction costs, as influenced by local codes;
• The length of time required to obtain development

approvals;
• The extent to which local governments have impact fees

and how those fees are calculated;
• The extent to which local negotiations result in exac-

tions and the reasons for them;
• The extent to which the density of the development pro-

posal might result in more economical provision of
water, sewers, roads, and other municipal services on
site; and

• The location and amount of excess capacity available in
the infrastructure at the locations being compared.

Key point: The costs and benefits associated with
land development near transit are indirect and are
not directly caused by the transit improvement.
Jurisdictions may wish to analyze these costs, how-
ever, to see if capital and operating costs are/can
be reduced. Construction, infrastructure, and soft
costs are likely to vary greatly between jurisdic-
tions, and local conditions should be carefully
assessed. For any particular site well served by
transit, however, costs for linear infrastructure
(roads, water, sewer) may be reduced via compact
development, but will depend on existing excess
capacity and local cost allocation methods.

In the section that follows we describe alternative means
of obtaining these kinds of information.

Data and Analysis

The analyst will not need to assess the indirect costs asso-
ciated with land development on every occasion. Most transit
improvements can be evaluated without taking on these com-
plex questions. Most transit investments are not large enough
to influence land use and would not require this indirect cost
analysis. In communities and metropolitan areas where a
large transit improvement is being proposed, land use issues
become sufficiently important that the analyst may need to
address both the impacts and the costs described above.
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Even if the transit project is large enough to warrant an
investigation of land use impacts, there may still not be a
need to do the indirect cost analysis described above. Such
an analysis would only be warranted under one or more of
the following conditions:

• A particularly large development proposal near transit
is pending, and the presence of transit is a crucial factor
in its viability.

• The land use impacts associated with the build versus
no-build alternatives involve a substantial amount of
development locating in one community versus another.

• The communities or jurisdictions in which the develop-
ment is located have substantially different building code
standards, impact fees, or exaction requirements.

• The density, mix, and design of development near tran-
sit would be substantially different than what would
occur in its absence.

Under any of these circumstances, the analyst may need to
develop data to address questions raised by policymakers or
citizens regarding development costs. It will be important to
remember that benefit-cost analysis requires focusing first on
the magnitude of the benefits and costs, rather than their distri-
bution. While the question of “who pays” has significant polit-
ical consequences, its economic issues are less consequential.

For rules of thumb on the different infrastructure costs asso-
ciated with “compact” versus “sprawl” development, we refer
the analyst to TCRP Report 39. Information in that report will
be relevant if the analyst is comparing the costs of develop-
ment in two quite different locations, one of which would
likely be a “greenfield” site and the other well within the fab-
ric of the existing metropolitan area.

If the analyst seeks to compare development costs for two
different developments on the same site, the task becomes
easier. Under these circumstances, the analyst should consult
engineering staff in the agencies or departments responsible
for water, sewer, roads, drainage, and other key utilities. The
analyst can discuss with staff the marginal costs of accommo-
dating one or another development plan, assuming that tran-
sit would be “responsible” for inducing some different mix
or intensity development on the site than would otherwise
occur in the no-build scenario. Information on capacity con-
straints would influence the estimate of the marginal capital
costs for the needed infrastructure. The analyst should be
careful not to attribute to the development such costs as reha-
bilitation of existing facilities, routine maintenance and repair,
or the correction of deficiencies, which would be required
under any circumstance.

If the scale of the proposed transit project is large enough,
and the analyst determines that the system is capable of influ-
encing development patterns enough to warrant the evalua-
tion of regional development costs, it likely will be necessary
to engage in a relatively laborious evaluation of utility costs



at the system level. In some metropolitan areas, local topo-
graphic, environmental, or geologic conditions can influence
the cost of building the infrastructure on which development
depends. Only a thorough, careful planning exercise for the
affected utilities is capable of producing cost estimates under
these circumstances.

Key point: Most transit investments are not large enough to
affect land use significantly and, therefore, would not require
an assessment of indirect cost impacts. Land use impacts are
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more important to estimate for large development projects
near significant transit improvements or where the density,
mix, and design of development is likely to be affected sub-
stantially by the presence of transit.

AGGLOMERATIVE ECONOMIES

These impacts are addressed in Chapter 7, Transit’s Impacts
on Economic Development.
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CHAPTER 7

TRANSIT’S IMPACTS ON ECONOMIC DEVELOPMENT

SUMMARY

There is general agreement that transportation invest-
ments contribute to overall economic output at the national
and state level. Substantial disagreement remains, however,
regarding the magnitude of these contributions and the level
of geography to which benefits accrue. Some research has
found increases in personal income of up to 0.2 percent for
each additional 10 percent of transit expenditure, while other
studies have found much smaller or non-existent impacts.
Most researchers agree that economies of urbanization (e.g.,
shared labor pools) and agglomeration (e.g., choice among
many suppliers) do exist. Measuring these impacts in isola-
tion from other factors may be difficult, however, as these
benefits would be capitalized into property values along with
many other local advantages, such as accessibility. In addi-
tion, these impacts may produce net benefits that may only be
measurable at the state or national levels.

Transit can provide an important mobility option for unem-
ployed residents in areas with few local jobs. While some con-
tend that, in the long run, workers and firms adjust locations
to match their employment needs, it is likely that other condi-
tions (e.g., zoning policies) perpetuate jobs imbalances. Gen-
erally speaking, benefits will be greater when transit or poten-
tially lower cost services (e.g., vanpools) connect areas of
high unemployment with areas with labor shortages for sim-
ilar skill sets.

Transit improvements will often increase property values
in corridors or near transit stations in the long term. Most
research to date has focused on rail investments and shows
that impacts will largely be concentrated within a 1/4 mile of
stations, with heavy rail having greater impacts than light rail.
These increases, however, are primarily an alternative mea-
sure of travel time (user) benefits, as opposed to being an addi-
tional measure of benefits. In the short term, properties may
experience declines in value due to loss of parking, access bar-
riers, increased truck traffic, and other construction-related
impacts. For some types of businesses, such declines in value
can be substantial.

Formal cost-benefit analysis does not include the direct and
indirect economic impacts (employment, payroll, and output)
generated by the construction and operations of transporta-
tion projects. As policymakers are likely to be interested in
these impacts, however, this chapter describes methods that

can be used to estimate them. When estimating these impacts,
only funds from outside the region or study area should be
considered, and only those funds which will be spent locally.

OVERVIEW

When considering a transit investment, policymakers fre-
quently cite benefits related to the broader economic devel-
opment objectives of a region. Some of these benefits may
result in an overall increase in economic welfare for the region.
Others are redistributive, in that most or all of the economic
impacts are really a gain for one area at the expense of another.
This chapter provides guidelines for evaluating these eco-
nomic impacts, which include

• Increases in regional productivity and benefits of urban-
ization and agglomeration;

• Enhanced employment accessibility;
• Impacts on property values; and
• Employment, output, and income effects due to con-

struction and operations of transit projects.

We provide guidance for estimating the first three impacts:
specific methodologies are either not well developed or are
well documented elsewhere (and we point to where additional
information can be found). For the last category of impacts—
employment, output, and income effects due to transit con-
struction and operations—we provide a more detailed series
of steps to estimate these impacts. These latter impacts are
commonly analyzed as a part of Environmental Impact State-
ments (EISs), and the methodology is well defined.

INCREASES IN REGIONAL PRODUCTIVITY
AND BENEFITS OF URBANIZATION AND
AGGLOMERATION

General agreement exists that transportation investments,
which include those in transit, contribute to overall economic
output. Experts disagree, however, regarding the magnitude
of this contribution and the geographic scale where this rela-
tionship holds. At the national level, numerous studies have
measured the relationship between economic performance
and transportation infrastructure investment: the consensus is
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that the relationship is positive and significant.1 The causes of
these effects are not well defined but revolve around trans-
portation both being a direct input into the production process
as well as facilitating the efficient use of other inputs (labor
and capital).

While many of the empirical studies have focused on the
role of highways in economic production, some comparable
studies evaluate mass transit’s impact on overall production.
One study, in particular, finds a relationship between mass
transit expenditures and personal income (at the state level),
though the cause and effect are not clear. The researchers
found for every 10 percent increase in mass transit expendi-
tures, there was a corresponding increase in personal income
ranging from 0.1 percent to 0.23 percent.2 The same research
indicates that these returns are one-third to one-half that asso-
ciated with highway expenditures.

Thus, at a macro level, there appears to be some relation-
ship between transit investment and overall economic output,
but this relationship is not substantial and cannot be quanti-
tatively identified at a regional or metropolitan area level of
analysis.

Disagreement remains regarding the drivers of this rela-
tionship (i.e., Does a higher level of transportation investment
lead to increases in personal income, or do regions with higher
incomes spend more on transportation?). Further, other stud-
ies reach alternative conclusions, finding that “major efforts at
increasing public infrastructure in local areas may not gener-
ate anything beyond normal rates of return or have anything
but a modest effect on growth in per capita income.”3 While
users of this guidebook may wish for a recipe or formula to
calculate these larger economic benefits to the overall econ-
omy, there simply are no reliable relationships or methods
for calculating them that can be applied directly to a local
transit project.

Key Point: There is a positive relationship between
investment in transit and economic growth at the
national and state level, but this relationship is
much more ambiguous at the metropolitan and
regional levels.

Related sets of effects at the metropolitan area or sub-
region level involve what are collectively known as urban-
ization and agglomeration economies.4 In general, these are

the efficiencies derived from denser settlement patterns in
cities and metropolitan areas. These two sets of effects are
generally defined as follows:

• Urbanization economies are economic benefits attribut-
able to cities and urban areas as a result of firms and
households sharing common resources and infrastructure.
The unit costs for sewer and water systems are decreased
as larger systems yield scale economies. Shared pools
of labor and other inputs lead to overall efficiencies
compared with areas where such pools are smaller and
require higher costs of search and labor training.

• Agglomeration economies are also a result of a more
compact form of settlement and stem from benefits of
accessibility. In a more dense setting, firms and house-
holds may more efficiently handle needs for face-to-
face interaction, supplier relationships, proximity to labor,
and so on.

Urban economists and other researchers generally agree
that these effects exist, though there is widespread disagree-
ment regarding exactly where, when, and at what magnitude
they are found. For example, cost savings to firms and house-
holds attributable to urbanization economies in a dense city
setting may be more than offset by lower occupancy and labor
costs in a less dense suburban location.

Determining the relationship of transit investments to these
urbanization and agglomeration economies becomes even
more problematic, particularly any attempts at quantifying
such a relationship. There are at least three reasons for these
difficulties: 

• Some of these urbanization and agglomeration econ-
omies may simply capture the travel time benefits cap-
tured in a formal cost-benefit analysis: counting them as
additive benefits is counting them twice.

• It is empirically almost impossible to measure accurately
the extent of these economies; a later section of this chap-
ter discusses how transit affects property values, and such
changes will embody these urbanization and agglomer-
ation economies as well as other effects.

• The urbanization and agglomeration economies that are
uniquely attributable to a transit investment may, in fact,
simply reflect largely a redistribution of benefits (or
costs). If, for instance, settlement patterns are shifted to
areas near transit stations at the expense of other areas
not served by transit, then these other areas may lose any
agglomeration and urbanization economies that they may
have experienced.

Key Point: Transit projects may facilitate denser
forms of land use, thereby creating economic ben-
efits, but many of these benefits are redistribution
from elsewhere in the urban area.

1 See Michael E. Bell, Therese J. McGuire, et al., NCHRP Report 389: Macroeconomic
Analysis of the Linkages between Transportation Investments and Economic Perfor-
mance, 1997; and Randall W. Eberts, How Levels of Investment in Transportation Affect
Economic Health, Paper presented at the Conference on Information Requirements for
Transportation Economic Analysis, August 1999.

2 Michael E. Bell, Therese J. McGuire, et al., NCHRP Report 389: Macroeconomic
Analysis of the Linkages between Transportation Investments and Economic Perfor-
mance, 1997, Ch. 5.

3 Michael E. Bell, Therese J. McGuire, et al., NCHRP Report 389: Macroeconomic
Analysis of the Linkages between Transportation Investments and Economic Perfor-
mance, 1997, Ch. 6.

4 See TCRP Report 35: Economic Impact Analysis of Transit Investments for a more
detailed description of these effects.
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Given this evaluation, this guidebook makes no specific rec-
ommendations about data sources or empirical measures of
this category of economic impact. The most we can say is that
(1) there is a theoretical argument for this type of economic
benefit; (2) the empirical evidence is very thin; and (3) the few
studies that do exist show the effects of transit improvements
to be small, less than those of equivalent investments in high-
ways, and only measurable at an aggregate level of geographic
detail (state level or higher).

ENHANCED EMPLOYMENT ACCESSIBILITY

Framework

A transit system—from simple dial-a-ride bus service in a
predominantly rural area to a major multi-modal mass transit
project in a metropolitan area—offers the prospect of allowing
people who would not otherwise have any means of mobility
to gain access to employment, particularly where job opportu-
nities are scarce to non-existent in the immediate area of their
residences. This situation is most often found in rural areas,
particularly in lower income areas where automobile owner-
ship is low. It is also found in urban areas, where a “mismatch”
exists between the demand for labor possessing certain skills
and the locations where labor with those skills resides (par-
ticularly when residents in these areas do not have access to
auto transport or the auto travel costs—real and perceived—
to the locations possessing the jobs are excessively high).

From a regional economic perspective, the actual impacts
of such a mismatch are difficult to quantify and vary based
on a short- or long-run timeframe. In the short run, regions
that have a high demand for labor to the point where a labor
shortage occurs and, at the same time, have areas with a pool
of unemployed or underemployed persons may find that bus
or other transit service has the potential to “unlock” this pool
of labor to serve the areas with high demand. An example
would be a growing suburban retail center with a regional
mall lacking service workers, coupled with an inner city area
with high unemployment.5

Studies of larger urban areas indicate some significant asso-
ciations between proximity to transit stops (especially bus) and
employment levels. For instance, in an analysis of Atlanta’s
transit system, average work employment levels decreased
by approximately three weeks for every 0.5 km from the
nearest bus stop.6 However, the same study showed a weak
and mixed relationship in Portland for bus, and a weak rela-
tionship in both cities for rail (a few days less work per year
for employees not within walking distance of a station, adjust-
ing for other demographic and access characteristics). Over-

all, access to an automobile has the most significant impact
on accessibility to employment opportunities.

In the long run, many economists would argue that imbal-
ances between the demand and supply for labor will be alle-
viated as firms and workers adjust (with firms either offering
higher wages or locating in areas with a lower-cost labor pool,
or workers moving to areas of greater job availability). There
is evidence that such a process indeed occurs, but there are
other long-lasting characteristics of both urban and rural econ-
omies indicating that this adjustment never fully alleviates
these imbalances. Transit represents one means by which these
imbalances may be alleviated. Where the effects of transit are
real in this respect, it may have other fiscal benefits such as
savings in welfare, unemployment compensation, and other
social programs.7 Though, as discussed in Chapter 5, the mere
introduction of a transit option does not automatically lead to
any measurable benefits that have not already been captured
in a formal analysis of user accessibility benefits and costs.

The literature of many professions (planning, economics,
political science, and sociology) has many articles arguing
that the efficiency of urban economies is diminished by struc-
tural problems, like discrimination and zoning, and that a func-
tioning market is no assurance against undesirable impacts on
many groups (e.g., lower income households may lose options
for tenure, housing type, and location as higher income house-
holds bid up the price of the housing stock). The presumed
connection between transit or, more generally, lower cost
transportation, would have to be that (1) these forces have
created economic segregation of households, (2) business
productivity in other areas is constrained by a lack of labor
at wages commensurate with those of wage earners in these
lower income households, and (3) lack of good public trans-
portation makes the perceived price of getting to the busi-
nesses too high for workers in the lower income neighbor-
hoods. The argument would have to be that the economies of
public transit provide transportation more cheaply than the
businesses themselves could otherwise provide it (e.g., with
subsidized or free van pooling), so transit provides a net reduc-
tion in regional transportation costs.

Even if one assumes all those points, one must also note
that the net transportation savings is what matters to regional
efficiency (the difference between the cost per trip via transit
and the cost via the next best alternative). Most of the effects,
however, are distributional (e.g., people in the neighborhoods
served by transit are now better off, as are businesses), a point
addressed in the next chapter.

Data and Analysis

One can calculate the potential number of employment
opportunities that derive as a result of transit alleviating the

5 There is substantial literature regarding “spatial mismatch,” particularly in urban
areas. See Sanchez, T. W., “The Connection Between Public Transit and Employ-
ment,” Journal of the American Planning Association, Summer 1999, 284–296, and
Lewis, D. and F.L. Williams, Policy and Planning as Public Choice, Brookfield, VT:
Ashgate, 1999, Ch. 4.

6 See Sanchez, 1999, p. 291. 7 See Lewis, D. and Williams, F.L., 1999, p. 160–178.
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spatial mismatch predicament, with the major caveat being
that these impacts are not necessarily additive, nor do they
necessarily reflect new jobs created in the regional economy.
Instead, these calculations can be used to demonstrate the
capacity of a transit system to facilitate mobility between
where workers reside and the location of specific employ-
ment opportunities.

The factors used to forecast these affects are often estimated
using surveys of actual riders. The method is as follows:8

1. Conduct a statistically significant survey of transit rid-
ers on a particular route to determine the following
information about each respondent:
• Use of transit system for commuting
• Ownership of a car or access to alternative transporta-

tion in the absence of transit (e.g., carpool)
• Annual earnings

2. Extrapolate the results of the survey to estimates of
total ridership to calculate the number of persons using
the system to travel to work who otherwise would not
be able to do so without the system.
• Multiply the number of jobs attributable to the route

by the average earnings of respondents who answered
they would not be able to travel to their employment
without the transit services.

After making these calculations, keep the following guide-
lines in mind when discussing the results:

• Bus projects will generally have a greater impact on
accessibility to employment than commuter or light rail.

• Where a transit project connects areas of high unem-
ployment (e.g., 10 percent or greater) to those with very
low unemployment (e.g., 5 percent or lower), the net
effects on the regional economy will be greatest. Fur-
ther, where there is the greatest match of labor skills
demanded by the area of full employment (e.g., a need
for retail clerical employees) and those skills supplied
by the area of relative high unemployment, there will be
the most substantial effect.

• Larger metropolitan areas will experience the greatest
impact (in part because of the potential for the largest
disparity of unemployment variances within the region).

IMPACTS ON PROPERTY VALUES

Framework

Property values are correlated with the intensity and the
type of development. Decisionmakers are usually interested

in these changes, as property owners and citizens are highly
sensitive to fluctuations in real estate values, both positive and
negative. During a project’s construction, for instance, right-
of-way takings require an assessment of the direct impacts of
the project on property owners in its path and impacts on
value. As a project is placed into full operation, property
owners and communities may see real increases in the value
of their properties around transit stations as residents and
businesses make locational decisions based on increased
access. Transit systems, over the long term, will often have
an overall positive and noticeable impact on property values
around stations and along transit corridors.

While property value changes are often real, they mainly
reflect an alternative as opposed to an additional measure-
ment of the system’s benefits. The value of a property affected
by a transit system largely reflects the capitalization of the
net travel benefits (i.e., increases in accessibility). In other
words, a purchaser of a home near a transit station will include
an assessment of travel time benefits of that system in his or
her willingness to pay for that home. A business tenant of
commercial space will pay additional rents to the landlord
(who then holds a higher valued property) with the knowledge
of increased traffic around a transit station or shorter com-
mutes for employees.

Changes in property values around a transit corridor may
also reflect conditions independent of the system. For instance,
many preferred transit alignments coincide with existing arte-
rials or the routes that would have been selected for highway
improvements in lieu of transit. Increases in property values
around a transit station located at a major highway interchange
may, in fact, have little to do with the station itself. In other
words, as with other benefit-cost calculations, one must apply
a with-or-without framework as opposed to a before-and-
after analysis.

Property value changes along a transit corridor may be
completely offset by changes observed where the system is
absent. Households and firms may shift their location deci-
sions with the introduction of a transit system, desiring resi-
dences and spaces near stations. These decisions may come at
the expense of those locations now considered less desirable.

Finally, there is evidence that a transit system may have
negative, as well as positive, impacts on property value dur-
ing both its construction and long-term operations. During
construction of a project, such as a rail transit system, trans-
portation agencies are bound by law to compensate owners
for the market value of their properties taken due to the proj-
ect’s physical right-of-way or where the project severely
harms the economic capacity of a property.9 Other negative
impacts on property owners may include detrimental impacts
of construction, barriers to access (including restriction of

8 See Burkhardt, J.E. et al., TCRP Report 34: Assessment of the Economic Impacts of
Rural Public Transportation, 1998 for more detail of method and applications to spe-
cific projects in rural areas.

9 What defines “takings” may vary according to State law and current legal interpre-
tations. For a current discussion of these issues, see Economics Research Associates,
Rivkin Associates, Daniel Mandelker, and Brian Blaesser, Robinson & Cole, prepared
for U.S. Department of Transportation, Federal Highway Administration, An Assess-
ment of the Effects of Public Project Acquisitions on Adjacent Business (October 1996).
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left-hand turns or traffic delays), loss of parking, noise, and
loss of visibility or views.

Despite these caveats, often very real and measurable prop-
erty value impacts (mainly corridor impacts) are associated
with transit projects,10 and there are methods to estimate the
magnitude of these impacts.

Key Point: Transit projects generally increase prop-
erty values around stations and sometimes along
corridors; most of the economic impacts of these
value increases, however, are already captured in
a formal analysis of user benefits.

Data and Analysis

Calculating property value impacts of a transit project should
be done at the level of particular segments or specific transit
stations. There are two main categories of transit impacts on
property values:

1. Direct valuation impacts of the project’s construction
and physical characteristics, which are both short and
long term and mainly negative.

2. Accessibility and agglomeration valuation impacts
around transit stations and corridors, which are mainly
long term and mainly positive.

Direct Impacts

Construction of a new transit system, particularly rail, will
have an immediate and direct impact on the value of parcels
along its physical right-of-way as well as properties immedi-
ately adjacent to the right-of-way. Some of these impacts will
be short term (such as the impacts of construction), while oth-
ers will be long term and even permanent (such as the per-
manent takings of property or the elimination of access to
parcels due to the physical presence of the project).

Right-of-Way Impacts

Under the takings clause of the Fifth Amendment to the
U.S. Constitution and promulgated in what is known as the
federal “Uniform Act,”11 transportation and related govern-
ment agencies are bound to compensate private property own-
ers for land acquired for public use. These takings include
entire parcels where the physical right-of-way of the project
requires complete acquisition (“full takings”), as well as por-
tions of parcels where the physical right-of-way infringes

upon a property or severely damages its existing economic
use (“partial takings”). What ultimately determines full or
partial takings includes not only the legal requirements of
federal laws and policies, but state laws as well. To estimate
the value of these takings, analysts are strongly advised to pro-
cure the services of qualified appraisers. Alternatively, ana-
lysts can look at the data sources that an appraiser would—
sales data, assessment data—and try to do their own valuation.

Construction Impacts

During the construction of fixed-guideway transit projects
(as well as many street and highway projects), nearby prop-
erties that are not subject legally to full or partial takings may
suffer adverse effects. These negative impacts can include
access restrictions (including temporary lane and road clo-
sures, increased truck traffic, and detours), loss of parking, loss
of visibility, disrupted utility service, noise, and dust. For com-
mercial properties, such disruptions lead to losses in business
revenues and thus lower achievable rents, which is the driver
of value for any commercial real estate asset. For residential
properties, the achievable market sales price of properties is
impaired at least temporarily.

For commercial properties, rents may decline as much as
40 percent or more and average 10 percent for the typical
business, based on case studies of rail and road construction
impacts.12 Studies suggest that typical businesses may face
about a 10 percent loss in annual revenues due to construction
impacts. Businesses that are highly dependent on customer
access, such as gasoline service stations, may experience rev-
enue losses of 40 percent or higher. Retail establishments
typically experience the greatest revenue losses, but con-
struction impacts can affect other businesses as well.13 Table
7-1 provides sample ranges, drawn from case studies, of the
impacts of construction on gross sales volumes. Note that the
particular effects of construction delays and other impacts
will vary considerably according to the duration and magni-
tude of the project, as well as other project-specific charac-
teristics. For example, studies have shown that delays associ-
ated with the construction of road projects may outweigh the
benefits of the eventual time savings due to the finished proj-
ect, depending upon the nature of the project construction.14

To estimate such losses, there are two possible methods.
The first method is to quantify the business receipts for the

10 These impacts, as well as the methods to estimate them, apply to most types of tran-
sit projects.

11 U.S. Public Law 91-646, “Uniform Relocation Assistance and Real Property Acqui-
sition Policies Act of 1970” and subsequent amendments.

12 See Economics Research Associates, Rivkin Associates, Daniel Mandelker, and
Brain Blaesser, Robinson & Cole, prepared for U.S. Department of Transportation,
Federal Highway Administration, An Assessment of the Effects of Public Project Acqui-
sitions on Adjacent Business (October 1996), p. 50, in a case study of Indiana Depart-
ment of Transportation projects; see also p. 59, case study of Wisconsin Department of
Transportation projects.

13 Economics Research Associates, Rivkin Associates, Daniel Mandelker, AICP, and
Brian Blaesser, Robinson & Cole, prepared for Federal Highway Administration, An
Assessment of the Effects of Public Project Acquisitions on Adjacent Business, Octo-
ber 1996.

14 See Surface Transportation Policy Project, Road Work Ahead: Is Construction
Worth the Wait, 1999, www.transact.org.



affected corridor from state employment data (which often
requires special permission for its use). From these numbers,
one can derive estimates of total business sales and use the
general guidelines found in Table 7-1. Note that these esti-
mates are from highway studies. And again, the longer the
delay associated with a project, the greater the magnitude of
these construction period impacts.

The second method typically requires the expertise of an
appraiser and involves identifying comparable sales, leases, or
both for properties with and without construction impairment.

Longer-Term Direct Impacts

The physical construction of a transit project may have
other property value impacts in the longer term, aside from
properties that are fully or partially taken. Access restrictions
that the project creates, particularly along commercial corri-
dors, may have either positive or negative impacts on busi-
nesses and resulting property values. For instance, restric-
tions of left-hand turns have been found to affect business
revenues up to 25 percent or more for certain types of “drive-
by” customer-dependent businesses.15 Loss of both onsite and
offsite parking may also have negative impacts; the magni-
tude of these losses depends upon the nature of those busi-
nesses and periods when parking is at full capacity (e.g., hol-
iday season shopping for consumer goods, peak-hour travel
times for convenience stores).

In general, loss of onsite parking will have a greater impact
on businesses—and, thus, property values—than loss of off-
site parking. Offsite or street parking would typically have a
greater impact on areas of high densities, where many busi-
nesses lack onsite parking options. Loss of parking, on the
other hand, does not necessarily mean that there is an over-
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all cost. Many municipal zoning and land use requirements
in fact may lead to too many parking spaces, if one consid-
ers all of the development and opportunity costs associated
with such requirements.

A small reduction in either onsite or offsite parking as a
result of a transit project may have little adverse impact, except
for corridors and areas where parking is already in short sup-
ply (particularly during peak capacity periods). However, a
substantive long-term loss in parking due to right-of-way and
other displacements would be considered a negative economic
impact, particularly on commercial uses.

Accessibility and Agglomeration Impacts

On the positive side, the greater access afforded by certain
transit projects will increase property values.

Many of the overall economic benefits attributable to a
transit project—those measured in the previous chapters of
this guidebook—may be reflected in increased property val-
ues across the transit system. These long-term property value
impacts exist, though the evidence is mixed as to their extent
and magnitude.16 In general, an inverse relationship exists
between the distance, or travel time, from a rail transit station
and property values. This effect is most pronounced within an
approximately quarter-mile radius around certain stations;
beyond that distance, the effect diminishes substantially. Fur-
ther, heavy rail appears to have a stronger positive effect on
property values than does light rail.

TCRP Report 35: Economic Impact Analysis of Transit
Investments: Guidebook for Practitioners, Section 9.2, pro-
vides a comprehensive methodology for estimating these
property value impacts. The general steps in the methodol-
ogy outlined in TCRP Report 35 are as follows:

TABLE 7-1 Sample ranges of construction impacts on businesses

15 See National Cooperative Highway Research Program, Research Results Digest
231, “Economic Effects of Restricting Left Turns” (August 1998).

16 See Ryan, S. 1999. “Property Values and Transportation Facilities: Finding the
Transportation-Land Use Connection,” Journal of Planning Literature, col. 13, no. 4,
p.412–427.
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1. Estimate the amount of development to occur along a
transit corridor, using a transportation and land use fore-
casting model such as DRAM/EMPAL.

2. Estimate the land value premiums for each land use at
varying distances from a transit station, based on other
comparable projects or a detailed study of the existing
transit project.

3. Forecast total land value changes for each station or
corridor.

Evidence suggests that rail transit systems can increase
nearby property values by providing greater access through-
out the metropolitan region. The literature shows that posi-
tive impacts are most pronounced in areas within a quarter-
mile radius of light rail stations. As a rough guideline, Table
7-2 summarizes the range of property value impacts from
some of the many studies that have been conducted on rail
transit projects.

These figures cited in the literature estimate the “premium
value” of locations near rail stations for different property
types and distances from transit. Use these ranges as a guide-
line, understanding that most of these studies were conducted
in larger urban areas. In general, greater impact will occur
where densities are higher, travel-time savings are large, tran-
sit stations coexist with other transportation junctions such as
highways, and regions are experiencing a high degree of pop-
ulation and employment growth. In addition, one would expect
greater impacts on properties near larger systems, since access
to such systems offers a greater accessibility advantage than
does access to a system with only limited service or coverage.
Commuter rail has a greater positive impact on property val-
ues than does light rail. Also, studies suggest that some pos-
itive effects on property values may not appear for more than
a decade after completion of the transit system.17

Summary

Different aspects of transit projects have different compo-
nent effects on property values. Construction impacts are gen-

erally negative, but short term. It may be that investors cannot
see past the problems of construction to the benefits of opera-
tion and that property values do not increase or even drop.

Property values could also drop because of a realistic assess-
ment that the long-run change in accessibility will be small
or negative. That could certainly occur for some properties
affected by a transit project. For fixed guideway projects, it
is clear that accessibility benefits occur primarily at transit
stops. Property along the corridor but not at the stop could
easily see a decrement in value from direct reduction in access
(e.g., reduction of automobile turning movements), construc-
tion hassles, and operating noise.

The challenge for analysts is to determine the net effect for
all affected properties: the present value of changes in prop-
erty value for the study area.

If appraisers were to try to estimate these changes in prop-
erty values, their key questions would probably be: What are
the expected changes in access and related public facilities
that this project will create, how do businesses and investors
value that accessibility, and how confident are they that the
accessibility will be improved? In other words, the changes
in property values depend primarily on changes in access,
and, therefore, are primarily a different way of expressing the
benefits of access. Thus, any property value changes that an
analyst estimates cannot properly be added to the benefits
and costs estimated in Chapters 3, 4, and 5.

EMPLOYMENT, OUTPUT, AND INCOME
EFFECTS DUE TO CONSTRUCTION 
AND OPERATIONS OF TRANSIT PROJECT

Framework

In general, a formal benefit-cost analysis should not account
for any direct or indirect economic activity generated by the
construction and ongoing operations of any transportation
project. Such activity includes the output, employment, and
labor income generated by both the initial investment in the
project and subsequent expenditures to operate and maintain
it once constructed. Although policymakers and others are
often interested in the number of jobs created from a large
public investment for a particular state, regional, or local econ-
omy, for various reasons these impacts should be excluded

17 Bernard L. Weinstein and Terry L. Clower, The Initial Economic Impacts of the
DART LRT System, prepared for Dallas Area Rapid Transit (University of North Texas,
Center for Economic Development and Research, July 1999), and Cambridge System-
atics, Inc., Robert Cervero and David Aschauer, TCRP Report 35: Economic Impact
Analysis of Transit Investments: Guidebook for Practitioners, Transit Cooperative
Research Program (Washington, D.C.: National Academy Press, 1998).

TABLE 7-2 Range of property rent and value impacts due to rail transit projects



from the benefit-cost analysis. These impacts can, however, be
measured and identified separately.

At least three reasons exist for excluding these impacts from
the formal benefit-cost analysis. First, construction costs are
first and foremost just that: costs. That is how Chapter 5
accounts for them. To account for them again as a benefit is
not consistent with the basic principles of benefit-cost analy-
sis described throughout this guidebook.

Second, investment in a large public project such as tran-
sit is actually a transfer of fiscal resources from one or more
other possible investments. Depending upon the geographic
and jurisdictional scale of this transfer, the overall impact of
these expenditures could range from being negligible (e.g.,
at the scale of the nation as a whole) to substantial (e.g., at
the scale of a municipality where a major portion of a project
may be located). Moreover, the investment might be fungi-
ble—if the funds are not spent on a particular transit project,
they might be spent on a different transit project, transporta-
tion project, or other infrastructure projects (e.g., sewer, parks).
In that case, assuming the investment amount is similar, the
regional economic impacts would be similar, although the dis-
tribution of those impacts would vary.

Third, focusing on the employment impacts of a project
may be more or less important to a region, depending upon
the degree of economic health in the geographic area studied.
For instance, in an area with nearly full employment, any new
jobs created would not be considered a true benefit if the
labor supply is already constrained. In fact, it could be con-
sidered a detriment to the region if the demand for labor results
in increased costs to businesses and labor shortages. Employ-
ment gains may be considered a benefit in regions where
there is not full employment or where the types of jobs cre-
ated by the construction, maintenance, and ongoing opera-
tions of a transit project are preferred over existing employ-
ment opportunities.

In cases where policymakers, planners, or the public are
interested in these employment and output impacts, various
methods can estimate them, including simple employment
multipliers, input-output analysis, and econometric models.

New investment in a region that generates new economic
activity that otherwise would not have occurred is considered
to have a net positive impact on the region’s overall econ-
omy. This activity is typically measured in terms of output
(sales), labor income (payroll), and employment (new jobs).
At the regional and local level, the underlying concept behind
calculating these impacts stems from what is commonly known
as economic base theory. This theory posits that the economic
growth of any given region is attributable to the level of goods
and services sold outside the region (basic commodities or
regional exports) or that otherwise bring money into the
regional economy. A portion of this money will be spent on
goods and services from local suppliers (inputs, or backward
linkages); a portion will be spent on paying employee wages
and salaries; and a portion will be spent outside the region
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(known as demand leakage) for both inputs and labor income
to employees residing outside the region.

A portion of the money is spent locally by firms, generating
first-round activities on goods and services. The businesses
supplying those services spend portions of it yet again on other
goods and services, as well as wage payments to employees in
the region, creating a multiplier effect as dollars are spent and
re-spent in the region. Each successive round of expenditures
diminishes in magnitude due to demand leakage, or the pur-
chase of regional imports. Industries and activities selling a
major portion of their goods and services outside the region
are deemed basic sectors, while other activities focused on
largely serving local markets are non-basic.

Examples of basic sectors would include an automobile
manufacturing facility (where the final products are sold
outside the region), a specialized law firm whose clients are
located distant from the firm’s offices, a military base where
the source of funding comes from outside the region (e.g., the
federal government), or tourism (where tourists bring in non-
local dollars). Examples of non-basic activities include gro-
cery stores, most consumer services such as family doctors
and movie theatres, and housing contractors.

With respect to a transit project, outside money may enter
a region in the form of federal and state funds, which could
act much like a “basic” industry that sells goods and services
to customers outside the region. In these cases, one can esti-
mate the number of new jobs and the amount of output and
labor income directly attributable to these funds, which would
have not been available to the region absent the project, as
well as the additional activity generated from the labor, mate-
rial, and other inputs necessary for these direct jobs.

The most commonly applied method of determining the
employment, output, and income impacts of a transit invest-
ment is through application of multipliers in an input-output
analysis, where one can determine the direct and indirect
effects. Input-output analysis quantifies the multiple eco-
nomic effects resulting from a change in the final demand for
a specific product or service. These effects will accrue from
both the initial investment or construction (capital costs) and
the ongoing operations of the system (operating costs). Capi-
tal costs will have upfront, more short-term impacts, while
operating costs will occur later and be sustained as long as the
transit system is running. As a system is improved, there will
be additional periods of short-term effects from capital expen-
ditures. It is important that these two separate categories of
expenditures and their effects be identified separately through-
out the analysis.

Key Point: Construction and ongoing operation of
a major transit investment can enhance the
regional economy in total output, employment, and
labor income, but only to the extent that the project
is financed by funds from outside the region.



Data and Analysis

Defining the Area of Interest

Before conducting the impact analysis, one must deter-
mine at what scale the impacts are being calculated. In the-
ory, the determination should be driven by the extent to which
the transit investment would generate some form of impact. At
the least, this scale would be the geographic boundaries of the
area the transit system serves (e.g., a metropolitan area), with
consideration for the effects outside this immediate area (e.g.,
the project may be funded from a larger regional entity encom-
passing multiple counties, while the service area may comprise
a smaller portion of this larger region). In reality, one will typ-
ically be forced to conduct the analysis at a scale consistent
with the availability of data for the inputs and the geo-
graphic unit at which the input-output tables are based. The
most commonly applied input-output multipliers are found
at the state, county, and metropolitan area level (using the
IMPLAN model, applied below). While some methods focus
on other geographic units of analysis,18 these models require
more sophisticated approaches and customized analyses.

Identifying the Sources and Amount of Funding
from Outside the Region

An important, though often ignored, component of an eco-
nomic impact analysis is to identify only those funds and activ-
ities from non-local sources or funds from outside the study
area. Funds that stem from local sources, such as dedicated
local sales tax levies, should be excluded from the analysis.
Table 7-3 identifies some of the most common sources of tran-
sit funding and their inclusion or exclusion in an economic
impact analysis at a county or metropolitan area level.

If possible, these funds should be allocated to the capital and
operating expenses of the project. For instance, if federal high-
way funds are used solely toward the construction of the proj-
ect, then these resources should be designated only for the cap-
ital costs (and included in the impact analysis). If, on the other
hand, the operating costs are funded through general county
and municipal budgets to a regional transit authority, then they
would be excluded from a region-level analysis.

Calculating the Impacts of Capital 
and Construction Costs

Transit projects usually receive outside funding in the form
of state and federal assistance. This money is invested in the
local economy and will directly result in more jobs and, thus,
the indirect and induced benefits associated with more jobs.
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To quantify the effects of the infusion of new money in the
study area, analysts must measure only non-local funds that
will be spent in the study area.

Chapter 5 identified the direct capital and construction costs
of a transit project, and these line items serve as the inputs to
the impact analysis. These line items should be evaluated for
(1) the amount funded from outside dollars (based on the
analysis above) and (2) the proportion of these items pur-
chased from businesses in the study area, as identified below
in Table 7-4. For the latter figure, the most accurate means is
through a survey of the likely contractors for the project, ask-
ing each what proportion of their expenditures are purchased
within the region. Such a survey could be both costly and time-
consuming; an alternative approach would involve more tar-
geted interviews with informed individuals, as well as com-
monsense judgment by a seasoned analyst.

Multiplying the total direct expenditures by the percentage
of funding from outside the region and the amount of pur-
chases made within the region, results in the net direct expen-
ditures of the project, as indicated in Table 7-4.

The next step is to calculate the total output generated by the
construction of the project on the regional economy. Table
7-5 demonstrates these calculations.

The multiplier applied in Table 7-5 is what is known as a
“Type II multiplier.”19 This multiplier captures (1) the direct
expenditures of the project; (2) the indirect expenditures,
based on purchases from regionally based businesses and
payments to labor; and (3) the “induced” expenditures made
by workers in the regional economy. The size of the multi-
pliers will depend on the linkages of industries within the
region studied. Generally, as a larger region is analyzed (e.g.,
a state versus a county), the multiplier will be higher, as more
expenditures are kept within its boundaries. Rural regions
generally have lower multipliers than metropolitan areas.
Table 7-6 provides a range of multipliers for selected indus-
tries associated with transit projects across varying levels of
geographic scale. These ranges are not inclusive of every pos-
sible region and should not be applied in any rigorous or for-
mal analysis of impacts without incorporating more informa-
tion specific to the locale.

Another type of multiplier is applied to calculate the labor
income associated with the direct expenditures of a transit
project. Table 7-7 shows these calculations.

The labor income effects multiplier shown in Table 7-7, as
with all the multipliers in this example, is obtained through
an input-output analysis such as IMPLAN or RIMS II. In
Table 7-7, we see that the total net direct expenditures of
$419 million result in $251 million in the regional economy.
Table 7-8 illustrates ranges of labor income multipliers for
varying geographic scales.

18 For instance, one can apply location quotients, or measures of sectoral concentra-
tion, to adjust aggregate level models (see Isard, Walter et al. 1960. Methods of Regional
Analysis: An Introduction to Regional Science. Cambridge, MA: MIT Press.)

19 See MIG Inc., IMPLAN Professional: User’s Guide, Analysis Guide, Data Guide,
www.IMPLAN.com, 1999, for a more detailed explanation of multipliers. A Type I
multiplier captures only the indirect (not induced) expenditures.
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TABLE 7-3 Examples of funds and their inclusion or exclusion in economic impact analysis

TABLE 7-4 Example calculation of regional economic impacts of transit construction: calculating
net direct expenditures

TABLE 7-5 Example calculation of impacts of transit construction on regional output
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TABLE 7-7 Example calculation of impacts of transit construction on regional output

TABLE 7-8 Example ranges of labor income multipliers for project
construction (direct, indirect, and induced)

TABLE 7-6 Example ranges of output multipliers for project construction
(direct, indirect, and induced expenditures)
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TABLE 7-9 Example calculation of impacts of transit construction on regional employment—
Method 1

TABLE 7-10 Example calculation of impacts of transit construction on regional employment—
Method 2

TABLE 7-11 Example ranges of output to employment (direct, indirect, and induced)
multipliers for project construction (per $1 million of net direct output)

Finally, one can calculate the employment impacts of a
transit project’s construction using similar ratios and multi-
pliers. For employment, two means exist for estimating the
number of direct jobs associated with the project: (1) actual
employment information and (2) application of output-per-
employee ratios for various categories. In general, one should
use actual estimates of project employment by category, if
known. Table 7-9 illustrates the first method.

In Method 1, known direct employment associated with
project construction is multiplied by the percent of outside
funding and the percent spent in the region. This number is

then multiplied by an employment multiplier to yield the total
direct, indirect, and induced employment impacts.

The alternative, Method 2, is applied when construction
project employment is not known. Table 7-10 illustrates this
calculation.

Table 7-11 identifies ranges of output to employment mul-
tipliers for project construction.

To summarize, the construction impacts from the example
calculations yield the following results in Table 7-12.

These construction impacts are short-lived and will be
spread over the construction period. The next section sum-



marizes the method for calculating the long-term impacts of
a transit project’s ongoing operations.

Calculating the Impacts of Operation 
and Maintenance Costs

The method for calculating the impacts associated with the
operation and maintenance of the project is essentially the
same as for the construction impacts, except the impacts span
the life of the project. First, an inventory of all budgeted oper-
ation and maintenance expenditures must be taken, ideally in
a stable year of operation. As in the example above, the por-
tion of the budget items funded from non-local sources should
be identified and the amount of the expenditures that will be
spent in the study area should be estimated. The resulting
number is the net direct expenditures, or eligible funds. Table
7-13 summarizes these calculations.

As with estimating construction impacts, these multipliers
are from input-output analysis tables such as IMPLAN and
RIMS II. Where possible, the analyst should categorize expen-
ditures according to specific industries and apply the associ-
ated multipliers. Table 7-14 provides a range of example mul-
tipliers for five different expenditure categories typically
associated with transit operations across various geographic
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scales. Depending upon the nature of the transit project and
its particular expenditures, one can apply the appropriate cat-
egory, or mix of categories, to the project. For instance, where
the direct expenditures of the operation of the transit system
are known, one can apply the “Local and Suburban Transit”
multiplier ranges. For governmental administrative expendi-
tures, one should apply the “State and Local Government”
or “Federal Government” figures. “Business Services” include
private companies providing such services as architecture and
engineering, legal, accounting, and consulting services. Note
that these multipliers are guidelines and should not be applied
in any rigorous analysis of economic impacts without incor-
porating more region-specific information.

A More Comprehensive Approach

Obviously, the multipliers given in the previous section
are an approximation based on specific conditions in specific
economies. They were provided to give transportation deci-
sionmakers quick tools to estimate the potential economic
impacts from the construction and ongoing expenses of a
transit project. For a more comprehensive approach than the
one outlined above, use input-output models like IMPLAN
or RIMS II. These models contain data for each county or

TABLE 7-13 Example calculation of impacts of transit operations

TABLE 7-12 Example calculation of impacts of transit construction—summary



metropolitan area in the country and provide specific infor-
mation by industry for employment, output, and income.

REMI and Other Econometric Approaches

Input-output models have their own limitations, most nota-
bly that they are static models that deal with a one-time infu-
sion in an economy. Other analytic techniques may prove more
rigorous, but they require a great deal more time and exper-
tise to run. Econometric models incorporate many more equa-
tions and variables than simple multiplier relationships. REMI,
or the Regional Economic Models, Inc., econometric model,
is one of the most widely used of these more comprehensive
(and expensive) models. The advantage of these models is
that they can provide a more detailed assessment, particularly
in regions with diverse urban economies.
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CONCLUSION

Frequently, benefit-cost analyses erroneously include trans-
fers of benefits within a region, which have been mistaken for
economic development benefits. Carefully prepared benefit-
cost analyses exclude these transfers and include only those
benefits that result in an overall increase in economic welfare
for the region. Transit projects do have the capability of
advancing other legitimate economic development objectives,
particularly for specific sub-areas and corridors within a region.
In some cases, these effects can be estimated, such as local-
ized impacts on land values or new jobs created as a result of
the construction and operation of a major project. However,
practically all of these other effects should be considered out-
side the formal framework of analyzing the benefits and costs
of a transit project.

TABLE 7-14 Example multipliers for transit operations and maintenance



III-28

CHAPTER 8

DISTRIBUTION OF TRANSIT’S IMPACTS

SUMMARY

The benefits and costs that are described in previous chap-
ters are frequently not distributed evenly across population
subgroups, and decisionmakers are often called on to make
judgments regarding the equity or fairness of transporta-
tion impacts. While the determination of “fairness” essentially
remains a value judgment, methods to calculate and describe
the distribution of impacts have been developed and are dis-
cussed in this chapter.

Distributional analyses typically distinguish project bene-
fits and costs by travel mode (e.g., transit riders and auto
users), income level and ethnicity, and location (by neigh-
borhood, county or state). Other subgroups that may denote
special standing, such as age, gender, or physical ability, may
also be used, particularly if it can be shown that some group’s
basic transportation needs are not being met. When federal
funds are to be used to build transportation projects or an
Environmental Impact Statement is to be completed, specific
federal guidelines must be followed in identifying affected
subpopulations. These guidelines generally require that trans-
portation agencies avoid, minimize, or mitigate disproportion-
ately high or adverse impacts to minority and low-income
populations. This chapter concludes with descriptions of var-
ious data sources that associate travel mode with income,
ethnicity, and location, to which analysts can turn in order to
describe the local distribution of transit’s impacts.

OVERVIEW

Chapter 2 noted that the unattainable ideal for public pol-
icy choices is to have information about all types of impacts,
on all types of people, at all times. Chapters 3 through 7 then
discussed those types of impacts, focusing on aggregate effects
in the long run (i.e., on summary measures of impacts for the
relevant study area). But those aggregate impacts are, in the-
ory, the summation of all the impacts on individuals in the rel-
evant study area. It is not only possible, but likely, that aggre-
gate benefits are a result of benefits to some that more than
offset losses to others. Losses to certain subpopulations in the
study area, and how much they lose, is a relevant considera-
tion for policymaking: the distribution of impacts matters.

How impacts are distributed is often referred to as equity.
The term “equity,” however, has a normative component that

the term “distribution” does not. Equity implies a judgment
about whether the distribution of impacts is desirable. This
chapter limits itself to describing how the aggregated impacts
described in Chapters 3 through 7 might be measured for dif-
ferent subgroups; it does not address the value of those dis-
tributions in any detail. Chapter 9 gives some ideas about how
those distributional measurements can get incorporated into
public decisionmaking.

FRAMEWORK

For transportation analysis, the main subcategories of the
aggregate analysis of concern for policymaking are

• Mode—for example, transit riders compared with other
trip-makers, with consideration of groups with special
transportation needs. 

• Income and ethnicity—for example, low-income groups
compared with other income groups.

• Location—for example, inner city areas compared with
suburban areas; one city compared with another.

Groups could also be defined by age, type of job, type of
trip (work versus discretionary), physical ability, type of
household (single parents have less flexibility as to mode or
time of day), and gender. Or, one could evaluate the distri-
bution of impacts on different levels of governments (e.g.,
federal versus state, or special district versus city). This chap-
ter simplifies the discussion by focusing only on the groups
listed in the bullets above. Its ideas can be expanded and
applied to other groups as well.

The underlying concern about the distribution of impacts
is that some group judged to have special standing may have
impacts (benefits or costs) that are not in the same proportion
as the average, aggregate impacts. This idea has been insti-
tutionalized in transportation evaluation (in fact, in all Envi-
ronmental Impact Statements) under the heading of “Environ-
mental Justice.” Evaluation of significant public works must
examine whether special groups (usually defined by income
or ethnicity) have “disproportionate impacts.” Executive Order
12898, “Federal Actions to Address Environmental Justice
in Minority Populations and Low-Income Populations,” rein-
forced the importance of following existing federal law—
primarily the National Environmental Policy Act (NEPA);
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Title VI of the Civil Rights Act of 1964 (Title VI); the Uni-
form Relocation Assistance and Real Property Acquisition
Policies Act of 1970, as amended (URA); and the Intermodal
Surface Transportation Efficiency Act of 1991 (ISTEA)—
when evaluating projects that will be built using federal
funds.1 For detailed guidance regarding Environmental Jus-
tice issues, analysts should refer to these documents.

With respect to large capital projects, to meet the require-
ments of Executive Order 12898, transportation agencies
must avoid, minimize, or mitigate disproportionately high
and adverse human health or environmental effects, including
social and economic effects, on minority populations and
low-income populations.2 Compliance can be demonstrated
by a careful analysis of the distribution of costs and bene-
fits, typically carried out in support of an Environmental
Impact Statement.

Since distributional analysis must describe the costs and
benefits by subsets of the population, it is important to define
the subsets of the population. For example, dividing the pop-
ulation into two groups based on income (high income and
low income) may yield different results than an analysis of
impacts by income quintiles. Defining the basis and parame-
ters of a distributional analysis by income, ethnicity, and loca-
tion can have a significant effect on the results. For example,
parameters and their impacts include the following:

• Defining the affected area. Choosing the appropriate
scale of analysis is important, since a large analytic
area will almost certainly be similar to the reference
population, whereas the smaller the area, the more likely
disproportionality will be determined. Given that over-
lapping environmental impacts are likely, it may be
necessary to develop multiple buffers (1/2-mile, 1-mile,
2-miles) around the project area to capture the true
impacts of noise, air pollution, and potential ground-
water contamination. The demographic composition
of these buffers must be calculated and then used to
determine the environmental impacts on minority and
low-income populations. The Environmental Protec-
tion Agency (EPA) recommends that an Environmental
Impact Statement also report the demographic compo-
sition of non-chosen alternatives,3 noting that pockets of
minority or low-income communities may be located
within a much larger analytic area (investigators are to
be mindful of such pockets). In practice, this means that
all Census block groups within the analytic area should
be scanned for minority and low-income populations.

• Stratifying the population by ethnicity and income (e.g.,
the lower the income threshold, the more likely are find-
ings of disproportional impacts). With respect to envi-

ronmental justice requirements, low-income populations
are those below the Bureau of the Census’ poverty thresh-
old. Minority should be taken to mean an individual who
is a member of the following population groups: Ameri-
can Indian or Alaskan Native; Asian or Pacific Islander,
African-American; or Hispanic. Analysts must identify
areas where 50 percent or more of an affected area is
populated by minorities or low-income individuals or
where the minority population percentage is meaning-
fully greater than the reference area.

• Defining the “general population” or reference area that
will be used for comparison purposes (the more the ref-
erence population is unlike the impacted population, the
more likely disproportionality will result). The EPA rec-
ommends that the next higher geographic unit of analy-
sis be used (compared with the affected area), such as
the entire municipality or township.

• Choosing a concept of “disproportionate” that is consis-
tent with applicable thresholds (either “preponderance of
impact” or “fair share of impact”). The determination of
whether or not a minority or low-income community
faces disproportionately high and adverse environmen-
tal impact should be based on three factors:
1. Whether there will be a significant adverse impact

(as defined by NEPA) on a minority or low-income
population,

2. Whether the significant adverse impact exceeds the
impacts on the general population or the population
within the reference group, and

3. Whether a significant adverse impact will occur in
a minority or low-income area affected by multiple
adverse impacts.

• Distinguishing between populations (number of peo-
ple) and communities or neighborhoods (number of
households, or defining an area as a “minority commu-
nity” when its population consists of minority and non-
minority individuals).4

Key point: Most distributional analyses estimate
project benefits and costs by travel mode, income
and ethnicity, and location, although other group-
ings (e.g., age) may be warranted. For projects
that receive federal funds, distributional analysis is
required. Federal regulations provide detailed guid-
ance regarding what information must be developed
and methodologies that are generally accepted.

Distributional analysis is also affected by the units used
for evaluation of the distribution of benefits. Using vehicle
mileage to measure travel, and traffic congestion to measure
need, tends to favor automobile travel. Using passenger mile-
age gives greater weight to transit expenditures and benefits.

1 Department of Transportation (DOT), Order To Address Environmental Justice in
Minority Populations and Low-Income Populations, Federal Register: April 15, 1997
(Volume 62, Number 72) pp. 18377-18381.

2 Ibid.
3 Environmental Protection Agency (EPA), Final Guidance for Incorporating Envi-

ronmental Justice Concerns in EPA’s NEPA Compliance Analyses, April 1998.

4 Crisp, Wynnlee (1999). “Objective Determination of Disproportionate Impacts In
Environmental Justice Analysis.” Presented at the National Association of Environ-
mental Professionals Annual Meeting, June 22.
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Using person-trips to measure transportation gives greater
weight to transit, bicycling, and walking. Using access to mea-
sure transportation gives greater weight to non-travel options,
such as telecommuting and location-efficient land use patterns.

Distributional analysis usually considers the distribution of
benefits and costs among groups at a single point in time, but
a lifecycle analysis may often be more appropriate. For exam-
ple, although motorists may not currently use public transit,
they may when they are too young or old to drive, or when
living in a large city. Since demographics shift over time
(especially, as a large cohort of baby-boomers moves from
middle-age to elderly), a dynamic view of need and impact is
desirable. This example illustrates another point as well: that
different groups will value and benefit from transit differently
and that the young and old may have special status that would
cause society to value transportation benefits to them more
highly than to all age groups in between, which generally are
more able to find transportation options. This example illus-
trates the complications of a distributional analysis: it is not
the case that all young and elderly have special transporta-
tion needs. The young may have few and short trips and be
much more able to bike or walk. The elderly may have more
income and schedule flexibility and be able to drive wherever
they want without concern about cost.

For each group, the focus will be on the distribution of
benefits (transportation performance) and associated direct
and indirect costs. For instance, does one group get better
transportation performance that either (1) another group pays
for but does not receive (e.g., a downtown transit station
costs central city residents but primarily benefits suburban
commuters) or (2) comes at the expense of the travel perfor-
mance of another group (e.g., transit riders get reduced travel
time while auto drivers get increased travel time)?

Key point: While absolute levels of benefits and
costs (by group) are important to distinguish, the
relationship of benefits to costs is important to esti-
mate also (do some people pay disproportionately
more for greater transportation performance?). In
addition, the measurement units (e.g., vehicle miles)
used for the analysis can favor particular modal
solutions, and longer term impacts may be impor-
tant to consider where travel behavior or demo-
graphics are expected to change significantly from
current conditions.

Note that a description of the distribution of effects is some-
thing that a technical analysis can achieve, while a description
of the equity or fairness of an implementation is not. Fairness
is a value judgment: ten people could look at the same dis-
tribution of effects and have ten different opinions about fair-
ness. The best an analyst can hope for is a clear description
and estimation of distributional impacts and of standard prin-
ciples for a normative discussion of equity. Those principles
include horizontal equity (Are people in roughly the same

situation treated the same?) and vertical equity (Are people in
different situations that society cares about treated differently?
For example, do those with special needs get extra resources?).

There is general agreement that everybody deserves “equal
opportunity.” As a practical matter, this idea is implemented
in policy by laws that give equal access to education and
employment opportunities to all people, regardless of ethnic-
ity, sex, religion, physical limitations, or other characteristics.

Transportation obviously has a big effect on people’s
access to opportunity. In a world of ubiquitous transportation
choices among multiple modes and prices from all locations
and adequate income for all to access at least one of these
modes, transportation might not be a big factor in the equity
of opportunity. To the extent these conditions are not met,
however, society may decide to give special consideration to
groups with special needs. Such special consideration gets
implemented though federal, state, and public policies, and
decisionmakers adopting such policies usually require evi-
dence that certain groups are being treated differently (and,
by implication, unfairly) or otherwise are enduring some trans-
portation hardship. Thus, the analyst must often address the
distribution of impacts.

For this reason, some transportation is often considered to
be a “merit good”5 and even a right.6 “Basic mobility” consists
of trips that are considered valuable to society (they provide
external benefits), such as access to education, employment,
and basic services (stores, medical care, and civic activities),
and, to a lesser degree, social and recreational activities. It is
these trips that are most often considered to deserve commu-
nity subsidy, while other types of travel (luxury travel) are
usually expected to be self-supporting.

To this point we have focused on different ways to sub-
divide households primarily with respect to travel impacts.
Another perspective that a distributional analysis could take
is a financial one: who is paying for the transit improvement
and are benefits roughly in proportion to costs?

For example, the cost of a transit project may be funded by
a mix of federal grants and local funds. Since federal grants
are funded by taxpayers nationwide, the cost impact is borne
by those taxpayers. Local citizens will probably consider a
federal grant as a benefit because it is primarily funded by
people who live outside the local region. Or, if the local funds
are from bonds financed by property tax revenue, then the
impact will affect local property tax payers. The distribution
of costs paid by local funds depends on who pays for that
funding.

Chapter 5 discusses the important issues with respect to
sources of funds in more detail. Its main point is that sources

5 P.B. Goodwin, “Demographic Impacts, Social Consequences, and the Transport
Policy Debate,” Oxford Review of Economic Policy, Vol. 6, No. 2, Summer 1990, pp.
76-90.

6 John Hamburg, Larry Blair, and David Albright, “Mobility as a Right,” Trans-
portation Research Record1499, 1995, pp. 52-55. A. Hay and E. Trinder, “Concept of
Equity, Fairness, and Justice Expressed by Local Transport Policy Makers,” Environ-
ment and Planning C, Vol. 9, pp. 453-465. This survey also identified horizontal equity
(the authors call it “formal equity”) as a priority in transport equity.
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of funds may be important for evaluating financial feasibil-
ity and political feasibility (Who gains and who loses; who
will support and who will oppose?), but estimates of rev-
enues are not directly additive to the benefits of a benefit-cost
evaluation.

The links between who is actually contributing funds to
build and operate projects (the revenues) and who is enjoy-
ing the benefits of that operation are hard to disentangle.
Any attempts to do so necessarily move an analyst into the
fuzzy area of equity: What’s fair? How do we know? How do
we place a value on the fairness that can be included in the
benefit-cost analysis?

For transit projects, one can think of revenues as coming
from three big categories of sources: user fees (typically fares),
other local sources (e.g., employer taxes, property taxes),
and other non-local sources (e.g., state and federal funding).
Reporting costs against revenues, by source of funds, is rel-
evant to decisionmaking: where are funds coming from (who
pays), and will they be sufficient to pay for the construction
and operation of the project? Table 5-7 in Chapter 5 shows
what that kind of analysis would look like.

Key point: Although there is no universally accepted
definition of “fairness” (it remains a value judg-
ment), impacts are usually assessed in the context of
horizontal and vertical equity. Some groups may
warrant special consideration or investment if it can
be shown that their basic transportation needs are
not being met.

DATA AND ANALYSIS

Chapters 3, 4, and 5 cited literature and conducted origi-
nal research to estimate coefficients that local transit analysts
might use to estimate certain aspects of transit’s benefits and
costs. It is our conclusion that no such coefficients can be
specified with any rigor that would apply across classes of
agencies and projects. That conclusion derives directly from
points made in the “Framework” section above. There are too
many different ways to define groups and too much variabil-
ity in their size, location, and travel characteristics for this
guidebook to supply such coefficients.

Thus, the focus in this section is on data sources, not analy-
sis. The analytical techniques are largely descriptive (what
impacts, on what groups, where?). For agencies with the capa-
bilities, the applicability of Geographic Information Systems
(GIS) data and techniques will be obvious.

The distribution of benefits and costs of transit projects can
be described with data from a number of sources. The analy-
sis of benefits and costs itself will identify some of the distri-
butional aspects. For example, a typical analysis of the travel
impacts of a transit project will identify impacts by mode (e.g.,
travel-time savings of a transportation investment to auto
travelers versus transit travelers). It may also seek to identify

impacts by income or by location. To examine the distribution
of travel impacts by income and location, the analyst will need
information that associates mode with income and location.

Key point: Travel behavior and impacts by popu-
lation subgroup vary too much across local areas
to permit the analyst to rely on any general or aver-
age values. Analysts should instead refer to local
travel models, census data, travel surveys, and pri-
vate vendor data to measure the distribution of
travel benefits and costs by mode and population
subgroup.

Table 8-1 describes data sources for measuring the distri-
bution of benefits and costs by mode, income and ethnicity,
and location.

The impact categories in Table 8-1 overlap: double-counting
certainly occurs. But distributional analysis is, by definition, a
double-count: it disaggregates impacts in Chapters 3 through
7 by population subgroups. This table shows a pattern for
data on the distribution of impacts:

• The transportation demand model is the primary source
of data on impacts by mode.

• The Nationwide Personal Transportation Survey (NPTS)
or similar local surveys of transportation choices and
travel patterns constitute a primary source for translat-
ing impacts by mode to impacts by income, ethnicity, and
location.

• Census data, including the American Community Sur-
vey and Public Use Microsample (PUMS) data, can be
used to identify the income, ethnicity, and other charac-
teristics of impacted areas. A subarea description of
demographic characteristics overlaid on a map of travel
benefits and expected environmental impacts (pollution,
noise, neighborhood disruption) can provide insights
into distributional impacts.

• Private vendor data, such as Claritas, reports income,
ethnicity, and other demographic characteristics similar
to those included in Census data, but may be more up-
to-date or for smaller areas than available Census data.

• A regional econometric model, such as REMI or
IMPLAN, can describe the distribution of economic
development impacts at a regional or county level.

• Existing models like STEP and STEAM 2.0 can pro-
vide some disaggregation of impacts that can be used
to address distributional issues.

• Transit agencies should be able to provide analysis of
funding for transportation facilities as needed to iden-
tify the distribution of impacts that affect public rev-
enues and expenditures. This analysis is necessary to
answer who is paying the direct costs of the transporta-
tion improvement.

• Other local public agencies, such as school districts,
housing authorities, and health departments, may have
useful information. 



TABLE 8-1 Impacts and potential data sources for distributional analysis



The rest of this chapter describes each of these sources in
more detail.

Travel Demand Models

Basic travel demand models have a “mode-choice” compo-
nent; some are more sophisticated than others. Sophisticated
ones may have logit specifications and feedbacks to demo-
graphics, auto ownership, and even land use (e.g., changes in
density may affect rates of auto ownership by analysis zone).
Simple ones may simply specify a ratio of auto trips to total
trips. In any case, for an agency with a travel demand model,
the specification of the mode choice component is the place
to start any investigation of impacts by modes. The travel
demand model should provide estimates for aggregate travel-
time savings by, at least, auto and bus. One can then compare
those savings (or the user benefits that derive from those sav-
ings, as described in Chapter 3) in order to answer questions
about the distribution of those benefits.

Travel demand models will also allow some rough estimates
of user benefits by location, but the computational difficulties
increase. The models should estimate which links are improv-
ing and which are deteriorating. But links do not relate directly
to areas or people who live in those areas. One solution is
to create some type of accessibility matrix that is measured
before and after a transportation improvement: for example,
number of jobs (or number of housing units) within 30 minutes
of the centroid of each traffic analysis zone. Zones accessible
to more jobs or households have become more accessible.

Some travel demand models deal with income, none with
ethnicity. The Portland metropolitan region, generally recog-
nized as having one of the most advanced travel demand mod-
els in the country, divides modes into user classes (e.g., low-
income auto users, middle-income auto users, high-income
auto users). In general, most jurisdictions will find that, to
address income and ethnicity, they will have to work with
summary demographic data by transportation analysis zone
(TAZ): for example, this TAZ, with 50 percent low-income
households, got 2 percent of the user benefits, while the TAZ,
with 50 percent high-income households, got 20 percent of the
benefits.

Nationwide Personal Transportation Survey
(NPTS)

One source that will allow an analyst to make associations
between mode, income, and location is the Nationwide Per-
sonal Transportation Survey (NPTS).7 The 1995 NPTS pro-
vides information to assist transportation planners and others
who need comprehensive data on travel and transportation
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patterns in the United States. The 1995 NPTS updates infor-
mation gathered in similar studies in 1969, 1977, 1983, and
1990. Publicly available NPTS data files are micro-data data
sets that contain records of each interview (with information
deleted that would identify the specific person or household).
The NPTS provides data on personal travel behavior, trends
in travel over time, trip generation rates, national data to use
as a benchmark in reviewing local data, and data for various
other planning and modeling applications.

The 1995 NPTS data set includes the following:

• Data on households, including education level, income
categories, housing characteristics, and other demo-
graphic information;

• Motor vehicle information, including year, make, model,
and odometer readings, converted to annual estimates;

• Information on the availability of public transportation;
• Data about drivers, including information on travel as

part of work;
• Data about one-way trips taken during a designated 24-

hour period (the household’s travel day), including the
time the trip began, length of trip, composition of the
travel party, mode of transportation, purpose of the trip,
and specific vehicle used (if a household vehicle);

• Information to describe characteristics of the geographic
area in which the sample household and workplace of
sample persons is located;

• Data on telecommuting;
• Data on people who use transit occasionally;
• Public perceptions of the transportation system; and
• Reasons for not car-pooling or using public transit for

the work trip.

Transportation researchers, including academics, consul-
tants, and the government, use the NPTS extensively to exam-
ine travel behavior at the individual and household level and
the relationship between demographics and travel, including
the characteristics of travel (such as trip chaining), use of the
various modes, amount and purpose of travel by time of day
and day of week, vehicle occupancy, and a host of other
attributes.

Census Data

Decennial Census

The decennial Census is a primary source of information
about the characteristics of residents in geographic areas rang-
ing from the neighborhood level (block groups) to cities, coun-
ties, states, and the United States as a whole. Characteristics in
the decennial Census that are relevant to this report include
means of transportation to work, mobility limitation status,
occupation, place of work, travel time to work, vehicles per
household, private vehicle occupancy, poverty status, and race.

7 Research Triangle Institute and Federal Highway Administration. 1997. User Guide
for the Public Use Data Files: 1995 Nationwide Personal Transportation Survey. Wash-
ington D.C.: U.S. Department of Transportation. FHWA-PL-98-002. http://www-
cta.ornl.gov/npts/1995/Doc/userguide.pdf
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Unfortunately, the decennial Census occurs only once every
10 years, so the data can quickly become too dated to rely on
it for analysis of transit projects. The Bureau of the Census is
developing the American Community Survey (ACS) as a way
to provide the data communities need every year instead of
once in 10 years. The ACS is an ongoing survey that is
intended to replace the decennial Census long form in the 2010
Census.

American Community Survey (ACS)

The American Community Survey will provide estimates
of demographic, housing, social, and economic characteris-
tics every year for all states, as well as for all cities, counties,
metropolitan areas, and population groups of 65,000 people
or more. For smaller areas, it will take 2 to 5 years to accu-
mulate sufficient samples to produce data for areas as small
as census tracts. For example, areas of 20,000 to 30,000 can
use data averaged over 3 years. For rural areas and city neigh-
borhoods or population groups of less than 15,000 people, it
will take 5 years to accumulate a sample data set that is sim-
ilar to that of the decennial Census. These averages can be
updated every year, so that eventually the ACS will be able
to measure changes over time for small areas and population
groups. Full implementation of the ACS in every county of
the United States is scheduled for 2003.

Public Use Micro-data Sample (PUMS) Files

The Public Use Micro-data Sample files (PUMS) are a sam-
ple of the actual responses to the American Community Sur-
vey and include most population and housing characteristics
that are in the ACS. The primary advantage of PUMS data is
that it allows cross tabulations of characteristics—for exam-
ple, the income distribution of households that do not own a
car. PUMS records have been edited to protect the confiden-
tiality of all individuals and of all individual households.

Private Vendor Demographic and Marketing Data

Several private vendors sell demographic and marketing
data that may be useful for an analysis of the distribution of
impacts. Private vendors of demographic and marketing data
include Claritas and CACI’s Marketing Systems Group. The
primary advantages of private vendor data is that it often
reports more recent data than the Census or other sources, and
it can be generated for user-defined areas (such as a radius
around a point in addition to the standard Census geographic
units of block group, tract, place, county, state, and nation).
Private vendor data also may report characteristics that are
unavailable in small geographic units from the Census or other
sources, such as household wealth (which is more inclusive
than household income).

A limitation of private vendor data is that it is frequently
based on an extrapolation of trends applied to decennial Cen-
sus or other data to produce data for the current year. For
example, the current-year income distribution for an area may
simply be the distribution reported by the previous decennial
Census applied to an estimate of the current-year popula-
tion. It may be difficult to determine how some estimates
were made. Given the need for information to answer the
kinds of questions policymakers ask, the temptation for ana-
lysts is to accept any estimate that has an aura of authentic-
ity uncritically.

Regional Econometric Models

Regional econometric models, such as REMI Policy
Insight™, model regional economies by estimating mathe-
matical relationships between industries and sectors of the
economy. Econometric models allow an analyst to describe
the distribution of impacts by industry because they can esti-
mate the impacts in terms of changes in employment and
income by industry.8

Transit Agencies

Both the Framework section of this chapter and Chapter 5
have explained the issues related to sources of funds. In sum,
they are transfers and, therefore, double counts, but they are
relevant to decisionmaking because they relate to a project’s
financial and economic feasibility.

Transit agencies should be able to make reasonable judg-
ments about the direct funding for their projects to complete
a rough approximation of Table 5-7. The analysis can get
increasingly complicated as one tries to determine the ulti-
mate source of the funding. Funding via fares is relatively
easy: transit riders are paying for part of the transit benefits
they enjoy. But what about funding from a gas tax or a busi-
ness tax: who is ultimately paying? The basic principle for
such an analysis is clear: try to estimate whose resources are
being used up. For taxes, that is logically and usually inter-
preted to mean that it is the payer of the tax who pays most
of the cost (though some, or sometimes most, of the burden
can fall on the producer of the thing being taxed).

Gas taxes illustrate the complications. Both federal and
state governments collect gas taxes; in some places munici-
pal governments collect them also. Federal gas taxes fund
both highway and transit improvements. Increasingly, states
get approximately their fair share of federal taxes returned
for local projects of all types. But some large projects can get
states, at least for many years running, more than their fair

8 See “Policy Analysis Applications of REMI Economic Forecasting and Simulation
Models,” International Journal of Public Administration, 18(1), pp. 13-42 (1995).



share. In other words, projects in one state get contributions
beyond what that state has paid in gas tax (so other states get
less). At the state level, gas tax may also be a transfer from
one state to another. A state like Nevada, on the one hand,
probably collects a disproportionate amount of revenue from
non-residents; on the other hand, a disproportionate amount
of the use of its transportation system is probably from non-
residents as well. Moreover, the debate about the use of gas
taxes (“highway funds”) for transit is not over in all states.

Other Local Data

A variety of local agencies may have additional data that
is useful for analysis of the distribution of impacts. Examples
include the following:

• School districts will have data on enrollment by school;
these data may identify the number of students in very
small areas such as Census tracts. Districts will also have
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data on the number of students receiving free/reduced
lunches, which may be an indicator of poverty conditions.

• Health departments may have data on the number of
people with certain health conditions, including respira-
tory conditions that could be affected by changes in air
pollution. Health departments may also have data on the
number of people receiving public health assistance,
which may be an indicator of poverty conditions.

• Housing departments may have data on the number of
households receiving public housing assistance, which
may be an indicator of poverty conditions.

• Planning agencies may have updated population, hous-
ing unit, employment, and commercial development
data based on building permits and field surveys. In the
absence of this data, an analyst may be able to conduct
his or her own update of these characteristics using build-
ing permit data.

The availability and applicability of local data will vary by
jurisdiction.



SECTION IV:

SYNTHESIS

Sections II and III (Chapters 3 through 8) provide all the
details about the theory and measurement of transit benefits
and costs. This section illustrates how the recommended pro-
cedures could be applied to a real decision that transit agen-

cies might face. It consists of a single chapter (Chapter 9) that
goes step by step through the calculations for a hypothetical
transit improvement: adding express bus service between a
central city downtown and a suburban center.
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CHAPTER 9

AN EXAMPLE

OVERVIEW

This chapter applies the ideas of Chapters 3 through 8 to a
hypothetical transit improvement (adding a bus line). The
improvement is relatively simple so that the application of the
techniques is not obscured. The steps and general principles
would be the same for more complicated projects.

Chapters 3 through 8 are organized by type of impact. The
evaluation of a transit project, or any public policy, does not
occur sequentially by type of impact. Rather, the evaluation
begins with a definition of problems, potential solutions (tran-
sit improvements), and evaluation methods. Then the analyst
gathers data and conducts analysis and then presents the analy-
sis to decisionmakers and the public. This chapter roughly fol-
lows that organization. In other words, it is organized to con-
form to the way an evaluation project typically would occur.

This chapter presupposes that a legitimate transportation
problem has already been identified and that a transit improve-
ment has been proposed to help solve it. The steps that must
be taken to evaluate the transit improvement are then grouped
into four sections:

• Defining study features. Before any analysis can begin,
its parameters must be clearly defined. Most obviously,
one must be able to describe what the proposed transit
improvement is, that is, what type of service will be
offered, where, and when. Other items requiring careful
definition are the time horizon, the study area, the point
of view of the analysis, the base case, the audience, and
the resources and schedule.

• Estimating impacts. This step has been the focus of this
guidebook. This section is organized per the guidebook—
first addressing basic benefits and costs (user, secondary,
and direct monetary impacts) and then addressing other
impacts (land use, economic development, and equity).

• Dealing with time and uncertainty. Chapter 2 described
why the timing of benefits and costs is important. But to
keep the discussion in Chapters 3 through 8 focused on
the measurement of types of impacts, the timing of those
impacts was not addressed in any detail. This section
shows how the timing of impacts is handled, and dis-
cusses uncertainty about the impacts.

• Presenting the results. The results must be communi-
cated to decisionmakers so that they find the results use-
ful, that is, in a way that facilitates decision-making.

SAMPLE ANALYSIS

For this example, we assume a central city of about 400,000
people in a metropolitan area of 1,000,000 people. Several
cities are located around the central city, as are areas of exten-
sive suburban development occurring on county land out-
side any city boundaries. There are no significant topographic
features.

The central city is healthy, with substantial office employ-
ment, retail specialty shops, restaurants, entertainment, and
evening activity. Some housing exists in the downtown, but
it is limited. The largest suburban city has some large offices
and flexible, high-tech space in a business park setting adja-
cent to its freeway interchange.

The primary mode of transportation is the automobile. East-
west and north-south freeways intersect close to the center of
the central city; various freeway connectors and by-passes
also exist. The freeways are three-lanes in each direction: one
of the lanes is marked for high-occupancy vehicles (HOV),
including vehicles with two or more people in the AM and
PM peaks. The metropolitan area has a grid of arterial streets
spaced roughly a mile apart and is served by a transit agency
that operates buses. There is no heavy- or light-rail transit. 

The metropolitan area has grown rapidly. Congestion has
increased, particularly on freeways connecting the central
city downtown to large suburban centers. Most of the “easy”
freeways and highways have been built: new highway capac-
ity will be more expensive in real terms than it has been in
the past. The Metropolitan Planning Organization (MPO) (a
Council of Governments) has used a travel demand model to
forecast deteriorating level of service on highways, even with
hoped for capacity improvements (not all of which are funded).
In that context, the MPO is working with the transit agency
to increase transit service.

Among the transit improvements proposed is an express
bus service between the largest suburban city (population
50,000) and the central city. The suburban city is 12 miles
from the downtown of the central city and is located along
the east-west freeway. The express buses would leave from
a new park-and-ride area to be located adjacent to a freeway
interchange. It would run on weekdays only.

The transit agency wants to evaluate this project (and oth-
ers that will not be discussed in this example). How does it
apply the principles discussed in this guidebook to do that
evaluation? The rest of this chapter answers this question.



Selecting Study Features

Project Description

The project would purchase six new buses (five in use at
any one time, one in reserve). The transit agency estimates the
following ridership (from a combination of a travel demand
model and the results of interviews with planners at other
transit agencies that have implemented somewhat similar
projects). The estimates are for Year 5 of operation—to sim-
plify the calculation the analyst assumes that lower ridership
before Year 5 is offset by higher ridership after Year 5. Thus,
the estimates are for an average year of operation:

• Morning peak (7 A.M.–9 A.M.): 18 buses × 50 riders =
900 riders

• Mid-day non-peak (9 A.M.–4 P.M.): 41 buses × 30 rid-
ers = 1,230 riders

• Evening peak (4 P.M.–6 P.M.): 18 buses × 50 riders =
900 riders

• Evening off-peak (6 P.M.–9 P.M.): 16 buses × 20 rid-
ers = 320 riders 

• Total of 3,350 daily ridership 

The park-and-ride lot in the suburban city is designed to
accommodate 200 vehicles in surface parking. It has a covered
waiting area, restrooms, and good landscaping. In addition to
the park-and-ride facility, local walk-up traffic from the sur-
rounding neighborhood is also expected to contribute signifi-
cantly to the express bus ridership. The transit agency already
owns the land. Local plans and public opinion support the
express-bus project. Buses will go to an existing downtown
bus facility that has adequate capacity to accommodate them.

Audience for the Analysis

Any significant investment in transit in any metropolitan
area is going to have the full range of audiences: technical
analysts at federal, state, and local agencies (transportation,
land use, economic development, environmental quality);
decisionmakers at those agencies, including municipal gov-
ernments; interest groups (highway, transit, land use, envi-
ronmental); and the general public. The implication is that
any analysis has to be able to be presented at different levels
and that different levels of detail will be needed.

For this project, the primary audience is the transit agency
board, the members of which ultimately have the responsi-
bility for the decision.

Resources and Schedule

The addition of a new line is entirely under the jurisdiction
of the transit agency. It does not require any highway improve-
ments. Thus, the agency would like to move quickly to a deci-
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sion: no more than 6 months. The agency has a planner avail-
able to assemble the analysis and other specialized staff to
assist with aspects of the analysis. The MPO has agreed to
model the new line in its travel demand model.

Time Horizon

Because the agency is not proposing an extremely expen-
sive capital facility with a long life, because it can probably
sell the park-and-ride lot later to a developer for office space
if the express-bus project is not successful, and because it can
move its rolling stock to other places later, it chooses a rela-
tively short time horizon for the evaluation: 10 years.

A related point is that the agency decides to estimate all
costs in constant, year-2000 dollars. Implicitly, it assumes
that any increases in future costs and benefits will be at the
same rate of inflation. That assumption simplifies the cost
analysis and means that any discounting of the stream of ben-
efits and costs can be done using a real discount rate, which
obviates the need for a forecast of future inflation. This gen-
eral assumption does not preclude the agency from adjusting
operating costs for expected real increases in price. For exam-
ple, the agency may believe that the evidence is strong that the
real price of gasoline will increase over the planning period:
that increase can be handled in the specification of the user
costs that happens later in the analysis.

Study Area

The key part of the study area is obvious: it is the freeway
link between the suburban city and central city. It is here that
the great majority of the travel impacts accrue. Impacts are
measured on the travelers on that link, independent of their
point of origin. It is possible, but more difficult and less log-
ical, to define some travel-shed around each origin and desti-
nation. A study area defined in that way would not, for exam-
ple, handle the travel-time savings to through travelers.

For non-travel impacts, the transit agency simplifies the
analysis by noting that the proposed transit improvement is an
express bus service on an existing, limited-access highway.
The agency assumes that there are few impacts along the route
because the highway and HOV lane already exist and because
the express buses will not stop anywhere along the route.
(There are potentially changes in air quality and noise along
the route, but these changes are likely to be small for reasons
discussed later.) Impacts to people not living near either trip
end will thus be primarily travel time savings for travelers
who use the freeway, which the transit project makes less
congested.

Thus, most of the impacts occur at the trip ends. At the
downtown end, the area of impact for non-travel effects is
likely to be rather small: a radius of a few blocks around the
transit center. At the suburban end, there are construction



impacts and potential land use and economic development
impacts around the park-and-ride, around the interchange,
and (potentially) at the suburban city center.

Point of View

The transit agency accepts the argument made in Chapter
2 that the correct point of view is a broad, social one that
evaluates the project in terms of its efficiency, independent
of funding sources. The fact that the agency may get some
federal funding for the park-and-ride or new buses is a con-
sideration that can occur after the basic evaluation.

Base Case

The funds that the agency uses for this project could be
used for other projects instead. One option (which we do not
illustrate in this example) is to use some type of preliminary
screening to get to a short list of projects, evaluate each using
the methods of this guidebook, and then select the projects
that perform best within the budgetary constraints. For this
example, however, we simplify by assuming that the agency
is considering only two options: the no-build base case of no
new transit project versus the transit project. Thus, the ana-
lytical challenge is to describe what the world would be like
in the future with and without the project, holding all else con-
stant. Any differences in the results can then be attributed to
the transit improvement.

ESTIMATING IMPACTS

Basic Benefits and Costs

User Benefits and Costs

Chapter 3 describes how to calculate user benefits. For this
particular project, the transit agency had access to a travel
demand model and proceeded as follows.

Refine the Model’s Specification of Generalized Travel
Cost (User Cost) for All Relevant Travel Modes. For this
project evaluation the agency assumed only three relevant
modes: auto, bus, and truck. Because of the long-haul nature
of the express bus, the agency believed that impacts on bike
and walking trips would be too small to have an influence on
the investment decision. In addition, since most of the auto
traffic to the park-and-ride facility would be local, auto oper-
ating costs for those who drive to the facility were assumed
to be minimal by the analyst (i.e., auto operating costs are not
estimated). In other cases where more auto traffic from longer
distances would be involved, these access costs should be
incorporated into the analysis. Models such as SPASM have
the ability to incorporate access costs in these applications.
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The section of Chapter 3 on Measuring User Costs provides
the framework for the cost estimations in this example.

For each transportation mode, the user cost specification
must include any changes that are anticipated to change user
cost components in project out-years. The point is that com-
ponents of user cost may change as a result of (1) the project
itself (e.g., a transit project may change the cost of parking)
or (2) external events that change the relative costs of auto
versus transit trips (e.g., an analyst might expect or otherwise
want to model the effect of a real increase in the price of
gasoline). Potential factors the analyst should consider are
summarized in Table 9-1. In all cases “inflation” means an
increase in the real price of a good or service relative to the
average rate of inflation (the general rate of inflation is
already handled by the use of constant dollars and a real dis-
count rate).

For example, changes in the inflation rate (beyond an
expected average rate of inflation already accounted for in
the discounting) need to be considered. Increases in inflation
will potentially affect wages and operating costs as the costs
of maintenance increase. The future effect of inflation on tolls,
fares, and parking should also be evaluated. In addition, equip-
ment or highway degradation may also have an impact on
operating costs in project out-years as maintenance increases
with age.

The analyst also needs to evaluate if the project itself will
impact user costs. For example, if the project increases the
use of public transportation and decreases the demand for
parking, parking fees may decrease as lot owners attempt to
attract more business. The analyst should consider whether
the project will have similar effects on tolls and fares in the
project area.

Table 9-2 shows the user cost calculations for the A.M.
peak traffic time (7 A.M. to 9 A.M.) for bus transit. For the
A.M. peak period, the addition of the five express buses
reduces ridership on the existing surface-street buses. The
express buses also come more often during the peak periods,
every 8 minutes rather than every 15 minutes for the buses
on the surface-street routes. Since the express buses are using
the HOV lane on the freeway (rather than surface streets), the
travel time is significantly lower than the existing bus options.

TABLE 9-1 Out-year cost
considerations



Commuters also switch from automobiles to the express
bus, thereby decreasing congestion and increasing average
travel speeds for all modes. In addition, travel time spent walk-
ing and waiting are reduced on average for passengers on the
express buses with the addition of the buses and the new park-
ing facility. Overall, the addition of the new buses decreases
perceived user costs from 80.7 to 79.3 cents per passenger-
mile for bus transit passengers who are not using the new
express buses. For the express bus passengers, the perceived
user cost is 50.5 cents per passenger-mile.

The same user-cost calculations are done for automobiles
and trucks for both alternatives, with the results shown in
Table 9-3. For both modes, there is a reduction in perceived
user costs because of less congestion, resulting in slightly
faster travel speeds and lower travel times along the high-
way link.

Tables 9-2 and 9-3 show the changes in perceived user
costs by transportation mode for the AM peak traffic period
only. Operating costs are determined by the analyst based on
data on out-of-pocket driving expenses for the population in
the area. Changes in speed are calculated by the analyst using
a volume-delay equation that relates highway congestion and
traffic volumes to travel speed for different vehicle types.
The congestion-speed relationship is also calculated auto-
matically in some modeling tools, such as IMPACTS and
STEAM. 

Similar calculations need to be done for the other drive
periods to get an estimate of the total user costs for an entire
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day. Table 9-4 shows the results of these calculations for each
driving period. Across all time periods, the addition of the
express buses decreases the user costs for each transportation
mode for this particular project. These user costs are then
used to estimate travel demand for each mode for each daily
driving period.

Run the Travel Demand Model. The transit agency mod-
els the Express/HOV lane as a separate parallel link to the
freeway, with a different impedance (because of restric-
tions on use). Thus, express buses can travel faster than
autos on center-to-center line haul during peak periods (the
full-trip travel time cost could still favor the auto because
of collection, walking, and waiting times).

Table 9-5 shows the results of the travel demand model in
terms of passenger-miles for each drive period. Note that the
results of the model depend on the specification of the param-
eters used to estimate the generalized costs in the previous
step: it is the relative savings in perceived travel cost that the
project creates that causes travelers to change travel behav-
ior. In this instance, the addition of the buses decreases the
travel volume for automobiles by less than 5 percent. This
decrease in volume results in an increase in travel speed for
autos remaining on the freeway after the express bus system
is implemented.

Other modes also see changes in volumes with the addi-
tion of the express bus. For the surface-route buses, passen-
ger volume decreases by half as riders switch to the express

TABLE 9-2 User cost calculations—bus transit (A.M. peak demand)



bus during all time periods. Truck traffic increases by 10 per-
cent, due to lower congestion decreasing the perceived user
cost as a result of the project.

Calculate User Benefits. Table 9-6 shows the total annual
direct benefit calculations for all modes in the AM period
only. These calculations follow the procedures discussed in
Chapter 3 and summarized in Table 3-20. For each trans-
portation mode and time period, benefits are calculated by
taking the difference in user costs (U0 − U1) and multiplying
this by the average passenger volume (V0 + V1)/2 that results
from the project.

One additional step is needed in the calculation used in this
example. For the express bus, there is no base case user cost,
since, in the base case, there is no express bus service. In this
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situation, the appropriate base case user cost is the cost of the
travel mode alternative that a passenger would have taken.
With a travel model based on observed behavior, one would
have detailed information on the costs of transportation alter-
natives for all passengers included in the model. For purposes
of this example, these costs are estimated from the average
perceived user costs for the alternative transportation modes.

As shown in Table 9-5, of those passengers observed to
switch to the express bus from other transportation modes,
about twice as many switch from automobiles as from surface
street buses (67 percent and 33 percent, respectively). If one
assumes that this proportion holds true for all riders, then the
base case user cost for the express bus is a weighted average
of the base case user costs for automobiles and surface buses
without the express bus in place. Given the base case user

TABLE 9-3 User cost calculations—automobiles and truck traffic (A.M. peak demand)

TABLE 9-4 User costs for all models and times (¢ per passenger-mile, per weekday)



costs from Table 9-3 for the AM peak period (for example)
and the weights given above, this calculation is as follows:

Express Bus Base Case User Cost = (0.67) × 80.7 + (0.33) 
× 60.6 = 74.1

As shown in Table 9-6, the daily benefit for the AM peak
period for all modes is $4,652 with the addition of the express
bus. Most of these benefits accrue to auto passengers ($3,215)
followed by express bus riders ($1,273), trucks ($121) and
surface bus passengers ($44). Assuming 250 workdays in a
year (50 weeks times 5 days per week), the total annual ben-
efit from all modes is $1,163,015 for the AM peak period.
The same calculations are done for the other three travel time
periods (results not shown). In this example, the total annual
benefit for all modes for all time periods is $3,684,230.

Secondary Benefits and Costs

Chapter 4 describes how to estimate these costs and bene-
fits, dividing them into three distinct categories: option value,
environmental externalities, and other impacts (primarily
unperceived accident costs). 

Option Value

The express bus service gives a new option to all travelers
between the central city and suburban locations. This option
has value in the sense that people who do not use the bus
might be willing to pay some small amount to make sure that
the service is available to them in special situations (car prob-
lems, bad weather, and so on). The information used for cal-
culating the option value is shown in Table 4-1. For this
project, the standard deviation of the expected price of an
automobile trip (σ) was relatively high at $2.00. From the
information on user costs for automobile trips, we know that
with the project the perceived cost of an automobile trip is
$0.61 per passenger-mile for peak periods, or $7.20 for the
12-mile trip. Assuming two options per year and using $7.00
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as the cost of the trip, the option value is set at $2.22 per
option or $4.44 per year per passenger. To get a total value
for these annual options, the yearly value of $4.44 is multi-
plied by the 44,786 passengers1 still using automobiles or the
surface bus route after the express busses are in place, yield-
ing a total annual option value of $198,850. As discussed in
Chapter 4, option values should be assigned to those potential
users who have some likelihood of choosing the express bus
over other transportation modes. In this example, the freeway
section is the primary route connecting the city with the sub-
urb, and potential delays caused by accidents, weather, and
construction make it reasonable to assume that all users will
value the chance to have the express bus available to them at
some point during the year. Given these conditions, the ana-
lyst decides to assign all potential users an option value.

Environmental Externalities

Environmental impacts are primarily a function of the
change in vehicle-miles traveled by vehicle type. The travel
volume data for autos and trucks in Table 9-5, which is in
passenger-miles, must be converted to vehicle-miles by divid-
ing by the average number of passengers per vehicle shown
in Tables 9-2 and 9-3. This conversion shows the project
decreases daily auto vehicle miles by 15,600 and increases
truck vehicle miles by 480 miles. The increase in express
bus vehicle miles can be calculated from the project
description—93 daily bus trips times 24 miles (12 route
miles + 12 deadhead return miles) equals an increase of
2,232 bus vehicle miles.2

To calculate air pollution costs, the analyst runs the
MOBILE5B and PART5 models following the methodology
for calculating mobile source emissions described in Chap-
ter 4. Autos are assumed to be light vehicles burning gaso-

TABLE 9-5 Travel volume by transportation mode (passenger-miles)

1 The total number of passengers is calculated by dividing the passenger miles shown
in Table 9-5 for autos and surface bus (with the express bus in place) by the length of
the corridor (12 miles).

2 The number of buses and route mileage on surface roadways would not change with
this project.



line, buses and trucks are heavy vehicles burning diesel, and
before and after travel speeds are used from Tables 9-2 and
9-3. The models will use the national default cold and hot
start percentages.

Based on this information, annual air pollution costs for
health, visibility, and crop damage are estimated to increase
by $5,800 to $75,000 (the models calculate a range), and the
analyst chooses a middle value of $40,000.

Table 9-7 illustrates how other environmental costs are
estimated. Noise costs per 1,000 vehicle miles are shown in
Table 4-7; we used the “other freeway” costs of $4.25 for
autos, $9.77 for buses, and $30.80 for trucks. We assume water
pollution costs were $0.01 per vehicle-mile for each mode.
Daily environmental benefits and costs were converted to
annual figures by multiplying by 250 days/year. The result-
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ing annual change for these other environmental benefits is
positive ($55,575) for autos, and negative ($11,048) for bus
transit and ($4,896) for trucks, for a combined benefit of
$39,631. Net environmental benefits, however, are assumed
to be close to zero, however, when $40,000 is subtracted for
the increased air quality costs.

Other Secondary Benefits and Costs

This category covers other benefits and costs that are prob-
ably (1) not double counts, and (2) not perceived by travelers
as part of the costs of traveling. The biggest category is costs
related to accidents. Chapter 3 argued that some or most of the
costs of accidents are probably part of the long-run perceived

TABLE 9-6 User benefits—A.M. peak period, all modes

TABLE 9-7 Other environmental benefits (costs)



costs and are covered by insurance costs. It also noted, how-
ever, that some of the costs would not be perceived.

Chapter 4 made some rough estimates of these costs. For
this project the analyst accepts without further research its
recommendation that 40 to 80 percent of accident costs are
perceived. The analyst notes that the addition of express buses
is accompanied by no change in highway geometrics, so there
are no specific accident hot spots that the project is going to
correct. Rather, at the margin, the reductions in auto travel
predicted by the travel demand model are assumed to reduce
accidents proportionally. Based on these considerations, the
analyst assumes an average value: that 60 percent of accident
costs are perceived (and included in the user benefits calcu-
lation above) and that 40 percent are unperceived and need
to be calculated and added.

The analyst uses national data from the National Highway
Traffic Safety Administration to make assumptions about the
accident rates for the transit project. The demand model pre-
dicts that, although auto volumes will decrease, truck volumes
will increase. Since the express bus is carrying most of its pas-
sengers during the AM and PM peaks, the analyst assumes
that the ratio of truck-to-auto accident costs is 3 to 1. The evi-
dence on bus accident costs per vehicle-mile is mixed, with
the ratio of bus-to-auto costs varying from 1 to 1, to 3 to 1. The
analyst considers the project: on the positive side, it uses big
buses in dedicated, less-congested HOV lanes. On the nega-
tive side, the buses are traveling at freeway speeds and have
to merge across congested lanes at both ends of the route. The
analyst chooses a 1-to-1 ratio for this project, but other proj-
ects may have a higher ratio of bus-to-auto accident costs.

Table 9-7 shows the change in VMT for the three modes.
For accident costs, additional bus miles are a 1-to-1 offset
against reduced auto miles. Additional truck miles are a 3-to-1
offset against reduced auto miles (every truck mile added off-
sets the savings of three auto miles eliminated). Thus, the net
change of the transit option over the base case is the equiva-
lent of 3.26 million annual auto miles. The analyst assumes
costs of 3¢ per vehicle-mile and unperceived costs equal to
40 percent of the total. The result is an annual (unperceived)
accident cost savings of about $39,000.

Direct Costs (Construction, Operation, 
and Maintenance)

Direct Costs of Transportation Improvements to
Transportation Agencies (Construction,
Operation, and Maintenance) 

Chapter 5 describes how to estimate these costs. The obvi-
ous changes in costs if the project is implemented are for new
buses, a park-and-ride facility, and new operating costs (dri-
vers, fuel, maintenance, and other for the new buses). Table
9-8 shows the estimates.

All costs of the park-and-ride facility should be included
in the analysis: all resources that get used have an opportu-
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nity cost. It is not uncommon for public agencies to not count
the value of land that they own under the assumption that they
did not have to pay anything (recently) to get the land. In fact,
the land has a value. If it is used for the project, it must be
counted as a cost, because the agency could sell it and use the
money for other purposes. For this example, the land is val-
ued at $5 per square foot, construction is $6 per square foot
for a surface lot (which includes modest to good landscaping),
cars park at three spaces per 1,000 square feet (implying a
site size of about two acres), and restrooms are $100,000.3 A
facility for 200 cars costs roughly $1 million ($420,000 for
land, and $600,000 for improvements). Other costs are mis-
cellaneous and contingency, for a total project capital cost of
about $2.8 million. Operating cost estimates are shown in the
table and add up to $0.5 million per year.

Given the analyst’s assumption of a 10-year planning hori-
zon, the analyst further assumes for purposes of evaluation
that the agency will shut down the project after 10 years. (This
assumption is a methodological convenience that does not
have to be a political reality. It is a reasonable and consistent
way to get an apples-to-apples comparison across alterna-
tives. One could also assume that the express bus system has
an indefinite life, in which case its operational costs and ben-
efits extend longer, and periodic costs for the scrapping and
replacement of buses and other equipment are required.) Some
of the bus investment has a salvage value. The agency assumes
that the buses will be well maintained and can sell for 15 per-
cent of their initial purchase price (in constant dollars), that
the land will have increased in value in real terms by 40 per-
cent (to a real value of $7 per square foot), and that the resid-
ual value of any improvements (primarily a paved parking
area) is approximately offset by demolition costs. Thus, the sal-
vage value, in year 10, is approximately $0.8 million ($580,000
for land; $225,000 for buses).

Other Direct Costs

Chapter 5 provides the background for evaluating these
costs.

Transportation-Related Agencies

An additional operating cost that could be affected by the
bus service is traffic policing and courts. Again, the effect on
auto trips, and thus on policing and courts, is small for this
single transit improvement, but the direction of the effect is
still clear (fewer vehicles on the highways eventually mean
less need for policing and courts). Thus, in theory, one should
be able to scale cost reductions to reductions in vehicle travel.
These calculations may be more hypothetical than real for a

3 The restrooms are optional.



particular project, but calculating them is consistent with a
long-run notion of evaluation.4

The analyst uses the generic cost-per-vehicle-mile esti-
mate, from Chapter 5, of 1¢ and multiplies that by the net
change in total VMT calculated from Table 9-7 (3.2 million
VMT per year) to get cost savings of $32,000.

Parking

The express bus, by reducing auto trips (especially in the
downtown direction), will reduce the need for parking in
the downtown, other things being equal. The magnitude of
the reduction could be very small; given the excess parking
capacity in the downtown, it may be that there is no notice-
able difference in parking construction. But over the long
run, every reduction counts, and credit should be given.

The analyst uses the steps suggested in Chapter 5.
The analyst assumes no significant parking reductions in

the suburban city because there are no parking constraints or
charges at the suburban office centers, and available evidence
from major employers suggests that few employees come
from the central city downtown out to the suburban offices.

In the other direction, the analyst assumes that (1) 80 per-
cent of the AM peak ridership is from people who would other-
wise have driven cars and (2) there are 1.2 people per auto,
which leads to an estimate of 600 fewer autos needing park-
ing during the peak period.

There are few surface lots in the downtown. The analyst
uses information in Chapter 5, corroborated by downtown
parking owners (private and public), about the cost of park-
ing to estimate average parking costs. The average annual
cost per stall is $1,400 (land, capital, and operation). There
is no “free” public parking in the downtown. Retailers will
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validate parking for 2 hours. A recent survey of downtown
employers suggests that about one-half of the employees in
the downtown get some contribution from their employers to
defray parking costs. Based on these considerations, the ana-
lyst estimates that, on average, weekday drivers to the down-
town perceive 60 percent of total parking costs, with the
remaining 40 percent paid by employers.

Finally, the analyst calculates the value of the parking cost
savings that the transit alternative creates over the base case
because fewer cars need parking. The perceived costs (60 per-
cent of total parking costs) are already incorporated into the
user cost estimates. For the remaining unperceived costs that
will be saved with this project, the analyst’s estimate is
$336,000 per year (600 fewer peak auto trips × $1,400 × 40%).

Other Social Services

For reasons given in Chapter 5, the analyst assumes that
there are no net benefits that are additive to the basic benefit
cost calculation. In further support of this assumption, the
analyst notes that there is little commuting from the subur-
ban city to the downtown for social services and none from
downtown to the suburban city.

Other Benefits and Costs

Land Use

Chapter 6 discusses these potential impacts. It argued that
land use impacts often represent different ways of measuring
basic travel benefits, that relatively large transit projects are
probably required to obtain measurable effects, and that the
effects are most often measured as changes in property values. 

For the express bus project, the one obvious land use change
is that vacant land in the suburban city becomes a park-and-
ride facility. That type of change is not typically the focus of
a land use analysis, but it should be considered. The relevant

4 It is assumed for this example that policing one bus mile has the same costs as polic-
ing one auto mile, since there is no difference in enforcing speed limits across vehicle
types. One could argue, however, that since there are more passengers in a bus than in
a car, policing a bus mile would cost more than policing an auto mile.

TABLE 9-8 Direct costs: capital and operation



question for the analysis is, “What happens to the property
during the 10-year analysis period in the absence of the proj-
ect?” For this project the analyst determined that the property
was already owned by the City and that the City had no imme-
diate plans for its development. It probably would remain
vacant for at least another 5 years. After 5 years, the disposi-
tion of the property would be uncertain: development as a
park, city maintenance facility, or sale or transfer to the pri-
vate sector would all possible.

Thus, for simplification, the analyst assumes that the dif-
ferences in land uses around the park-and-ride under the two
alternatives are constant for the entire 10 years: a park-and-
ride under the transit alternative, and a vacant parcel owned
by the municipality under the base case. The analyst assumes
no measurable change in land use type or intensity at the
downtown end because bus transfer facilities already exist
there and the increment of the express bus ridership to total
ridership is insignificant.

The analyst considers two ways to describe the land use
impacts around the park-and-ride. One is to tell a story about
how land uses will change around the parcel over a 10-year
period under the two alternatives. Based on a review of other
studies, calls to other transit agencies that have built park-
and-rides in suburban areas at freeway interchanges for express
bus service, and discussions with local developers, the ana-
lyst decides that the park-and-ride lot will have no noticeable
impact on the rate of development of surrounding property,
which is being driven by market forces for suburban office
space. (Such development is unlikely to be affected by the few
commuters going in both directions on the express bus.)

The interviews also lead the analyst to note that the original
assumption of no development for 10 years in the absence of
the park-and-ride is debatable. Developers believe that if the
city’s site near the interchange is not used for a public purpose,
such as a park-and-ride facility, it would be attractive for office
development that could occur within 5 years. Moreover, such
uses would do more to increase the value of surrounding prop-
erties than the park-and-ride facility. Thus, the analyst notes
that the previous assumption may understate the land use and
property value impacts of the base case alternative.

The analysis to this point is descriptive, but not quantitative.
In sum, the analyst concludes that there are no measurable land
use impacts at the downtown end of the project, but that some
changes are possible at the suburban end. The biggest differ-
ence is at the City’s site, which would have different land uses
under the two alternatives. Moreover, those differences in land
use could cause changes in the site and surrounding property
values: those effects are discussed in the next section.

Economic Development

Chapter 7 describes how to estimate these impacts. Some
of these impacts can be quantified, and others allow only a
qualified discussion.
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Increases in Regional Productivity, and Benefits of
Urbanization and Agglomeration. A reduction in highway
congestion as a result of the new bus service could result in
efficiency gains by businesses, households, government, and
the overall workings of the regional economy. The expanded
bus service may also encourage residents and businesses to
locate closer to the transit stations as a result of this new
capacity.

For this project, the analyst skipped an evaluation of this
issue because it is difficult, speculative, without agreed-upon
techniques for measurement, and likely (in theory) to show
small effects.

Enhanced Employment Accessibility. The suburban center
is a thriving center of economic activity, with a growing
commercial and retail base. The unemployment rate for the
area is below 2 percent and even lower for certain jobs, par-
ticularly retail, consumer services (such as hotel employ-
ment), and clerical office occupations. Minimum wages are
$10.00 or more per hour for many jobs, compared with wages
of $6.00 per hour in other parts of the region. In the central
city, in contrast, unemployment is high in certain pockets–as
high as 20 percent for some distressed areas. In these areas,
many residents do not have access to an automobile and rely
on public transportation.

Because there is no existing bus service, it is not possible
to conduct the type of survey outlined in Chapter 7 to esti-
mate the magnitude of potential accessibility benefits. Sup-
porting this assessment is a recent commuter survey of the
suburban city’s largest employers, which finds a growing share
of workers driving from the central city for the very jobs where
there was the greatest demand. Moreover, it finds that 45 per-
cent of the clerical and retail/service employees live within a
10-minute walk of bus service.

Based on this information, the analyst makes the qualita-
tive assessment that the expanded bus service will give some
unemployed or underemployed persons in the central city area
greater access to the employment opportunities in the subur-
ban center, where there is a labor shortage for workers pos-
sessing the skills of the inner-city residents.

So, again, from a qualitative assessment, one could make
a reasonable argument that the new bus service could likely
facilitate both the meeting of the labor supply restrictions in
the suburban area and the addressing of the underemploy-
ment problems of some of the central city areas.

Impacts on Property Values. There are two main sources of
property value impacts with a transit project: (1) direct impacts
associated with right-of-way and construction impacts and (2)
accessibility and agglomeration impacts. For the express bus
project, there are no right-of-way or construction impacts
along the bus routes: they occur only at the park-and-ride sta-
tion facility. The direct property value impacts around the



park-and-ride facility include the costs of acquisition and any
negative impacts on adjacent parcels as a result of the con-
struction of the facility. Because the agency already owns the
land for the park-and-ride, there are no right-of-way, or tak-
ings, costs. Because the park-and-ride facility is in the urban
area, there may be some short-term construction period
impacts on property owners and their tenants. An appraiser has
determined it may reduce rents by 10 percent during the 1-year
construction period for four retail and office properties in the
immediate vicinity of the facility. In actuality, this has a min-
imal effect on overall property value, as it mainly affects the
establishment of market rents for new tenants seeking space in
these adjacent facilities. The analyst considers this amount
negligible.

Longer term impacts on property value would be associ-
ated with the accessibility and agglomeration impacts around
the park-and-ride. The greater availability of bus transit to
serve both directions (i.e., residents in the suburbs commut-
ing to the central city and potential commuters in the central
city to work in the growing suburban center) leads to the
potential for increases in value. There are few to no empirical
studies evaluating the property value impacts of bus stations
of this type. It is likely that there would be some positive
impact, though not anything like those sometimes found with
commuter or even light rail. Based on the studies reviewed in
Chapter 7, the analyst makes a judgment that values in the
direct vicinity of the station may increase up to 5 percent after
construction. For a more detailed study, the agency would
want to consult an appraiser to provide specific comparable
sales and assessments.

Employment, Output, and Income Effects Due to Con-
struction and Operations of Transit Project. The invest-
ment in new buses, construction of the stations, and park-and-
ride facility will have a net impact on the regional economy
through a multiplier effect, as 30 percent of the project’s fund-
ing derives from federal sources. Because the metropolitan
area represents a high proportion of the state’s population,
money from state sources of revenue is not included in the
multiplier analysis.

Tables 9-10 and 9-11 show the calculations for both the
construction and operation impacts. The multipliers applied
are based on both the ranges provided in Chapter 7, as well
as state-level multipliers from IMPLAN supplied by the state
economist.

Construction will take 1 year. During that period there will
be $0.65 million of new output, $0.25 million in labor
income, and 6.7 new jobs generated in the regional economy
due to direct and indirect impacts. Once operational (after 
the year of construction), there will be an annual impact of
$0.29 million in output, $0.12 million in labor income, and
more than five new jobs attributable to the ongoing opera-
tions on an annual basis.
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Equity

Chapter 8 discusses these impacts. The analyst notes that
(1) in general, previous studies show that the average income
of bus riders is less than the average for drivers; (2) the tran-
sit project will benefit both transit riders and drivers; (3) the
express nature of the bus suggests that its ridership will have
a higher average income (at least in the downtown direction)
than the average for all bus riders; and (4) the evaluation in
the previous section suggests that some central city residents
with lower average incomes and, perhaps, no job may now find
jobs in the suburban city.

The analyst finds no evidence to suggest that any special
income or ethnic group will be disproportionately disadvan-
taged. There is no business or residential displacement associ-
ated with construction: the only construction occurs on vacant
property already owned by the suburban city. There is no con-
struction along the line (the HOV lane exists) or at the down-
town end (the transit station exists and has capacity to handle
the express buses).5 There is no evidence that existing bus ser-
vice will get worse because the express bus service will cap-
ture its current riders.

In short, all of the evidence suggests that the project, if it
has disproportionate benefits at all, is likely to be progres-
sive: lower income households are likely to have proportion-
ately more net benefits than higher income households. For
this project, the analyst was not concerned with estimating
more precisely the possible equity effects. If the analyst had
been so concerned, however, information on the distribution
of income for all of the travelers included in the analysis would
have been needed. Using the income information, travelers
could be categorized into separate income groups, either by
annual income levels or into broader categories such as “high
income,” “medium income,” and “low income.” The benefit
and cost calculations would be calculated separately for each
income group and then aggregated across all income groups
to get total net benefits for the project. With benefit and costs
estimated separately for each group, the analyst could deter-
mine how project net benefits are being distributed across
income levels.

DEALING WITH TIME AND UNCERTAINTY

Discounting

The benefits and costs described thus far in the analysis
occur in different years. For example, construction and bus

5 As with other types of impacts, one could argue that the current excess capacity is
relevant in the short run, but not for a long-run evaluation. At some time, the current
facility will have to be expanded or replaced, and the new express bus service, though
a small part of total station activity, will have contributed to that cost and should, there-
fore, be debited for its share. The analyst assumes that an expansion or new facility is
at least 10 years off and, therefore, outside of the evaluation horizon for this project. 



acquisition occur at the beginning of the project, while other
benefits and costs are realized subsequently during operation.
For reasons described in Chapter 2, it is not appropriate to
simply add all the benefits and costs year by year: one must
discount the stream of benefits and costs to a present value.

Table 9-12 shows how the discounting occurs for the basic
benefit-cost calculation. The analyst runs the analysis using
a 5 percent real discount rate. The annual transit fare revenue
($502,500) is included both as a benefit as fare revenue and
as a cost in the user benefit calculation. The net effect of these
revenues is neutral, as this is simply a transfer of funds from
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bus users to the transit agency. Assuming that the agency uses
them productively, the net effect of fare revenues in the final
benefit-cost calculation is zero.

The net present value of the monetizable benefits of the
project are approximately $31 million.

Annualized Values

The present value estimate in Table 9-12 is often easier for
the public and decisionmakers to comprehend if it is con-

TABLE 9-10 Calculation of construction expenditure impacts

TABLE 9-9 Summary of property value impacts

TABLE 9-11 Calculation of operation expenditure impacts



verted to an annualized value. In essence, discounting takes
an uneven stream of benefits and costs and brings them back
to a single present value; annualizing spreads the net present
value back out into even annual payments (just as one gets a
big loan now and pays for it with a stream of equal monthly
payments).

The net present value of $31 million is equivalent to an
average annual amount of $4 million (for every year over the
10-year project life, annualized at a discount rate of 5 per-
cent). Based on this annualized number, the express bus is
considered an efficient investment.

Sensitivity Analysis

This guidebook has noted repeatedly that uncertainty is
part of the state of the art. Many variables could have differ-
ent values than those used in the base analysis. The transit
agency describes and models an optimistic and pessimistic
scenario. In the optimistic scenario, the express bus gets more
shifts in trips from cars to bus; total capital costs and annual
operating costs are 10 percent lower; and air quality, acci-
dent, and parking cost parameters are increased by 25 per-
cent. In the pessimistic scenario, the express bus gets less rid-
ership; total capital costs and annual operating costs are 25
percent higher; and air quality, accident, and parking cost para-
meters are decreased by 25 percent.

At a 5 percent discount rate, the optimistic scenario increases
annual net present value from $4 million to $5 million. The
pessimistic scenario drops it to $3 million. The analyst could
find no reasonable set of assumptions (given the structure of
the analysis) that could cause the project to generate less than
$2.5 million of net benefits annually.

The analyst also tested the sensitivity of the results to the
discount rate. The results proved very stable. On further
inspection, the analyst realized that the combination of low
initial costs relative to annual benefits and an assumption of
invariant benefits and costs in almost every year of operation
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meant that discounting had relatively little effect on annualized
value.

PRESENTING THE RESULTS

Table 9-12 above summarizes the basic benefit calculation,
but it does not show the several impacts that are not part of the
basic benefit calculation. The analyst realizes that some way
to summarize all the impacts for decisionmakers and the pub-
lic is needed.

Several sources give advice on this topic, both in general
and for transportation projects.6 The essential advice is well
accepted: (1) summarize the results in a few pages; (2) use a
matrix that cross-tabulates alternatives against impacts (eval-
uation criteria); (3) use graphics; and (4) have different levels
of reporting and documentation for different audiences (full
technical appendices for technicians, a report for very inter-
ested committee members and the public, a summary [2–8
pages] for most presentations, and an executive summary [1–2
pages]). This guidebook in its entirety is similar in tone, topic,
and length to a technical appendix. This example, Chapter 9,
is somewhere between a report and a summary.

The analyst for this project uses Table 9-13 to summarize
the results, with numbers and text, as appropriate. The ana-
lyst adds a row for Financial Feasibility: even though this
guidebook discusses revenue sources as a subset of the dis-
tribution of impacts, the analyst believes decisionmakers will
want to see and discuss it separately. The analyst also adds
a row for Public Acceptance, but leaves it blank, noting that
(1) no research to quantify how interest groups and decision-
makers feel about the express bus option has been done, and
(2) this evaluation will be part of the deliberation on the other
impacts the analyst has described in Table 9-13.

TABLE 9-12 Basic benefit-cost calculation, 5% real discount rate

6 For general advice see, for example, Carl Patton and David Sawicki. 1993. Basic
Methods of Policy Analysis and Planning. 2nd Edition. Prentice Hall. For specific
applications to transportation, see Cambridge Systematics. 1998. Economic Impact
Analysis of Transit Investments: Guidebook for Practitioners. Chapter 8. 



Table 9-13 describes impacts in different units, which means
they cannot be added to produce a single measure of project
performance. Thus, Table 9-13 shows relative performance
only. It does not make a decision about the importance of the
differences in performance either within or across criteria. 

Fortunately for the analyst, this fact does not create a big
problem for this project because most of the non-monetizable
impacts are either positive for the transit project, neutral, or
ambiguous. The analyst is relatively confident, based on the
basic benefit-cost calculations and sensitivity analysis, that
the express bus is an efficient project.

In other cases, however, the analysis could be much more
complex. It would not be surprising for a transit project to
show annual, monetized net benefits as negative. In that case,
decisionmakers and the public must make tradeoffs: in par-
ticular, they must assess whether other, non-monetizable ben-
efits (less costs) are important (valuable) enough to more than
offset the monetizable net costs. When public bodies enter that
discussion they inevitably must address the issue of weighting
multiple decisionmaking criteria: for example, how much is
consistency with a land use plan worth compared with an
extra $1 million in annualized cost?7 For most projects, how-
ever, whether formally (through weights and scores) or infor-
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mally (through discussion and consensus) the relative impor-
tance of the impacts and their differences across alternatives
must be addressed.

The analyst incorporates Table 9-13 into a short memo-
randum to decisionmakers that makes the following sum-
mary points and contingent recommendations: contingent,
because the analyst does not yet know how decisionmakers
and the public will assign relative weights to the different
impacts:

• From the perspective of economic efficiency, the express
bus is expected to generate $4 million annually in net
benefits.

• Land use and economic development impacts are not
large, but they are not likely to be negative. Moreover,
the express bus service and park-and-ride facility is con-
sistent with both regional and local transportation, land
use, and economic development policy. 

• Similarly, there are no obvious negative distributional
impacts.

• The economic efficiency conclusion means that the proj-
ect creates net benefits, independent of who pays for it
(how it is financed): it is a good investment. But many
good investments do not get made for lack of ability to
access funding. The fact that the region has a good chance
of getting federal contributions means that local contri-
butions would be on the order of pennies per driver or
per household.

• Given that the express bus project (1) offers substantial
benefits to both bus riders and drivers, under a range of
assumptions; (2) is a relatively low-cost investment for

TABLE 9-13 Summary of impacts: express bus versus base case, annual benefits and costs
at full operation

7 This Guidebook does not go into the details of multi-attribute decisionmaking: its
focus is on the measurement of the attributes (in dollars where possible), not their rel-
ative importance. We note in passing, however, that the problem with most weighting
schemes, as they are implemented, is not only that they are arbitrary, but that both deci-
sionmakers and analysts are often unaware of the arbitrariness and its effect on con-
clusions. For example, in simple scoring schemes, each impact for each project is
assigned 1 to 5 (or −3 to +3, or whatever) points based on a qualitative assessment of
the direction and magnitude of its impacts. That is an implicit weighting that would
only by chance be the one that decisionmakers would agree to if the weights were
derived by more rigorous methods.



a transportation project; (3) is likely to be partly funded
from non-local sources; (4) uses existing right-of-way
and has almost no negative impact on neighborhoods;
(5) is consistent with state, regional, and local policy;
and (6) is superior to doing nothing on all evaluation cri-
teria (except that it must be funded), it seems likely that
public and elected official support for the project could
be attained. Once the capital costs are paid, the $1.20
fare is more than enough to cover operating and main-
tenance costs, and bus passengers decrease their travel
times over the “old” bus by one-third. 

• Given these considerations, a decision should be made to
move forward to the next step toward implementation.
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CONCLUDING REMARKS ABOUT 
THE EXAMPLE AND EVALUATION METHODS

The example illustrates why it would be difficult to make a
comprehensive and rigorous decision with much less than what
this guidebook describes. In the absence of this framework, any
attempt at evaluation quickly gets lost in double counts, anec-
dotes, and politics. Ultimately, investment in transportation,
including transit, is a political decision. The intent of this
guidebook is to (1) help transit planners provide better infor-
mation to that decision-making process and (2) encourage
decisionmakers to achieve a higher standard of evaluation and
make better (more efficient and more equitable) investments.
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APPENDIX B

INTEGRATED MODELS FOR CONDUCTING COMPREHENSIVE 
BENEFIT-COST ANALYSIS

Among the range of software tools available for evalua-
tion of the benefits and costs of proposed transportation
investments, two options exist that are both freely available
and well suited for evaluating a wide variety of transit invest-
ments: the Sketch Planning Analysis Spreadsheet Model
(SPASM) and the Surface Transportation Efficiency Analy-
sis Model (STEAM). Although SPASM and STEAM were
developed for the Federal Highway Administration by Cam-
bridge Systematics, both are highly flexible tools that can be
used to evaluate a range of transportation investments or
policies, including transit improvements, land use strategies,
highway capacity improvements, travel demand manage-
ment, intelligent transportation system strategies, and bikeway
improvements.

SPASM and STEAM share many attributes, but they were
designed for different levels of analysis. STEAM is designed
to be used with the output of a four-step travel demand model
and is intended to provide a rigorous and thorough evaluation
of a proposed project or transportation action. In contrast,
SPASM is designed for instances where running travel demand
models is either not possible or requires too much effort for
the type of evaluation needed. Consequently, SPASM makes
some simplifying assumptions to limit the necessary inputs to
what is typically available at the screening level of analysis.

Both SPASM and STEAM are generally consistent with
the approach to project evaluation outlined in this guidebook.
Each calculates user benefits by looking at users’ willingness
to pay for transit or auto travel and determines benefits based
on a calculation of consumer surplus. To complete the cal-
culation of benefits, both SPASM and STEAM then evaluate
changes in benefits that are external to users’ decision to travel,
adding these external benefits to the calculated consumer sur-
plus to arrive at a total benefit figure.

SPASM and STEAM embody project analysis techniques
presented in the FHWA course “Estimating the Impacts of
Urban Transportation Alternatives,” offered through the
National Highway Institute (NHI Course No.15257). Both
models are available for free download on the STEAM web-
site (http://www.fhwa.dot.gov/steam/). STEAM is a self-
contained software program that an analyst can download
and install, while SPASM is a spreadsheet-based tool avail-
able in either EXCEL or LOTUS 123 format. Users’ guides
for both models are also available for download at the site,
as is an accompanying paper “Using SPASM for Transporta-
tion Decision-Making.”

Both SPASM and STEAM generate measures of benefits
and costs for a typical year based on annualized capital costs
combined with the expected operating costs and expected ben-
efits for a single target year. If an analyst would like to eval-

uate how the net benefits for potential actions would vary
over time, he or she will need to run separate analyses for a
range of target years, interpolate between those years, and then
calculate total net benefits by discounting the expected stream
of costs and benefits into present terms.

In the sections that follow, we provide brief descriptions
of SPASM and STEAM, touch on strengths and weaknesses
of each, and identify issues users of this guidebook might
bear in mind should they choose to use either model. For a
complete discussion of the SPASM and STEAM approaches
to project evaluation, or for detailed instructions on how to
begin using either model, analysts should refer to the respec-
tive user’s guides.

SKETCH PLANNING ANALYSIS
SPREADSHEET MODEL

The Sketch Planning Analysis Spreadsheet Model (SPASM)
is intended to be an easy-to-use, screening-level tool for proj-
ect analysis. SPASM allows planners to generate first-cut
estimates of annualized public capital and operating costs,
employer costs, system-user costs and benefits, air quality and
energy impacts, and cost-effectiveness measures associated
with a range of potential transportation investments or actions,
including the following:

• Transit improvements,
• Highway capacity expansion,
• Intelligent transportation system strategies,
• Bikeway improvements,
• Land use strategies, and
• Travel demand management.

SPASM was designed as a complement for the more detailed
Surface Transportation Efficiency Analysis Model (STEAM).
While STEAM is designed for use with output from four-
step travel demand models, SPASM is designed for instances
where running travel demand models is either not possible or
requires too much effort for the type of evaluation needed.
Consequently, SPASM makes some simplifying assumptions
to limit the necessary inputs to what is typically available at
the screening level of analysis.

What Does SPASM Do?

A key feature of the SPASM framework is its ability to
evaluate a multimodal package of investments and demand
management/pricing strategies—all at the corridor level. Pro-
vided the relevant data are available, SPASM can evaluate



proposed transportation actions that include major capital proj-
ects such as transit or highway investments, improved transit
service, pricing schemes (tolls, congestion pricing, parking/
access fees), transportation demand management (TDM)
strategies, and transportation systems management (TSM)
treatments.

SPASM analyzes the effects of transportation actions across
six transportation modes:

• Automobile
• Truck
• Carpool
• Local bus
• Rail
• Express bus

The model analyzes the effects a given transportation action
will have on a transportation corridor, calculating impacts rel-
ative to a “base case” for a single analysis year. SPASM then
summarizes the dollar value of these effects in terms of the
following:

• User benefits,
• Annualized capital costs,
• Vehicle operating costs,
• Other O & M costs,
• Pollution,
• Other external costs, and
• Revenue transfers.

SPASM also further digests the total effects, calculating
the net benefit (or cost) of the action as well as its benefit-
cost ratio.

SPASM is configured in a single workbook, with ten sepa-
rate worksheets, four of which are dedicated to intermediate
calculations. These intermediate calculation worksheets are
protected to prevent inadvertent changes. Model users can con-
trol many of the assumptions used in the analysis through a
worksheet labeled “Unit Costs.” The Unit Costs worksheet lists
more than fifty parameters used at various stages in the analy-
sis, and, although the model comes pre-loaded with default val-
ues for each, users are free to adjust parameters as they see fit.

A unique feature of SPASM is the model’s ability to
account for diverted and induced trips that frequently go
uncounted in traditional benefit-cost analysis. To do this, the
model assumes two things. First, it assumes that initial reduc-
tions in travel times on one facility will attract users who pre-
viously used another, parallel facility. The strength of this
diversion effect is determined by the relative differences in
travel times among facilities and an “Exponent for Traffic
Assignment” factor, which can be controlled by the modeler.
Second, in addition to accounting for diverted trips, SPASM
also calculates “new” trips that would be induced within the
corridor by improved mobility. The relative strength of this
effect is determined by the overall improvement in travel time
associated with an action, filtered through a user-controlled
parameter called “travel time elasticity” (defined as the per-
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centage change in travel demand as a result of a 1 percent
increase in travel time).

SPASM’s Strengths and Weaknesses

SPASM is a flexible tool for corridor-level project analysis
that could prove useful in evaluating a wide range of trans-
portation actions. The model is described as a “sketch plan-
ning” tool for screening level analysis, and, as such, it does not
allow project analysis at the level of detail analysts might
achieve were they to pursue the approach recommended by this
guidebook. SPASM does enable even users with relatively lit-
tle experience in project evaluation to generate complex, rigor-
ous, and economically sound analyses. SPASM also provides
more detail in some aspects than has been presented in this
guidebook, such as consideration of different access modes.

As a tool for evaluating transit investments, SPASM has
various strengths:

• Flexibility. SPASM allows users to evaluate a wide
range of multimodal packages of actions/policies and
gives users a great deal of control over the host of under-
lying assumptions necessary in any benefit-cost analysis.

• Comprehensiveness. Although SPASM does not account
for all of the effects associated with transportation actions
or policies, the framework does allow users to account for
a wide range of benefit categories. Whether the cost is
internal or external and whether it is perceived by the user
or not, if the effect can be defined in terms of “cost per
mile” or “cost per trip,” it can be accounted for in the
evaluation.

Further, an evaluation performed using SPASM looks
at effects on an entire corridor, performing complex cal-
culations that would be virtually impossible for any but
the most skilled analysts to match. Among other things,
these calculations predict the following:
• Both diverted and induced highway travel;
• How changes in transportation will affect the number

of auto trips people will ultimately choose to make; and
• How changes in average speeds, the total number of
trips, and mode distribution will affect both energy con-
sumption and emissions.

The weaknesses that SPASM brings to project evaluation
are largely a function of the limitations associated with its
intended use as a sketch planning tool with only limited data
requirements. SPASM has several potential shortcomings:

• SPASM does not provide an accounting of all bene-
fit categories. SPASM allows users to account for any
cost or benefit that can be defined in terms of cost per
mile or cost per trip. However, there are some categories
of benefits whose values cannot be determined simply
by looking at changes in trips (e.g., the option value of
transit, the ability of transit to further land use goals,
or equity considerations), and inclusion of any of these



considerations requires the analyst to augment SPASM’s
benefit measures.

• SPASM does not provide a means to include a specific
anticipated safety benefit in the analysis. Within the
model’s framework, costs associated with accidents must
be treated as costs per mile or costs per trip. Under this
approach, changes in safety are simply determined by a
combination of changes in miles traveled and changes in
the modal mix. If an action is anticipated to have a spe-
cific impact on safety (e.g., if adding a bus-only lane is
expected to reduce the per-mile frequency of accidents
on a specific arterial) there is no mechanism within the
model to account for that change.

• SPASM is limited to only a corridor-level analysis.
Many transportation actions that take place in one corri-
dor create effects that reverberate throughout a much
larger system. SPASM treats induced travel within the
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corridor as “new” trips, when, in fact, at least some of
these trips might actually be diverted from other corridors.

SURFACE TRANSPORTATION EFFICIENCY
ANALYSIS MODEL (STEAM)

As opposed to SPASM, which is a spreadsheet-based model
intended for use as a screening-level tool for project evalua-
tion, STEAM is a much more robust, stand-alone software
program designed for use with the output of a four-step travel
demand model. STEAM was designed to extend and improve
SPASM’s general analysis framework and is intended to allow
rigorous and thorough evaluation of a proposed transporta-
tion package’s costs and benefits on the basis of system-wide
analysis. Figure B-1 shows the structure of the STEAM model
framework.

Figure B-1. Structure of the STEAM model framework.



As is true of SPASM, one of STEAM’s great strengths is
its flexibility and its ability to evaluate a wide range of trans-
portation packages. In evaluating these projects, beyond esti-
mating the costs and benefits associated with a transportation
action, STEAM also generates estimates of the annualized
cost to the public agency; the action’s effect on total trans-
portation cost; system-wide changes in emissions; changes in
energy use; changes in noise and other external costs; changes
in fatal, injury, and property-damage-only accidents; and rev-
enue transfers resulting from changes in fares or tolls or from
changes in fuel tax revenues resulting from overall increases
or decreases in fuel consumption. STEAM also allows users
to generate an explicit analysis that summarizes the level of
uncertainty associated with each evaluation.

It is worth noting, also, that, in its calculation of user ben-
efits, STEAM estimates traffic delays that result from both
high traffic volumes as well as from incidents. Analysts have
traditionally had great difficulty estimating the delays associ-
ated with incidents for inclusion in their calculations of user
benefits, and, since incidents are believed to be the cause of a
substantial share of total freeway delays in urban areas, that
failure often resulted in significant underestimation of total
delays. STEAM’s ability to account for incident-driven delays
marks a substantial improvement in project evaluation.

Unlike SPASM, which, although complex, still maintained
a degree of transparency thanks to its spreadsheet-based
design, STEAM represents much more of a “black box” ap-
proach to project evaluation. With STEAM, the user inputs
data through a cleanly designed user interface, he or she runs
the model, and STEAM generates pages of results. However,
for all of its black box feel, STEAM users still maintain a
great deal of control over the wide range of assumptions that
underlie the analysis.

POTENTIAL ISSUES IN MODEL APPLICATION

Although both SPASM and STEAM are based on a theo-
retical approach that is broadly consistent with the recom-
mendations of this guidebook, it is important that users read
the appropriate user’s guide carefully and then review the
definition of the model parameters carefully as well, perhaps
with this guidebook in hand.

V-10

In some cases, for various reasons, the default pre-loaded
values for a given parameter in STEAM and SPASM diverge
significantly from the values recommended in this guide-
book. For instance, both SPASM and STEAM come pre-
loaded with a default value for “Non-fuel Highway User
Costs per Mile for Autos” of 3.4 cents per mile. This figure
is based on the FTA’s CUTS report and deliberately excludes
some factors, such as insurance costs and fuels costs. In con-
trast, when we adjust our recommended user cost for a mid-
size car to exclude costs of fuel, we arrive at a cost of slightly
more than 40 cents per mile for cars that average 15,000 miles
per year.1 Beyond this relatively large difference, it is also
important that analysts using SPASM recognize that SPASM
does not provide any dedicated set of parameters for dealing
with user-perceived safety costs. Rather, if the analyst believes
that there is some perceived safety cost associated with being
in a vehicle that is not reflected in insurance payments or in
the user’s assumed value of time, then that cost must also be
included in the “Non-fuel Highway User Costs per Mile.”
Therefore, the appropriate cost per mile may be even greater
than 40 cents per mile. Although the difference between the
default and our recommended value for this parameter is prob-
ably the most extreme case, the issues under discussion illus-
trate the importance of reviewing assumptions and having a
thorough understanding of what each parameter represents.

FOR MORE INFORMATION

Federal Highway Administration, STEAM User Manual,
http://www.fhwa.dot.gov/steam/users_guide.htm.

Federal Highway Administration, SPASM User’s Guide,
http://www.fhwa.dot.gov/steam/spasm.htm.

Federal Highway Administration, Using SPASM for Trans-
portation Decision-making, http://www.fhwa.dot.gov/
steam/spasm.htm.

1 Most of the difference between the two values is a result of two schools of thought
about whether auto ownership costs should be counted as user-perceived costs of
driving. For both models, users can easily add additional benefits or costs as model
inputs in addition to those already included as default model input parameters.
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APPENDIX C

SAMPLE CALCULATIONS

Reviewers of drafts of this guidebook generally thought
that transit agencies should be able to provide their own data
on travel demand (Chapter 3) and capital and operating costs
(Chapter 5). They advised against trying to create compli-
cated look-up tables that would allow an agency of any size,
with any existing system, to get a quick estimate of user ben-
efits for any type or size of transit improvement.

We accepted that advice. But we also wanted to give smaller
jurisdictions, with smaller projects and perhaps no travel
demand model, some idea of what to expect in terms of user
benefits. The following worksheets provide a means of esti-
mating how transit trip costs will change with changes in the
underlying demand and cost characteristics of simple transit
operations. The worksheets are derived from models of opti-
mal dispatch and routing applied to a stylized network.

Each worksheet contains a starting point estimate that is
calculated using reasonable, but arbitrary, values for the key
parameters that determine access time costs and in-vehicle
time costs. The scaling procedure and example portion of
each worksheet shows how to scale the starting point data for
an actual project to estimate time cost for the actual project.
The shaded cells under “Your Project” indicate where the data
for an actual project should be entered. These values are then
scaled using the relationship shown under “Factor Effect.”1

After each factor of time cost is adjusted, their values are
multiplied and the product is applied to the starting point esti-
mate of time cost.2 The access time cost and in-vehicle time

cost components must be adjusted separately and then added
together to derive the total user time cost per trip. Finally, this
total is divided by the average trip length to determine the
cost per passenger mile. This result can then be used in user
benefit calculations.

In Table C-1, the calculation is carried out for a simple bus
transit route. The starting point estimate results in a time value
cost of 37 cents per passenger mile. After adjusting for a larger
number of passengers on the route, higher value of time, and
other factors, the scaling example yields a time value cost of
28 cents per passenger mile.

Similar procedures are repeated in Tables C-2 and C-3 for
the case of a rail transit route and a bus service that integrates
feeder and line-haul services.

It is important to note that the costs tabulated in these
worksheets are exclusively the time costs associated with the
specified transit service. Information on transit agency costs
is used in the worksheet to aid in generating optimized fre-
quencies of service and the resulting wait times, but agency
costs are not included in the resulting time costs. Similarly,
in Table C-3, the costs of accessing the transit line are also
used (to help determine optimal number of routes), but are
not included in the travel time cost estimates that result.

These tables provide a useful starting point for characteriz-
ing transit user time costs. In evaluating a particular transit
improvement, of course, there may be other time costs that
must be considered. In a park-and-ride context, for example,
there are time costs associated with driving to the park-and-
ride lot and time costs associated with walking from the park-
and-ride lot to the transit stop. In other cases, the time cost of
several transit trips must be combined. A user who takes a bus
to a rail transit stop, for example, will experience time costs
associated with each trip element. A starting point for estimat-
ing these time costs would be to combine information from
Table C-1 with information on rail transit from Table C-2.

1 For example, in Table C-3, the number of passengers on the route is 300 in the start-
ing point estimate and 1,000 under “Your Project” in the example of the scaling pro-
cedure. The factor effect is one over the square root of the ratio of the starting point
estimate to the value under “Your Project.” Hence, the scaling factor equals: 1/(square
root (1000/300)) = 0.55. 

2 Each of the scaled factors is multiplied and the result applied to the starting point for
time cost. For example, in Table C-3, (0.55 × 1.22 × 0.71 × 1.41 = 0.67), which is then
applied to the starting point for access time cost ($0.58 per trip) to get an access time
cost for the actual project ($0.39 per trip).



3 This worksheet is based on the following formulation of user time costs per passenger trip, in dollars per trip, made up of a waiting
time component plus a line-haul time component:

Vw = value of waiting time ($/hr.) 
Vv = value of in-vehicle time ($/hr.) 
M = route length (mi.) 
A = Bus agency costs ($/vehicle-mile) 
Q = number of passenger trips on the route (per hr.) 
L = average trip length (mi.) 
S = average bus speed (mph) 

V MA
Q

LV
S

w v

2
+

TABLE C-1 Calculating user time costs for a simple, bus transit route3

Your

Access time costs Project Factor Effect Factor
Passengers on the route/hr. 300                    1,000          1/(Sq rt of ratio) 0.55        
Value of waiting time/hr. 10$                    15                Sq rt of ratio 1.22        

Route length (mi.) 10                       5                   Sq rt of ratio 0.71        
Bus agency costs/bus-mi. 2$                       4                   Sq rt of ratio 1.41        

Product of all factors 0.67        

Result:  Access time cost/trip 0.58$                $0.58 x 0.67 = 0.39$      

In-vehicle Time Costs

Average trip length (mi.) 5                         10                Ratio 2.00        
Average bus speed (mph) 20                       25                1/(Ratio) 0.80        
Value of in-vehicle time/hr. 5$                       6                   Ratio 1.20        

Product of all factors 1.92        
Result: In-vehicle time cost/trip 1.25$                $1.25 x 1.92 = 2.40$      

Result:  Total user time costs/trip 1.83$                2.79$      

Per pass.-mile 0.37$                0.28$      
Memo:  Optimal frequency (bus/hr.) 9                         19            

Scaling Procedure and ExampleStarting Point Estimate

 
Source: ECONorthwest. 

Note: Sq rt = Square root. 
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4 This worksheet is based on the following formulation of user time costs per passenger trip, in dollars per trip, composed of an access
time component and a line-haul time component:

A = rail agency costs ($/train-mile) 
S = average train speed (mph) 
N = number of cars per train

V MA
QN

LV
S

w v

2
+

TABLE C-2 Calculating user time costs for a rail transit route4

Your

Access time costs Project Factor Effect Factor
Passengers on the route/hr. 5,000                1,000          1/(Sq rt of ratio) 2.24        
Value of waiting time/hr. 10$                    15                Sq rt of ratio 1.22        

Route length (mi.) 10                       5                   Sq rt of ratio 0.71        
Rail agency costs/car-mi. 4$                       8                   Sq rt of ratio 1.41        
Cars per train 10                       5                   Sq rt of ratio 0.71        

Product of all factors 1.94        
Result:  Access time cost/trip 0.63$                $0.63 x 1.94 = 1.22$      

In-vehicle Time Costs

Average trip length (mi.) 5                         10                Ratio 2.00        
Average train speed (mph) 30                       25                1/(Ratio) 1.20        
Value of in-vehicle time/hr. 5$                       6                   Ratio 1.20        

Product of all factors 2.88        
Result: In-vehicle time cost/trip 0.83$                $0.83 x 2.88 = 2.40$      

Result:  Total user time costs/trip 1.47$                3.62$      

Per pass.-mile 0.29$                0.36$      
Memo:  Optimal frequency (trains/hr.) 8                         6               

Starting Point Estimate Scaling Procedure and Example

 
Source: ECONorthwest.

Note: Sq rt = Square root.
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TABLE C-3 Calculating user time costs for a bus transit route with integrated feeder service5

Your

Access time costs Project Factor Effect Factor
Passengers on the route/hr. 300                    1,000          1/(Cb rt of ratio) 0.67        
Value of waiting time/hr. 10$                    15                Cb rt of ratio 1.14        

Route length (mi.) 10                       5                   Cb rt of ratio 0.79        
Bus agency costs/bus-mi. 2$                       4                   Cb rt of ratio 1.26        
Average length of feeder trip (mi.) 0.50                   0.50            Cb rt of ratio 1.00        

Cost of accessing the line ($/pass-mi.) 1.00$                1.00$          Cb rt of ratio 1.00        
Product of all factors 0.77        

Result:  Access time cost/trip 0.81$                $0.81 x 0.77 = 0.62$      

In-vehicle Time Costs
Average trip length (mi.) 5                         10 Ratio 2.00        

Average bus speed (mph) 30                       25 1/(Ratio) 1.20        
Value of in-vehicle time/hr. 5$                       6 Ratio 1.20        

Product of all factors 2.88        

Result: In-vehicle time cost/trip 0.83$                $0.83 x 2.88 = 2.40$      

Result:  Total user time costs/trip 1.64$                3.02$      

Per pass.-mile 0.33$                0.30$      

Memo:  Optimal frequency (bus/hr.) 12                       31            
Memo:  Optimal number of routes 2                         3               

Starting Point Estimate Scaling Procedure and Example

 
Source: ECONorthwest. 

Note: Cb rt = Cube root. 

5 This worksheet is based on the following formulation of user time costs per passenger trip, in dollars per trip, composed of an access
time component and a line-haul time component:

c = cost of accessing the transit line ($/pass.-mile) 
r = average length of feeder service (mi.)

c rV MA
Q

LV
S

w vπ
2

+
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APPENDIX D

CONVERTING MONETARY COSTS AND BENEFITS TO A COMMON BASE YEAR
(CONSTANT DOLLARS)

This guidebook includes references to many prices, wages,
and costs gathered at different points in time for various pur-
poses and studies. Because inflation changes the relative value
of the U.S. dollar over time, an analyst cannot directly com-
pare costs from different years. Rather, for comparison of
costs reported in two or more time periods, the analyst must
adjust prices to a common unit that accounts for price differ-
ences. The adjustment requires the use of a price index that
tracks the value of the U.S. dollar (in terms of what that dol-
lar will buy) from year to year. This appendix provides infor-
mation on one such index (the Consumer Price Index) and
the analytical steps necessary to adjust the prices and costs
presented in this report.1

The Consumer Price Index (CPI) is a measure of the aver-
age change in prices over time in a “market basket” of goods
and services. The Bureau of Labor Statistics (BLS) publishes
CPIs for two population groups: (1) a CPI for All Urban Con-
sumers (CPI-U), which covers approximately 87 percent of
the total population; and (2) a CPI for Urban Wage Earners
and Clerical Workers (CPI-W), which covers 32 percent of
the total population. The CPI-U includes, in addition to wage
earners and clerical workers, groups such as professional,
managerial, and technical workers; the self-employed; short-
term workers; the unemployed; and retirees and others not in
the labor force.

The CPI reflects prices of food, clothing, shelter, fuels,
transportation fares, charges for doctors’ and dentists’ services,
drugs, and other goods and services that people buy for day-
to-day living. BLS collects prices from 87 urban areas across
the country from about 50,000 housing units and approxi-
mately 23,000 retail establishments. In calculating the index,

price changes for the various items in each location are aver-
aged together with weights, which represent their importance
in the spending of the appropriate population group. Local
data are then combined to obtain a U.S. city average. Separate
indexes are also published for 26 local metropolitan areas.
Area indexes do not measure differences in the level of prices
among cities—they only measure the average change in prices
for each area since the base period.

The index measures price change from a designed reference
date—1982–84, which equals 100.0. An increase of 48.2 per-
cent, for example, is shown as 148.2, as in the annual aver-
age for 1994 (Table D-1, taken directly from the CPI web
site). This change can also be expressed in dollars as follows:
the price of a base period market basket of goods and services
in the CPI rose from $10 in 1982-84 to $14.82 in 1994.

Decision-makers and analysts may want to express the val-
ues of price information in terms of the most recent dollars
possible, in order to relate the information to current economic
conditions. The last column in Table D-1 has been provided
to facilitate conversion of historic price data to dollar values
in Year 2000. Use of this table to convert monetary infor-
mation from tables in this report to Year 2000 dollars
requires three steps:

• Identify the year for which the original data were com-
piled.

• Look up the adjustment factor in Table D-1 that corre-
sponds to that year.

• Multiply the original dollar amount by the adjustment
factor.

The result is the same cost, expressed in Year 2000 dollars.
Monetary data were presented in the report exactly as the ref-
erence source presented the information to avoid confusion.
In this way, an analyst can more easily match the price or cost
data to the referenced report or data source.

For further details visit the CPI home page on the Internet
at http://stats.bls.gov/cpihome.htm.

1 The federal government publishes two price indexes for the personal consumption
of goods and services. One is the CPI; the other is the implicit price deflator for per-
sonal consumption expenditures (PCE deflator). The latter is one of several price defla-
tors for the gross domestic product, published by BEA. Other deflators measure changes
in price levels for wholesalers and specific industries. For the period under analysis in
this report, the adjustments that come from the two indices are identical through three
significant digits.
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TABLE D-1 Consumer Price Index—All urban customers

Bureau of Labor Statistics (http://stats.bls.gov/cpihome.htm; accessed March 7, 2001)



Abbreviations used without definitions in TRB publications:

AASHO American Association of State Highway Officials
AASHTO American Association of State Highway and Transportation Officials
ASCE American Society of Civil Engineers
ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials
FAA Federal Aviation Administration
FHWA Federal Highway Administration
FRA Federal Railroad Administration
FTA Federal Transit Administration
IEEE Institute of Electrical and Electronics Engineers
ITE Institute of Transportation Engineers
NCHRP National Cooperative Highway Research Program
NCTRP National Cooperative Transit Research and Development Program
NHTSA National Highway Traffic Safety Administration
SAE Society of Automotive Engineers
TCRP Transit Cooperative Research Program
TRB Transportation Research Board
U.S.DOT United States Department of Transportation

Advisers to the Nation on Science, Engineering, and Medicine

National Academy of Sciences
National Academy of Engineering
Institute of Medicine
National Research Council

The Transportation Research Board is a unit of the National Research Council, which serves 
the National Academy of Sciences and the National Academy of Engineering. The Board’s 
mission is to promote innovation and progress in transportation by stimulating and conducting 
research, facilitating the dissemination of information, and encouraging the implementation of 
research results. The Board’s varied activities annually draw on approximately 4,000 engineers, 
scientists, and other transportation researchers and practitioners from the public and private 
sectors and academia, all of whom contribute their expertise in the public interest. The program 
is supported by state transportation departments, federal agencies including the component 
administrations of the U.S. Department of Transportation, and other organizations and 
individuals interested in the development of transportation. 

The National Academy of Sciences is a private, nonprofit, self-perpetuating society of distin-
guished scholars engaged in scientific and engineering research, dedicated to the furtherance 
of science and technology and to their use for the general welfare. Upon the authority of the 
charter granted to it by the Congress in 1863, the Academy has a mandate that requires it to 
advise the federal government on scientific and technical matters. Dr. Bruce M. Alberts is 
president of the National Academy of Sciences. 

The National Academy of Engineering was established in 1964, under the charter of the 
National Academy of Sciences, as a parallel organization of outstanding engineers. It is 
autonomous in its administration and in the selection of its members, sharing with the National 
Academy of Sciences the responsibility for advising the federal government. The National 
Academy of Engineering also sponsors engineering programs aimed at meeting national needs, 
encourages education and research, and recognizes the superior achievements of engineers. 
Dr. William A. Wulf is president of the National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences to 
secure the services of eminent members of appropriate professions in the examination of policy 
matters pertaining to the health of the public. The Institute acts under the responsibility given to 
the National Academy of Sciences by its congressional charter to be an adviser to the federal 
government and, upon its own initiative, to identify issues of medical care, research, and 
education. Dr. Kenneth I. Shine is president of the Institute of Medicine.

The National Research Council was organized by the National Academy of Sciences in 1916 
to associate the broad community of science and technology with the Academy’s purpose of 
furthering knowledge and advising the federal government. Functioning in accordance with 
general policies determined by the Academy, the Council has become the principal operating 
agency of both the National Academy of Sciences and the National Academy of Engineering in 
providing services to the government, the public, and the scientific and engineering 
communities. The Council is administered jointly by both the Academies and the Institute of 
Medicine. Dr. Bruce M. Alberts and Dr. William A. Wulf are chairman and vice chairman, 
respectively, of the National Research Council.  
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