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Introduction

This is the ninth in a series of combined documents prepared by the U.S. Department of Transportation
(DOT) to satisfy requirements for reports to Congress on the condition, performance, and future capital
investment needs of the Nation’s highway and transit systems. This report incorporates highway, bridge,
and transit information required by 23 U.S.C. §502(h), as well as transit system information required by
49 U.S.C. §308(e). Beginning in 1993, the Department combined two separate existing report series that
covered highways and transit to form this report series; prior to this, 11 reports had been issued on the
condition and performance of the Nation’s highway systems, starting in 1968. Five separate reports on the
Nation’s transit systems’ performance and conditions were issued beginning in 1984.

This 2010 Status of the Nations Highways, Bridges, and Transit: Conditions and Performance report to
Congress (C&P report) draws primarily on 2008 data. The 2008 C&P report, transmitted on January 14,
2010, was based primarily on 2006 data.

In assessing recent trends, many of the exhibits presented in this report present statistics for the primary data
years reflected in the last five C&P reports (2000, 2002, 2004, 2006, and 2008). Other charts and tables
cover different time periods depending on data availability and years of significance for particular data series.
The data presented within this report generally reflect the latest available information as of December 2009
or the date the individual chapters were written. The prospective analyses presented in this report generally
cover the 20-year period ending in 2028.

Report Purpose

This document is intended to provide decision makers with an objective appraisal of the physical conditions,
operational performances, and financing mechanisms of highways, bridges, and transit systems based

both on the current state of these systems and on the projected future state of these systems under a set

of alternative future investment scenarios. This report offers a comprehensive, data-driven background

to support the development and evaluation of legislative, program, and budget options at all levels of
government. It also serves as a primary source of information for national and international news media,
transportation associations, and industry.

This C&P report consolidates conditions, performance, and financial data provided by States, local
governments, and mass transit operators to provide a national-level summary. Some of the underlying data
are available through the DOT’s regular statistical publications. The future investment scenario analyses are
developed specifically for this report and provide national-level projections only.

Report Organization

This report begins with a “Highlights” section that summarizes key findings of the overall report, which is
followed by an Executive Summary that highlights the key findings in each individual chapter. These two
sections will also be published as a separate stand-alone summary document.

The main body of the report is organized into four major sections. The six chapters in Part I, “Description
of Current System,” contain the core retrospective analyses of the report. Chapters 2 through 6 each
include separate highway and transit sections discussing each mode in depth. This structure is intended to
accommodate report users who may primarily be interested in only one of the two modes.
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® Chapter 1 provides a broad overview of the functions served by the Nation’s highways and transit
systems.

® Chapter 2 describes recent trends in highway, bridge, and transit system characteristics.

® Chapter 3 depicts the current physical conditions of highways, bridges, and transit systems.
® Chapter 4 describes the current operational performance of highways and transit systems.

® Chapter 5 discusses issues relating to the safety of highways and transit.

® Chapter 6 discusses highway and transit revenue sources and expenditure patterns for all levels of
government, as well as recent innovations in highway finance.

The four chapters in Part II, “Investment/Performance Analysis,” contain the core prospective analyses of the
report, including 20-year future capital investment scenarios. The Introduction to Part II provides critical
background information and caveats that should be considered while interpreting the findings presented in

Chapters 7 through 10.

® Chapter 7 projects the potential impacts of different levels of future highway, bridge, and transit capital
investment on the future performance of various components of the system.

®  Chapter 8 describes selected capital investment scenarios in more detail and relates these scenarios to the
current levels of capital investment for highways, bridges, and transit.

® Chapter 9 provides supplemental analysis relating to the primary investment scenarios, comparing the
future investment scenario findings to previous reports, relating past investment to the current conditions
and operational performance of the system, discussing scenario implications, and exploring selected
policy alternatives.

®  Chapter 10 discusses how some future highway and transit investment scenarios would be affected by
changing the assumptions about travel growth and other key variables.

Part III, “Sustainable Transportation Systems,” includes a set of three new chapters exploring sustainability,
climate change adaptation, and livability. Some of the topics discussed have been referenced in previous
editions of this report, but this edition is the first to explore these issues in a concentrated fashion.

® Chapter 11 examines issues pertaining to the long-term environmental sustainability of the
transportation system and the challenges involved in meeting the needs of the present without
compromising the ability of future generations to meet their own needs.

® Chapter 12 explores climate change adaptation, identifies potential impacts of climate change on
transportation, and discusses policies and measures intended to promote effective responses in adapting
to these changes.

® Chapter 13 discusses issues pertaining to livability and efforts to foster livable communities in which
transportation, housing and commercial development investments have been coordinated so that
everyone has access to adequate, affordable, and environmentally sustainable travel options.

The report also contains three technical appendices that describe the investment/performance methodologies
used in the report for highways, for bridges, and for transit. A fourth appendix describes ongoing research
activities and identifies potential areas for improvement in the data and analytical tools used to produce the
analyses contained in this report.
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Highway Data Sources

Highway conditions and performance data are derived from the Highway Performance Monitoring System
(HPMS), a cooperative data/analytical effort dating from the late-1970s that involves the Federal Highway
Administration (FHWA) and State and local governments. The HPMS includes a statistically drawn sample
of more than 100,000 highway sections containing data on current physical and operating characteristics,

as well as projections of future travel growth on a section-by-section basis. All HPMS data are provided to
FHWA through State departments of transportation from existing State or local government databases or
transportation plans and programs, including those of metropolitan planning organizations.

The HPMS data are collected in accordance with the Highway Performance Monitoring System Field Manual
for the Continuing Analytical and Statistical Database. This document is designed to create a uniform and
consistent database by providing standardized collection, coding, and reporting instructions for the various
data items. The FHWA reviews the State-reported HPMS data for completeness, consistency, and adherence
to reporting guidelines. Where necessary, and with close State cooperation, data may be adjusted to improve
uniformity. The HPMS data also serve as a critical input to other studies that are cited in various parts of
this report, such as the Texas Transportation Institute’s 2009 Urban Mobility Report.

State and local finance data are derived from the financial reports provided by the States to FHWA in
accordance with A Guide to Reporting Highway Statistics. These are the same data used in compiling the
annual Highway Statistics report. The FHWA adjusts these data to improve completeness, consistency,
and uniformity. Highway safety performance data are drawn from the Fatality Analysis Reporting System
(FARS).

Bridge Data Sources

The FHWA annually collects bridge inventory and inspection data from the States and incorporates the

data into the National Bridge Inventory (NBI). The NBI contains information from all bridges covered

by the National Bridge Inspection Standards (Title 23, Code of Federal Regulations, Part 650) located on
public roads throughout the United States and Puerto Rico. Inventory information for each bridge includes
descriptive identification data, functional characteristics, structural design types and materials, location, age
and service, geometric characteristics, navigation data, and functional classifications; conditions information
includes inspectors’ evaluations of the primary components of a bridge, such as the deck, superstructure, and
substructure. Most bridges are inspected once every 24 months. The archival NBI data sets represent the
most comprehensive uniform source of information available on the conditions and performance of bridges
located on public roads throughout the United States.

Transit Data Sources

Transit data are derived from the National Transit Database (NTD) and transit agency asset inventories.
The NTD provides comprehensive data on the revenue sources, capital and operating expenses, basic

asset holdings, service levels, annual passenger boardings, and safety data of the more than 650 urban

and 1,300 rural transit operators that receive annual funding support through the Federal Transit
Administration’s (FTA’) Section 5309 (Urbanized Area) and Section 5311 (Rural Area) Formula Programs.
Given the range of measures reported to NTD and its comprehensive coverage of U.S. transit operations,
NTD is an excellent source of data for analysis of transit financial, operating, and safety performance.
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However, with the exception of fleet vehicle holdings (where NTD provides comprehensive data on the
composition and age of transit fleets), NTD does not provide the data required to assess the current physical
condition of the Nation’s transit infrastructure.

To meet this need, FTA collects transit asset inventory data from a sample of the Nation’s largest rail

and bus transit operators. In direct contrast to the data in either NTD or HPMS—which local and

State funding grantees are required to report to FTA and FHWA, respectively, and which are subject to
standardized reporting procedures—the transit asset inventory data used to assess current transit conditions
are provided to FTA in response to direct requests submitted to grantees and are not subject to any reporting
requirements. At present, there are no reporting requirements or reporting standards for asset inventory data.

In practice, these data requests are only made to the Nation’s 20 to 30 largest transit agencies because these
agencies account for roughly 85 percent of the Nation’s total transit infrastructure by value. At the same
time, given the slow rate of change in transit agency asset holdings over time (excluding fleet vehicles and
major expansion projects), FTA only requests this data from any given agency once every 3 to 5 years. The
asset inventory data collected through these requests typically document the age, quantity, and replacement
costs of the grantees’ asset holdings by asset type. Meanwhile the non-vehicle asset holdings of smaller
operators are estimated using a combination of (1) the fleet-size and facility-count data reported to NTD
and (2) the actual asset age data of a sample of smaller agencies that respond to asset inventory requests
similar to those provided to the larger operators. While this method of obtaining asset data has served
FTA well in the past (and the quality of the reported data has improved over time), the accuracy and
comprehensiveness of FTA’s estimates of current asset conditions and capital reinvestment needs would
nonetheless benefit from a standardized reporting requirement comparable to those for NTD and HPMS.

Other Data Sources

This report also relies on data from a number of other sources. For example, the National Household

Travel Survey (NHTY) collected by the FHWA provides information on the characteristics, volume, and
proportion of passenger travel across all modes of transportation. Information on freight activity is collected
by the Census Bureau through the Commodity Flow Survey and the Vehicle Inventory and Use Survey, and
then merged with other data in FHWA’s Freight Analysis Framework.

Investment/Performance Analytical Procedures

The earliest versions of the reports in this combined series relied exclusively on engineering-based estimates
for future investment/performance analysis, which considered only the costs of transportation agencies.
This philosophy failed to adequately consider another critical dimension of transportation programs, such
as the impacts of transportation investments on the costs incurred by the users of the transportation system.
Executive Order 12893, Principles for Federal Infrastructure Investments, dated January 1994, directs each
executive department and agency with infrastructure responsibilities to base investments on . . . systematic
analysis of expected benefits and costs, including both quantitative and qualitative measures . ... New
approaches have been developed to address the deficiencies in eatlier versions of this report and to meet the
challenge of this Executive Order. The analytical tools now used in this report have added an economic
overlay to the development of future investment scenarios.

The highway investment scenarios presented in this report are developed in part from the Highway
Economic Requirements System (HERS), which uses benefit-cost analysis to optimize highway investment.
The HERS model quantifies user, agency, and societal costs for various types and combinations of
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improvements, including travel time and vehicle operating, safety, capital, maintenance, and emissions costs.
Bridge investment scenario estimates are developed from the National Bridge Investment Analysis System

(NBIAS) model. Unlike earlier bridge models (and similar to HERS), NBIAS incorporates benefit-cost

analysis into the bridge investment/performance evaluation.

The transit investment analysis is based on the Transit Economic Requirements Model (TERM). The
TERM consolidates older engineering-based evaluation tools and introduces a benefit-cost analysis to ensure
that investment benefits exceed investment costs. TERM identifies the investments needed to replace and
rehabilitate existing assets, improve operating performance, and expand transit systems to address the growth
in travel demand.

While HERS, NBIAS, and TERM all utilize benefit-cost analysis, their methods for implementing this
analysis are very different. The highway, transit, and bridge models are all based on separate databases that
are very different from one another. Each model makes use of the specific data available for its part of the
transportation system and addresses issues unique to each mode. These three models have not yet evolved
to the point where direct multimodal analysis is possible. For example, HERS assumes that when lanes are
added to a highway, this causes highway user costs to fall, resulting in additional highway travel. Under this
assumption, some of this increased traffic would be newly generated travel and some could be the result of
travel shifting from transit to highways. However, HERS does not distinguish between different sources

of additional highway travel. At present, there is no truly accurate method for predicting the impact that

a given level of highway investment would have on the future performance of transit systems. Likewise,
TERM’s benefit-cost analysis assumes that some travel shifts from automobile to transit as a result of transit
investments, but cannot project these investments’ impact on highways.

In interpreting the findings of this report, it is important to recognize the limitations of these analytical tools
and the potential impacts of different assumptions that have been made as part of the analysis. Appendix D
and the Introduction to Part I both contain information critical to contextualizing the future investment
scenarios, and these issues are also discussed in Q&A boxes located in Chapters 7 through 10.

What Does it Mean to “Maintain?”

For each broad component of the transportation system considered in this report—i.e., highways, bridges,
and transit—selecting a summary measure of overall conditions and performance presents a choice among
various alternative metrics each of which are partial to some extent; no single metric captures all aspects
of conditions and performance. The “Maintain” scenarios presented in this report each consider a level

of capital investment that could keep overall conditions and performance, as measured by a particular
metric, at the same level 20 years from now as it is today. The metrics selected differ among system
components because the highway, bridge, and transit systems differ from each other in their characteristics,
the data available to measure these characteristics are limited, and the analytical tools used to analyze these
characteristics in this report differ in their capabilities.

The primary “Maintain” scenarios for highways focus on maintaining average speeds over 20 years at the
base year level. (The impact on other conditions and performance metrics would vary; for example, on a
systemwide basis, average pavement condition improves a little under this scenario, while average delay gets
a little worse). The “Maintain” scenarios for bridges target the size of the backlog of economically justifiable
bridge improvements (measured in constant dollars); and identify the level of investment needed to keep this
backlog from growing above its base year level. Some of the transit scenarios include components reflecting
the estimated level of investment that would be sufficient to maintain at the base year level the average
occupancy rate for each transit mode, as measured by passenger miles per peak vehicle.
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In each case, the investment scenarios outlined in this report represent an estimate of what level of
performance could be achieved with a given level of funding, not what would be achieved with it. While
the models assume that projects are prioritized based on their benefit-cost ratios, that assumption is not
consistent with actual patterns of project selection and funding distribution that occur in the real world.

While the “Maintain” scenarios presented in this report focus on maintaining conditions at base-year levels,
the base year is different for each edition of the report; i.e., the prevailing conditions and performance in

the 2008 base year analyzed in this report differ from those for the 2006 base year presented in the 2008
edition of the report. Hence, as the level of current system conditions and performance varies over time, the
investment scenarios that are based on maintaining the status quo are effectively targeting something different
each time. It is important to recognize this when comparing the results of different reports in the series.

What Does it Mean to “Improve?”

In theory, spending anything more than the cost to maintain overall conditions and performance at the
base year level will produce overall conditions and performance at the end of the 20-year analysis period
that are an improvement over the base year level. Thus, any number of scenarios to “Improve” conditions
and performance” could have been considered for this report, each associated with a particular level of
capital investment. Among this range of alternatives, this report focuses on a limited number of illustrative
“Improve” scenarios.

The two “Improve” scenarios for highways envision spending at levels suflicient to implement all potential
capital improvement projects with benefit-cost ratios of 1.5 or 1.0, respectively. The scenarios reflecting

a minimum benefit-cost ratio of 1.0 can be viewed as an “investment ceiling” above which additional
investment would not be cost beneficial, even if unlimited funding were available. In reality, available
funding is not unlimited, and many decisions on highway funding levels must be weighed against potential
cost beneficial investments in other government programs as well as private sector investments, which can
also be evaluated from a societal cost-benefit perspective. Thus, the less expensive scenario reflecting the
higher minimum benefit-cost ratio of 1.5 is also included in this report as a point of reference.

One of the “Improve” scenarios presented for bridges is consistent with the highway scenario, applying a
minimum benefit cost ratio of 1.0 to estimate the level of investment that would be sufficient to eliminate
the backlog of economically justifiable bridge improvements by the end of 20 years. Due to limitations

in data availability and current analytical modeling capabilities, the other “Improve” scenario for bridges
assumes a rate of spending growth consistent with the corresponding highway scenario, rather than applying
an alternative minimum benefit-cost ratio. Some of the transit scenarios include components reflecting the
estimated level of investment that would be sufficient to bring transit assets up to a state of good repair.

It is important to recognize several key limitations of the “Improve” scenarios presented in this report. First,
while the models assume that projects are prioritized based on their benefit-cost ratios, that assumption

is not consistent with actual patterns of project selection and funding distribution that occur in practice.
Consequently, if investment rose to the levels identified in the “Improve” scenarios, there are few
mechanisms to ensure that these funds would be invested in projects that would be cost beneficial. As a
result, the impacts on actual conditions and performance may be considerably smaller than what is projected
for these scenarios. Second, these scenarios do not address practical considerations concerning whether the
highway and transit construction industries would be capable of absorbing such a large increase in funding
within the 20-year analysis period. Such an expansion of infrastructure investment could significantly
increase the rate of inflation within these industry sectors, a factor that is not considered in the constant
dollar investment analyses presented in this report. Third, the legal and political complexities frequently
associated with major highway capacity projects might preclude certain improvements from being made,
even if they could be justified on benefit-cost criteria.
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Impact of Financing Structures on Transportation
Investment/Performance Analysis

This report has traditionally identified the amount of additional spending above current levels that would
be required to achieve certain performance benchmarks, without incorporating the impact of the types

of revenues that would support this additional spending. This approach was in keeping with the general
philosophy referenced earlier that the assignment of responsibility for the costs associated with a given
scenario to any particular level of government or funding source falls beyond the legislative mandate for this
report. However, the implicit assumption built into this approach has been that the financing mechanisms
would not have any impact on investment scenarios themselves. In reality, raising funding from general
revenue sources (such as property taxes, sales taxes, income taxes, etc.) would have different implications
than raising funding from user charges (such as fuel taxes, tolls, and fares).

For this report, a set of supplemental highway investment/performance analyses has been developed to
compare the implications of funding potential increases in capital spending through user charges imposed on
either a per-mile or a per-gallon basis. A feedback loop has been added to the modeling process to account
for the impact that changes in the “price” of travel experienced by individual system users would have on
projected future travel volumes and overall system performance.

When highway users make decisions about whether, when, and where to travel, they consider both implicit
costs (such as travel time and safety risk) and explicit, out-of-pocket costs (such as fuel costs and tolls). Under
uncongested conditions, their use of the road will not have an appreciable effect on the costs faced by other
users. As traffic volumes begin to approach the carrying capacity of the road, however, traffic congestion

and delays begin to set in and travel times for all users begin to rise, with each additional vehicle making

the situation progressively worse. However, individual travelers do not take into account the delays and
additional costs that their use of the facility imposes on other travelers, focusing instead only on the costs

that they bear themselves. To maximize net social benefits, users of congested facilities would be levied
charges corresponding to the economic cost of the delay they impose on one another, thereby more efficiently
spreading traffic volumes and allowing the diverse preferences of users to be expressed. In the absence of
efficient pricing, options for reducing congestion externalities are limited. In addition, the eflicient level of
investment in highway capacity is larger under the current system of highway user charges (primarily fuel

and other indirect taxes) than would be the case with full-cost pricing of highway use. This report includes
supplemental analyses that explore the potential impact that the widespread adoption of congestion pricing
could have on the level of investment required to achieve certain levels of future conditions and performance.

While the above discussion focuses on highway pricing, the same considerations may apply to transit
investments. Anecdotal evidence suggests that transit routes in major metropolitan areas are approaching
their passenger-carrying capacities during peak travel hours, with a commensurate deterioration in the
quality of service. Some of this crowding could be reduced by increasing fares during peak hours. Certain
considerations, however, may limit the ability of transportation authorities to price transit services more
efliciently, such as the ability of the fare system to handle peak pricing, and the desire to provide transit as a
low-cost service to transit-dependent riders. Additionally, the fact that overcrowded transit lines are often in
corridors with heavily congested highways makes a joint solution to the pricing problems on both highways
and transit more complicated to analyze, devise, and implement. Measuring the actual crowding on transit
systems during peak periods, and the development of a more sophisticated crowding metric than the one
currently used by FTA, are areas for further research.
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Changes to C&P Report Scenarios From 2008 Edition

The selected capital investment scenarios presented in Chapter 8 are framed somewhat differently from those
presented in the 2008 edition of the Conditions and Performance report. While the highway and transit
scenario definitions have been modified, the changes to the transit scenarios are much more extensive.

Highway and Bridge Scenarios

The 2008 C&P report had presented two versions of each scenario in Chapter 8, based on alternative
assumptions about funding mechanisms. One set assumed the imposition of user charges on a per-mile basis
as needed to cover the increased investment above base year levels associated with each scenario; the other
assumed the widespread adoption of congestion pricing, with positive or negative adjustments to other user
charges up or down as needed to generate the level of investment needed to support each scenario. This type
of analysis has been moved to Chapter 9 for this edition; the scenarios presented in Chapter 8 do not make
any assumptions regarding funding mechanisms.

The 2008 C&P report included five primary scenarios; one that showed the impacts of sustaining spending
at base year levels, one that estimated the level of investment needed to maintain overall conditions and
performance at base year levels, and three that identified the level of investment associated with implementing
all potential investments which met a specific minimum benefit-cost ratio threshold. The name and
definition of the Sustain Current Spending scenario remains unchanged. The Sustain Conditions and
Performance scenario has been renamed the Maintain Conditions and Performance scenario, and the
target measure used to compute the highway portion of this scenario has been modified. The MinBCR=1.0
scenario has been renamed the Improve Conditions and Performance scenario, while the MinBCR=1.2
scenario has been dropped. The MinBCR=1.5 scenario has been renamed the Intermediate Improvement
scenario, and the method used to compute the bridge portion of this scenario has been modified. The
portion of Improve Conditions and Performance scenario associated with improvements to the physical
conditions of highways and bridges is identified as the State of Good Repair benchmark.

“Maintain” Scenarios

The 2006 C&P report and several prior editions had used average user costs per VMT as a proxy for the
overall conditions and performance of the highway system, and used this measure as a target for their
“Maintain” scenarios. Since factors that affects average user costs other than pavement condition and trafhic
congestion, such as vehicle technology, were held constant in the analysis, decreases in average user costs
could be directly associated with improvements in overall system conditions and performance.

This direct relationship between average user costs and system conditions and performance was broken in
the 2008 C&P report, as the analysis of future user costs was modified to take into account EIA forecasts of
future fuel efficiency of the vehicle fleet. Adding this refinement to the analysis created a situation in which
average user costs would decline over time, even if the physical conditions and operational performance of
the highway system remained unchanged. In order to net out this effect, the 2008 C&P report introduced
a new metric, “adjusted user costs”. This statistic was computed by recalculating user costs in the 2006 base
year as though the fuel economy improvements projected through the end of the analysis period had already
occurred. By netting out the impacts of the fuel economy changes, the adjusted user cost metric represents a

better proxy for overall system conditions and performance, and was utilized as the metric for a key scenario
in the 2008 C&P report.
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One issue with the “adjusted user costs” metric is that it requires a somewhat lengthy discussion to fully
explain the concept. For this edition, the “Maintain” scenario targets average speed instead. As discussed
more fully in Chapter 9, the cost of maintaining average speed at base year levels is similar to that associated
with maintaining adjusted average user costs, and average speed is a more readily understandable metric.

Future editions of this report may revert to using adjusted user costs more prominently or switch to
highlighting some other metric, especially if the costs associated with maintaining average speed in future
analyses begin to deviate significantly from those associated with maintaining adjusted user costs.

Bridge Scenarios

The bridge components of the combined highway and bridge scenarios presented in this report are generally
computed in the same manner as the comparable scenarios from the 2008 C&P report. The exception is the
Intermediate Improvement scenario. This scenario assumes that the growth of spending on bridges will

be consistent with that computed for highways, unless that would result in spending that is higher than that
computed for the Improve Conditions and Performance scenario. In contrast, the approach taken for the
2008 C&P report was to use the same bridge spending levels in both of the comparable scenarios, based on
the level of investment required to address all bridge deficiencies when it is cost-beneficial to do so.

Transit Scenarios

The 2008 C&P report presented several scenarios in Chapter 8, including a Maintain Current Funding
scenario, that has been renamed as the Sustain Current Spending scenario for this edition.

The 2008 C&P report also identified a Maintain Conditions scenario, 2 Maintain Performance
scenario, an Improve Conditions scenario and an Improve Performance scenario; combinations of
these scenarios were formed to identify the level of investment associated with maintaining both conditions
and performance, improving conditions while maintaining performance, maintaining conditions while
improving performance, and improving both conditions and performance. For both the Cost to Maintain
Conditions and Performance scenario and the Cost to Improve Conditions and Performance scenario,
separate versions were presented assuming the application of minimum benefit-cost ratios of 1.0 and 1.2.
Another set of alternative versions of these scenarios were linked to the version of the highway scenarios
assuming the widespread adoption of congestion pricing, assuming that some portion of traffic diverted by
congestion pricing would shift to transit. None of these scenarios was directly continued in this edition.

This edition presents a standalone State of Good Repair benchmark which focuses on needs associated with
existing assets only; no assessment of expansion needs is included, and the computation of this benchmark
does not apply TERM’s benefit-cost test. Two additional scenarios, the Low Growth scenario and the High
Growth scenario incorporate both expansion needs and costs required to bring existing assets to a state of
good repair; both apply the TERM benefit-cost test, differing only in the rate of future transit travel growth
assumed. For system expansion needs, both of these scenarios apply a similar performance target to that
used in the computation of the Maintain Performance scenario in the 2008 C&P report.
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Highlights

This edition of the C&P report is based primarily on data through the year 2008; consequently, the system
conditions and performance measures presented do not yet fully reflect the effects of the Safe, Accountable,
Flexible, Efficient Transportation Equity Act: A Legacy for Users (SAFETEA-LU), which authorized Federal
highway and transit funding for Federal fiscal years 2005 through 2009. These measures also do not reflect
the impact of the American Recovery and Reinvestment Act of 2009 (Recovery Act).

Cautionary Notes on Using this Report

In order to correctly interpret the analyses presented in this report, it is important to understand the
framework in which they were developed and to recognize their limitations. This document is not a
statement of Administration policy, and the future investment scenarios presented are intended to be
illustrative only. The report does not endorse any particular level of future highway, bridge, or transit
investment. It does not address what future Federal surface transportation programs should look like, or
what level of future surface transportation funding can or should be provided by the Federal government,
State governments, local governments, the private sector, or system users. Making recommendations on
policy issues such as these would go beyond the legislative mandate for the report and would violate its
objectivity. Outside analysts can and do make use of the statistics presented in the C&P report to draw their
own conclusions, but any analysis attempting to use the information presented in this report to determine a
target Federal program size would require a whole series of additional policy and technical assumptions that
go well beyond what is reflected in the report itself.

The investment scenario estimates presented in this report are estimates of the performance that could be
achieved with a given level of funding, not necessarily what would be achieved with it. The analytical tools
used in the development of these estimates combine engineering and economic procedures, determining
deficiencies based on engineering standards while applying benefit-cost analysis procedures to identify
potential capital improvements to address those deficiencies that may have positive net benefits. While the
models generally assume that projects are prioritized based on their benefit-cost ratios, that assumption is
not consistent with actual patterns of project selection and funding distribution that occur in the real world.
Consequently, the level of investment identified as the amount required to maintain a certain performance
level should be viewed as illustrative only, and should not be considered a projection or prediction of actual
condition and performance outcomes likely to result from a given level of national spending.

As in any modeling process, simplifying assumptions have been made to make analysis practical and to
report within the limitations of available data. Since the ultimate decisions concerning highways, bridges,
and transit systems are primarily made by their operators at the State and local level, they have a much
stronger business case for collecting and retaining detailed data on individual system components. The
Federal government collects selected data from States and transit operators to support this report, as

well as a number of other Federal activities, but these data are not sufficiently robust to make definitive
recommendations concerning specific transportation investments in specific locations. While improvements
are evaluated based on benefit-cost analysis, not all external costs (such as noise pollution) or external
benefits (such as the impact of transportation investments on productivity) are fully considered. Across a
broad program of investment projects, such external effects may cancel each other; but, to the extent that
they do not, the true “needs” may be either higher or lower than would be predicted by the models.
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Highlights: Highways and Bridges

The Nation’s Road Network is Extensive

The Nation’s road network includes more than 4 million miles of public roadways and more than
600,000 bridges. In 2008, this network carried almost 3 trillion vehicle miles traveled (VMT).

The term “Federal-aid highways” includes roads that are generally eligible for Federal funding assistance
under current law; approximately one-quarter of the Nation’s 4 million miles of roadways fall into this
category. (Note that certain Federal programs do allow the use of Federal funds on other roadways, under
certain circumstances.) These 1 million miles of Federal-aid highways carried over five-sixths of the total

VMT in 2008.

The National Highway System (NHS) includes those roads that are most important to interstate travel,
economic expansion, and national defense. While the NHS makes up only 4 percent of total mileage, it
carries approximately 44 percent of total VMT in the United States.

Highway Spending Has Increased

All levels of government spent a combined $182.1 billion for highway-related purposes in 2008, equivalent
to almost $45 thousand per mile of roadway, or just over 6 cents per VMT. Just over half of this spending
($91.1 billion) was for capital improvements to highways and bridges; the remainder included expenditures
for physical maintenance, highway and traflic services, administration, highway safety, and debt service.

Total spending on highways increased by Constant Dollar Conversions for

48.4 percent between 2000 and 2008, a 9.1 increase Highway Expenditures

when adjusted for inflation. Highway construction  1hjg report uses the Federal Highway Administration’s

costs generally increased more quickly than (FHWA’s) National Highway Construction Cost Index
consumer prices, increasing sharply between 2004 (NHCCI) and its predecessor, the Composite Bid

and 2006. Highway capital expenditures increased Price Index (BPI), for inflation adjustments to highway
by 48.6 percent between 2000 and 2008, equaling a capital expenditures and the Consumer Price Index

. ) . . (CPI) for adjustments to other types of highway
1.2 percent increase when adjusted for inflation. expenditures.

Prior to the enactment of the Recovery Act, there

had been a shift in the types of capital improvements being made by State and local governments. The
portion of capital investment going for “system rehabilitation” (which includes resurfacing, rehabilitation,
or reconstruction of existing highway lanes and bridges) declined from 52.7 percent in 2000 to 51.1 percent
in 2008. The percentage of capital spending directed toward “system expansion” (the construction

of new highways and bridges and additional lanes on existing highways) decreased from 37.4 percent

to 36.8 percent over this period, while the portion used for “system enhancement” (including safety
enhancements, traffic control facilities, and environmental enhancements) increased from 9.9 percent to
12.0 percent.

The portion of total highway capital spending funded by the Federal government declined from 42.6 percent
in 2000 to 41.5 percent in 2008, because State and local government funding growth outpaced Federal
funding growth over this period. This share is expected to rise in the near future due to the effects of the
Recovery Act and various recession-related cuts at the State and local levels. Because the Federal-aid highway
program is a multiple-year reimbursement program, the impact of increases in obligation levels on outlay
levels phases in gradually over a number of years. (Note the terms “spending”, “expenditures” and “outlays”
are used interchangeably in this report).
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Highway Safety Has Improved

Considerable progress has been made in reducing fatality and injury rates since 2000. Highway fatalities fell
by 11.2 percent to 37,261 deaths in 2008. Data for 2009 show a continued drop to 33,808, and fell even
more in 2010 to 32,788. The fatality rate per 100 million VMT declined from 1.53 in 2000 to 1.25 in
2008; preliminary 2009 figures show a further drop to 1.13 in 2009, which would be the lowest on record.
Similarly, the injury rate per 100 million VMT declined from 116 in 2000 to 80 in 2008.

The 37,261 highway fatalities in 2008 included 5,282 nonmotorists killed by motor vehicle crashes. Overall
nonmotorized fatalities decreased by 5.6 percent from 2000 to 2008, as an 8.1 percent decrease in pedestrian
fatalities over this period was partially offset by increases in the number of bicyclists and other non-motorists
killed. Highway safety remains a top priority within the U.S. Department of Transportation (DOT), and
the improvement of the Nation’s roadway infrastructure is an important component of the effort to reduce
highway fatalities and injuries.

Operational Performance Has Stabilized in Many Areas

Over the period from 2000 to 2008, measures of urbanized area congestion developed for FHWA by the
Texas Transportation Institute (T'TT) show some overall improvement. The estimated percentage of travel
occurring under congested conditions decreased from 27.0 percent in 2000 to 26.3 percent in 2008. The
average length of congestion conditions in 2008 matches the 2000 level of 6.2 hours per day. System
expansion and operational improvements since 2000 likely played a role in the stabilization of congestion.
However, it is worth noting that there were reductions in highway travel in 2008 in conjunction with the
recession and it is possible that congestion measures may be impacted when economic growth returns.

While urbanized areas with larger populations generally experience more congestion than smaller urbanized
areas, that gap is shrinking. The share of travel occurring under congested conditions for urbanized areas of
over 3 million in population decreased from 35.9 percent in 2000 to 35.4 percent in 2008, but rose from
13.4 percent to 13.7 percent over this period for urbanized areas of under 500,000 in population.

Pavement Conditions Have Improved in Many Areas

The percentage of Federal-aid Highway VMT on pavements with “good” ride quality rose from 43 percent
in 2000 to 46 percent in 2008, while the share of VMT on pavements with “acceptable” ride quality (a lower
standard that includes roads classified as “good”) remained relatively stable at 85 percent.

While pavement ride quality has improved in both rural and urban areas over this period, overall pavement
conditions in rural areas tend to be better than those in urban areas. In 2008, 62.5 percent of travel on rural
Federal-aid highways was on pavements with good ride quality, while only 38.9 percent of travel on urban
Federal-aid highways was on pavements meeting that standard.

While the overall pavement ride quality trend for Federal-aid highways has been positive (rising from

43 percent of VMT on “good” quality highways to 46 percent on “good” highways), these gains have
occurred primarily on the Interstate System and other principal arterial routes that carry the most traffic.
For lower-volume roadways classified as rural major collectors, urban minor arterials, or urban collectors,
the percent of VMT on pavements with “good” ride quality declined between 2000 and 2008; the largest
decline occurred on urban collectors as the share of VMT meeting this standard fell from 37.9 percent to
31.5 percent over this period.
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The percentage of VMT on NHS pavements with “good” ride quality rose from 48 percent in 2000 to

57 percent in 2008. The share of VMT on NHS roads with “acceptable” ride quality increased slightly
over this period, from 91 percent to 92 percent. (Note that the pavement statistics presented in this report
are based on calendar year data, consistent with the annual Highway Statistics publication; in other DOT
publications presented on a fiscal year basis, these calendar 2008 statistics appear as Fiscal Year 2009 data).

Bridge Conditions Have Improved, on Average

Bridges are considered structurally deficient if significant load-carrying elements are found to be in poor or
worse condition due to deterioration and/or damage, or the adequacy of the waterway opening provided by
the bridge is determined to be extremely insufficient to the point of causing intolerable traffic interruptions
due to high water. That a bridge is deficient does not imply that it is likely to collapse or that it is unsafe.

Functional obsolescence is a function of the geometrics (i.e., lane width, number of lanes on the bridge,
shoulder width, presence of guardrails on the approaches, etc.) of the bridge in relation to the geometrics
required by current design standards. As an example, a bridge designed in the 1930s would have shoulder
widths in conformance with the design standards of the 1930s, but current design standards are based on
different criteria and require wider bridge shoulders to meet current safety standards. The difference between
the required, current-day shoulder width and the 1930s-designed shoulder width represents a deficiency. The
magnitude of these types of deficiencies determines whether a bridge is classified as functionally obsolete.

Due to the timing of data availability, the bridge statistics presented in this report are for the years 2001

to 2009, rather than for the 2000 to 2008 period presented for most other data. Bridge deficiencies are
presented in three ways, relative to the number of bridges, weighted by average daily traffic, and weighted by
deck area (the surface area of the bridge deck including the travel lanes, shoulders and pedestrian walkways).
Weighting by deck area takes into account the size of bridges, which is significant in terms of the costs
associated with replacing or rehabilitating them; weighting by average daily traffic is significant in terms of

the number of people affected by bridge deficiencies.

Weighted by deck area, the percentage of NHS bridges classified as deficient declined from 30 percent

in 2001 to 29 percent in 2009. About three-quarters of deficiencies on NHS bridges relate to functional
obsolescence rather than to structural issues; some NHS bridges are narrower than current design standards
would call for given the traffic volumes they currently carry. The percentage of deck area on all bridges (on
or off the NHS) classified as deficient declined from 31 percent in 2001 to 29 percent in 2009.

While weighting by bridge deck area is useful in terms of thinking about the costs of addressing deficiencies
(which would vary depending on the size of the bridge), in assessing overall bridge conditions it is also useful
to consider the actual number of deficient bridges. The percentage of NHS bridges classified as deficient
decreased from 23 percent in 2001 to 22 percent in 2009; the percentage of all bridges classified as deficient
decreased from 30 percent to 27 percent over this period.

Future Capital Investment Scenarios

In order to provide an estimate of the costs that might be required to maintain or improve system
performance, this report includes a series of investment/performance analyses that examine the potential
impacts of alternative levels of future combined investment levels by all levels of government on highways
and bridges for different subsets of the overall system. These analyses cover the 20-year period from 2008
to 2028 (reflecting the impacts of spending from 2009 through 2028); the funding levels associated with all
of these analyses are stated in constant 2008 dollars. Rather than assuming an immediate jump to a higher
(or lower) investment level, each of these analyses assume that spending will grow by a uniform annual rate
of increase (or decrease) in constant dollar terms using combined highway capital spending by all levels of
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government in 2008 as the starting point. Drawing upon these investment/performance analyses, a series

of illustrative scenarios were selected for further exploration and presentation in more detail. The scenario
criteria were applied separately to the Interstate System, the NHS, all Federal-aid highways, and the highway
system overall.

The Sustain Current Spending scenario assumes that capital spending by all levels of government
combined is sustained in constant dollar terms at 2008 levels through the year 2028. The Maintain
Conditions and Performance scenario assumes that capital investment gradually changes in constant dollar
terms over 20 years to the point at which selected measures of future conditions and performance in 2028
are maintained at 2008 levels.

The Improve Conditions and Performance scenario assumes that capital investment gradually rises to
the point at which all potential highway and bridge investments that are estimated to be cost-beneficial
(i.e., those with a benefit-cost ratio of 1.0 or higher) could be funded by 2028. The State of Good Repair
benchmark represents the subset of this scenario that is directed toward addressing deficiencies of existing
highway and bridge assets. The Intermediate Improvement scenario assumes that combined spending
gradually rises to a point at which potential highway investments with a benefit-cost ratio of 1.5 or higher
can be implemented and assumes a comparable rate of growth in bridge spending.

Systemwide Findings

Sustaining combined highway capital spending by all levels of government at its 2008 level of $91.1 billion
in constant dollar terms over 20 years is projected to result in a decline in certain measures of condition
and performance. Achieving the objectives of the Maintain Conditions and Performance scenario would
require an annual spending increase of 0.97 percent above the rate of inflation, translating into an average
annual investment level of $101.0 billion over 20 years, stated in constant 2008 dollars.

Achieving the objectives of the Intermediate Conditions and Performance scenario would require a
constant dollar spending increase of 3.51 percent per year, translating into an average annual investment
level of $133.5 billion. Implementing all potentially cost-beneficial improvements by 2028 under the
Improve Conditions and Performance scenario would cost approximately $170.1 billion per year over

20 years, consistent with an annual constant dollar spending increase of 5.62 percent. As part of this
scenario, approximately $85.1 billion per year is associated with addressing deficiencies on existing highways
and bridges; this figure is described as the State of Good Repair benchmark.

Federal-Aid Highway Findings

All levels of government spent a combined $70.6 billion on capital improvements to Federal-aid highways
in 2008. The average annual investment level over 20 years for the Maintain Conditions and Performance
scenario for Federal-aid highways is $80.1 billion, compared with $103.5 billion for the Intermediate
Improvement scenario and $134.9 billion for the Improve Conditions and Performance scenario. The

State of Good Repair benchmark is estimated to be $67.8 billion per year over 20 years, stated in constant
2008 dollars.

As noted above, the Improve Conditions and Performance scenario would address all potential highway
and bridge investments with a benefit-cost ratio of 1.00 or higher by 2028, while the Intermediate
Improvement scenario would address highway investments with a benefit-cost ratio of 1.50 or higher. The
other two scenarios also assume that investments will be implemented in order based on their benefit-cost
ratios; the funding level associated with the Maintain Conditions and Performance scenario is estimated
to be sufficient to address all potential highway improvements with a benefit-cost ratio of 2.02 or higher by
2028, while the Sustain Current Spending scenario could address improvements with a benefit-cost ratio

of 2.42 or higher.
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Under the Sustain Current Spending scenario, the overall conditions and performance for Federal-

aid highways are expected to worsen by 2028: average pavement roughness is projected to increase by

2.8 percent, average delay per VMT is expected to rise by 6.7 percent, and the economic bridge investment
backlog is projected to grow by 6.5 percent. Under the Improve Conditions and Performance scenario,
average pavement roughness is expected to be reduced by 24.3 percent, average delay per VMT would fall by
7.7 percent, and the economic bridge investment backlog would be eliminated by 2028.

NHS and Interstate Findings

All levels of government spent a combined $42.0 billion on capital improvements to the NHS in 2008. The
average annual investment level over 20 years for the Maintain Conditions and Performance scenario

for the NHS is $38.9 billion, compared with $56.9 billion for the Intermediate Improvement scenario
and $71.8 billion for the Improve Conditions and Performance scenario. The State of Good Repair
benchmark is estimated to be $29.8 billion per year over 20 years, stated in constant 2008 dollars.

Combined Federal, State, and local capital spending on Interstate highways totaled $20.0 billion in 2008.
The average annual investment level over 20 years for the Maintain Conditions and Performance scenario
for Interstate highways is $24.3 billion, compared with $36.2 billion for the Intermediate Improvement
scenario and $43.0 billion for the Improve Conditions and Performance scenario. The State of Good
Repair benchmark is estimated to be $16.2 billion per year over 20 years, stated in constant 2008 dollars.

Additional Observations

Several supplemental analyses were also conducted with alternative assumptions in the models used to
project future capital investment scenarios. For example, if overall VMT, or particularly peak-period VMT,
grew more slowly than has been assumed by the State projections reflected in the scenarios, the costs to
maintain and improve the system would be lower.

Similarly, improving the livability of existing communities by providing a wider array of transportation
options can be an effective means to reduce the strain on existing highway facilities and reduce the need for
costly additions of new highway capacity. The widespread adoption of congestion pricing would also be
projected to significantly reduce the need for additional highway capacity.

Highlights: Transit

Transit is Almost Everywhere

In 2008, there were 690 agencies in urbanized areas (UZAs) and 1,396 rural transit operators that reported
financial and operating data to the National Transit Database (NTD). Not all transit providers throughout
the United States are included in these counts since providers that do not receive grant funds from the
Federal Transit Administration (FTA) are not required to report to the NTD.

In 2008, transit services provided 10.2 billion unlinked trips and 53.7 billion passenger miles traveled
(PMT). Heavy rail and motor bus modes continue to be the largest segments of both measures. Commuter
rail accounts for relatively more PMT due to its greater average trip length (23.4 miles compared with

3.9 for bus, 4.8 for heavy rail, and 4.4 for light rail). Though light rail is the fastest-growing rail mode (with
PMT growing at 5.7 percent per year from 2000 to 2008), it provided only 3.9 percent of transit PMT

in 2008. Vanpool growth during the same period was 11.8 percent per year, substantially outpacing the

1.8 percent growth in motor bus passenger miles. However, while motor buses provided 39.5 percent of all
PMT, vanpools accounted for only 1.8 percent.
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Every state reported providing rural service. Rural transit operators reported 136.6 million unlinked
passenger trips. Included in this total are rural transit services provided by 61 Indian tribes, which reported
417,000 unlinked passenger trips. This service was provided by 1,150 demand response systems, 494 motor
bus systems, and 16 vanpool systems. A total of 304 UZA agencies also reported providing rural service at
the rate of 24 million unlinked passenger trips in 2008.

Are Transit Systems in Good Repair?

Prior editions of this report included scenarios that considered the level of investment required to either

(1) maintain the condition of existing transit assets at current levels, or (2) improve the condition of those
assets to an overall condition of “good” (i.e., 4.0 on TERM’s condition scale). For this edition, these
“maintain” and “improve” conditions analyses have been replaced by a State of Good Repair analysis. This
type of analysis better represents idealized asset management practices and, to a somewhat lesser extent,
actual practices at most transit agencies.

The FTA uses a numerical rating scale ranging from 1 to 5 (detailed in Chapter 3) to describe the relative
condition of transit assets. Assets are considered to be in a state of good repair when the physical condition
of that asset is at or above a condition rating of 2.5. For assets below this condition rating, it is cost-effective
to replace instead of rehabilitate or repair the asset. A transit system is in a state of good repair when all

its assets are rated at or above this 2.5 threshold. State of Good Repair analysis estimates the investment
required to replace assets that are past their useful life expectancy (that is, below the 2.5 condition rating).

Additionally, prior report editions only considered a single ridership growth projection whereas this edition
assesses transit capital expansion under both low and high ridership growth outcomes. In this report edition,
the Low Growth scenario (which is comparable to prior editions’ single ridership growth projection)
assumes UZA-specific rates of PMT growth projected by the Nation’s MPOs. Using this projected growth
rate, transit operators expect to serve 2.6 billion new riders annually by 2028. Accordingly, these MPO
projections (which are financially constrained) have fallen well short of actual growth in recent years. This
report adds a new High Growth scenario based on UZA-specific historical growth rates for the last decade,
which can be extrapolated to project an additional 6.2 billion new riders by 2028.

The transit state of good repair analysis, as presented in this report and in FTA’s June 2010, National State of
Good Repair Assessment, estimates that $77.7 billion (12 percent) of the $663 billion in assets for the entire
U.S. transit industry are past their expected period of reliable service. These over-age assets are particularly
concentrated in the categories of rail guideway elements and train communications/control systems. Future
reports in this series will monitor ongoing changes in the proportion of in-service assets that exceed their
useful life and related measures of transit state of good repair.

For purposes of comparison with previous reports in this series, average asset condition estimates are

also included in this report. Averages reported here are weighted by the value of the assets. Thus a

$2 asset in condition 4.0 and a $1 asset in condition 2.0 have a cost-weighted average condition of

3.3 [($2*4.0+$1*2.0)/($2+$1)] representing the average condition of the investment as opposed to an
un-weighted average condition of 3.0 [(4.0+2.0)/2] which would not distinguish between the different
replacement values of the two assets. Comparisons with prior year reports suggest that average transit
conditions have remained stable or declined slightly over the past decade (though estimated conditions have
improved somewhat for vehicle fleets).

Non-vehicle transit rail assets (guideway elements, facilities, systems, and stations) represent the biggest
challenge to maintaining a state of good repair. The replacement value of these assets is $143 billion, of
which $19 billion is below condition 2.0 (13 percent) and $16 billion is between condition 2.0 and 3.0

Highlights xlv



(11 percent). The replacement value of train systems (power, communication, and train control equipment)
is $92 billion, of which $14 billion is below condition 2.0 (15 percent) and $19 billion is between condition
2.0 and 3.0 (21 percent). Stations have a replacement value of $83 billion with only $1.5 billion below
condition 2.0 (2 percent) but with $21 billion between condition 2.0 and 3.0 (21 percent). Facilities,
mostly consisting of maintenance and administration buildings, have a replacement value of $32 billion with
$1.4 billion below condition 2.0 (4 percent) and $7 billion between condition 2.0 and 3.0 (22 percent).

The relatively large proportion of guideway and systems assets that are below condition 2.0, and finding the
$36 billion investment required to replace them, represents a long-term challenge to the rail transit industry.

The Ride Hasn’t Changed Much

A few of the most important goals shared by all transit operations include minimizing travel times, making
eflicient use of vehicle capacity, and providing reliable performance. Accordingly, the FTA collects data on
average speed, how full the vehicles are (utilization) and how often they break down (mean distance between
failures) to determine how well transit service meets these goals.

Average speeds for nonrail service (dominated by the bus mode) have been relatively constant since 2000.
Speeds remain around 20 miles per hour (mph) in spite of increases in roadway congestion over this period.
Rail service shows a slight decrease in average speed over this period (24.9 to 23.9 mph). This may be due
to more crowded conditions in the heavy rail systems that dominate this category (heavy rail passenger loads
have increased 7.5% over this period), track maintenance issues associated with the older systems, or both.
Average speed is decreased when high passenger volumes force vehicles to exceed scheduled dwell times as
they take on and discharge passengers. Bus passenger loads have not increased since 2000.

Utilization of vehicle capacity varies by mode. In 2008 vehicle occupancy as a percentage of the seating
capacity was: vanpool, 57.5%; heavy rail, 48.5%; light rail, 38.3%; trolleybus, 30.4%; ferryboat, 29.2%;
commuter rail, 28.3%; motor bus, 27.8%; and demand response, 12.3%. Even on crowded routes these
percentages seldom exceed 50% as it is difficult to get significant ridership on trips running counter to
the flow of commuters who make up the majority of most transit users. The average utilization of vehicle
capacity for all modes combined has increased slightly since 2000.

Mean distance between failures has been stable over the last decade at around 7,000 miles. This indicates
that the number of unscheduled delays due to mechanical failures of transit vehicles has not changed
significantly. Note that the FTA does not currently collect direct measurement data on the number and
lengths of passenger delays resulting from non-vehicular mechanical failures, guideway conditions (e.g.,
roadway congestion or rail slow zones), or related factors.

Transit is Getting Safer

Transit operators report safety information to the NTD for three major categories: incidents, injuries, and
fatalities. The number of fatalities (excluding suicides and homicides) has been relatively constant for the last
five years with the U.S. transit industry reporting 216 fatalities in 2008. In 2000, there were 245 fatalities
reported. Additionally, due to increasing passenger miles traveled over this period, the fatality rate “per

100 million passenger miles” has been trending down. The fatality rate per 100 million passenger miles was
0.56 in 2000 and was 0.42 in 2008.

For injuries and incidents, the NTD has consistent and comparable data back to only 2004 when new
definitions were promulgated. The worst year for injuries since then was 2008, with 11 percent more than
in the previous year for a total of 26,228 injuries (50.43 per 100 million passenger miles).
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Commuter rail reported the highest fatality rate for transit modes in 2008 (1.13 fatalities per 100 million
passenger miles). Both light rail (0.77 fatalities per 100 million passenger miles) and demand response

(0.83 fatalities per 100 million passenger miles) reported about half the fatalities reported in 2007. A trend
toward significantly fewer fatalities may be developing in these two modes. Motor bus and heavy rail also
reported relatively low numbers (heavy rail was 0.40 fatalities per 100 million passenger miles and motor bus
was 0.38 fatalities per 100 million passenger miles).

Transit Funding is Up

In 2008, $52.5 billion was generated from all sources to finance transit investment and operations,
compared with $30.8 billion in 2000. This is a 70 percent absolute increase or 36.3 percent in constant
dollars (adjusted for inflation). Of these funds, 73.9 percent ($38.8 billion) came from public sources
and 26.1 percent came from passenger fares ($11.4 billion) plus other system-generated revenue sources
($2.3 billion). The Federal share of this was $9.0 billion (23.1 percent of total public funding and

17.1 percent of all funding). The Federal share

of total funding from government sources has Constant Dollar Conversions for

been fairly constant, between 23 and 25 percent, Transit Expenditures

since 2000 and has rarely been outside that range This report uses the Consumer Price Index (CPI)
since 1990. Local jurisdictions provided the for inflation adjustments to all types of transit

bulk of transit funds, $18.5 billion in 2008, or expenditures. (There is currently no industry-specific

index for transit capital expenditures comparable to

47.5 percent of total public funds and 35.1 percent the NHCCI for highway capital expenditures.)

of all funding. Dedicated sales taxes were the
largest sources of State and local funding; in 2008,
they accounted for 30.2 percent of State transit funds and 36.0 percent of total local transit funds. In
constant dollars, total public funding for transit increased 47.9 percent and funding from Federal sources
increased by 37.0 percent between 2000 and 2008. Funding from State and local sources increased by
52.0 percent in constant dollars during this period.

In 2008, $36.4 billion in funding was provided for transit operating expenses (wages, salaries, fuel, spare
parts, preventive maintenance, support services, and leases). The Federal share of this has declined from the
2006 high of 8.2 percent to 7.1 percent in 2008. Similarly, the share generated from system revenues has
decreased from 40.3 percent in 2006 to 37.6 percent. These decreases have been offset by the State share,
which has increased from 22.5 percent in 2006 to 25.8 percent. The local share of operating expenditures
has been close to 2008’s 29.7 percent for several years.

The average annual increase in operating expenditures per vehicle revenue mile for all modes combined
between 2000 and 2008 was 4.1 percent (current dollars) or, after adjusting for inflation, 1.5 percent
(constant dollars). Operating expenditures per passenger mile for all transit modes combined increased at
an average annual rate of 4.3 percent between 2000 and 2008 (from $0.44 to $0.62) in current dollars (a
1.7 percent increase in constant dollars).

Analysis of NTD reports for the largest 10 transit agencies (by ridership) shows that the growth in operating
expenses is led by the cost of fringe benefits (36.0 percent of all operating costs for these agencies), which
have been going up at a rate of 3.4 percent per year above inflation (constant dollars) since 2000. By
comparison, average salaries and wages at these ten agencies grew at an inflation-adjusted rate of only

0.1 percent per year in that period. FTA does not collect data on the different components of fringe benefits
but increases in the cost of medical insurance undoubtedly contributed to the growth in this category.
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New Capital Investment Scenarios

The analyses associated with this report assess the impact of broad variations in the total level of transit
capital expenditures on future transit asset conditions, the magnitude of the investment backlog, and

the overall ability to meet growth in transit travel demand. Furthermore, this report features key transit
investment analysis scenarios that assess the consequences of sustaining transit capital spending at current
levels as well as the level of investment required to attain specific conditions and performance objectives.
As with the highway and bridge analyses, all transit analyses assess investment impacts over a 20-year time
period from 2008 to 2028 (reflecting the impacts of spending from 2009 through 2028) and take into
account the combined levels of investment from all levels of government.

The Sustain Current Spending scenario assumes that spending on the preservation and expansion of
transit capital assets by all levels of government is sustained in constant dollar terms at base year 2008 levels
from 2009 through 2028. In contrast, the State of Good Repair benchmark assesses the level of spending
required to bring all of the Nation’s existing transit assets—including all vehicles, stations, maintenance
facilities, guideway track and structures, and systems—to a state of good repair (with no assessment of
investment cost-effectiveness and no consideration of transit expansion requirements). Finally, the Low
Growth and High Growth scenarios consider the level of investment to address both asset state-of-
good-repair and service expansion needs subject to two different potential levels of growth (and with all
investments now required to pass a benefit-cost analysis). The Low Growth scenario assumes transit
ridership will grow as projected by the Nation’s metropolitan planning organizations (MPOs), while the
High Growth scenario assumes the average rate of growth (by UZA) as experienced since 1999.

Resuilts for All Transit Systems

All levels of government spent a combined $16.1 billion on capital improvements for the Nation’s transit
infrastructure and fleets in 2008, including $11.0 billion on reinvestment in existing assets and $5.1 billion
on expansions to existing transit capacity. In contrast, the average annual investment level required to attain
a state of good repair alone under the State of Good Repair benchmark is estimated to be $18.0 billion
over the next 20 years (this level of investment does not consider cost effectiveness or address expansion
needs). 87% of this amount is associated with the reinvestment needs of urbanized areas with over one
million in population. $11.0 billion is associated with rail capital reinvestment nationally.

The level of average annual investment required to attain a state of good repair and address asset expansion
to accommodate expected ridership growth is estimated to be between $20.8 billion and $24.5 billion under
the Low Growth and High Growth scenarios, respectively. In addition to the roughly $16.6 billion to
$17.2 billion required annually to address cost-effective asset preservation needs, these scenarios estimate that
an additional $4.2 billion to $7.3 billion are required to support from 2.6 billion to 6.2 billion additional
annual transit boardings by 2028 while maintaining current service levels (as measured by the number of
riders per peak vehicle). Under both growth scenarios, about 60 percent of these amounts are associated
with rail expansion needs, with the remainder devoted to the expansion needs of other transit modes
(primarily bus).

Finally, the Sustain Current Spending scenario assesses the impact of sustaining national-level transit
capital expenditures at the 2008 level (i.e., $16.1 billion) though 2028. Under these circumstances, it is
projected that the size of the transit investment backlog will increase from $77.7 billion in 2008 to roughly
$116.5 billion by 2028. Similarly, the proportion of assets included in the backlog will increase from about
11.7 percent to about 17.5 percent by 2028, with a related decline in average physical conditions and
projected increases in both annual service failures (10 percent) and fleet maintenance costs (4 percent).
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Results for Transit Systems in Urbanized Areas Over 1 Million in Population

Transit systems in the 37 Urbanized Areas (UZAs) with over one million in population account for
90.1 percent of the all transit passenger boardings in the Nation. They operate more than 90 percent of the
Nation’s transit assets (by replacement value), including all but a few rail systems (and these are small).

In 2008, transit agencies operating in these UZAs expended $14.8 billion on capital projects, including
$10.2 billion on preservation investments intended to rehabilitate or replace existing assets, and $4.6 billion
on expansion investments designed to increase service capacity. The annual investment level for these
UZAs to attain a state of good repair under the State of Good Repair benchmark is estimated to average
$15.6 billion over the next 20 years (excludes expansion needs). The additional level of average annual
investment required to address both the asset expansion needs of these larger UZAs is estimated to be
between $3.7 billion and $6.6 billion under the Low Growth and High Growth scenarios, respectively.

In 2008 expenditures for expansion were $4.6 billion, a level that is able to meet the low growth projected
increases in transit boardings while maintaining current service performance levels (as measured by the
number of riders per peak vehicle).

Results for Transit Systems in Areas Under 1 Million in Population

This report includes the results of an analysis that considers the preservation and expansion needs of transit
systems in all UZAs with populations of less than a million, as well as those of rural areas with existing
transit service. This diverse group covers more than 500 different mid- and small-sized urbanized and rural
transit operators offering only bus and/or paratransit services. This group currently accounts for less than
10 percent of all existing transit assets (by replacement value) but tends to have higher average growth in
transit ridership as compared with the large UZAs.

The investment level needed for the smaller UZAs and all rural areas to attain a state of good repair under
the State of Good Repair benchmark is estimated to average $2.4 billion over the next 20 years (excludes
expansion needs), primarily for reinvestment in bus and paratransit fleets and the maintenance facilities

that service those vehicles. This is significantly larger than the current investment level of $0.8 billion. The
level of annual investment required to address the asset expansion needs of this group is estimated to average
between $0.5 billion and $0.7 billion under the Low Growth and High Growth scenarios, respectively. As
in the large UZAs, current levels of expansion investment for transit operators in this group meet the needs
of the Low Growth scenario.
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EXECUTIVE SUMMARY

Chapter 1

Household Travel in America

Over 300 million people in the United States make
decisions about travel every day with about three-
quarters of the vehicle miles traveled (VMT) on the
Nation’s roadways for purposes of personal travel.
The household travel data cited below are drawn
primarily from a sampling of Americans” daily travel
habits collected in the National Household Travel
Survey (NHTS).

How People Use the Transportation System
Travel to and from work accounted for 26.7 percent
of household-based vehicle travel in 2009, compared
with 33.7 percent in 1969; the share of trips devoted
to personal visits and recreation also declined. The
share of trips attributed to shopping and errands
grew significantly over this period from 17.7 percent
to 30.7 percent. These trips had widely different
destinations than work trips and occurred at different
times of day.

Percent of Household-Based Vehicle Miles by
Purpose, 1969-2009
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Recent data on work commute trends show an
increase in telecommuting and flexible hours in the
U.S. workplace. More than 36 percent of full-time
workers can set or change their start time. The
data show that workers are increasingly linking
commuting with trips for non-work activities such
as errands and shopping. These non-work trips have
the potential to conflict with work commute trips
and extend the a.m., p.m., and midday peak travel
periods as well. Weekend travel for errands and
recreation is also increasing.

While congestion used to be associated only with
peak travel hours, the increasing share of trips
unrelated to work presents a challenge for the
operational performance of the transportation system
at other times as well.

Travel to work has historically defined peak hour
travel demand and in turn influenced the design
of transportation infrastructure. Work trips are

a critical factor to transit planning and help to
determine corridors served and assess the level of
transit services available. The average automobile
commuter spends 22.8 minutes commuting a one-
way distance of 12.6 miles; bus commuters travel
a shorter average distance of 9.4 miles, but have a
higher average commuting time of 48.9 minutes.

Average Commute Time and Distance by Mode

Estimated
Time, Distance, Speed,

Travel Mode minutes  miles mph
Walk 14.2 1.1 4.8
Privately Owned 22.8 12.6 33.2
Vehicle

Bus 48.9 9.4 11.5
Commuter Rail 51.7 12.2 14.1

Shifting Travel Patterns

Socio-demographic changes in the United States are
expected to impact travel patterns in coming years.
First, while older drivers tend to reduce their daily travel
relative to when they were younger, these older drivers
are expected to constitute a significantly higher share
of total national travel in the future as the baby boom
generation ages. Second, 18 million of 150 million
U.S. households are made up of new immigrants who
tend to have a larger number of persons per household,
a greater number of daily household trips, and less
likelihood of owning a vehicle; increased immigration
can have implications such as increased carpooling,
walking, biking, and use of public transit. Third,
population redistribution within the United States,
such as shifts from the Northeast and Midwest to the
Southern and Western States, has the potential to
overwhelm the transportation systems in some of these
redistributed areas.
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EXECUTIVE SUMMARY

Chapter 2

System Characteristics: Highways and Bridges

In 2008, a network of 4.1 million miles of public
roads provided mobility for the American people.

Rural areas accounted for 73.4 percent of this mileage.

While urban mileage constitutes only 26.6 percent of
total mileage, these roads carried 60.1 percent of the
almost 3.0 trillion vehicle miles traveled (VMT) in
the United States in 2008. Urban areas are defined
to include all places with a population of 5,000 or
greater; all other locations are classified as rural.

In 2009, 25.9 percent of the Nation’s 603,310 bridges
were located in urban areas; these bridges carried

76.3 percent of total bridge traffic and included

55.9 percent of the total bridge deck area.

Roadways functionally classified as rural local made
up 50.2 percent of total mileage in 2008, but carried
only 4.4 percent of total VMT. In contrast, the
urban portion of the Interstate System made up only

0.4 percent of total mileage but carried 15.2 percent
of total VMT.

Percentage of Highway Miles, Bridges, and Vehicle
Miles Traveled by Functional System

2008 2008 2009
Functional System Miles VMT Bridges
Rural Areas
Interstate 0.7% 8.1% 4.2%
Other Principal Arterial 2.3% 7.4% 5.9%
Minor Arterial 3.3% 5.1% 6.4%
Major Collector 10.3% 6.2% 15.4%
Minor Collector 6.5% 1.8% 8.0%
Local 50.2% 4.4% 34.2%
Subtotal Rural 73.4% 33.1% 74.1%
Urban Areas
Interstate 0.4% 16.1% 4.9%
Other Freeway and 0.3% 7.5% 3.2%
Expressway
Other Principal Arterial 1.6% 15.6% 4.5%
Minor Arterial 2.6% 12.7% 4.6%
Collector 2.8% 5.9% 3.3%
Local 18.8% 9.1% 5.3%
Subtotal Urban 26.6% 66.9% 25.9%
Total 100.0%  100.0%  100.0%

Highway mileage increased at an average annual rate
of 0.3 percent between 2000 and 2008, while VMT
grew at an average annual rate of 1.0 percent.
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In 2008, 77.4 percent of highway miles were locally
owned, 19.3 percent were owned by States, and

3.2 percent were owned by the Federal government.
Bridge ownership is more evenly split; in 2009,
50.2 percent of bridges were locally owned, while
48.1 percent were owned by States.

The term “Federal-aid highways” applies to the

subset of the road network that is generally eligible
for Federal funding assistance under most programs;
this includes all functional systems except for rural
minor collector, rural local, and urban local. (Certain
programs have broader eligibility criteria that allow
funds to be used for any type of road). Federal-aid
highways represent 24.5 percent of total mileage and
carry 84.7 percent of total VMT.

Highway Functional Classification System

I— AllU.S. Roads —I
I Rural Roads I I Urban Roads I
» Arterials ¥ Arterials
Principal Principal
* Interstate + Interstate
+ Other Principal + Other Freeway
Arterial and Expressway
Minor + Other Principal
> Collectors Arterial
Major Minor
Minor ¥» Collectors
» Local ¥ Local

The 162,944-mile National Highway System (NHS)
includes the Nation’s key corridors and carries

much of its traffic. In 2008, NHS included only

4.0 percent of the Nation’s total route mileage and
only 6.7 percent of the Nation’s total lane miles,

but 44.3 percent of VMT in the Nation were on

the NHS. Of the total bridges in the Nation, only
19.5 percent are on the NHS; but these bridges
comprise 49.2 percent of the total bridge deck area of
the Nation.

All of the Interstate System is part of the NHS, as

are 83.5 percent of rural other principal arterials,

87.1 percent of urban other freeways and expressways,
and 306.3 percent of urban other principal arterials.



EXECUTIVE SUMMARY

Chapter 2

System Characteristics: Transit

Transit system coverage, capacity, and use in the
United States continued to increase between 2006
and 2008. In 2008, there were 690 agencies

(667 public agencies) in urbanized areas required

to submit data to the National Transit Database
(NTD). All but 166 of these agencies operated more
than one mode. There were also 1,396 rural transit
operators that reported. Urban reporters operated
658 motor bus systems, 633 demand response
systems, 16 heavy rail systems, 29 commuter rail
systems, and 35 light rail systems. There were also
67 transit vanpool systems, 20 ferryboat systems,

7 trolleybus systems, 4 automated guideway systems,
4 inclined plane systems, and 1 cable car system.
Not all transit providers are included in these counts
since those that do not receive grant funds from

the Federal Transit Administration (FTA) are not
required to report to the NTD.

These systems operated 73,512 motor buses,

29,833 vans, 11,367 heavy rail vehicles,

6,124 commuter rail cars, and 1,919 light rail cars.
Transit providers operated 11,864 miles of track and
served 3,078 stations. Light rail systems have been
growing fastest since 2006, with track mileage up
5.1 percent and the number of stations served up
3.0 percent. Nonetheless, the Nation’s rail system
mileage is still dominated (62 percent) by commuter
rail. Trends in directional route miles follow growth
in track mileage and allow for comparison with
nonrail modes.

Transit Urban Directional Route Miles
by Mode (Millions of Miles)

Change

Transit Mode 2000 2008 2000-2008
Rail 9,222 11,270 22.2%
Commuter Rail 6,802 8,219 20.8%
Heavy Rail 1,558 1,623 4.2%
Light Rail 834 1,397 67.5%
Other Rail 29 30 5.2%
Nonrail 196,858 212,801 8.1%
Bus 195,884 211,664 8.1%
Ferryboat 505 682 34.9%
Trolleybus 469 456 -2.8%
Total 206,080 224,071 8.7%
Percent Nonrail 95.5% 95.0%

In 2008, transit services provided 10.2 billion
unlinked trips and 53.7 billion passenger

miles traveled (PMT). Heavy rail and motor

bus modes continue to be the largest segments of
both measures. Commuter rail supports relatively
more PMT due to its greater average trip length
(23.4 miles compared with 3.9 for bus, 4.8 for
heavy rail, and 4.4 for light rail). Light rail is the
fastest-growing rail mode (with PMT growing at
5.7 percent per year between 2000 and 2008) but
still provides only 3.9 percent of transit PMT in
2008. Vanpool growth during that period was
11.8 percent per year, substantially outpacing the
1.8 percent growth in motor bus passenger miles,
but while motor buses provided 39.5 percent of all
PMT, vanpools accounted for only 1.8 percent.

Transit Urban Passenger Miles
by Mode (Millions of Miles)

Change
Transit Mode 2000 2008 2000-2008
Rail 24,604 29,989 21.9%
Heavy Rail 13,844 16,850 21.7%
Commuter Rail 9,400 11,032 17.4%
Light Rail 1,340 2,081 55.3%
Other Rail 20 26 30.0%
Nonrail 20,497 23,723 15.7%
Motor Bus 18,807 21,198 12.7%
Demand Response 588 844 43.5%
Vanpool 407 992 143.7%
Ferryboat 298 390 31.0%
Trolleybus 192 161 -16.3%
Other Nonrail 205 138 -32.7%
Total 45,101 53,712 19.1%
Percent Rail 54.6% 55.8%

Rural transit operators reported 136.6 million
unlinked passenger trips on 486 million vehicle
revenue miles. This included 61 Indian tribes who
provided 417,000 unlinked passenger trips. Rural
systems provide both traditional fixed-route and
demand response services, with 1,150 demand
response systems, 494 motor bus systems, and

16 vanpool systems. A total of 304 urbanized area
agencies also reported providing rural service at
the rate of 24 million unlinked passenger trips on
37 million vehicle revenue miles in 2008. Every
state reported providing rural service.
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EXECUTIVE SUMMARY

Chapter 3
System Conditions: Highways and Bridges

Poor pavement condition imposes economic costs
on highway users in the form of increased wear
and tear on vehicle suspensions and tires, delays
associated with vehicles slowing to avoid potholes,
and crashes resulting from unexpected changes

in surface conditions. While transportation
agencies consider many factors when assessing the
overall condition of highways and bridges, surface
roughness most directly affects the ride quality
experienced by drivers.

On the NHS, the percentage of VMT on pavements
with good ride quality has risen sharply over time,
from approximately 48 percent in 2000 to about

57 percent in 2008. (These calendar year values

are identified as fiscal year 2001 and 2009 values in
some other U.S. DOT publications.) The VMT on
NHS pavements meeting the acceptable standard

of ride quality increased from 91 percent in 2000 to
92 percent in 2008.

Percent of NHS VMT on Pavements With Good
and Acceptable Ride Quality, 2000-2008

Calendar Year

Ride Quality 2000 2004 2008
Good (IRI < 95) 48% 52% 57%
Acceptable (IRl <170) 91% 91% 92%

Rural NHS routes tend to have better pavement
conditions than urban NHS routes. In 2008, for
example, about 97.5 percent of all VMT on rural
pavements was traveled on routes with acceptable
ride quality. By contrast, the portion of urban NHS
VMT on acceptable pavements was 89.0 percent
that same year.

For Federal-aid highways as a whole, including the
NHS and other arterials and collectors eligible for
Federal funding, the VMT on pavements with good
ride quality increased from 42.8 percent in 2000

to 46.4 percent in 2008. The VMT on pavements
meeting the less stringent standard of acceptable ride
quality declined slightly from 85.5 percent in 2000
to 85.4 percent in 2008.

Two terms used to summarize bridge deficiencies

are “structurally deficient” and “functionally
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obsolete.” Structural deficiencies are characterized
by deteriorated conditions of significant bridge
elements and potentially reduced load-carrying
capacity. A “structurally deficient” designation does
not imply that a bridge is unsafe, but such bridges
typically require significant maintenance and repair
to remain in service, and would eventually require
major rehabilitation or replacement to address

the underlying deficiency. A bridge is considered
“functionally obsolete” when it does not meet
current design standards (for criteria such as lane
width), either because the volume of traffic carried
by the bridge exceeds the level anticipated when
the bridge was constructed and/or the relevant
design standards have been revised. Addressing
functional deficiencies may require the widening or
replacement of the structure. Rural bridges tend to
have a higher percentage of structural deficiencies,
while urban bridges have a higher incidence of
functional obsolescence due to rising traffic volumes.

The share of total bridges classified as deficient
(meaning the share of bridges classified as either
structurally deficient or functionally obsolete) fell
from 30.1 percent in 2001 to 26.5 percent in 2009.
The share of NHS bridges classified as deficient fell
from 23.3 percent in 2001 to 21.9 percent in 2009;
this reduction was split evenly between structurally
deficient and functionally obsolete bridges.

Percentage of NHS Bridges
Classified as Deficient, 2001-2009
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EXECUTIVE SUMMARY

Chapter 3

System Conditions: Transit

This edition of the C&P report discusses levels
of investment needed to achieve a “state of

good repair” benchmark. The Federal Transit
Administration (FTA) uses a numerical condition
rating scale ranging from 1 to 5 (detailed in
Chapter 3) to describe the relative condition of
transit assets as estimated by the Transit Economic
Requirements Model (TERM). Assets are
considered to be in a state of good repair when

the physical condition of that asset is at or above

a condition rating value of 2.5 (the mid-point of
the marginal range). An entire transit system is in

a state of good repair when all its assets are rated

at or above the 2.5 threshold rating. This report
estimates the cost of replacing all assets in the
national inventory that are past their useful life (that
is, below the 2.5 condition rating) to be a total of
$78 billion. This is 12 percent of the estimated
total asset value of $663.3 billion for the entire U.S.
transit industry.

2008 Replacement Value of U.S. Transit
Assets (Billions of Current Dollars)

Replacement Value
Joint
Asset Type Nonrail Rail Assets Total

Maintenance $56.4 $33.2 $3.8 $93.4
Facilities
Guideway $13.1  $2345 $1.0 $248.6
Elements
Stations $3.8 $84.8 $0.6 $89.1
Systems $34  $107.5 $1.3 $112.2
Vehicles $41.1 $78.5 $0.5 $120.1

Total $117.7  $538.6 $7.0 $663.3

The cost-weighted average condition rating over
all bus types is near the bottom of the adequate
range (3.18) where it has been without appreciable
change for the past decade. Average age is up
slightly in all categories (except vans) as is the
percentage of vehicles that is below the state of good
repair replacement threshold. This is in spite of the
fact that new vehicles have entered the fleet faster
than at any time in the past decade. The number

of vehicles reported is up 17 percent over the last

2 years. 'This is particularly evident with articulated
buses (extra-long buses with two connected passenger
compartments), which have grown in number by

25 percent. The average age of the bus fleet is now
6.2 years.

The cost-weighted average condition rating over

all rail vehicles is near the middle of the adequate
range (3.47) where it has been without appreciable
change for the past decade. With average conditions
and ages being quite stable over the last 5 years,

the most significant aspect of the rail vehicle data
presented here is the recent growth in the size of the
fleet, which increased by 16 percent, both in total and
for each of the individual modes, between 2006 and
2008. This is the largest increase observed over the
past decade by far.

Non-vehicle transit rail assets represent the biggest
challenge to achieving a state of good repair. The
replacement value of guideway elements (track, ties,
switches, ballast, tunnels, and elevated structures)

is $143.6 billion, of which $19.1 billion is in poor
condition (13 percent) and $15.8 billion is in
marginal condition. The replacement value of train
systems (power, communication, and train control
equipment) is $92.0 billion, of which $13.7 billion is
in poor condition (15 percent) and $18.9 billion is in
marginal condition. The relatively large proportion
of guideway and systems assets that are in poor
condition, and the magnitude of the $38.2 billion
investment required to replace them, represents a
major challenge to the rail transit industry.

Distribution of Asset Physical Conditions
by Asset Type for All Rail
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EXECUTIVE SUMMARY

Chapter 4

Operational Performance: Highways

Drivers continue to experience high levels of
congestion on the Nation’s highways, leading to
travel delays, wasted fuel, and billions of dollars in
congestion costs. From an economic perspective,
travel time accounts for almost half of all costs
experienced by highway users (other key components
of user costs include vehicle operating costs and costs
associated with crashes).

Three key aspects of congestion are severity, extent,
and duration. Severity refers to the magnitude of
the problem at its worst. The extent of congestion
is the geographic area or number of people affected.
Duration of congestion is the length of time that
the traffic is congested, often referred to as the “peak
period.” Since there is no universally accepted
definition of exactly what constitutes a congestion
“problem,” this report uses several metrics to explore
different aspects of congestion.

The Texas Transportation Institute (TTI) collects data
for 458 urban communities of different sizes across
the Nation. The TTT 2009 Urban Mobility Report
estimates that drivers experienced nearly 4.2 billion
hours of delay and wasted approximately 2.8 billion
gallons of fuel in 2007. The total congestion cost for
these areas (including the implicit value that travelers
place on their lost time) was $87.2 billion.

The Travel Time Index measures the amount of
additional time required to make a trip during the
congested peak travel period. The average value

for all urbanized areas was 1.24 in 2008, indicating
that a trip during the peak period would require

24 percent longer than the same trip during off-peak
noncongested conditions. For example, a trip of

60 minutes during the off-peak time would require
74.4 minutes during the peak period.

The average Travel Time Index for all urbanized

areas had begun to decline in recent years, dropping
below its 2000 level of 1.25. This reduction occurred
primarily in areas with a population of 1 million or
greater. Smaller urbanized areas did not experience
the same degree of reduced congestion based on the
Travel Time Index or other measures.
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Travel Time Index by Urbanized
Area Size, 2000-2008

Urbanized Area Year
Population 2000 2004 2008
Less Than 500,000 1.11 1.12 1.11
500,000 to 999,999 1.16 1.18 1.16
1 Million to 3 Million 1.24 1.26 1.23
Over 3 Million 1.36 1.39 1.35
All Urbanized Areas 1.25 1.27 1.24

The average daily percentage of VMT under
congested conditions is a metric that indicates

the portion of daily traffic on freeways and other
principal arterials in an urbanized area that moves
at less than free-flow speeds. After increasing

from 27.0 percent to 28.6 percent in 2004, this
percentage dropped to 26.3 percent in 2008. This
decrease can partially be attributed to the reduction
in VMT that occurred between 2006 and 2008.

Average Daily Percent of VMT Under Congested
Conditions for All Urbanized Areas, 2000-2008
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There are different ways in which congestion can
be measured. The CEOs for Cities “Driven Apart”
report suggests an alternative approach to the TTI
methodology. This report is available at: http://

www.ceosforcities.org/driven-apart.

A variety of strategies can contribute to reducing
congestion. These include the strategic addition of
new capacity, increasing the productivity of existing
capacity via systems management and operations,
providing transportation alternatives along congested
corridors, and travel demand management through
approaches such as congestion pricing.



EXECUTIVE SUMMARY
Chapter 4

Operational Performance: Transit

Transit operational performance can be measured
and evaluated using a number of different factors,
including the speed of passenger travel, vehicle
utilization, and service frequency.

Average operating speed in 2008 remained
consistent with 2006 levels at 19.5 miles per hour
across all transit modes. Average operating speed
is an approximate measure of the speed experienced
by transit riders and is affected by dwell times and
the number of stops. The average speed of nonrail

Change

modes was 13.7 miles per hour in 2008, the same as Transit Mode 2000 2008 2000—2%08
was reported in 2000. Rail mode operating speeds Rail 879 1,053 19.8%
have decreased from 24.9 miles per hour in 2000 to Heavy Rail 578 655 13.3%
239 mlles pCr hour 1r1 2008 Commuter Rail 248 309 24.6%
Light Rail 51 86 68.6%

Average vehicle occupancy levels did not change Other Rail 2 3 50.0%
significantly between 2000 and 2008. The Nonralil 2o it 223
most significant changes over that period were a Motor Bus 1,764 1,996 10.9%
; . Demand Response 452 688 52.2%

7.5 percent increase for heavy rail and a 7.6 percent Vanpool 62 157 153.2%
decrease for light rail. Light rail decreases may be Ferryboat 2 3 50.0%
due to the addition of new capacity in that mode Trolleybus 14 " -21.4%
over this period. Several urbanized areas, including Other Nonrai 28 25 G
Total 3,201 3,893 21.6%

Denver, Phoenix, Seattle, Charlotte, and Salt

Lake City, opened new light systems during this
period of time. The nonrail modes were practically
unchanged.

Adjusting for the number of seats on an average
vehicle for each mode, it can be seen that, as
expected, vanpool and heavy rail vehicles, on the
average, run closer to capacity than other modes.

Vehicle Occupancy Averages by Mode

Passenger Seat Percent per Active Vehicle
Transit Mode Count Count Occupied Thousands of Average
Demand Response 1.2 10 12.3% Vehicle Revenue Annual Rate
Motor Bus 10.8 39 27.8% .
Commuter Rail 35.7 126 28 3‘70 Miles of Change
) 270 Mode 2000 2008 2008/2000
Ferryboat 118.1 405 29.2% ; 5
Rail 130.2 1473 1.6%
Trolleybus 14.3 47 30.4% . o
, X Heavy Rail 55.6 57.7 0.5%
Light Rail 241 63 38.3% . o
. Commuter Rail 421 45.5 1.0%
Heavy Rail 257 53 48.5% Light Rail 325 441 399
Vanpool 6.3 11 57.5% ight Ral ' ' -
- - Nonrail 101.9 106.5 0.6%
o)
Between 2000 and 2008, transit agencies have Motor Bus 28.0 30.3 1.0%

. . Demand Response 17.9 21.3 2.2%
provided substantially more vanpool, demand Ferryboat 241 219 1.2%
response, and light rail service. These modes have Vanpool 12.9 14.3 1.3%
far outpaced motor bus, with its 1.3 percent per year Trolleybus 189 187 -0.1%

growth rate in revenue miles, and heavy rail with its
1.6 percent growth rate. Vanpool, growing at almost
12.3 percent per year, is set to become a major mode.
Demand response is starting to account for a great
number of service miles, though with an average of
only 1.2 passengers, it is still a small contributor to
the total number of passenger trips.

Change From 2000 to 2008 in Vehicle Revenue Miles
by Mode (Millions of Miles)

Productivity per active vehicle increased between
2000 and 2008. Vehicle in-service mileage has
increased steadily from 2000 to 2008 for all the
major modes. Light rail has shown particularly
strong growth, though from a low starting

point. Demand response has also shown a strong
improvement in vehicle miles per active vehicle.

Change From 2000 to 2008 in Vehicle Revenue Miles

Description of Current System  ES-7
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Chapter 5

Safety: Highways

There has been considerable progress in reducing
the number of highway fatalities since 1966,

when Federal legislation first addressed highway
safety. That year, the fatality rate was 5.50 fatalities
per 100 million vehicle miles traveled (VMT).
This figure dropped to 1.53 in 2000 and 1.25

in 2008. The total number of highway fatalities
decreased from 41,945 in 2000 to 37,261 in 2008.
(Preliminary data for 2009 indicate further declines
in the fatality rate to 1.13; highway fatalities
dropped to 33,808 in 2009, the lowest number
since 1950.)

Highway Fatality Rates, 2000 to 2008
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From 2000 to 2008, the number of fatalities on
urban roadways decreased by about 1 percent

from 16,113 to 15,983. During this same period,
fatalities on rural roads decreased by almost

16 percent from 24,838 to 20,905. Urban Interstate
highways were the safest functional system, with

a fatality rate of 0.47 per 100 million VMT in

2008. Although the fatality rate on rural local roads
declined from 3.45 to 3.08 per 100 million VMT
from 2000 to 2008, this functional system continues
to have the highest fatality rate.

Approximately 53 percent of highway fatalities

in 2008 involved a roadway departure, in which
a vehicle left its travel lane and crashed. While
roadway design and environmental factors play a
role in these types of crashes, behavioral factors
such as driver intoxication, driver fatigue, driver
drowsiness, and driver distraction also have a
significant impact. Some roadway departures can
be attributed to drivers being distracted while

ES-8 Description of Current System

attempting to operate mobile devices. The U.S.
DOT is leading efforts to help educate drivers and

promote a greater understanding of the issue.

In 2008, approximately 21 percent of highway
fatalities occurred at intersections. Of these
fatalities, about 61 percent occurred in urban areas.
Older drivers and pedestrians are particularly at

risk at intersections. About 40 percent of the fatal
crashes for drivers aged 80 or older and about one-
third of the pedestrian deaths among people aged 70

or older occurred at intersections.

Other major crash types involve speeding and
alcohol-related incidents. Speeding was a
contributing factor in 31 percent of fatal crashes
with 11,674 lives lost. Alcohol-related crashes
continue to be a serious public safety problem that
accounted for 13,846 deaths and 41 percent of fatal
crashes in 2008.

In terms of vehicle type, the number of occupant
fatalities that involved passenger cars decreased
from 20,699 in 2000 to 14,587 in 2008. Fatalities
for occupants of light trucks and large trucks also
declined, while motorcycle fatalities grew by almost
83 percent over this period from 2,897 in 2000 to
5,290 in 2008.

The overall number of traffic-related injuries has
decreased over time, from about 3.1 million in 2000
to about 2.3 million in 2008. In 2000, the injury
rate was 116 per 100 million VMT; by 2008, the
number had dropped to 80 per 100 million VMT.

Highway Injury Rates, 2000 to 2008
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EXECUTIVE SUMMARY

Chapter 5

Safety: Transit

Public transit in the United States has been

and continues to be a highly safe mode of
transportation, as evidenced by the statistics on
incidents, injuries, and fatalities that have been
reported by transit agencies for the vehicles they
operate directly. Reportable safety incidents include
collisions and any other type of occurrence that
results in death, a reportable injury, or property
damage in excess of a threshold. Since 2002, an
injury has been reported only when a person has
been immediately transported away from the scene
of a transit incident for medical care. Any event
producing a reported injury is also reported as

an incident. Injuries and fatalities include those
suffered by riders as well as by pedestrians, bicyclists,
and people in other vehicles. Reportable security
incidents include a number of serious crimes
(robberies, aggravated assaults, etc.), as well as arrests
and citations for minor offenses (fare evasions,
trespassings, other assaults, etc.). Injuries and
fatalities may occur not only while traveling on a
transit vehicle, but also while boarding, alighting, or
waiting for a transit vehicle or as a result of a collision
with a transit vehicle or on transit property.

The definition of transit-related fatalities has
remained the same. Non-homicide/non-suicide
fatalities decreased from 245 in 2000 to 216 in
2008, and dropped from 0.56 per 100 million
passenger miles traveled (PMT) in 2000 to 0.42 per
100 million PMT in 2008. Both the fatalities

for 2008 and the rate per 100 million passenger
miles demonstrate that transit is an extremely safe
mode of transportation. With the fatality count
steadily trending down since 2002, it experienced an
unexplained increase of 30 deaths in 2007.

Data on incidents (safety and security combined)
and injuries per 100 million PMT for transportation
services on the five largest modes from 2004 to 2008
(excluding suicides and homicides) suggests that the
highway modes (motor bus and demand response)
became significantly safer in 2007 and 2008;
however, given this dramatic decrease is unexplained,
the data for these years may also suggest a reporting

inconsistency. Data for the rail modes is volatile, but
does not suggest any significant positive or negative
trends over this period.

Although commuter rail has a very low number of
incidents per PMT, commuter rail incidents are

far more likely to result in a fatality than incidents
occurring on any other mode. Most likely, this is
because the average speed of commuter rail vehicles
is considerably higher than the other rail modes
(except vanpools). Motor buses, on the other hand,
have a high number of incidents per PMT, but

a lower chance of having an incident result in a
fatality than almost any other mode (perhaps related
to their low average speed).

Annual Transit Fatality (Non-Suicide/Homocide)
Count and Rate, 2000-2008

Fatality Fatalities per

Year Count 100 Million PMT

2000 245 0.56

2001 236 0.52

2002 249 0.55

2003 224 0.50

2004 217 0.48

2005 214 0.47

2006 213 0.44

2007 243 0.48

2008 216 0.42

2004-2008
Analysis
Parameter 2004 2005 2006 2007 2008

Incidents per 100 Million PMT
Motor Bus 77 74 79 66 54
Heavy Rail 45 40 42 43 53
Commuter Rail 20 22 19 18 16
Light Rail 63 67 62 61 48
Demand 895 1,010 1,298 247 204
Response
Injuries per 100 Million PMT
Motor Bus 76 70 71 69 67
Heavy Rail 33 26 32 31 43
Commuter Rail 17 21 17 18 16
Light Rail 42 37 36 44 48
Demand 449 506 729 227 234
Response
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Chapter 6

Finance: Highways

All levels of government combined generated

$192.7 billion in 2008 to fund spending on highways
and bridges; actual cash expenditures for highways
and bridges were lower, totaling $182.1 billion in
2008. (The difference reflects amounts placed in
reserve for expenditures in future years.)

Cash outlays by the Federal government for highway-
related purposes were $40.0 billion (22.0 percent of
the combined total), including both direct highway
expenditures and amounts transferred to State and
local governments for use on highways. States
provided $90.6 billion (49.7 percent). Counties,
cities, and other local government entities funded

$51.5 billion (28.3 percent).

Of the total $182.1 billion spent for highways

in 2008, $91.1 billion (50.1 percent) was used

for capital investment. Spending on routine
maintenance and traffic services totaled $44.9 billion
(24.7 percent); administrative costs (including
planning and research) were $14.7 billion;

$14.6 billion was spent on highway patrol functions
and safety programs; $8.5 billion was used to

pay interest; and $8.2 billion was used for bond
retirement.

Highway Expenditures by Type, 2008
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Total highway expenditures by all levels of government
increased by 48.4 percent between 2000 and 2008.
Local government spending grew more quickly than
Federal or State spending over this period; the share of
total expenditures funded by the Federal government
declined from 22.4 percent in 2000 to 22.0 in 2008.
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Federal cash expenditures for capital purposes outlay
grew by 48.6 percent, from $26.1 billion in 2000

to $37.8 billion in 2008, while combined State and
local capital investment increased by 51.5 percent.
Consequently, the Federally-funded share of total
capital outlay declined over this period (from

42.6 percent to 41.5 percent).

Of the total $82.7 billion of capital spending by
all levels of government in 2008, $46.6 billion
(51.1 percent) was used for system rehabilitation
(resurfacing or replacing existing pavements and
rehabilitating or replacing existing bridges). An
estimated $33.6 billion (36.8 percent) was used
for system expansion (constructing new roads
and bridges or adding lanes to existing roads);
and $11.0 billion (9.0 percent) went for system
enhancements such as safety, operational, or
environmental enhancements.

In 2008, $94.2 billion (48.9 percent) of the
revenue generated for spending on highways

and bridges came from highway-user charges—
including motor-fuel taxes, motor-vehicle fees,
and tolls. Other major sources of revenues for
highways included general fund appropriations of
$40.4 billion (21.0 percent) and bond proceeds
of $19.9 billion (10.3 percent). All other sources
such as property taxes, other taxes and fees, lottery
proceeds, interest income, and miscellaneous
receipts totaled $38.2 billion (19.8 percent).

Revenue Sources for Highways, 2008
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EXECUTIVE SUMMARY

Chapter 6

Finance: Transit

In 2008, $52.5 billion was generated from

all sources to finance transit investment

and operations. Transit funding comes from
public funds allocated by Federal, State, and

local governments and system-generated revenues
earned by transit agencies from the provision of
transit services. Of the funds generated in 2008,
73.9 percent ($38.8 billion) came from public
sources and 26.1 percent came from passenger fares
($11.4 billion) and other system-generated revenue
sources ($2.3 billion). The Federal share of this was
$9.0 billion (23.1 percent of total public funding
and 17.1 percent of all funding). Local jurisdictions
provided the bulk of transit funds, $18.5 billion

in 2008, or 47.5 percent of total public funds and
35.1 percent of all funding,.

2008 Public Transit Revenue Sources
(Billions of Dollars)

Federal,
$9.0,
17.1%
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$13.7,
26.1%

In 2008, total public transit agency expenditures
for capital investment were $16.1 billion and
accounted for 41.5 percent of total available
funds. Federal funds were $6.4 billion in 2008,
39.8 percent of total transit agency capital
expenditures. State funds provided an additional
12.4 percent and local funds provided the
remaining 47.8 percent of total transit agency
capital expenditures. Of total 2008 transit capital
expenditures, 76.4 percent ($12.3 billion) was
invested in rail modes of transportation, compared
with 23.6 percent ($3.8 billion) invested in nonrail
modes. This investment distribution has been
consistent over the last decade.

2008 Transit Capital Expenditures
by Mode (Millions of Dollars)

Transit Mode Expenditure Percent of Total
Rail $12,292.5 76.4%
Commuter Rail $2,686.2 16.7%
Heavy Rail $6,125.8 38.1%
Light Rail $3,458.3 21.5%
Other Rail $22.2 0.1%
Nonrail $3,796.3 23.6%
Motor Bus $3,355.3 20.9%
Demand Response $263.9 1.6%
Ferryboat $113.2 0.7%
Trolley Bus $44.6 0.3%
Other Nonrail $19.3 0.1%
Total $16,088.8 100.0%

In 2008, $36.4 billion was available for transit
operating expenses (wages, salaries, fuel, spare
parts, preventive maintenance, Support services,
and leases). The Federal share of this has declined
from the 20006 high of 8.2 percent to 7.1 percent.
Similarly, the share generated from system revenues
has decreased from 40.3 percent in 2006 to

37.6 percent. These decreases have been offset

by the State share, which has increased from

22.5 percent in 2006 to 25.8 percent. The local
share of operating expenditures has been close to
2008’s 29.7 percent for several years.

The average annual increase in operating
expenditures per vehicle revenue mile for all
modes combined between 2000 and 2008 was
4.1 percent. In 2008, the average operating
expenditure across all transit modes was $8.60 per
vehicle revenue mile. Analysis of National

Transit Database reports for the largest 10 transit
agencies (by ridership) shows that the growth

in operating expenses is led by the cost of fringe
benefits (36.0 percent of all operating costs for
these agencies), which have been going up at a rate
of 3.4 percent per year above inflation (constant
dollars) since 2000. By comparison, average salaries
at these ten agencies grew at an inflation-adjusted
rate of only 0.1 percent per year in that period.
Operating expenditures per passenger mile for all
transit modes combined increased at an average
annual rate of 4.3 percent between 2000 and 2008
(from $0.44 to $0.62).
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Part II

Investment/Performance Analysis

The methods and assumptions used to analyze
future highway, bridge, and transit investment
scenarios for this report have evolved over time,
to incorporate current research, new data sources,
and improved estimation techniques relying on
economic principles.

Traditional engineering-based analytical tools focus
mainly on estimating transportation agency costs
and the value of resources required to maintain
or improve the conditions and performance of
infrastructure. This type of analytical approach
can provide valuable information about the cost
effectiveness of transportation system investments
from the public agency perspective, including

the optimal pattern of investment to minimize
life-cycle costs. However, this approach does

not fully consider the potential benefits to users
of transportation services from maintaining or
improving the conditions and performance of
transportation infrastructure.

The investment/performance analyses presented in
Chapters 7 through 10 were developed using the
Highway Economic Requirements System (HERS),
the National Bridge Investment Analysis System
(NBIAS), and the Transit Economic Requirements
Model (TERM). Each of these tools has a broader
focus than traditional engineering-based models
and takes into account the value of services that
transportation infrastructure provides to its users as
well as some of the impacts of transportation activity
on non-users. The methodologies used to analyze
investment for highways, bridges, and transit are

detailed in Appendices A, B, and C.

For purposes of computing a benefit-cost ratio for a
transportation project, the “cost” (the denominator)
is conventionally measured as the capital expenditures
required to carry out the project. The “benefits”

(the numerator) are generally measured in terms of
reductions in costs experienced by (1) transportation
agencies (such as for maintenance), (2) users of the
transportation system (such as savings in travel time
or vehicle operating costs, or reductions in crashes),
and (3) others who are affected by the operation

ES-12 Investment/Performance Analysis

of the transportation system (such as reductions in
environmental or other societal costs). Increases in any
of these types of costs are treated as negative benefits.

An economics-based approach will likely result in
different decisions about the catalog of desirable
improvements than would a purely engineering-
based approach. For example, if a highway segment,
bridge, or transit system is greatly underutilized,
benefit-cost analysis might suggest that it would

not be worthwhile to fully preserve its condition or
to address its engineering deficiencies. Conversely,
a model based on economic analysis might
recommend additional investments to expand
capacity or improve travel conditions above and
beyond the levels dictated by an analysis that simply
minimized engineering life-cycle costs, if doing

so would provide sufficient benefits to the users

of the system. These types of considerations can
potentially influence the establishment of standards
as to what constitutes a “State of Good Repair” for
different types of transportation assets.

An economics-based approach also provides a more
sophisticated method for prioritizing potential
improvement options when funding is constrained.
By ranking investment opportunities in order of
their benefit-cost ratios, economic analysis helps
provide guidance in directing limited resources
toward those improvements that provide the largest
benefits to transportation system users. Projects
selected for implementation can be limited to those
having a benefit-cost ratio above the threshold

that would result in all available funds being used;
projects that produce lesser net benefits can be
deferred for future consideration.

HERS, NBIAS, and TERM each use benefit-cost
analysis as part of their decision-making process,
but their approaches are very different. Each model
relies on separate databases, making use of specific
data available for only one part of the transportation
network and addressing issues unique to that
particular mode. The models have not evolved

to the point where direct multimodal analysis is

possible.
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Part II

Investment/Performance Analysis (continuation)

Chapter 7 analyzes the projected impacts of
different levels of future capital investment on a
series of measures of physical condition, operational
performance, and other benefits to system users.
These levels are described in terms of both average
annual investment levels over 20 years, and the
annual rate of increase or decrease in constant dollar
investment that could generate these levels.

Chapter 8 presents a set of illustrative 20-year
capital investment scenarios building upon the
analysis presented in Chapter 7. The Department
does not endorse or recommend any particular
scenario. The investment levels associated with
each scenario represent hypothetical levels of
combined capital spending nationwide; the scenarios
do not identify how much might be contributed by
each level of government or from private sources to
support such spending.

Some of these scenarios are oriented toward achieving
a particular level of system performance. In
considering the future system performance impacts
identified for each scenario, it is important to note
that they represent hypothetical models of what could
be achievable assuming a particular level of investment
rather than what would be achieved in reality. While
the economics-based approach applied in HERS,
NBIAS, and TERM would suggest that projects

be implemented in order based on their benefit-

cost ratios until the funding available under a given
scenario is exhausted, the reality is that other factors
influence Federal, State, and local decision making.

If some projects with lower benefit-cost ratios were
carried out in favor of projects with higher benefit-
cost ratios, then the actual amount of investment
required to achieve any given level of performance
would be higher than the amount predicted in this
report. Further, several assumptions, estimates, and
projections are used to derive the investment scenarios
and no effort to assess the predictive value of these
models has been undertaken to date. As in any
modeling process, simplifying assumptions have been
adopted to make analysis practical and report within
the limitations of available data.

Other scenarios are defined around funding all
potential investments above a specified benefit-

cost ratio threshold. It is important to note that
simply increasing spending to the levels identified

in these scenarios would not in itself guarantee

that these funds would be expended in a cost-
beneficial manner. Also, some potential capital
investments selected by the models may be infeasible
as a practical matter due to factors beyond those
considered in the models. Because of this, the
supply of feasible cost-beneficial projects could be
exhausted at a lower level of investment than that
indicated by these scenarios, and the projected
improvements to future conditions and performance
associated with these scenarios may not be fully
obtainable in practice.

Chapter 9 provides supplemental scenario analyses,
including comparisons of recent system performance
and funding trends with projected future needs in
order to identify consistencies and inconsistencies
between what has occurred in the past and what is
expected for the future. In addition, projections
from selected prior editions are compared with actual
spending and outcomes over time. Issues relating to
the interpretation of scenarios, including the timing
of future investment and the conversion of scenarios
from constant dollars to nominal dollars, are also

explored.

Chapter 9 includes a set of supplemental analyses
that assume that any increases in highway and bridge
spending above 2008 levels would be funded from
user charges imposed on either a per-mile or a per-
gallon basis. The general effect of such charges is

to reduce future travel and reduce the projected

level of investment needed to achieve a particular
performance objective. These analyses also examine
the potential impacts that the widespread adoption of
congestion pricing might be expected to have on the
level of investment required to achieve certain levels
of future conditions and performance.

Chapter 10 explores the impact that changing some
key technical assumptions could have on the overall

results projected by HERS, NBIAS, and TERM.
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Chapter 7

Potential Capital Investment Impacts: Highways and Bridges

Of the $91.1 billion of total capital outlay by all levels
of government combined in 2008, $54.7 billion was
used for types of capital improvements modeled in
HERS, including pavement resurfacing, pavement
reconstruction, and system expansion. (HERS
models investments on Federal-aid highways

only; $12.7 billion was spent on similar types of
improvements to other roads.) In 2008, $12.8 billion
was spent on improvement types modeled in

NBIAS, including bridge repair, rehabilitation, and
replacement. The remaining $11.0 billion went for
system enhancements not captured by either model.

Sustaining HERS-modeled capital spending on
Federal-aid highways at its base year 2008 level in
constant dollar terms for 20 years (i.e., an annual
change in spending of zero percent) is projected to
result in a worsening of overall system performance in
2028 relative to 2008, including a 2.8 percent increase
in pavement roughness, and a 6.7 percent increase in
average delay per VMT; if annual spending growth
were negative, HERS projects even larger increases in
pavement roughness and delay by 2028.

HERS projects that if constant dollar spending
were to grow by 5.90 percent per year, this would
be sufficient to finance all potentially cost-beneficial
capital improvements on Federal-aid highways by
2028; at this level of investment, average pavement

Projected Changes in 2028 Highway Condition and

Performance Measures Compared With 2008 Levels, for
Different Spending Growth Rates Relative to 2008
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roughness and delay are projected to improve by
24.3 percent and 7.7 percent, respectively, over the
period 2008 through 2028.

The NBIAS model estimates that there was a backlog
of potentially cost-beneficial bridge investments in
2008 of $121.2 billion, of which $102.1 billion was
on Federal-aid highway bridges, $60.4 billion was

on NHS bridges, and $38.1 billion was on Interstate
System bridges. (These figures do not include

costs associated with system expansion modeled
separately in HERS.) In the absence of future capital
investment, this backlog would grow over time as
existing bridges age.

If spending by all levels of government for the types of
improvements modeled in NBIAS were sustained at
2008 levels ($12.8 billion—all bridges; $9.4 billion—
Federal-aid highway bridges; $5.4 billion—NHS
bridges; $3.3 billion—Interstate System bridges)

in constant dollar terms, NBIAS projects that this
would be sufficient to reduce the backlog by 2028

for Interstate System bridges, NHS bridges, and all
bridges; however, the backlog for Federal-aid highway
bridges would increase by an estimated 6.5 percent,
driven primarily by the subset of bridges on Federal-
aid highways that are not on the NHS.

Impact of Sustaining Spending at
2008 Levels Through 2028 on

Economic Bridge Investment Backlog

2008 Bridge Percent
Backlog (Billions = Change by

System Subset of 2008 Dollars) 2028
Interstate Bridges $38.1 -3.6%
NHS Bridges $60.4 -1.8%
Federal-Aid $102.1 6.5%
Highway Bridges
All Bridges $121.2 -11.2%

NBIAS projects that eliminating the economic
bridge investment backlog and addressing new bridge
deficiencies as they arise over 20 years would require
an annual increase in constant dollar spending of
4.31 percent for all bridges, 5.36 percent for Federal-
aid highway bridges, 4.48 percent for NHS bridges,
and 4.39 percent for Interstate System bridges.
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Chapter 7

Potential Capital Investment Impacts: Transit

U.S. transit agencies spent a combined $16.1 billion
in 2008 on capital improvements to the Nation’s
transit infrastructure and vehicle fleets. This
amount included $11.0 billion in the preservation
(rehabilitation and replacement) of existing assets
already in service and $5.1 billion to expand transit
capacity—both to accommodate ridership growth
and to improve performance for existing riders.

Sustaining TERM-modeled transit capital spending
at these base year 2008 levels for 20 years is projected
to result in an overall decline in both transit

system conditions and performance. This includes
an overall deterioration in the average physical
condition of the Nation’s stock of transit assets,
with consequent performance impacts on service
reliability and potentially on safety, an estimated

50 percent increase in the size of the “State of Good
Repair” (SGR) backlog by 2030, and increases in
vehicle crowding on the order of 5 to 30 percent
(depending on the magnitude of ridership growth).

For this edition of the report, the FTA developed
an SGR benchmark scenario which estimates the
investment required to attain and maintain a state
of good repair for the Nation’s existing transit assets.
Prior editions of this report included scenarios that
were based on maintaining conditions or improving
the condition of assets. Details of the new scenarios
relative to past scenarios are provided in Chapter 9
and its Executive Summary.

Accordingly, for the SGR benchmark scenario,
TERM estimates the average annual level of
20-year investment required to eliminate the
existing investment backlog and bring a// existing
transit assets to the SGR benchmark to be roughly
$18.0 billion (without consideration of investment
cost-effectiveness) and closer to $17.0 billion if
limited to those asset reinvestments passing TERM’s
cost-benefit analysis. Similarly, an additional

$4.2 billion to $7.3 billion in annual expansion
investments are required to maintain transit
performance (as measured by vehicle crowding) at
2008 levels, depending on the actual rate of growth
in ridership.

When limited to urbanized areas (UZAs) with
populations greater than 1 million, transit agencies
expended $14.8 billion on capital projects in 2008,
including $10.2 billion on asset preservation and
$4.6 billion on transit capacity expansion. In
contrast, the average annual investment level

for these UZAs to attain SGR is estimated to

be $15.6 billion over the next 20 years (without
consideration of investment cost effectiveness) and
closer to $14.5 billion to $15.1 billion if limited

to those asset reinvestments passing TERM’s cost-
benefit analysis. These scenarios suggest that an
additional $2.6 billion to $6.1 billion are required to
support projected increases in transit boardings while
maintaining current service performance levels (as
measured by the number of riders per peak vehicle).

Transit agencies operating outside of UZAs with
populations greater than 1 million expended

$1.3 billion on capital projects in 2008, including
$0.8 billion on preservation and $0.5 billion on asset
expansion. In contrast, the average annual investment
level for these smaller UZAs and all rural areas to
attain SGR is estimated to be $2.4 billion over the
next 20 years (or approximately $2.0 billion if limited
to those reinvestments passing TERM’s benefit-cost
analysis), while the level of average annual investment
required to address both SGR and asset expansion
needs of these smaller UZAs and rural areas is
estimated to be between $2.5 billion and $2.8 billion,
depending on the level of ridership growth.

2008 Transit Capital Expenditures
(Billions of Dollars)
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Chapter 8

Selected Capital Investment Scenarios: Highways

Average Annual Investment Levels for Selected
Highway Scenarios (Billions of 2008 Dollars)

This report presents a set of illustrative 20-year
capital investment scenarios; this report does not
endorse any of these scenarios as a target level of
funding, nor does it make any recommendations
concerning future levels of Federal funding. The
scenarios for highways and bridges build upon
separate analyses developed using HERS and
NBIAS and take into account other types of capital
spending that are not currently modeled. The
scenario criteria were applied separately to the
Interstate System, the NHS, Federal-aid highways,
and the highway system as a whole.

The Sustain Current Spending scenario assumes
that capital spending is sustained in constant dollar
terms at base year 2008 levels between 2009 and
2028. (In other words, spending would rise by
exactly the rate of inflation over that period).

The Maintain Conditions and Performance
scenario assumes that capital investment gradually
changes in constant dollar terms over 20 years to
the point at which selected measures of highway
and bridge performance in 2028 are maintained
at their base year 2008 levels. The average annual
investment levels associated with meeting these
goals are $24.3 billion for the Interstate System,
$38.9 billion for the NHS, $80.1 billion for
Federal-aid highways, and $101.0 billion for all
roads. The cost to maintain value identified for
the NHS is lower than the $42.0 billion spent by
all levels of government combined on the NHS in
2008, indicating that sustaining NHS spending
at 2008 levels could result in improved overall
conditions and performance on the NHS.

The Improve Conditions and Performance
scenario assumes that capital investment gradually
rises in constant dollar terms to the point at which
all potentially cost-beneficial investments could be
implemented by 2028. This scenario can be thought
of as an “investment ceiling” above which it would
not be cost-beneficial to invest. The average annual
investment level for this scenario is $170.1 billion
for all roads, 86.6 percent higher than actual
spending in 2008.
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Maintain Improve

Sustain Conditions Conditions
System Current and and
Subset Spending Performance Performance
Interstate $20.0 $24.3 $43.0
NHS $42.0 $38.9 $71.8
Federal-Aid $70.6 $80.1 $134.9
Highways
All Roads $91.1 $101.0 $170.1

Of the $170.1 billion Improve Conditions and
Performance scenario investment level for all
roads, $85.1 billion (50 percent) would be directed
toward improving the physical condition of existing
infrastructure assets; this amount is identified as the
State of Good Repair benchmark. The average
annual State of Good Repair benchmark levels
identified for Federal-aid highways, the NHS, and
the Interstate System are $67.8 billion, $29.8 billion,
and $16.2 billion, respectively. Investing at these
levels could bring the share of Federal-aid highway
VMT on pavements with good ride quality up from
46.4 percent in 2008 to 74.1 percent by 2028;

the comparable percentages for the NHS and the
Interstate System could be increased to 89.6 percent
and 94.2 percent, respectively, by 2028. HERS
projects that improving these measures beyond this
point would not be cost-beneficial.

Impact of Investing at the State of Good Repair
Benchmark Level on Pavement Ride Quality

BVMT on Pavements With Good Ride Quality
BVMT on Pavements With Acceptable Ride Quality
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Chapter 8

Selected Capital Investment Scenarios: Transit

This report presents a set of illustrative 20-year
transit capital investment scenarios. The scenarios
for transit capital needs build upon analyses
developed using TERM and were applied separately
to the Nation’s transit assets as a whole, as well as for
two separate groupings of transit operators based on

the size of the UZAs they serve.

The Sustain Current Spending scenario assumes
that capital spending is sustained in constant

dollar terms at year 2008 levels between 2009

and 2028. Transit operators spent $16.1 billion

on capital projects in 2008. Of this amount,

$11.0 billion was devoted to the preservation of
existing assets while the remaining $5.1 billion

was dedicated to investment in asset expansion to
support ongoing ridership growth and to improve
service performance. This scenario considers the
expected impact on the physical conditions and
performance of the Nation’s transit infrastructure

if these expenditure levels are sustained in constant
dollar terms. TERM analysis suggests that sustaining
spending at 2008 levels would likely yield an overall
decline in transit conditions, an estimated 50 percent
increase in the SGR backlog by 2030, and an

increase in crowding on transit passenger vehicles.

The State of Good Repair (SGR) benchmark
estimates the level of annual capital investment
required to eliminate the current transit investment
backlog and then maintain all transit assets in a state
of good repair thereafter, all without consideration
of the cost-effectiveness of each investment (i.e.,
investments are not required to pass TERM’s
benefit-cost test under this scenario). TERM
estimates this annual level of investment to be

$18.0 billion for the Nation as a whole. This
includes $15.6 billion for UZAs with populations
greater than 1 million (with most of these funds
required for rail asset reinvestment), and $2.4 billion
for the remaining smaller UZAs and rural areas
currently served by transit.

The Low Growth and High Growth scenarios
consider the level of investment to address both
asset SGR and service expansion needs subject to

two differing potential levels of growth (and with

all investments now required to pass a benefit-cost
analysis). The Low Growth scenario assumes
transit ridership will grow as projected by the
Nation’s metropolitan planning organizations
(MPOs), while the High Growth scenario assumes
the average rate of growth (by UZA) as experienced
in the industry since 1999. The Low Growth
scenario assumes that ridership will grow at an
annual rate of 1.4 percent over the 20-year period
from 2008 to 2028; conversely, the High Growth
scenario assumes that ridership will increase at a rate
of 2.8 percent per year over that time frame. TERM
estimates this average annual level of investment

to be between $20.8 billion and $24.5 billion for
the Nation as a whole between 2008 and 2028,
including from $16.6 billion to $17.2 billion for
asset preservation and $4.2 billion to $7.3 billion for
expansion needs, depending on the realized rate of
ridership growth.

When limited to the UZAs with populations
greater than 1 million, the average annual level of
investment to address both SGR and expansion
needs is $18.2 billion to $21.7 billion. The
comparable range for the smaller UZAs and all
rural areas with transit is $2.5 billion to $2.8 billion
annually.

Annual Average Cost by Investment Scenario
(2008-2028)

Investment
(Billions of 2008 Dollars)
Mode and Low High
Asset Type SGR Growth Growth
UZAs Over 1 Million in Population
Nonrail $4.9 $5.6 $6.9
Rail $10.7 $12.7 $14.8
Total* $15.6 $18.2 $21.7
UZAs Under 1 Million in Population and Rural
Nonrail $2.1 $2.4 $2.6
Rail $0.3 $0.2 $0.2
Total* $2.4 $2.5 $2.8
Total* $18.0 $20.8 $24.5

* Note that totals may not sum due to rounding.
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Chapter 9

Supplemental Scenario Analysis: Highways

As noted earlier, Chapter 8 includes scenarios for

selected subsets of the overall highway system. The
particular analyses from Chapter 9 discussed below
apply to Federal-aid highways only, not to all roads.

The goal of the Maintain Conditions and
Performance scenario is to maintain overall
conditions and performance for the lowest cost
possible, without regard to how various system
components might be affected. In practice, the
conditions and performance of higher-ordered
functional systems such as principal arterials

tend to improve under this scenario, offset by

some deterioration on lower-ordered systems.
Maintaining pavement condition, bridge condition,
and operational performance for each individual
functional class would be more expensive. While the
average annual investment level associated with the
Maintain Conditions and Performance scenario
for Federal-aid highways is $80.1 billion, maintaining
these specific performance measures on individual
functional systems would cost $88.8 billion per year.

The baseline scenarios presented in this report assume
no linkages between future investment needs and

Cost of Maintaining System Components Versus
Maintain Conditions and Performance Scenario for

Federal-Aid Highways (Billions of 2008 Dollars)

Cost to Maintain
Maintain Conditions
System and Perfor-
Compo- mance
Functional System nents Scenario
Rural Arterials and Major Collectors
Interstate $4.2 $4.5
Other Principal Arterial $4.2 $4.0
Minor Arterial $5.0 $3.4
Major Collector $7.7 $4.4
Subtotal $21.1 $16.2
Urban Arterials and Collectors
Interstate $18.7 $23.5
Other Freeway and $7.9 $10.1
Expressway
Other Principal Arterial $16.8 $12.7
Minor Arterial $15.4 $12.4
Collector $8.9 $5.1
Subtotal $67.7 $63.9
All Federal-Aid Highways $88.8 $80.1

the types of financing mechanisms that might be
utilized to address those needs. In reality, increasing
user charges to support additional future spending
would have an impact on the cost of driving, and
hence would affect future VMT growth. The
widespread adoption of congestion pricing would
have a particularly significant impact on future system
performance and investment needs.

Of the average annual investment level associated
with the Maintain Conditions and Performance
scenario for Federal-aid highways, $60.9 billion was
derived from HERS. At this level of investment,
HERS projects that average pavement roughness
would improve by 3.8 percent, while average delay
per VMT would worsen by 3.8 percent. Assuming
the widespread adoption of congestion pricing,

the model predicts improvements of 14.6 percent
in average pavement roughness and 8.7 percent

in average delay. (Under this alternative, HERS
changes its mix of spending in favor of pavements,
resulting in improved pavement conditions.)

Of the $134.9 billion average annual investment
level for the Improve Conditions and Performance
scenario for Federal-aid highways, $105.4 billion
was derived from HERS; assuming the widespread
adoption of congestion pricing, HERS projects

that an average annual investment level of only
$73.8 billion would be needed to address all

potentially cost-beneficial improvements.

Potential Impact of Congestion Pricing on
2028 System Performance Measures

Compared With 2008, for Different
Average Annual Investment Levels
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Chapter 9

Supplemental Scenario Analysis: Transit

Prior editions of this report included scenarios that
considered the level of investment required either to
(1) maintain the condition of existing transit assets
at current levels or to (2) improve the condition of
those assets to an overall condition of “good” (i.e.,
4.0 on TERM’s condition scale). For this edition,
these “maintain” and “improve” conditions scenarios
have been replaced by the SGR benchmark, which
estimates the investment required to a#tain and
maintain a state of good repair for the Nation’s
existing transit assets. 'The SGR benchmark is
financially unconstrained and considers the level

of investment required to eliminate the current
investment backlog and to address all reinvestment
needs as they arise such that all asset conditions
remain at 2.5 or higher on TERM’s condition scale.

This change was found to have two key implications.

First, analysis has determined that, given a

high proportion of existing long-lived assets
currently in good or excellent condition, it is not
realistic or rational to attempt to maintain asset
conditions at current levels over the next 20 years.
Assuming transit operators follow reasonable
asset rehabilitation and replacement policies,
asset conditions are likely to decline (even as

the proportion of assets not in SGR is reduced)
until existing transit assets attain a “steady state”
average condition value that reflects a given set of
rehabilitation and replacement practices.

Second, only a significant and ongoing investment
in expansion assets can reverse this general
downward trend in conditions. Moreover, it is

just this type of ongoing expansion in new transit
assets over the past two decades that has tended

to reduce the rate of decline in average conditions
across all transit assets (both new and existing).
Analysis suggests that this effect has tended to mask
somewhat the underlying decline in asset conditions
for existing (as opposed to existing plus new) transit
assets.

Also in contrast to prior report editions, which only
considered a single ridership growth projection,

this edition assesses transit capital expansion under
both low and high ridership growth outcomes.
Specifically, the Low Growth scenario assumed
UZA-specific rates of PMT growth projected

by the Nation’s MPOs, while the High Growth
scenario assumed the UZA-specific average annual
compound rates based on historical growth rate
averages.

Analysis shows that historical rates of PMT growth
have typically exceeded the MPO-projected rates of
growth typically used for long-range transportation
planning purposes. (In the past, the MPO-projected
rates have been the only source of ridership growth
estimates used to generate transit expansion needs
in prior editions of this report.) For example, from
1992 to 2008, the historical compound annual
PMT growth rate averaged roughly 2.1 percent
compared with the 1.3 percent growth rate MPOs
have projected for the upcoming 20-year period.

Given the difference between the two growth

rates (and the relatively high rate of historic PMT
growth as compared with other measures, such as
UZA population growth), the 2.1 percent historical
growth rate of PMT was identified as a reasonable
input value for the High (or higher) Growth
scenario. Similarly, the 1.3 percent MPO-projected
growth rate was used as an input value for the Low
(or lower) Growth scenario.

Annual Change in Passenger Miles Traveled,
All Urbanized and Rural Areas
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Chapter 10

Sensitivity Analysis: Highways and Bridges

States provide forecasts of future VMT for each
individual HPMS sample section evaluated in HERS;
for 2008, the weighted average annual VMT growth
rate based on these forecasts is 1.85 percent. HERS
assumes that these forecasts represent the annual
growth in travel over 20 years that would occur if

a constant level of service is maintained on that
facility. This assumption is reflected in the baseline
analysis presented in this report, for which HERS
estimates that an annual constant dollar spending
increase of 5.90 percent could be sufficient to fund
all potentially cost-beneficial investments by 2028,
translating into an average annual investment level
of $105.4 billion (compared with the $54.7 billion
spent in 2008 on the types of capital spending
modeled in HERS).

To explore the possibility that traffic might grow more
slowly than assumed, an alternative HERS analysis
was conducted assuming for illustration that VMT
will grow at the average annual rate of 1.23 percent,
the historical average from 1998 to 2008. Modifying
the input forecasts to match this VMT growth

rate would reduce the benefits associated with
pavement and capacity improvements, so that an
annual spending increase of only 3.52 percent
(translating into an average annual investment

level of $80.2 billion) would be sufficient to fund

all potentially cost-beneficial projects by 2028. If
spending were instead sustained at 2008 levels,

Projected Changes in 2028 Average Speed Compared

With 2008 for Different Spending Growth Rates and
Two Constant Price VMT Growth Assumptions
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HERS projects that average speeds would improve by
2.1 percent under this alternative compared with a
decline of 0.7 percent under the baseline assumptions.

Another sensitivity test concerns the growth rate
between 2008 and 2028 in motor fuel prices

relative to general rate of inflation. The baseline
HERS assumption is of no difference between these
rates. An alternative assumption was based on the
High Oil Price case from the Energy Information
Administration, Annual Energy Outlook 2010. In
this case, the ratio of gasoline prices to the consumer
price index nearly regains its 2008 level by 2012 and
increases thereafter through 2028 at the equivalent
of 3.4 percent annually. The change in assumption
from the baseline case causes HERS to reduce its
projection of future travel growth and reduces the
model’s estimate of the average annual investment
level needed to fund all projects with a benefit-cost
ratio of 1.0 or higher by 2028 to $96.9 billion.

Increases in travel time clearly impose costs on drivers,
but it is difficult to precisely quantify the value of
time, much less forecast changes. Increasing the
baseline estimate of the value of time by 25 percent
would cause HERS to attribute more benefits to
projects (particularly widening projects) that would
result in travel time savings. This in turn would
increase the estimate of potentially cost-beneficial
investment to $114.0 billion per year.

The HERS and NBIAS models each apply a discount
rate to future benefits to reflect the implicit cost
associated with directing resources to improve
highways or bridges that could otherwise be used
elsewhere in the public or private sector. Reducing
the discount rate from the baseline 7 percent to

3 percent (reflecting lower interest rates) would
increase the HERS estimate of the average annual
investment level needed to fund all potentially cost-
beneficial projects to $129.0 billion. The comparable
average annual investment level projected by NBIAS
for all bridges would be $24.8 billion assuming a

3 percent discount rate, about 21 percent more than
the $20.5 billion baseline value computed based on a
7 percent discount rate.
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Chapter 10

Sensitivity Analysis: Transit

TERM relies on a number of key input values,
variations of which can significantly impact the
value of TERM’s capital needs projections. Each
of the three unconstrained investment scenarios
examined in Chapter 8—including the SGR
benchmark and the Low Growth and High
Growth scenarios—assumes that assets are replaced
at a condition rating of 2.50 as determined by
TERM’s asset condition decay curves. Analysis
suggests that each of these scenarios is sensitive to
changes in this replacement condition threshold,
with the sensitivity increasing disproportionally
the higher the replacement condition threshold is
increased. For example, reducing the condition
threshold to 2.25 tends to reduce preservation needs
by just under $2 billion (close to 10 percent). In
contrast, increasing the threshold to 2.75 increases
preservation needs by more than $3 billion (just
under 20 percent), while a further threshold
increase to 3.00 increases preservation needs by
nearly $8 billion (over 40 percent). This increasing
sensitivity reflects the fact that ongoing, equal
incremental changes to the replacement condition
threshold yield greater proportionate reductions

in the length of the asset life cycles as higher
replacement condition values are reached.

Impact of Alternative Replacement Condition
Thresholds on Transit Preservation Investment
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Needs estimates for scenarios employing TERM’s
benefit-cost analysis are also particularly sensitive to
changes in capital costs (assuming no comparable
increase in benefits), as these increases tend to

reduce the value of the benefit-cost ratio, causing
some previously acceptable projects to fail this test.
For example, a 25 percent increase in capital costs
increases investment costs by just under $3 billion
(nearly 14 percent) for the Low Growth scenario
and by just under $4 billion (over 15 percent) for the
High Growth scenario. In contrast, needs under the
SGR benchmark (which does not utilize TERM’s
benefit-cost test) increase by more than $4 billion
(precisely 25 percent) in response to a 25 percent
increase in capital costs.

The most significant source of transit investment
benefits as assessed by TERM’s benefit-cost analysis
is the net cost savings to users of transit services,

a key component of which is the value of travel
time savings. Consequently, the per-hour value

of travel time for transit riders is a key driver of
total investment benefits for scenarios that employ
TERM'’s benefit-cost test. For example, a doubling
of the value of time increases total needs for the
Low Growth and High Growth scenarios by
approximately $2 to $3 billion (8 to 10 percent)
due to the increase in total benefits relative to costs.
Similarly, a halving of the value of time decreases
total investment needs for these scenarios by
approximately $3 billion each (12 to 14 percent.

Finally, TERM’s benefit-cost test is responsive to the
discount rate used to calculate the present value of
the streams of investment costs and benefits. For
example, reducing the discount rate from the base
rate of 7 percent to 3 percent yields approximately
$1 to $2 billion (6 to 8 percent) increase in total
investment needs under the Low Growth and High
Growth scenarios, respectively.

Impact of Alternative Value of Time Rates

for Selected Transit Scenarios
(Billions of 2008 Dollars)

Low High
Changes in Value of Time Growth Growth
Reduce 50% ($5.60)* $17.91 $21.51
Baseline ($11.20)* $20.76 $24.47
Increase 100% ($22.40)* $22.40 $26.99
Inflate to 2008 Dollars ($13.49)  $21.05 $24.87

*Multiplier values expressed in 2003 dollars.
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Chapter 11

Environmental Sustainability

The 1987 United Nations (UN) World Commission
on Environment and Development defined
sustainability as “development that meets the needs
of the present without compromising the ability of
future generations to meet their own needs.” While
other organizations have defined sustainability
differently, a common concept that has emerged is
the “triple bottom line,” referring to the economy,
the environment, and society. In transportation,
the triple bottom line relates to sustainable solutions
for the natural environmental systems surrounding
the transportation system, the economic efficiency
of the system, and societal needs (e.g., mobility,
accessibility, and safety).

Transportation is crucial to our economy and
quality of life, but the process of building,
operating, and maintaining transportation systems
has environmental consequences. Fostering

more environmentally sustainable approaches to
transportation is essential in order to avoid negative
impacts in the near term and to ensure that future
generations will be able to enjoy the same or better
standards of living and mobility as exist today.
Sustainable transportation focuses on environmental
impacts such as improved energy efficiency, reduced
dependence on oil, reduced greenhouse gas (GHG)
emissions, and other improvements to the natural
environment involving air quality and water quality.

From a sustainability perspective, the heavy reliance
of the transportation system on fossil fuels is of
significant concern, as they are non-renewable;
generate air pollution; and contribute to the buildup
of carbon dioxide (CO,) and other GHGs, which
trap heat in the Earth’s atmosphere. The United
States has relatively high GHG emissions per
capita, even compared with other similarly affluent
countries. The transportation sector consumes

29 percent of the total energy used in the United
States; this represents 5 percent of global GHG
emission.

Over the past four decades, progress has been
made in reducing emissions of air pollutants both
nationally and from the transportation sector in
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particular. However, many Americans continue to
live in regions that exceed health-based air-quality
standards. To seek more sustainable options,
transportation programs will need to focus on
designing, constructing, maintaining, and operating
infrastructure in ways that accommodate multiple
modes of transportation, promote connectivity, and
minimize environmental impacts.

Establishing Sustainability Goals

At this time there is no widely recognized and
accepted method for measuring sustainability in the
transportation community. One of the challenges
is the need to shift from operations-focused
performance measures to more holistic indicators,
even if they are more difficult to quantify.

At the Federal level, environmental sustainability
has been adopted as a strategic goal in the U.S.
DOT Strategic Plan 2010-2015. At the State level,
transportation agencies are developing metrics

that address various aspects of sustainability and
monitoring progress toward specific goals—often in
their long-range and project-level planning process.
Some potential measures that have been identified
for assessing progress in improving sustainability
relate to reducing GHG emissions, improving
system efliciency, reducing the growth of VMT,
transitioning to fuel-efficient vehicles and alternative
fuels, and increasing the use of recycled materials in
transportation.

Sustainability in Transportation Planning

The transportation planning process provides a
forum for discussion of environmental, economic,
and community concerns and can facilitate the
inclusion of sustainability considerations into
transportation projects. One example of efforts to
respond to the challenge of creating a sustainable
transportation system is the increased use of context
sensitive solutions (CSS). A CSS approach requires
that transportation planning consider the interaction
between transportation systems and tailor them

to the local area’s human, cultural, and natural
environment.
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Climate Change Adaptation

Climate change has received increased attention over
the last decade, with a key concern being the impact
on people and the planet. For the transportation
community, policies to address climate change focus
on GHG mitigation and climate change adaptation.
Climate change adaptation focuses on anticipating
potential future changes (e.g., higher sea levels,
increased temperatures, altered precipitation patterns,
greater storm intensity) and the potential impact on
transportation (e.g., damaged or flooded facilities).

Impacts of Climate Change Adaptation on
Transportation

Research efforts regarding the potential impacts

of climate change on highway infrastructure

are ongoing. U.S. DOT released a report on
projected changes in climate over the century, used
geographical information systems to map areas with
transportation infrastructure along the Atlantic
coast that will be potentially vulnerable to sea level
rise, and is conducting a second adaptation study
focused on the Gulf Coast region. These studies
identify potential climate change impacts that are
widespread and modally diverse and that would
stress transportation systems in ways beyond which
they were designed.

Temperature and sea levels have risen in recent
decades, and these rates of change may accelerate
in the future as GHG concentrations rise. Climate
change has the potential to cause real damage to
transportation infrastructure and services.

Steps for Assessing Adaptation Needs
Transportation agencies across the Nation are
addressing climate change mitigation issues at
various levels; however, the issue of adapting
transportation infrastructure to climate change
impacts has received less widespread attention.
Discussions to date have focused primarily on
coastal States.

Adapting to the impacts of climate change
starts with inventorying critical infrastructure,

understanding potential future climate change
impacts, and assessing vulnerabilities and risks.

Once adaptation needs are assessed, adaptation
options can be classified in one of five broad
categories. “Maintain, manage, and operate”
strategies make no changes to the base
transportation facility and focus on repairing
damages as they occur. A “protect and strengthen”
approach involves proactively strengthening a
facility to meet new design standards that can
withstand climate change effects. “Relocate and
avoid” strategies move existing facilities to areas less
threatened by climate change. An “abandon and
disinvest” approach involves discontinuing service
on facilities when it is no longer financially feasible
to continue investment in them given current or
potential threats. “Promote redundancy” strategies
are aimed at adding assets that could serve as backup
facilities if primary facilities fail.

Barriers to Action

A critical obstacle to creating adaptation strategies
is the lack of adequate information on how and
when the climate will change. Without this type
of information, assessment of risk and designing
development strategies are difficult. Transportation
design, maintenance, and replacement will need to
be more flexible to incorporate climate adaptation
considerations.

Adaptation Activities

Adaptation activities are underway at both the
Federal and State levels. The U.S. DOT is
working to develop models to assess and identify
climate change vulnerabilities and risks to critical
transportation assets. Additional studies on regional
impacts of climate changes are also in process.

At the State level, climate change adaptation
action plans to consider necessary adaptation and
mitigation strategies are being developed by several
States.
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Chapter 13

Livability

Fostering livable communities—places where
transportation, housing, and development have
been coordinated to provide access to adequate,
affordable, and environmentally sustainable
transportation options—is a goal of the U.S. DOT.

Transportation plays an important role in creating
safer, healthier communities with the strong
economies needed to support our families.

A key component of livable communities is having
transportation choices. A multimodal system

that integrates walking, bicycling, transit, and
automobile access provides residents with more
choices of where to live, work, and play. Integrating
land use planning with transportation improves
livability by fostering a balance of mixed-use
neighborhoods that recognizes the importance of
proximity, layout, and design to help keep people
close to home, work, services, and recreation.

Benefits of Livable Communities

The following are some of the many benefits to
considering the role of transportation in creating
livable communities:

e Provides more transportation options and
integrates land use planning

e Promotes healthy living

e Improves pedestrian safety

e Proves popular with citizens

e Increases economic competitiveness
e Incentivizes business investment

e Lowers transportation costs

e Saves community infrastructure costs.

HUD/DOT/EPA Partnership

In June 2009, the U.S. DOT, HUD, and EPA
initiated an Interagency Partnership for Sustainable
Communities (Partnership) to improve access to
affordable housing, provide more transportation
options, and lower transportation costs while
protecting the environment in communities

ES-24 Sustainable Transportation Systems

nationwide. The Partnership established six
livability principles as follows:

e Provide more transportation choices

e Promote equitable, affordable housing

e Enhance economic competitiveness

e Support existing communities

e Coordinate policies and leverage investment

e Value communities and neighborhoods.

Livability Performance Measures

Communities across the United States have

begun tracking the implementation process and
accessibility outcomes of livability investments that
expand transportation options. However, it is easier
to articulate the benefits of livable communities
than to quantify them; work is continuing to reach a
consensus in terms of what data should be collected
on a consistent basis nationwide to track progress in
improving livability.

Given the limitations of the data that are currently
available, the U.S. DOT has identified some interim
measures to begin tracking progress in meeting

the goal of fostering livable communities. The
President’s FY 2012 Budget includes the following
measures and targets relating to livability:

o Increase the number of States with policies that
improve transportation choices for walking and
bicycling from 21 in 2010 to 23 in 2012.

e Increase access to convenient and affordable
transportation choices as reflected by the average
percentage change in transit boarding per transit
market by 2.0 percent per year from 2010 to
2012.

e Improve access to transportation for special
needs populations as reflected by the percentage
of bus fleets compliant with the Americans
with Disabilities Act (ADA) from 97 percent
in 2007 to 98 percent in 2012 and increase the
percentage of key rail stations that are ADA
compliant from 93 to 95 percent between 2007
and 2012.



Description of Current System

Chapter 1:
Chapter 2:
Chapter 3:
Chapter 4:
Chapter 5:
Chapter 6:

Household Travel in America
System Characteristics
System Conditions
Operational Performance

Description of Current System

I-1



Introduction

Chapters 1 through 6 are designed to provide a broad overview of the current status of the Nation’s highway
and transit systems, as well as to describe historic trends. These retrospective analyses serve as a foundation
for the prospective analyses contained in Part IT and other sections of the C&P report.

Chapter 1, Household Travel in America, provides statistics on how the American public uses the Nation’s
transportation system, drawing upon information gathered as part of the 2009 National Household

Travel Survey (NHTS).

Chapter 2, System Characteristics, describes the extent and use of the Nation’s highways, bridges, and
transit systems.

Chapter 3, System Conditions, describes the current physical condition of the Nation’s highways, bridges,
and transit systems and how the overall physical condition of this infrastructure has changed in recent
years.

Chapter 4, Operational Performance, analyzes how well the highway and transit infrastructure has
performed in accommodating increasing demand for travel.

Chapter 5, Safety, describes the safety performance of highways and transit systems.

Chapter 6, Finance, describes the levels and types of highway and transit expenditures made by Federal,
State, and local governments and identifies the sources of revenue that support these programs.
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Household Travel in America

Over 300 million people in the United States make decisions every day about how to travel for work,

shopping, and social reasons—choices based on habits of behavior, personal and household obligations, the

choices available and perception of convenience and cost. These individual decisions happen within a larger

context of demographic profiles (such as life cycle); economic wherewithal (income); where individuals

live; how technology is used; available transportation options; and how the transportation system is used.

Personal travel accounts for roughly three-quarters of the measured vehicle miles traveled (VMT) on the

Nation’s roadways. Commercial and freight vehicles account for the remaining travel.

This chapter draws heavily from the National
Household Travel Survey (NHTS), the Nation’s
authoritative source of statistical data on the travel
of the American public. This survey has been
conducted in 1969, 1977, 1983, 1990, 1995, 2001,
and 2009. Each update in the series provides a
snapshot of personal daily travel, including the
number of persons and vehicles in movement
through an average day by all modes (automobile,
transit, bike, walk, etc.) and for all purposes. The
2009 NHTS data represent a valuable resource

that can be tapped for a wide array of analyses on

a variety of topics; this chapter focuses on three
such topics: (1) shifting travel demand resulting
from demographic factors; (2) how people use the
transportation system; and (3) household vehicle use
and greenhouse gas impacts.

Shifting Travel Patterns

Many factors determine U.S. travel patterns. For
example, travel can be affected by technological
changes that allow telecommuting and on-line

National Household Travel Survey (NHTS)
Methodology

The NHTS collects travel data from a representative
sample of U.S. households to characterize personal
travel patterns. The survey includes demographic
characteristics of households and people and
information about all vehicles in the household.
Details of travel by all modes for all purposes of
each household member are collected for a single
assigned travel day. In this way, the NHTS traces
both the interaction of household members and

the use of each household vehicle throughout an
average day. The data provide national and, with the
2009 survey, State-level estimates of trips and miles
by travel mode, trip purpose, time of day, gender and
age of traveler, and a wide range of attributes.

Much of the data presented in this section is from
the NHTS data series, unless otherwise noted. Since
1990, the NHTS has been collected using a random
digit dial sample of telephone households in the
United States. Earlier surveys were collected in face-
to-face interviews sampled from respondents to the
Census Bureau’s Current Population Survey.

Additional information on the NHTS is available at
www.fhwa.dot.gov/policy/ohpi/nhts.

shopping, land-use factors that encourage density and walkable communities, social changes such as growth

in social networking, and policy factors such as graduated licensing programs. All of these factors have

unique and combined impacts on the travel choices of the U.S. population.

There are many challenges facing transportation policy and planning within each of these areas. While there

is a great deal of uncertainty as to how travel demand will be impacted by things like the economy, housing

market, and gas prices, studying current individual travel behaviors can provide insight into travel demand

and future travel.
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This section explores three topics to assess the changing context of travel demand in more detail:
® The aging of the U.S. population and the impact on travel demand
® Immigration and the growing diversity of the U.S. population

® Population redistribution across the United States.

Aging of U.S. Population and Impact on Travel Demand

The aging of the population and the possible effects on travel demand has been the subject of much research
and debate. In this decade, the U.S. Census Bureau estimates that the number of seniors and baby boomers
will account for approximately one-third of the Nation’s total population and exceed 100 million. As the
population ages, some experts expect older drivers to travel fewer miles and favor non-peak travel to avoid
congested travel conditions. Others foresee mode shifts—especially from single-occupant to multi-occupant
vehicles—increased safety challenges, and mobility issues as more older Americans cease driving. (TRB
Conference Proceeding 27: Transportation in an Aging Society: A Decade of Experience, lechnical Papers and
Reports from a Conference, 2004, http://onlinepubs.trb.org/onlinepubs/conf/reports/cp_27.pdf)

Given current population age distribution, the number of older drivers will increase in the future.

Exhibit 1-1 shows a conservative projection which assumes that typical driving patterns for older Americans
will not change, and that the increase in vehicle miles is fueled by simple population growth estimates
through 2050. Even if baby boomers follow historic patterns and reduce their daily travel as they age, the
sheer number of added older drivers will significantly increase the number of miles and proportion of
national VMT accounted for by older drivers.

Exhibit 1-1

VMT by Age Group, 2000-2050
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Source: FHWA 2009 NHTS for current estimates of annual driver miles; U.S. Census Bureau for population projections.

Most researchers expect baby-boomers, especially women, to drive more miles when they age than the
current elderly population because boomers are more likely to have licenses, be employed, and have a vehicle.
Older Americans driving higher vehicle miles may increase their chance of accidents, change traditional
time-of-day profiles of travel, and lead to more emissions because older drivers tend to drive older cars. In
addition, the proportion of older drivers who are women will increase dramatically, especially women of
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Hispanic and Asian ethnicity. Currently only half of older Asian and Hispanic women drive, but 80 percent
of Asian and Hispanic women aged 30—54 are drivers. Increasingly, women of all races and ethnicities will
become the 80-year-old drivers of the future. As the mix of drivers changes, so will their destination choices,
trip lengths, auto occupancies, and vehicle choices.

Immigration and Growing Diversity of U.S. Population

The U.S. population is increasing by about 2 million people annually, about half from immigration and half
from births. We are becoming more diverse in terms of race and ethnicity, and immigration is a key cause of
that diversity (U.S. Census Bureau); America has always been a melting pot. As these trends continue, this
diversity will impact future travel patterns.

Historically, factors that influence growth in travel beyond population growth include the age distribution
of the population, auto ownership levels, licensure rates, household size, labor force participation, and
real personal income per capita. African-American, Hispanic, and, to some extent, Asian households vary
considerably from white households on these key factors. Common among these groups is lower auto
ownership, lower household income, greater household size, and lower levels of labor force participation,
lower licensure rates, and a population concentration in urban areas.

The differences in key measures of travel are shown in Exhibit 1-2. Households often have differences
between the annual trips per household and the annual trips per person. For example, Hispanic households
produce the greatest amount of travel

annually (nearly 5 thousand trips),

but have one of the lowest number Annual Trip Rates and Vehicle Ownership by Race and

of trips per person (1.3 thousand Ethnicity

trips). Similarly, Asian households Annual Trips Vehicles
per per per

have the second-largest number of Household Person  Household

annual trips (3.9 thousand) and a White non-Hispanic 3,693.0 1,525.2 1.99

much lower number of trips per person Black non-Hispanic 3,609.5 1,318.9 1.38

(1.3 thousand). White households, in Asian non-Hispanic 3,868.6 1,342.5 1.74

comparison, average 3.7 thousand trips Other non-Hispanic 3,506.2 1,461.4 1.90

per household per year and 1.5 thousand | Hispanic 4,979.5 1,327.9 1.69

trips per person, the highest level of Source: FHWA 2009 NHTS.

person-based trip-making among all the

demographic groups.

In the United States, it is difficult to discuss race and ethnicity without some discussion on immigration.
The NHTS includes information on place of birth and year of entry to the United States. Immigrants,
especially new immigrants, travel in significantly different ways than U.S.-born residents; however, that
behavior follows a continuum from new entry to full assimilation. After 10 years living in the United States,
immigrants travel much like U.S. born residents.

As shown in Exhibir 1-3, new immigrants (in the United States less than 10 years) differ significantly in
key demographic indicators of travel. Compared with the national average, the percentage of immigrants
who drive is smaller; on average, immigrants work closer to home, live in larger households, make a greater
number of household trips per day, and are less likely to own vehicles.

Immigrants have a disproportionate impact on work travel, as over 80 percent of immigrants arriving in
the 5 years prior to the 2000 Census were in their main working years of 16-64. In fact, new immigrants
constituted all the growth in the number of workers between the ages of 16-54 during the same period.
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New immigrants are much more likely to carpool,
walk, bike, or use public transit for their commute
to work; as they represent a growing proportion of
the workforce, their commuting patterns will tend
to affect the overall national trends.

NHTS data show that when looking at all trips,
new immigrants are seven times as likely to use
transit and are twice as likely to walk as the U.S.
born population. Nineteen percent of new
immigrants do not have a household vehicle as
compared with 13 percent of immigrants in the
United States for 11 or more years. The average
percentage of U.S. born households without a
vehicle is just under 8 percent. Exhibit 1-4 shows
vehicle acquisition for immigrant household by year
in the United States.

As immigrants assimilate into the United States,

the share of trips they make by vehicle tends to
increase. Asian immigrants make a faster transition
to automobile use, while Hispanic immigrants
remain more likely to use transit than the U.S.

born population even after 20 years in the United
States. New immigrants on average are more transit
dependent, having lower levels of vehicle ownership;
they also tend to carpool more.

Overall Trends in Demand

Accompanying these contextual transformations are
more subtle changes to some basic travel demand

Exhibit 1-3

Key Demographic and Travel Characteristics of
New Immigrants

New National
Functional System Immigrants Average

Demographic Characteristics

Average Household Size 3.6 2.6
Average Workers per Household 20 1.4
Average Vehicles per Household 1.3 1.7
Home Ownership 16.1% 72.3%
Travel Characteristics

Percent Drivers (16+) 60.6% 91.5%
Usual Distance to Work (miles) 9.5 13.2
Usual Time to Work (minutes) 24.6 25.5
Average Daily Trips per Household 10.2 9.6

Source: FHWA 2009 NHTS.

Exhibit 1-4

Immigrant Households with No Vehicle by
Number of Years Residency in the U.S.
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Source: FHWA 2009 NHTS.

indicators, such as the growth in the driving-age population, vehicle saturation, changes in household
structure, and a more flexible workforce. Understanding these changes will put the trends in travel demand
into a context that will help develop “evidence-based” policies and initiatives.

The United States experienced a long period of growing travel demand in the last half of the Twentieth
Century. This growth was a product of demographic shifts and economic bounty fueled partially by baby
boomers entering the workforce, acquiring vehicles, and starting their own families, and a dramatic rise in

service sector substitutes for traditional "at-home” activities such as child care and meal preparation.

Opver the four decades the NHTS has been collecting data, growth in travel demand, and especially vehicle

travel, has been correlated with the following:

® Growth in the population of drivers and workers
® Increased vehicle availability

® Increased vehicle miles per driver

®  More recently, shifts in household composition toward smaller and more single-family households.
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The growth in drivers and workers has been dramatic. Exhibir 1-5 shows the number of added persons

15 years and older between 1910 and 2000 and forecast for 2025. For example, in the decade from 1970 to
1980, labeled 719807 in Exhibir 1-5, 30 million people over 15 were added to the U.S. population, joining
the 22 million added between 1960 and 1970. The decade between 1970 and 1980 added 30 million more,
and the “echo boom” between 1990 and 2000 added another 25 million.

Exhibit 1-5

Number of Persons Aged 15 Years and Older Added to the U.S. Population, 1910-2000,
and Forecast for 2025
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Source: U.S. Census Bureau.

The added workers and drivers resulted in tremendous growth in VMT. But now, as the population ages,
the driving pool is also aging. Exhibit 1-6 shows the percentage share of the driving population, in 10-year
increments from 1965 to 2005. The baby-boomer “bulge” is clearly visible in the graph, moving rightward
as this group ages over the years. The number of drivers 19 and younger peaked in 1975, when teen
drivers were 11.7 million and 9 percent of driver population. In 2005, teen drivers numbered 9.3 million,
but because the driving population had doubled from 100 million to 200 million, the teen share of the
population declined to 4.6 percent.

Exhibit 1-6

Share of Drivers by Age Group, 1965-2005
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Source: Highway Statistics, 2008.
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The growth in the adult population is accompanied by a decline in the number of households with children,
and a striking decline in household size. In 1960, 61 percent of the households had a father working outside
the home, a homemaker mother, and three children. Today, less than one-third of U.S. households are
composed of nuclear families, the lowest proportion in history. Instead:

® 28 percent are married couples with no children

® 206 percent are people living alone

® 13 percent are other structures, including roommates and unmarried partners.

The growth in vehicle availability is also dramatic. In 1969, about 70 percent of licensed drivers had access
to a vehicle. In 2009, there are a sufficient number of vehicles for every licensed driver, plus some. More
than 60 percent of households own two or more vehicles, and 25 percent own three or more. Overall, one-
third of households have more vehicles than drivers. The correlated increases in travel demand indicators are
shown in Exhibit 1-7.

Exhibit 1-7

Measures Related to Growth of Vehicle Travel, 1969 and 2009
1969 2009
Total Number of Drivers 100 million 200 million
Parameter
Average Vehicles per Licensed Driver 0.7 1.1
Average Vehicle Trips per Driver 2.3 3.3
Average Daily Person Miles per Household 61.6 95.5
Average Daily Vehicle Miles per Household 34.0 58.1
Average Household Size 3.2 2.6
Percent Single-Person Households 13% 27%

Source: FHWA NHTS data series.

All the more striking given the declines in household size is the change in per-household daily travel—more

than 70 percent growth from 1969 to 2009. In 1969, there were 3.2 persons per household, compared with
2.6in 2009. The share of single-person households has increased from 13 percent in 1969 to 27 percent in

2009.

Trip-Making and Mode-Sharing Trends

Since 1969 when the first NHTS was conducted,
45 million households have been added in the
Nation, and the number of trips by each household
has also grown. Exhibir 1-8 shows the historic
trend in the number of annual person trips per
household by mode of travel, 1977 to 2009 (1969
did not collect walk trips). The average U.S.

How is a “trip” defined?

A “trip” is defined as travel directly between
two anchor destinations, such as a trip from home

to work. Trips can also involve a stop on the way to
another destination, at which point the trip is defined as
a “trip chain.” An operational definition of trip chain is
a sequence of trips bounded by stops of 30 minutes or

household currently produces 9.5 trips a day, by all
modes, about 82 percent of which are vehicle trips.
The remaining trips include other modes of travel
such as transit, bicycling, and walking.

less. If a stop lasts longer than 31 minutes, it becomes
the terminus of the trip. Trip chains can include multiple
stops such as dropping children at school and stopping
for coffee, gasoline, or other errands before continuing
to work or home.
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Exhibit 1-8

Trends in Annual Person Trips per Household by Mode of Travel, 1977-2009
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Source: FHWA NHTS data series.

The mobility offered by vehicle travel has increased the range of goods and services available within

easy travel distance, but has created a number of concerns, including growing carbon emissions and oil
dependency. The personal vehicle is such a ubiquitous travel mode in the United States that when people
have to cease driving, because of age, for instance, it can dramatically limit their mobility options.

Increasing longevity means that more and more people age past their safe driving years. For older people
who no longer drive, travel to the store, to the doctor’s office, or to visit friends and family is often difhcult.
Suburbanization coupled with the tendency of most seniors to age in their family homes means that many
older non-drivers do not have access to alternative means of transportation.

According to the 2009 NHTS, about half of non-drivers aged 65 and older do not travel at all, by any
means, on an average day. There are various reasons for this lack of travel, some by choice and some from
disability. About half of aging non-drivers indicate that they would like to get out more. Providing mobility

options to a rising number of older non-drivers will be a planning challenge as both life expectancy and the
number of older Americans grow.

How People Use the Transportation System

The United States has a vast transportation system; the extent of the Nation’s highway and transit networks
are discussed in detail in Chapter 2. Trips on the Interstate Highway System are almost three times longer
than other trips—nearly 28 miles on average compared with just 10 miles for other vehicle trips.
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Can we walk to get there? Q&C éAYL

Walking continues to be the second most common form of travel in the United States after vehicle

travel. The percent of walk-only trips grew from 7 percent of all trips in 1990 to 11 percent in 2009. To obtain
better information about walking, the NHTS asks about the number of walk trips “Last Week.” About one-third
of people in the United States report no walk trips at all in the previous week. This concerns planners and policy
makers because walking contributes to health, reduces emissions, and adds to the quality of life in a community.

In addition, NHTS tracks all trips by all modes and L
. . . . . Exhibit 1-9
finds that most walking trips are short trips for exercise

and dog walking. As shown in Exhibit 1-9, more than Percent of Trips Made by Vehicle and Walking

60 percent of trips less than 2 mile in distance are

made by walking. People walk for a range of other Total Mode
reasons, such as shopping, escorting children to school,|_Trip Distance Trips  Vehicle Walking
and walking to work. The greatest barrier to walking Less than 1/2 mile 10% 34% 61%
more is the perception of too much traffic, not enough Between 1/2 and 2 miles 20% 68% 23%
street lighting, or wide road crossings. People are More than 2 miles 70% 94%, 0.5%

also concerned about crime, had no nearby paths or

. Source: FHWA 2009 NHTS.
sidewalks, and were too busy to walk more often.

Exhibit 1-10

Most Important Issues for the Traveling Public

Exhibit 1-10 shows the issues ranked as the most
important to Americans in the 2009 NHTS.

Exhibir 1-11 shows the unsurprising finding that

44 percent of vehicle trips on the Interstate/highway are
commutes, while the remainder are shopping, personal
business, and recreational trips. Currently, a toll is paid
for about 6 percent of their trips, most often for work,
but also for other purposes.

OPrice of Travel*
OSafety Concerns™*
OAggressive Drivers
BHighway Congestion
BAccess to Transit

BLack of Sidewalks

* Including fuel
** Including accidents

Source: FHWA 2009 NHTS.

Exhibit 1-11

Percent of Vehicle Trips Made on Interstates/Highways (Toll and Nontoll) for Specified Purposes

|
Visit to a Friend/Relative B nterstate/No Toll B nterstate/Toll

Social/Recreation

Shopping

Personal Business

To/From Work 5%

0% 20% 40% 60%

Percent of Interstate/Highway Vehicle Trips

Source: FHWA 2009 NHTS.

Household Travel in America 1-9



Congestion used to be associated with peak travel hours and work trips, but now congestion affects travel
for non-work purposes, such as shopping, medical visits, and recreation. Although the total amount of
household-based vehicle travel has increased dramatically, the proportion of travel to work has remained
relatively constant; Exhibit 1-12 shows that travel to work accounted for 27 percent of household-based
vehicle travel in 2009, compared with 34 percent in 1969. In 1969, commuting and recreational travel
accounted for two-thirds of all vehicle miles. During the 1980s and 1990s, more and more vehicle miles
were devoted to shopping and family errands; in the early 2000s, errands started to decline while vehicle
miles for recreation increased slightly. Importantly, these non-work vehicle trips have widely different
destinations, times of day, vehicle occupancies, and other characteristics that make planning and policies
targeting non-work travel more complex.

Exhibit 1-12

Percent of Household-Based Vehicle Miles by Purpose, 1969-2009
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Source: FHWA NHTS data series.

Work Travel
Travel to work has historically defined peak hour Exhibit 1-13
travel demand and, in turn, influenced the design Average Commute Time and Distance by Mode
of the transportation infrastructure. Work trips Estimated
are critical to transit planning and help determine Time, Distance, Speed,
the corridors served and the levels of transit service Travel Mode minutes _miles mph

. . Walk 14.2 1.1 4.8
available. The average automobile commuter spends , ,

. ] . Privately Owned Vehicle 22.8 12.6 33.2

22.8 minutes commuting a one-way distance of Bus 489 o4 115
12.6 miles. Other modes of travel and variations in Commuter Rail 517 12.2 14.1
travel times, distances, and speeds by commute mode Source: FHWA 2009 NHTS.

are shown in Exhibit 1-13.

Data on work travel reveal two trends: more flexible hours in the workplace, including an increase in
telecommuting; and workers’ commutes becoming more complex, including stops for incidental purposes
and the linking of work and non-work activities.

The 2009 NHTS data series shows that many workers have flexibility in work arrival times—more than
36 percent of full-time workers can “set or change their own start work time.” In addition, the data series
shows that nearly 12 million Americans work at home, and within urban areas the number has doubled
since 1995.
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Another trend in the workplace is the growing number of older workers. The 2009 NHTS shows a sharp
rise in the number of people over the age of 65 who continue to work. Some of the people in “Working
Retirement” may have more flexible schedules and are more likely to work at home and work part-time.
Whether because of increased longevity, need for social interaction, interest in continued mental challenges,
or economic reasons, more workers may decide to continue working in their 60s and 70s.

The growing flexibility of work, coupled with the power of communications technology, has potential effects
on miles of travel, congestion, and travel time-of-day, characteristics that are still being studied. In addition,
the typical commute is becoming more complex—for instance, trip chaining is increasing and encompassing
a broader range of activities. Trip chaining has become a rational response to the burden of time and

duties, such as household-sustaining activities involving child care, home care, parent care, and vehicle care.
Commuters stop for a variety of reasons, such as to drop children at school or to stop at the grocery store on
the way home from work. Real-life examples show that the time, location, and frequency of these other trips
can be dictated by the work trip as people respond to the pressures of work and home. However, the NHTS
also shows that some of the growth in trip chaining has been to grab a coffee or meal, traditional in-home
activities that previously would not have involved travel.

Non-Work Travel

Opver the last four decades, the greatest growth in travel has been travel not related to work. The growth in
travel for shopping, family errands, and social and recreational purposes reflects the busy lives of the traveling
public. In many instances the timing of these non-work trips conflicts with commute trips, such as weekend
recreational trips that start Friday afternoon. Peak congestion around attractions and leisure spots can be
worse than congestion in the city center at rush hour.

Shopping On-Line

More and more households are choosing to shop on-line. The FHWA 2009 NHTS indicates that one-
third of adults made Internet purchases in the last month, and these purchases resulted in nearly four
(3.7) deliveries a month to the average household. That equals just about 500 million deliveries of goods
purchased on-line each month to U.S. households.

Distributing e-commerce goods to households is poised to create a huge new demand on the transportation
system, additionally taxing the existing infrastructure to handle the capacity and speed demands of a virtual
marketplace. Until recently, the fastest-growing sectors of on-line sales and services were those that do

not require delivery of a product (financial services, music, games, and software) or small packaged goods
that are delivered via existing third-party vehicles (books, computers, and drugs). Future growth may come
from consumer demand for more everyday needs—groceries, for instance—or specialty items that require

a new method of delivery and possibly are more infrastructure-dependent, such as large-scale deliveries in
common carrier trucks.

American consumers demand flexibility of delivery options for on-line purchases in terms of timed slots and
specified delivery days, as well as overall improvement in reliability and reduction in cost. The ability of the
local and national transportation systems to accommodate demands of retailers and consumers for fast,
flexible, on-time delivery of goods to households, and the potential growth in light-duty truck volumes that
may accompany greater home delivery, will become an important policy and planning question in the future.

Since non-work travel has a different time-of-day profile than commuting, the growth of non-work travel
affects the shoulders of the peak and midday the most, but weekend travel is also growing fast. This is
changing the historical idea of the design peak—the highest volume of traffic that determines the roadway
specifications—which, for some communities, occurs on Saturday afternoon rather than during weekday
commuting.
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In looking only at weekday vehicle travel, about half of all travel in the combined morning and evening peak
periods is not related to work—but that does not imply that all non-work travel is completely discretionary.
Some non-work trips may be constrained by the individual’s schedule or, in the case of medical trips, the
doctor’s schedule. Trips to drop someone or pick someone up may be constrained by auto availability and
the schedule and purpose of the passenger. The nature of these trips, whether “flexible” or “mandatory,” is
subjective and based on the traveler’s perception, but these two simple categories—mandatory and flexible—
can be helpful for discussion.

As shown in Exhibir 1-14, the weekday morning peak and the weekday evening peak have very different
characteristics in terms of the purpose of vehicle travel. The morning peak, between 6 and 9 a.m., is
dominated by mandatory travel to work, school, and taking passengers to work and school. In contrast

the evening peak, between 4 and 7 p.m., is composed of more flexible travel, such as shopping, getting a
meal, and social activities. Peak travel is usually considered workday commute times; much of the morning
peak travel occurs between 6 and 9 a.m. In the morning peak, mandatory travel accounts for three-quarters
of all vehicle trips. Within mandatory travel, 39 percent of all vehicle trips are direct trips to or from work,
19 percent are commutes with at least one stop, 4 percent are students driving to school, and 4 percent are
other trips related to work. Driving a passenger to work or school adds another 9 percent. In the evening
peak, mandatory travel falls to 38 percent while flexible rises to 62 percent, including the 5 percent of drivers
serving a passenger in trips not related to work or school.

These data use the trip chain file, which combines work travel into tours that can include intermediary
stops for any purpose, such as getting coffee. Understanding peak period travel is vital for potential finance
initiatives and congestion mitigation and air quality policies, among other important policy and planning
programs.

Exhibit 1-14

Proportion of "Mandatory" and "Flexible” Morning and Evening Peak Vehicle Trips on Weekdays

100%

OWork Commute: No Stops

OWork Commute: 1 or More Stops 22%
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B Other Work-Related
13%

BServe Passenger: Mandatory

6.0 <O
SR~ 3~
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BFlexible
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40% 4%

20%
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Morning Peak Evening Peak

Source: FHWA NHTS 2009 chained trip files (May not add to 100% due to rounding).
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Household Vehicle Use and Greenhouse Gas Impacts

With concerns about the negative impact of continued growth in vehicle travel on the environment, three
measures in addition to those mentioned earlier (growth in the population over 16 years old, increased
vehicle availability, and growth in vehicle miles per driver) help to track the potential for increased fuel use
associated with increased vehicle miles:

® Household fleet use (miles/vehicle)
® Household fleet mix (cars/trucks/sports utility vehicles (SUVs)/hybrids)
" (3as costs.

Even as the total vehicle fleet has grown by two and a half times, from 72.5 million in 1969 to well over
200 million in 2009, the value of annual miles per vehicle has remained constant: an average of 10,242 miles

per vehicle in 1969 compared with 10,547 in 20009.

However, the household fleet mix has changed dramatically. The household fleet consists of passenger
vehicles (cars and station wagons, vans, SUVs, and pickups) available for use in daily travel and does not
normally include rental cars, company or government fleets, or taxi and delivery vehicles. Trends in the
household fleet composition and use are vital to assess the impact of policies such as the “Cash for Clunkers”
and the new CAFE (Corporate Average Fuel Economy) standards. Safety researchers are also keen to
measure motorcycle vehicle miles traveled, as the number of motorcycle fatalities has increased in recent
years. For instance, SUVs were introduced in the early 1990s and continue to be very popular. In 1995,
SUVs were 6.9 percent of the fleet (this was the first year SUVs were identified in the survey); by 2009,
they had grown to 19.4 percent of the fleet (Exhibir 1-15). On the other side of the spectrum, hybrids and
smaller passenger cars rose in popularity during the gas-price spike of 2008. The most recent NHTS shows
that passenger cars are a larger share of newer vehicles (0-2 years old), perhaps showing a growing demand
for more fuel-efficient vehicles.

Exhibit 1-15

Percent of Household Vehicles by Vehicle Type
Travel Survey Year

Vehicle Type 1977 1983 1990 1995 2001 2009
Automobile 79.6% 759% 74.7% 64.3% 56.8% 49.9%
Van 2.8% 3.6% 5.5% 7.8% 9.0% 8.2%
SuUv 6.9% 12.1% 19.4%
Pickup Truck 128% 152% 17.2% 17.7% 18.4% 17.8%
Motorcycle 2.7% 2.5% 1.3% 0.9% 2.1% 3.3%

Source: FHWA NHTS data series.

Opverall, the passenger fleet continues to age as vehicles can be reliably driven well past 100,000 miles. In
1969, the average vehicle was just 5.6 years old, compared with 2009 where the average was 9.4 years.

The aging fleet presents consequences, as older vehicles are generally less fuel efficient and contribute
disproportionately to greenhouse gas emissions. Aging fleets also contribute to the longer lead time for
introducing new technology and safety equipment. For any individual household, the GHG emissions of
daily travel are based on the types of vehicles that are available for use in a household, the number of miles
each vehicle is driven, the fuel efliciency in each vehicle, and usual driving patterns for each vehicle. Because
the 2009 NHTS shows more aging SUVs, vans, and pickups, the proportion of CO, emissions from older
vehicles can be expected to grow even as more eflicient, newer vehicles are added to the fleet.
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According to the NHTS, rural families drive more miles than suburban and urban households, with an
average annual VMT of 28,345—well above the average of 22,418 for all households. Although a much
smaller percentage of the population lives in rural locations, these families typically need to drive farther to
get to places.

Also, rural families own twice as many vehicles compared to households in high density areas—and these
rural vehicles are likely to be less-efficient vehicles like pickup trucks. In fact, a rural family is twice as likely
to own a pickup truck (28 percent of the rural fleet mix) compared to urban households (14 percent of the
fleet mix). The lower fuel efficiency of pickups combined with higher average miles of driving translates into
a greater “carbon footprint” for daily travel produced from rural households.

Based on an analysis of NHTS and Highway Statistics 2008, VM-1 data, the average household in the
lower density areas (0-2,000 housing units per square mile) produces almost two-thirds more CO, from
daily vehicle travel than does the average household in the high density areas (urban areas of 4,000 or
more housing units per square mile). However, many other factors, including socio-economic and land-
use characteristics, affect the amount of CO, emissions by households. Exhibit 1-16 shows a ranking of
households by some factors that affect the miles driven, or are correlated to the number and type of vehicles
owned, and therefore significantly affect CO, emissions from travel. These categories are not mutually
exclusive, for example, a single household can have “three or more vehicles” and also have “two workers.”
In general, households with more workers and more vehicles travel more miles, emitting more CO, than
households with fewer vehicles and fewer workers. Chapter 11 includes a more extended discussion of
GHGs in the context of sustainability.

Exhibit 1-16

Average Annual CO, Emissions From Vehicle Travel by Household Characteristics

One Vehicle

One Driver

Zero Workers

High Density (4,000 or more HH/sq. mile)
Mid-Density (2,000—-4,000 HH/sq. mile)

One Worker

Two Vehicles 9,900
I
Lower Density (2,000 or less HH/sq. mile) 10,400

I N
Two Drivers 10,700

Two Workers

Three or More Vehicles

Three or More Workers

0 3,000 6,000 9,000 12,000 15,000 18,000

Average CO, Emissions per Year, kg

Source: 2009 NHTS
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Highway System Characteristics

The Nation’s highway system encompasses an extensive network of roadways that facilitates the movement of
people and goods. The system supports the growth of the national economy by providing access to national
and international markets and supports the defense of the Nation by providing the means for the rapid
deployment of military forces and their support systems.

This section examines the characteristics of the e
Are the 2008 HPMS data cited in this

A R report fully consistent with those
and usage. This information is presented for the reported in the Highway Statistics

National Highway System (NHS), including its 2008 publication?
Interstate Highway System component, and for

Nation’s roadways, addressing ownership, purpose,

No. The statistics reflected in this report are based on
the overall highway system. Separate statistics are | the latest available 2008 HPMS data as of the date the

presented for Federal-aid highways, which include chapters were written, and include revisions that were

those roa dways that are generally eligible for not reflected in the Highway Statistics 2008 publication.

Federal assistance under current law. The HPMS database is subject to further change on an
ongoing basis if States identify a need to revise their
The statistics reported in this section rely heavily data. Such changes will be reflected in the next edition

on data collected from States through the Highway of the C&P report.

Performance Monitoring System (HPMS). Note Additional information on HPMS is available at http://

that the terms highways, roadways, and roads are www.fhwa.dot.gov/policy/ohpi/hpms/index.htm.

generally used interchangeably in this section and
elsewhere in the report. Subsequent sections within this chapter explore the characteristics of bridges and
transit systems.

Roads by Ownership

As shown in Exhibir 2-1, approximately 77.4 percent of the Nation’s public road mileage was owned by
local governments in 2008. In general, local governments construct and maintain these roads, although
intergovernmental agreements may authorize State governments to perform construction or maintenance
activities on them. In 2008, State governments owned 19.3 percent of the Nation’s public road mileage.
The 3.2 percent of total public road mileage under the control of the Federal government in 2008 were
located primarily in National Parks and Forests, on Indian reservations, and on military bases. These figures
do not reflect privately owned roads or roads not available for use by the general public.

Why does the Federal government own so many miles of road? Q&C A

Approximately 30 percent of all land in the United States is owned by the Federal government.

These lands have many uses: national defense; recreation; range and grazing; minerals and oil/gas extraction;
timber harvest; and preservation of fish, wildlife, watersheds, wilderness, and areas of natural, scenic, scientific, or
cultural value. Each use requires the presence of roads to provide access.

Roads on Indian lands provide access and mobility for tribal residents between housing and education, medical
services, stores, and places of employment.

Transportation plays a key role in the way people access and enjoy their Federal lands. Use of roads by private
vehicles and tour buses continues to be the primary method of travel to and within Federal and Indian lands.
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Exhibit 2-1

Highway Miles by Owner and by Size of Area, 2000-2008
Annual Rate
of Change
2000 2002 2004 2006 2008 2008/2000
Rural Areas (under 5,000 in population)
Federal 116,707 117,775 118,866 123,393 124,482 0.8%
State 663,763 664,814 683,789 669,678 632,679 -0.6%
Local 2,311,263 2,297,168 2,200,786 2,197,410 2,223,172 -0.5%
Subtotal Rural Areas 3,091,733 3,079,757 3,003,441 2,990,482 2,980,333 -0.5%
Urban Areas (5,000 or more in population)
Federal 1,484 2,820 3,570 4,988 7,077 21.6%
State 111,540 111,774 132,599 150,053 151,631 3.9%
Local 746,344 787,319 857,852 887,485 920,299 2.7%
Subtotal Urbanized Areas 859,368 901,913 994,021 1,042,526 1,079,007 2.9%
Total Highway Miles
Federal 118,191 120,595 122,437 128,381 131,559 1.3%
State 775,303 776,588 816,388 819,731 784,310 0.1%
Local 3,057,607 3,084,487 3,058,638 3,084,896 3,143,471 0.3%
Total 3,951,101 3,981,670 3,997,463 4,033,008 4,059,340 0.3%
Percentage of Total Highway Miles
Federal 3.0% 3.0% 3.1% 3.2% 3.2%
State 19.6% 19.5% 20.4% 20.3% 19.3%
Local 77.4% 77.5% 76.5% 76.5% 77.4%
Total 100.0% 100.0% 100.0% 100.0% 100.0%

Source: Highway Performance Monitoring System (as of November 2009).

Roadways within a community with a population of 5,000 or more are classified as urban; roadways in
areas outside urban boundaries are classified as rural. Some statistics in this section are presented separately
for small urban areas that have populations of 5,000 to 49,999 and urbanized areas with populations over
50,000.

In 2008, the highway system in the Nation comprised nearly 4.06 million miles, compared with slightly
more than 3.95 million miles in 2000. Total mileage in urban areas grew by an average annual rate of

2.9 percent between 2000 and 2008. However, highway miles in rural areas decreased at an average annual
rate of 0.5 percent over the same time period.

Two factors have continued to contribute to this increase in urban highway mileage, in addition to the
construction of new roads. First, based on the 2000 decennial census, the boundaries of urban areas have
expanded resulting in the reclassification of some mileage from rural to urban. States implemented these
boundary changes in their HPMS data reporting gradually. As a result, the impact of the census-based
changes on these statistics is not confined to a single year. Second, greater focus has been placed on Federal
agencies to provide a more complete reporting of Federally owned mileage. As a result, reported Federal
mileage in urban areas increased at an average annual rate of 21.6 percent from 2000 to 2008. This is due
primarily to more accurate reporting of Department of Defense mileage on military bases within urban
areas. In rural areas, Federally owned mileage increased at an annual rate of 0.8 percent over the same

period.
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Roads by Purpose

Roads may also be classified by the purpose they serve, which is commonly called functional classification.
Exhibit 2-2 shows the hierarchy of the Highway Functional Classification System (HFCS), which is used
extensively in this report in the presentation of highway and bridge statistics.

Exhibit 2-2

Highway Functional Classification System Hierarchy

All U.S. Roads I
[

Rural Urban

[ | | | |
Arterials CoIIectorsI Local I ArteriaIsI CoIIectorsI Local I

I_I_| I

PrincipaII Minor I Major I Minor I

Principal I Minor I

Interstate

Other Prindpal Arterial Interstate
Other Freeway and Expressway

Other Prindpal Arterial

Source: FHWA Functional Classification Guidelines.

Review of Functional Classification Concepts

Roads serve two important functions: providing access and providing mobility. The better any individual
segment is serving one of these functions, the worse it is at serving the other. Thus, routes on the Interstate
Highway System allow a driver to travel long distances in a relatively short time, but do not allow the driver
to enter each property along the way. Contrarily, a subdivision street allows a driver access to any address
along its length, but does not allow the driver to travel at high speeds and is frequently interrupted by
intersections that often contain traffic control devices.

Arterials provide the highest level of mobility at the highest speed for long, uninterrupted travel. Arterials
typically have higher design standards than other roads because they often include multiple lanes and have
some degree of access control.

The rural arterial system provides interstate and intercounty service so that all developed areas are within a
reasonable distance of an arterial highway. This system is broken down into principal and minor routes,
of which principal roads are more significant. Virtually all urbanized areas with more than 50,000 people
and most urban areas with more than 25,000 people are connected by rural principal arterial highways.
The rural principal arterial system is divided into two subgroups: Interstate highways and other principal
arterials.

Similarly, in urban areas the arterial system is divided into principal and minor arterials. The urban principal
arterial system includes Interstate highways, other freeways and expressways, and other principal arterials.
The urban principal arterial system serves major metropolitan centers, corridors with the highest traffic
volume, and those with the longest trip lengths. It carries most trips entering and leaving metropolitan areas
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and provides continuity for rural arterials that cross urban boundaries. Urban minor arterial routes provide
service for trips of moderate length at a lower level of mobility. They connect with the urban principal
arterial system and other minor arterial routes.

Collectors provide a lower degree of mobility than arterials. They are designed for travel at lower speeds
and for shorter distances. Generally, collectors are two-lane roads that collect traffic from local roads and
distribute it to the arterial system.

The rural collector system is stratified into two subsystems: major and minor collectors. Major collectors
serve larger towns not accessed by higher-order roads, and important industrial or agricultural centers that
generate significant traffic but are not served by arterials. Rural minor collectors are typically spaced at
intervals consistent with population density to collect traffic from local roads and to ensure that a collector
road serves all small urban areas.

In urban areas, the collector system provides traffic circulation within residential neighborhoods and
commercial and industrial areas. Unlike arterials, collector roads may penetrate residential communities,
distributing traffic from the arterials to the ultimate destination for many motorists. Urban collectors also
channel traffic from local streets onto the arterial system. Unlike rural collectors, the urban collector system
has no subclassification.

Local roads represent the largest element in Exhibit 2-3

th.e American public road system in terms O.f Percentage of Highway Miles, Lane Miles, and VMT by
mileage. For rural and urban areas, all public | fynctional System and by Size of Area, 2008
road mileage below the collector system is
considered local. Local roads provide basic Functional System Miles  Lane Miles _ VMT
. . . Rural Areas (less than 5,000 in population)
access between residential and commercial
X K . k Interstate 0.7% 1.4% 8.1%
properties, connecting with higher-order Other Principal Arterial 2.3% 2.9% 7.4%
highways. Minor Arterial 3.3% 3.3% 5.1%
Major Collector 10.3% 9.9% 6.2%
It is important to note the diStinCtiOﬂ Minor Collector 6.5% 6.2% 1.8%
between those roads functionally classified as | Local 50.2% 47.9% 4.4%
local, and locally owned roads. Some roads Subtotal Rural Areas 73.4% 71.6% 33.1%
functionally classified as local are owned Small Urban Areas (5,000-49,999 in population)
by the Federal or State government, while Interstate 01% 01% 09%
i Other Freeway and Expressway 0.0% 0.1% 0.3%
local governments own some arterials and Other Principal Arterial 0.3% 0.5% 1%
collectors as well as a large percentage of Minor Arterial 0.5% 0.6% 1.5%
roads functionally classified as local. Collector 0.6% 0.6% 0.8%
Local 3.4% 3.2% 1.1%
T Subtotal Small Urban Areas 5.0% 5.1% 6.7%
SyStem CharaCterIStlcs Urbanized Areas (50,000 or more in population)
Exhibit 2-3 summarizes the percentage of Interstate 0.4% 1.0% 15.2%
highway route miles, lane rniles, and vehicle Other Freeway and Expressway 0.2% 0.6% 7.2%
miles traveled (VMT) for 2008 stratified Other Principal Arterial 1.3% 2.2% 13.5%
. . Minor Arterial 21% 2.6% 11.2%
by functional system and by population Colloctor 5 90 5 90 5 1%
area. Route miles represent the length of Local 15.4% 14.7% 7.9%
a roadway, while lane miles represent the Subtotal Urbanized Areas 21.6% 23.3% 60.1%
length of the roadway multiplied by the Total 100.0% 100.0%  100.0%
number of lanes on that roadway. As noted Source: Highway Performance Monitoring System (as of November 2009).

System Characteristics 2-5



earlier, rural areas have populations of less than 5,000, small urban areas have populations between 5,000
and 49,999, and urbanized areas have populations of 50,000 or more.

In 2008, 73.4 percent of the Nation’s highway mileage and 71.6 percent of lane miles were located in rural
areas. In contrast, only 33.1 percent of the VMT occurred on roads in rural areas. Those roads classified

as rural local constituted slightly over one-half of all highway mileage, but carried only 4.4 percent of total
VMT. Roads in small urban areas accounted for 5.0 percent of highway mileage, 5.1 percent of lane miles,

and 6.7 percent of VMT.

Only 21.6 percent of the Nation’s total highway mileage and 23.3 percent of lane miles are located in
urbanized areas. However, these routes carried 60.1 percent of the Nation’s VMT in 2008. Urbanized

Interstate System highways made up only 0.4 percent of total route mileage, but carried 15.2 percent of total
VMT.

Exhibit 2-4 shows trends in public road route mileage from 2000 to 2008. Overall route mileage increased
by 108,251 between 2000 and 2008, which corresponds to an annual growth rate of about 0.3 percent. The
number of route miles in rural areas decreased by 111,406 between 2000 and 2008, while urban route miles
increased 219,657 over the same period. Among individual functional classes, urban local roads had the
largest increase in the number of miles as 159,626 were added between 2000 and 2008, while the functional
class of urban collectors had the largest percentage increase of approximately 3.3 percent annually.

Exhibit 2-4

Highway Route Miles by Functional System, 2000-2008

Annual Rate

of Change

Functional System 2000 2002 2004 2006 2008 2008/2000
Rural Areas (less than 5,000 in population)
Interstate 33,152 33,107 31,477 30,615 30,227 -1.1%
Other Principal Arterial 99,023 98,945 95,998 95,009 95,002 -0.5%
Minor Arterial 137,863 137,855 135,683 135,589 135,256 -0.2%
Major Collector 433,926 431,754 420,293 419,289 418,473 -0.5%
Minor Collector 272,477 271,371 268,088 262,966 262,852 -0.4%
Local 2,115,293 2,106,725 2,051,902 2,046,796 2,038,517 -0.5%
Subtotal Rural Areas 3,091,733 3,079,757 3,003,441 2,990,264 2,980,327 -0.5%
Urban Areas (5,000 or more in population)
Interstate 13,523 13,640 15,359 16,277 16,789 2.7%
Other Freeway and Expressway 9,196 9,377 10,305 10,817 11,401 2.7%
Other Principal Arterial 53,558 53,680 60,088 63,180 64,948 2.4%
Minor Arterial 90,302 90,922 98,447 103,678 107,182 2.2%
Collector 88,798 89,846 103,387 109,639 115,087 3.3%
Local 603,992 644,449 706,436 738,156 763,618 3.0%
Subtotal Urban Areas 859,368 901,913 994,021 1,041,747 1,079,025 2.9%
Total Highway Route Miles 3,951,101 3,981,670 3,997,462 4,032,011 4,059,352 0.3%

Source: Highway Performance Monitoring System (as of November 2009).

As noted earlier, the decline in rural route mileage can be partially attributed to changes in urban boundaries
resulting from the 2000 Census. These boundary changes have also affected the classification of lane mileage

and VMT.

2-6  Description of Current System



Exhibit 2-5 shows the number of highway lane miles by functional system and by population area. Between
2000 and 2008, lane miles on the Nation’s highways have grown at an average annual rate of about

0.4 percent, from 8.3 million to 8.5 million. The number of lane miles in rural areas decreased by 226,280
over this period, while the number of lane miles in urban areas increased by 489,540. Among individual
functional classes, urban local roads had the largest increase in the number of lane miles with 319,246 added
between 2000 and 2008, while the functional class of urban collector had the largest percentage increase

of approximately 3.3 percent annually. These increases are attributable to the construction of new urban
roadways, the expansion of existing urban roads, and the reclassification of rural collectors and rural local
roads to urban collectors and urban local roads, respectively.

Highway Lane Miles by Functional System and by Size of Area, 2000-2008

Annual Rate

of Change

Functional System 2000 2002 2004 2006 2008 2008/2000
Rural Areas (less than 5,000 in population)
Interstate 135,000 135,032 128,012 124,506 122,956 -1.2%
Other Principal Arterial 253,586 256,458 249,480 248,334 250,153 -0.2%
Minor Arterial 287,750 288,391 283,173 282,397 281,071 -0.3%
Major Collector 872,672 868,977 845,513 843,262 841,353 -0.5%
Minor Collector 544,954 542,739 536,177 525,932 525,705 -0.4%
Local 4,230,588 4,213,448 4,103,804 4,093,592 4,077,032 -0.5%
Subtotal Rural Areas 6,324,550 6,305,044 6,146,159 6,118,023 6,098,270 -0.5%
Urban Areas (5,000 or more in population)
Interstate 74,647 75,864 84,016 89,036 91,924 2.6%
Other Freeway and Expresswe 42,055 43,467 47,770 50,205 53,073 3.0%
Other Principal Arterial 187,030 188,525 210,506 221,622 228,792 2.6%
Minor Arterial 229,410 233,194 250,769 269,912 274,225 2.3%
Collector 189,839 192,115 220,177 235,240 245,262 3.3%
Local 1,207,984 1,288,898 1,412,872 1,476,314 1,527,230 3.0%
Subtotal Urban Areas 1,930,966 2,022,064 2,226,111 2,342,329 2,420,506 2.9%
Total Highway Lane Miles 8,255,516 8,327,108 8,372,270 8,460,352 8,518,776 0.4%

Source: Highway Performance Monitoring System - November 20009.

Highway Travel

This section describes highway infrastructure use, which is typically defined by highway VMT. Total VMT
declined by 1.9 percent between 2007 and 2008 to 2.99 trillion, the first year-to-year decline since 1980.
Exhibit 2-6 shows annual VMT growth rates from 1978 to 2008. Highway-travel growth has typically
been lower during periods of slow economic growth and/or higher fuel prices, and higher during periods of
economic expansion.

Although annual VMT growth has varied somewhat from year to year, it has generally been trending
downward. Annual VMT growth last exceeded 4 percent in 1988, last exceeded 3 percent in 1997, and last
exceeded 2 percent in 2004. Total VMT grew by less than 1 percent per year from 2005 to 2007. Over
the 30-year period from 1978 to 2008, VMT grew at an average annual rate of 2.2 percent; for the 20-year
period from 1988 to 2008, VMT grew by an average 1.9 percent per year. Over the 10-year period from
1998 to 2008, VMT grew at an average annual rate of 1.2 percent; the average annual VMT growth rate
dropped to 0.6 percent during the last 5 years of this period.
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Exhibit 2-6

Annual VMT Growth Rates, 1978-2008
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Source: Highway Statistics, various years, Tables VM-1 (50 States plus D.C.) and VM-2 (Puerto Rico).

How have economic recessions and changes in fuel prices corresponded to the changes in Q & ZAYL
VMT growth rates identified in Exhibit 2-6?

The Business Cycle Dating Committee of the National Bureau of Economic Research has identified periods of
economic contractions from January 1980 to June 1980, July 1981 to November 1982, July 1990 to March 1991,
March 2001 to November 2001, and December 2007 to June 2009. While these dates do not correspond exactly
to the timing of declines in VMT growth rates over this 30-year period, they are associated with periods of weaker
than average VMT growth.

In constant dollar terms, the price of regular unleaded gasoline increased by 60 percent between 1978 and 1981,

contributing to the declines in VMT observed in 1979 and 1980. Unleaded gasoline prices dropped by 46 percent
in constant dollar terms between 1980 and 1988, the year with the highest annual growth rate identified in

Exhibit 2-6. These prices increased by 14 percent in constant dollar terms between 1988 to 1990, corresponding

to a period of declining VMT growth, before dropping by 23 percent between 1990 and 1998. From 1998 to 2008,
unleaded gasoline prices increased by 143 percent to a new all-time high; over this same period, the rate of VMT

growth gradually declined, reaching a negative value in 2008.

Exhibir 2-7 shows trends in VMT by functional class and passenger miles traveled (PMT) since 2000.
During the period from 2000 to 2008, VMT grew at an average annual rate of 1.0 percent per year from
approximately 2.76 trillion to 2.99 trillion. Total PMT grew more quickly over this 8-year period by
approximately 1.3 percent per year, rising to a total of approximately 4.9 trillion in 2008.

VMT in rural areas totaled approximately 0.99 trillion in 2008. From 2000 to 2008, travel declined on all
rural functional classifications except for roads classified as rural local. Rural minor arterials experienced
the largest reduction in VMT in percentage terms, declining at an average annual rate of 1.6 percent over
this period. As noted earlier, the decline in rural VMT can be partially attributed to the expansion of urban
boundaries resulting from the 2000 Census.
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Exhibit 2-7

Vehicle Miles Traveled (VMT) and Passenger Miles Traveled (PMT), 2000-2008
Annual Rate

(Millions of Miles) of Change
Functional System 2000 2002 2004 2006 2008 2008/2000
Rural Areas (less than 5,000 in population)
Interstate 269,533 281,461 267,397 258,324 243,693 -1.3%
Other Principal Arterial 249,177 258,009 241,282 232,224 222,555 -1.4%
Minor Arterial 172,772 177,139 169,168 162,889 152,246 -1.6%
Major Collector 210,595 214,463 200,926 193,423 186,275 -1.5%
Minor Collector 58,183 62,144 60,278 58,229 55,164 -0.7%
Local 127,560 139,892 132,474 133,378 131,796 0.4%
Subtotal Rural Areas 1,087,820 1,133,107 1,071,524 1,038,467 991,729 -1.1%
Urban Areas (5,000 or more in population)
Interstate 397,176 412,481 459,767 482,677 481,520 2.4%
Other Freeway and Expressway 178,185 190,641 209,084 218,411 223,837 2.9%
Other Principal Arterial 401,356 410,926 453,868 470,423 465,965 1.9%
Minor Arterial 326,889 341,958 365,807 380,069 380,734 1.9%
Collector 137,007 143,621 164,330 175,516 177,665 3.3%
Local 236,051 241,721 257,617 268,394 271,329 1.8%
Subtotal Urban Areas 1,676,664 1,741,348 1,910,473 1,995,489 2,001,050 2.2%
Total VMT 2,764,484 2,874,455 2,981,998 3,033,957 2,992,779 1.0%
Total PMT* 4,390,076 4,667,038 4,832,394 4,933,689 4,871,683 1.3%

*Assumes approximately 1.59 passengers per vehicle per mile in 2000 and approximately 1.63 passengers per vehicle per mile in
2002, 2004, 2006, and 2008.

Sources: VMT data from Highway Performance Monitoring System; PMT data from Highway Statistics, Table VM-1.

What has happened to highway travel since 2008? Q&C ZAYL

The December 2009 Traffic Volume Trends (TVT) report showed an estimated increase in VMT

of 0.2 percent between 2008 and 2009. VMT on rural Interstates and other rural arterials increased by

1.3 percent, VMT on other rural roads increased by 0.7 percent, and VMT on urban Interstates increased by

0.3 percent. VMT on other urban arterials decreased by 0.2 percent, while VMT on other urban roads decreased
by 0.8 percent. These estimates should be considered preliminary, and will be revised when 2009 HPMS data are
available.

The TVT is a monthly report based on hourly traffic count data. These data, collected at approximately 4,000
continuous traffic-counting locations nationwide, are used to calculate the percent change in traffic for the current
month compared to the same month in the previous year. Because of limited TVT sample sizes, caution should be
used with these estimates.

For additional information on ongoing traffic trends, visit https://www.fhwa.dot.gov/ohim/tvtw.

VMT in urban areas totaled approximately 2.00 trillion in 2008. Urban VMT increased at an average
annual rate of 2.2 percent over this period. Urban collectors experienced the largest increase in VMT in
percentage terms, growing at an average annual rate of 3.3 percent. In 2008, the urban portion of the
Interstate System alone carried approximately 0.5 trillion VMT, the highest level among the functional
classes.
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What has happened in recent years to the size of the Nation’s vehicle fleet? & A
From 2000 to 2008, the number of registered motor vehicles increased 12.2 percent, the resident
population increased 8.2 percent, and the number of licensed drivers increased 8.9 percent.

[See Exhibit 2-8.]

Exhibit 2-8

Licensed Drivers, Vehicle Registrations, and Resident Population, 2000-2008
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Source: Highway Statistics 2008, http://www.fhwa.dot.gov/policyinformation/statistics/2008/dlIchrt.cfm.

However, recently the number of registered vehicles has grown more slowly than resident population and the
number of licensed drivers. From 2007 to 2008, resident population and the number of licensed drivers grew
approximately 10 percent and 14.6 percent, respectively. The number of registered vehicles increased only
0.4 percent.

Exhibir 2-9 depicts highway travel by functional classification and vehicle type. Three types of vehicles are
identified: passenger vehicles which include motorcycles, buses, and light trucks (two-axle, four-tire models);
single-unit trucks having six or more tires; and combination trucks, including trailers and semitrailers.
Passenger vehicle travel accounted for 92.4 percent of total VMT in 2008; combination trucks accounted
for 4.8 percent of VMT, and single-unit trucks accounted for the remaining 2.8 percent. The share of

truck travel on the rural portion of the Interstate System is considerably higher; in 2008, single-unit and
combination trucks together accounted for 19.5 percent of total VMT on the rural portion of the Interstate
System.

From 2000 to 2008, travel on all functional classifications combined among all vehicle types grew fastest
among single-unit trucks, at an average annual rate of 2.2 percent. Passenger vehicle travel grew by
1.0 percent per year, and combination truck traffic grew by 0.8 percent per year over the same period.

Combination truck travel and passenger vehicle travel grew more quickly on the urban portion of the
Interstate System than other urban roads from 2000 to 2008. Over this period, combination truck travel on
the urban portion of the Interstate System increased at an average annual rate of 3.2 percent, while passenger
vehicle travel increased by 2.4 percent on the urban portion of the Interstate System. In contrast, single-unit
truck travel grew more quickly on other urban roads over this period; single-unit truck VMT increased by an
average of 1.9 percent annually on the urban portion of the Interstate System while increasing by 4.6 percent
annually on other urban roads.
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Highway Travel by Functional System and by Vehicle Type, 2000-2008

(Millions of Miles)* Annual Rate
Functional of Change
System 2000 2002 2004 2006 2008 2008/2000
Rural Interstate
PV 215,696 225,584 212,693 206,528 195,749 -1.2%
SuU 8,236 8,745 8,548 7,674 7,299 -1.5%
Combo 44,248 45,633 45,754 43,711 40,242 -1.2%
Other Arterial
PV 378,950 391,381 367,357 354,873 335,202 -1.5%
SuU 13,644 14,606 14,771 13,835 13,646 0.0%
Combo 28,005 27,818 27,817 25,791 25,426 -1.2%
Other Rural
PV 368,096 385,340 362,662 355,582 343,556 -0.9%
SuU 13,722 14,963 15,611 15,084 15,478 1.5%
Combo 12,555 14,090 15,035 13,990 13,820 1.2%
Total Rural
PV 962,742 1,002,305 942,712 916,983 874,507 -1.2%
SuU 35,602 38,314 38,930 36,593 36,423 0.3%
Combo 84,808 87,541 88,606 83,492 79,488 -0.8%
Urban Interstate
PV 361,284 375,625 416,220 437,552 435,741 2.4%
SuU 8,716 9,106 10,512 10,301 10,127 1.9%
Combo 23,465 23,887 26,481 29,430 30,223 3.2%
Other Urban
PV 1,217,379 1,263,296 1,375,906 1,436,544 1,435,803 2.1%
SuU 26,182 28,467 31,665 33,436 37,400 4.6%
Combo 26,747 27,215 30,310 29,784 33,797 3.0%
Total Urban
PV 1,578,663 1,638,921 1,792,126 1,874,096 1,871,544 2.2%
SuU 34,898 37,573 42177 43,737 47,527 3.9%
Combo 50,212 51,102 56,791 59,214 64,020 3.1%
Total
PV 2,541,405 2,641,226 2,734,838 2,791,079 2,746,051 1.0%
SuU 70,500 75,887 81,107 80,330 83,950 2.2%
Combo 135,020 138,643 145,397 142,706 143,508 0.8%

PV = Passenger Vehicles (including buses, motorcycles and two-axle, four-tire vehicles); SU = Single-Unit Trucks (6 or
more tires); Combo = Combination Trucks (trailers and semitrailers).

* Data do not include Puerto Rico.

Source: Highway Statistics, various years, Table VM-1.

Federal-Aid Highways

The term “Federal-aid highways” includes roads that are generally eligible for Federal funding assistance

under current law, which includes public roads that are not functionally classified as rural minor collector,

rural local, or urban local. As shown in Exhibit 2-10, Federal-aid highway mileage totaled approximately
1.0 million in 2008. Federal-aid highways included 2.4 million lane miles and carried 2.5 trillion VMT

in 2008. VMT on Federal-aid highways grew at an average annual rate of 1.0 percent from 2000 to 2008,
outpacing the rates of increase in both highway miles and lane miles.
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Exhibit 2-10

Federal-Aid Highway Miles, Lane Miles, and VMT, 2000—-2008

Annual Rate of

2000 2002 2004 2006 2008 Change 2008/2000
Highway Miles 959,339 959,125 971,036 984,093 994,358 0.4%
Lane Miles 2,271,990 2,282,024 2,319,417 2,364,514 2,388,809 0.6%
VMT (millions) 2,342,690 2,430,698 2,531,629 2,573,956 2,534,490 1.0%

Source: Highway Performance Monitoring System.

The highway miles on Federal-aid highways made up 24.5 percent of the total highway miles on the Nation’s
roadways in 2008, while the number of lane miles on Federal-aid highways was approximately 28.0 percent
of the total lane miles in the Nation. The VMT carried on Federal-aid highways made up 84.7 percent of
the VMT for the Nation.

While the system characteristics information presented in this chapter is available for all functional classes,
some data pertaining to system conditions and performance presented in other chapters are not available in
the HPMS for roads classified as rural minor collector, rural local, or urban local. Thus, some data presented
in other chapters may reflect only Federal-aid highways.

National Highway System

With the Interstate System essentially complete, the Intermodal Surface Transportation Efficiency Act

of 1991 (ISTEA) revised the Federal-aid highway program for the post-Interstate System era. The
legislation authorized designation of an NHS that would focus Federal resources on roads that are the most
important to interstate travel, economic expansion, and national defense; that connect with other modes of
transportation; and that are essential to the Nation’s role in the international marketplace.

The NHS was designed to be a dynamic system able to change in response to future travel and trade
demands. The Department of Transportation may approve modifications to the NHS without congressional
approval. States must cooperate with local and regional officials in proposing modifications. In
metropolitan areas, local and regional officials must act through metropolitan planning organizations and
the State transportation department when proposing modifications. A number of such modifications are
proposed and approved each year.

The NHS has five components. The first, the Interstate System, is the core of the NHS and includes the
most traveled routes. The second component includes selected other principal arterials deemed most
important for commerce and trade. The third is the Strategic Highway Network (STRAHNET), which
consists of highways important to military mobilization. The fourth is the system of STRAHNET
connectors that provide access between major military installations and routes that are part of STRAHNET.
The final component consists of intermodal connectors, which were not included in the National Highway
System Designation Act of 1995 but are eligible for NHS funds. These roads provide access between major
intermodal passenger and freight facilities and the other four subsystems making up the NHS.
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Exhibit 2-11 summarizes NHS route miles, lane miles, and VMT for the NHS components. The NHS

is overwhelmingly concentrated on higher functional systems. All Interstate System highways are part of
the NHS, as are 83.3 percent of rural other principal arterials, 87.1 percent of urban other freeways and
expressways, and 36.3 percent of urban other principal arterials. The share of minor arterials, collectors,
and local roads on the NHS is relatively small. As of 2008, there were 162,944 route miles on the NHS,
excluding any sections not yet open to traffic. In 2008, while only 4.0 percent of the Nation’s total route
mileage and 6.7 percent of the total lane miles were on the NHS, these roads carried 44.3 percent of VMT.

Exhibit 2-11

Highway Route Miles, Lane Miles, and VMT on the NHS
Compared With All Roads, by Functional System, 2008
100% 96.0% 93.3%
80% BONHS ®Non-NHS
60% 55.7%
44.3%
40%
20%
0% ;
Route Miles Lane Miles VMT
Route Miles Lane Miles VMT (Millions)
Percent of Percent of Percent of
Functional Functional Functional
System on System on System on
Total on NHS NHS Total on NHS NHS Total on NHS NHS
Rural NHS
Interstate 30,147 100.0% 122,640 100.0% 242,785 100.0%
Other Principal Arterial 78,665 83.3% 212,675 85.4% 193,116 87.1%
Minor Arterial 2,235 1.7% 5,152 1.8% 4,049 2.7%
Major Collector 664 0.2% 1,467 0.2% 1,092 0.6%
Minor Collector 17 0.0% 27 0.0% 6 0.0%
Local 23 0.0% 46 0.0% 14 0.0%
Subtotal Rural NHS 111,751 3.8% 342,007 5.7% 441,062 44.6%
Urban NHS
Interstate 16,619 100.0% 90,954 100.0% 476,524 100.0%
Other Freeway and Expressway 9,810 87.1% 46,407 88.3% 204,855 92.1%
Other Principal Arterial 23,118 36.3% 86,092 38.2% 187,789 40.9%
Minor Arterial 1,229 1.2% 3,809 1.4% 5,921 1.6%
Collector 317 0.3% 831 0.3% 940 0.5%
Local 100 0.0% 233 0.0% 200 0.1%
Subtotal Urban NHS 51,193 4.7% 228,093 9.2% 876,230 44.2%
Total NHS 162,944 4.0% 570,100 6.7% 1,317,292 44.3%

Source: Highway Performance Monitoring System, November 2009.
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Exhibit 2-12 describes the ownership of NHS
mileage. Approximately 95.0 percent of route miles NHS Mileage by Owner, 2008

were State-owned in 2008. Only 4.9 percent were

Local
locally owned, and the Federal government owned 4%
the remaining 0.1 percent. In contrast, as noted Federal
earlier in this chapter, 19.3 percent of all route miles 0.1%
in the United States were State-owned, 77.4 percent
were owned by local governments, and the Federal State
government owned 3.2 percent in 2008. The NHS 95.0%

is concentrated on higher functional systems, which
tend to have higher shares of State-owned mileage.

Source: Highway Performance Monitoring System, November 2009.

Interstate System

With the strong support of President Dwight D. Eisenhower, the Federal-Aid Highway Act of 1956 declared
that the completion of the “National System of Interstate and Defense Highways” was essential to the
national interest. It made a national commitment to the completion of the Interstate System within the
Federal-State partnership of the Federal-aid highway program, with the State responsible for construction

to approved standards. The 1956 Act resolved the challenging issue of how to pay for construction by
establishing the Highway Trust Fund to ensure that revenue from highway user taxes, such as the motor fuels
tax, would be dedicated to the Interstate System and other Federal-aid highway and bridge projects.

President Eisenhower wrote in his memoirs that “more than any single action by the government since the
end of the war, this one would change the face of America. Its impact on the American economy . . . was
beyond calculation.” The Dwight D. Eisenhower National System of Interstate and Defense Highways,

as it is now called, accelerated interstate and regional commerce, enhanced the country’s competitiveness

in international markets, increased personal mobility, facilitated military transportation, and accelerated
metropolitan development throughout the United States. Although the Interstate System accounted for only
1.2 percent of the Nation’s total roadway mileage in 2008, it carried 24.2 percent of all highway travel.

Exhibit 2-13 combines data presented earlier in this section for rural and urban Interstate System highways.
From 2000 to 2008, Interstate System miles grew at an average annual rate of 0.1 percent to 47,019. Over
this same period, Interstate System lane miles grew by 0.3 percent annually to 214,880, and the traffic
carried by the Interstate System grew by 1.1 percent per year to 0.7 trillion VMT in 2008.

Exhibit 2-13

Interstate Highway Miles, Lane Miles, and VMT, 2000-2008

Annual Rate of

Change

2000 2002 2004 2006 2008 2008/2000
Highway Miles 46,675 46,747 46,836 46,892 47,019 0.1%
Lane Miles 209,647 210,896 212,029 213,542 214,880 0.3%
VMT(millions) 666,708 693,941 727,163 741,002 725,213 1.1%

Source: Highway Performance Monitoring System, November 2009.
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Freight Travel

The movement of freight dominates trucking activity
and is a significant component of highway trafhic. Three-
fourths of VMT by trucks larger than pickups and vans
is for carrying freight, with much of the rest being for
empty backhauls or serving construction and utilities.
Single-unit and combination trucks accounted for every
fourth vehicle on almost 28,000 miles of the NHS in
2007, and 6,000 of those miles carried more than 8,500
trucks on an average day.

As shown in Exhibit 2-14, approximately half of trucks
larger than pickups and vans typically operate locally—
within 50 miles of home—and account for about

30 percent of truck VMT. In contrast, 10 percent of
trucks larger than pickups and vans that operate more
than 200 miles away from home account for 40 percent
of truck VMT. Long-distance truck travel also accounts
for nearly all freight ton miles and a large share of truck
VMT. Based on the previous version of the Freight
Analysis Framework (FAF version 2.3), Exhibit 2-15
shows that almost all of the ton miles carried by trucks
is among places at least 50 miles apart, and two-thirds
of those ton miles cross state lines.

As reflected in Exhibit 2-16, trucks are a critical
component of the Nation’s freight transportation
system, serving approximately two-thirds the value
and weight of freight moved to, from, and within

the United States. (It should be noted that these raw
tonnage statistics do not take into account the distance
these goods were moved; for example, if a container was
transported 3,000 miles across the country on rail, and
two miles by truck from an intermodal yard to a retail
store, both rail and truck would have moved the same
tonnage.)

Exhibit 2-14

Trucks and Truck Miles by Range of

Operations
Number of
Trucks Truck Miles
Location (percent) (percent)

Off the road 3.3% 1.6%
50 miles or less 53.3% 29.3%
51 to 100 miles 12.4% 13.2%
101 to 200 miles 4.4% 8.1%
201 to 500 miles 4.2% 12.1%
501 miles or more 5.3% 18.4%
Not reported 13.0% 17.3%
Not applicable 4.1% 0.1%
Total 100% 100%

Exhibit 2-15

Note: Includes trucks registered to companies and individuals
in the United States except pickups, minivans, other light vans,
and sport utility vehicles. Numbers may not add to total due to
rounding.

Source: U.S. Department of Commerce, Census Bureau, 2002
Vehicle Inventory and Use Survey: United States, ECO2TV-
US, Table 3a (Washington, DC: 2004), available at http./
www.census.gov/prod/ec02/ec02tv-us.pdf as of April 24, 2008.

Ton Miles by Truck, 2002

Trip Type Trip Percentage
Local (less than 50 miles) 1%
Within State 36%

To Other States 15%
From Other States 15%
Through State 34%
Total 100%

Note: Numbers do not add to 100 due to rounding.

Source: Freight Analysis Framework 2.3 in FHWA, Freight
Facts and Figures 2009, Table 3-7.

Freight Statistics

Many of the freight statistics in this section are derived from the Freight Analysis Framework (FAF) version

3 (FAF3) and FAF version 2 (FAF?). Both versions of the FAF include all freight flows to, from, and within the
United States. FAF estimates are recalibrated every 5 years primarily with data from the Commodity Flow
Survey (CFS), and are updated annually with provisional estimates. The CFS, conducted every 5 years by the
Census Bureau and U.S. DOT’s Bureau of Transportation Statistics, measures approximately two-thirds of the
tonnage covered by the FAF. FAF3 incorporates data from the 2007 CFS and FAF? was based on 2002 data.

Statistics on trucking activity are primarily from FHWA’s Highway Performance Monitoring System and the
Census Bureau’s Vehicle Inventory and Use Survey (VIUS). The VIUS links truck size and weight, miles
traveled, energy consumed, economic activity served, commodities carried, and other characteristics of
significant public interest, but was discontinued after 2002. See www.ops.fhwa.dot.gov/freight/freight

analysis/faf for additional information.
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Exhibit 2-16

Goods Movement by Mode, 2007

An average of 51 million tons of freight worth $45 billion was moved by the transportation system per day in 2007

Tons Value

DTruck
ORail
68.7%
OWater

B Air, Air & Truck

B Multiple Modes & Mail

B Pipeline

B Other & Unknown

1.7%

2.0%

Notes: Multiple Modes & Mail includes export and import shipments that move domestically by a different mode than the mode used
between the port and foreign location. Data do not include imports and exports that pass through the United States from a foreign
origin to a foreign destination by any mode. Numbers may not add to 100 due to rounding.

Source: U.S. Department of Transportation, Federal Highway Administration, Office of Freight Management and Operations,
Freight Analysis Framework, version 3.1.

The Freight Transportation System

The FHWA'’s Freight Facts and Figures 2010 publication shows that the transportation system of the United
States moves nearly 51 million tons of freight worth more than $45 billion each day to meet the logistical
needs of the Nation’s 117 million households, 7.7 million business establishments, and 89,500 government
units. The economy depends on freight transportation to link businesses with suppliers and markets
throughout the Nation and the world. American farms and mines reach out to customers across and beyond
the continent, using inexpensive transportation to compete against farms and mines in other countries.
Domestic manufacturers increasingly use distant sources of raw materials and other inputs to produce
goods for local and worldwide customers, all of which require efficient and reliable transportation to maintain
a competitive advantage in a global marketplace. Wholesalers and retailers depend on fast and reliable
transportation to obtain inexpensive or specialized goods through extensive supply chains. In the expanding
world of e-commerce, households increasingly rely on freight transportation to deliver purchases directly to
their door. Even service providers, public utilities, construction companies, and government agencies depend
on freight transportation to get needed equipment and supplies from sources scattered throughout the world.

Freight Facts and Figures 2010 reports that the U.S. freight transportation system includes 9 million single-
unit and combination trucks, more than 1.4 million locomotives and rail cars, and more than 40,000 marine
vessels. The system operates on more than 400,000 miles of arterial highways, 140,000 miles of railroads,
13,000 miles of inland waterways and the Great Lakes-St. Lawrence Seaway system, and 1.6 million miles of
petroleum and natural gas pipelines. The U.S. Army Corps of Engineers’ Waterborne Commerce of the United
States 2007 publication identifies 146 ports that handle more than 1 million tons of freight per year.

The freight transportation system is more than equipment and facilities. As reported in Freight Facts and
Figures 2010, freight transportation establishments with payrolls primarily serving for-hire transportation

and warehousing employ 4.2 million workers. Truck drivers account for the largest freight transportation
occupation in the U.S. numbering 2.4 million in 2009. Other freight transportation occupations included other
rail and water vehicle operators, as well as other freight transportation-related occupations such as equipment
manufacturing, equipment maintenance, and other transportation support service providers.
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The projections shown in Exhibir 2-17 estimate that the tonnage of commodities moved by truck will
increase by nearly 70 percent between 2009 and 2040. The demand for freight movement grows with
population, with production of goods for domestic consumption and export activity, and with shifting
supply chains for each sector of the economy. Sectors such as agriculture and mining originate substantial
freight, particularly bulk products. The manufacturing and wholesale trade sectors are both destinations

and origins of freight movement, including both bulk inputs to basic industries and retail goods going to
and from manufacturing and distribution centers. The construction sector consumes sand and gravel, steel,
sheet rock, and other heavy materials; public utilities consume bulk energy products; and the retail trade and
service sectors consume vast quantities of high-value, time-sensitive goods. As shown in Exhibir 2-18, by
tonnage, trucks carry almost 90 percent of high-value goods and over 70 percent of the time-sensitive bulk

goods.

Exhibit 2-17

Weight of Shipments by Transportation Mode (Millions of Tons)
2040 Compound Annual
Mode 2007 2009 Projected Growth, 2009-2040
Truck 12,766 10,868 18,445 1.7%
Rail 1,894 1,689 2,408 1.2%
Water 794 734 1,143 1.4%
Air, Air & Truck 13 11 41 4.3%
Multiple Modes & Mail* 1,531 1,336 3,119 2.8%
Pipeline 1,270 1,220 1,509 0.7%
Other & Unknown 313 265 440 1.6%
Total 18,581 16,122 27,104 1.7%

* In this table, Multiple Modes & Mail includes export and import shipments that move domestically
by a different mode than the mode used between the port and foreign location.

Note: Data do not include imports and exports that pass through the United States from a foreign
origin to a foreign destination by any mode. Numbers may not add to total due to rounding.

Source: U.S. Department of Transportation, Federal Highway Administration, Office of Freight
Management and Operations, Freight Analysis Framework, version 3.1, 2010.

Growth in freight tonnage drives long-term growth in truck VMT. Freight Facts and Figures 2010 shows
that, from 1980 to 2008, combination truck VMT more than doubled and the VMT for single-unit trucks
grew by about 95 percent. VMT decreased slightly for both types of trucks in 2008.
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Exhibit 2-18

The Spectrum of Freight Moved in 2007
Commodity Type
High Value/Time
Parameter Sensitive Bulk

Top Three Machinery Gravel

Commodity Electronics Cereal Grains

Classes Mixed Freight Coal

Share of Total 13% 85%

Tons

Share of Total 65% 30%

Value

Key Reliability Reliability

Performance Speed Cost

Variables Flexibilty

Share of Tons 87% Truck 71% Truck

by Domestic  [5% Multiple Modes 12% Rail

Mode and Mail 9% Pipeline

4% Rail 4% Multiple Modes

and Mail
3% Water

Share of 70% Truck 71% Truck

Value by 16% Multiple 12% Pipeline

Domestic Modes and Mail | 7% Multiple Modes

Mode 10% Air and Mail

2% Rail 6% Rail

2% Water

Source: U.S. Department of Transportation, Federal Highway
Administration, Office of Freight Management and Operations,
Freight Analysis Framework, version 3.1, 2010.

Freight Highways

The National Network is approximately
200,000 miles of public roads designated under
the Surface Transportation Assistance Act of 1982

What corridors are included in the
National Network and where are the
routes designated as major freight
corridors located?

With approximately 200,000 miles, the National Network

(Public Law 97-424) that requires States to allow is extensive. A map of the network is available in the
trucks of certain specific sizes and configurations Freight Facts and Figures 2009 or online at: http://ops.
on the “Interstate System and those portions of fhwa.dot.gov/freight/freight_analysis/nat_freight_stats/

docs/09factsfigures/figure3_3.htm.

principal cities and densely developed portions of Likewise, the 27,500 miles of the National Network that
carry the largest concentration of freight are identified as

the 'States - utilized extfinswely .by large vehl.cles major freight corridors. A map of the major U.S. freight
for interstate commerce.” Required conventional | corridors can be found in the FHWA Freight Story, 2008, or

combination trucks are up to 102 inches wide online at: http://ops.fhwa.dot.gov/freight/freight_analysis/
freight_story/major.htm.

the Federal-aid Primary System ... serving to link

and include tractors with a single semitrailer up to
48 feet in length or with two 28-foot trailers. Most
States currently allow conventional combinations with single trailers up to 53 feet in length.

The National Network has not changed significantly since it was designated in 1982 and is especially
important for maintaining truck access to ports and industrial activities in central cities and supporting
interstate commerce by regulating the size of trucks.
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Freight Transportation and the Cost of Goods

Geographic access of communities to the major freight corridors and performance of the major freight corridors
help reduce the cost of goods to the benefit of consumers and businesses, which in turn stimulates economic
activity and creates jobs. While deregulation and other factors lowered the cost of freight transportation for

a given level of service over the past four decades, congestion, rising fuel prices, environmental constraints,
and other factors could increase the cost of moving all goods in the years ahead. If these factors are not
mitigated, then the increased cost of moving freight will be felt throughout the economy, affecting businesses
and households alike.

The long and often vulnerable supply chains of high-value, time-sensitive commodities are particularly sensitive
to congestion. Congestion results in enormous costs to shippers, carriers, and the economy. For example, Nike
spends an additional $4 million per week to carry an extra 7 to 14 days of inventory to compensate for shipping
delays.! One day of delay requires APL’s eastbound trans-Pacific services to increase its use of containers and
chassis by 1,300, which adds $4 million in costs per year.? A week-long disruption to container movements
through the Ports of Los Angeles and Long Beach could cost the national economy between $65 million

and $150 million per day.® Freight bottlenecks on highways throughout the United States cause more than

243 million hours of delay to truckers annually.* At a delay cost of $26.70 per hour, the conservative value used
by the FHWA'’s Highway Economic Requirements System model for estimating national highway costs and
benefits, these bottlenecks cost truckers about $6.5 billion per year.

Congestion costs are compounded by continuing increases in operating costs per mile and per hour. The cost
of highway diesel fuel more than doubled in constant dollars over the decade ending in 2010 and would have
quadrupled if the peak in 2008 had continued.® Future labor costs are projected to increase at a faster rate than
in the past in response to the growing shortage of truck drivers.® To attract and retain more drivers, carriers will
reduce the number of hours drivers are on the road, which will in turn increase operating costs. Railroads also
are facing labor recruitment challenges.” Beyond fuel and labor, truck operating costs are affected by needed
repairs to damaged equipment caused by deteriorating roads; taxes and tolls to pay for repair of infrastructure;
and insurance and additional equipment required to meet security, safety, and environmental requirements.

Increased costs to carriers are reflected eventually in increased prices paid for freight transportation. Between
2003 and 2008, prices increased 23 percent for truck transportation, 49 percent for rail transportation, 28 percent
for scheduled air freight, 27 percent for water transportation, 37 percent for pipeline transportation of crude
petroleum, 22 percent for other pipeline transportation, and 12 percent for freight transportation support
activities.®

When the entire economy is taken into account, transportation services contribute about 5 percent to the
production of the gross domestic product (GDP).® For-hire and in-house trucking provide more than one-half of
this contribution. The importance of transportation varies by economic sector. For example, $1 of final demand
for agricultural products requires 14.2 cents in transportation services, compared with 9.1 cents for manufactured
goods and about 8 cents for mining products.’® An increase in transportation cost affects inexpensive bulk
commodities more than high-value, time-sensitive commodities that have higher margins. In either case, an
increase in transportation costs will ripple through all these industries, affecting not only the cost of goods from all
economic sectors but also markets for the goods.

" John Isabell, “Maritime and Infrastructure Impact on Nike’s Inbound Delivery Supply Chain,” TRB Freight Roundtable, October 24, 2006
www.trb.org/conferences/FDM/Isabell.pdf.

2 John Bowe, “The High Cost of Congestion,” TRB Freight Roundtable, October 24, 2006 www.trb.org/conferences/FDM/Bowe.pdf.

3 U.S. Congressional Budget Office, The Economic Costs of Disruptions in Container Shipments, March 26, 2006 www.cbo.gov/
ftpdocs/71xx/doc7106/03-29-Container_Shipments.pdf.

4+ FHWA, An Initial Assessment of Freight Bottlenecks on Highways, October 2005 www.fhwa.dot.gov/policy/otps/bottlenecks.
5 FHWA, Freight Facts and Figures 2010, figure 5-2, page 57.

8 America Trucking Associations, The U.S. Truck Driver Shortage: Analysis and Forecasts, 2005 www.truckline.com/Statelndustry/
Documents/ATADriverShortageStudy05.pdf.

" Federal Railroad Administration, An Examination of Employee Recruitment and Retention in the U.S. Railroad Industry, 2007 www.fra.dot.
gov/us/content/1891.

8 FHWA, Freight Facts and Figures 2010, table 4-5, page 50.
9 FHWA, Freight Facts and Figures 2010, page 45.

© DOT, Bureau of Transportation Statistics, “The Economic Importance of Transportation Services: Highlights of the Transportation Satellite
Accounts,” BTS/98-TS4R, April 1998, figure 2, page 5.
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The National Network and the NHS are approximately 200,000 miles in length, but the National Network
includes 65,000 miles of highway beyond the NHS and the NHS includes 50,000 miles not on the National
Network. Both the National Network and the NHS were created for the purpose of supporting interstate
commerce. However, the National Network seeks to regulate the size of trucks while the NHS focuses on
Federal investments.

Only a small portion of the National Network and the NHS carries the largest concentrations of freight
flows. The Federal Highway Administration (FHWA) has identified approximately 27,500 miles of major
freight corridors. Interstate highways account for more than 95 percent of the mileage of these major freight
corridors. The corridors account for about 60 percent of the length of the Interstate System and less than
17 percent of the National Network.

Freight Challenges

The challenges of moving the Nation’s freight cheaply and reliably on an increasingly constrained
infrastructure without affecting safety and degrading the environment are substantial, and traditional
strategies to support passenger travel may not apply. The freight transportation challenge differs from that of
urban commuting and other passenger travel in several ways:

® Freight often moves long distances through localities and responds to distant economic demands, while
the majority of passenger travel occurs between local origins and destinations. Freight movement often
creates local problems without local benefits.

® Freight movements fluctuate more quickly and in greater relative amounts than passenger travel. While
both passenger travel and freight respond to long-term demographic change, freight responds more
quickly than passenger travel to short-term economic fluctuations. Fluctuations can be national or local.
The addition or loss of just one major business can dramatically change the level of freight activity in a

locality.

® Freight movement is heterogeneous compared with passenger travel. Patterns of passenger travel tend
to be very similar across metropolitan areas and among large economic and social strata. The freight
transportation demands of farms, steel mills, and clothing boutiques differ radically from one another.
Solutions aimed at average conditions are less likely to work because the freight demands of economic
sectors vary widely.

® Improvements targeted at freight demand are needed because freight accounts for a larger share of VMT
on the transportation system and improvements targeted at general traffic or passenger travel are less
likely to aid the flow of freight as an incidental by-product.

Local public action is difficult to marshal because freight traffic and the benefits of serving that traffic rarely
stay within a single political jurisdiction. One-half of the weight and two-thirds of the value of all freight
movements cross a State or international boundary. Federal legislation established metropolitan planning
organizations (MPOs) four decades ago to coordinate transportation planning and investment across State
and local lines within urban areas, but freight corridors extend well beyond even the largest metropolitan
regions and usually involve several States. Creative and ad hoc arrangements are often required through
pooled-fund studies and multi-State coalitions to plan and invest in freight corridors that span regions and
even the continent, but there are few institutional arrangements that coordinate this activity. One example
of a more established multi-State arrangement is the I-95 Corridor Coalition. Additional information about
this coalition and similar groups can be found at www.ops.thwa.dot.gov/freight/corridor_coal.htm.
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Challenges for Freight Transportation: Congestion

Congestion affects economic productivity in several ways. American businesses require more operators

and equipment to deliver goods when shipping takes longer, more inventory when deliveries are unreliable,
and more distribution centers to reach markets quickly when traffic is slow. Likewise, both businesses and
households are affected by sluggish traffic on the ground and in the air, reducing the number of workers and
job sites within easy reach of any location. The growth in freight is a major contributor to congestion in urban
areas and on intercity routes, and congestion affects the timeliness and reliability of freight transportation.
Long-distance freight movements are often a significant contributor to local congestion, and local congestion
typically impedes freight to the detriment of local and distant economic activity.

Growing freight demand increases recurring congestion at freight bottlenecks, places where freight and
passenger service conflict with one another, and where there is not enough room for local pickup and
delivery. Congested freight hubs include international gateways such as ports, airports, and border
crossings, and major domestic terminals and transfer points such as Chicago’s rail yards. Bottlenecks
between freight hubs are caused by converging traffic at highway intersections and railroad junctions, steep
grades on highways and rail lines, lane reductions on highways and single-track portions of railroads, and
locks and constrained channels on waterways. A preliminary study for the FHWA identified intersections

in large cities, where both personal vehicles and trucks clog the road, as the largest highway freight
bottlenecks.!

As passenger cars and trucks compete for space on the highway system, commuter and intercity passenger
trains compete with freight trains for space on the railroad network. Rail freight is growing at the same time
that rising fuel prices and environmental concerns are encouraging greater use of commuter and high-speed
rail.

Congestion also is caused by restrictions on freight movement, such as the lack of space for trucks in dense
urban areas and limited delivery and pickup times at ports, terminals, and shipper loading docks. One
estimate of urban congestion attributes 947,000 hours of vehicle delay to delivery trucks parked at curbside in
dense urban areas where office buildings and stores lack off-street loading facilities.? Limitations on delivery
times place significant demands on highway rest areas when large numbers of trucks park outside major
metropolitan areas waiting for their destination to open and accept their shipments.®

Bottlenecks cause recurring, predictable congestion in selected locations while the temporary loss of
capacity, or nonrecurring congestion, is widespread and less predictable. Sources of nonrecurring delay
include incidents, weather, work zones, and other disruptions. These nonrecurring, often-unpredictable,
sources of highway delay have been estimated to exceed delay from recurring congestion.* Weather,
maintenance activities, and incidents have similar effects on aviation, railroads, pipelines, and waterways.
Aviation is regularly disrupted by local weather delays; and inland waterways are closed by regional flooding,
droughts, and ice.

Chapter 4 includes a broader discussion of highway congestion.
"FHWA, An Initial Assessment of Freight Bottlenecks on Highways, October 2005 www.fhwa.dot.gov/policy/otps/bottlenecks.

2 Oak Ridge National Laboratory, Temporary Losses of Highway Capacity and Impacts on Performance: Phase 2, 2004, table 36, page 88
www-cta.ornl.gov/cta/Publications/Reports/ORNL_TM_2004_209.pdf.

3 FHWA, Study of Adequacy of Commercial Truck Parking Facilities, 2002 www.tfhrc.gov/safety/pubs/01158.

4 Oak Ridge National Laboratory, Temporary Losses of Highway Capacity and Impacts on Performance: Phase 2, 2004, table 41, page
101 www-cta.ornl.gov/cta/Publications/Reports/ORNL_TM_2004_209.pdf.

The growing needs of freight transportation can bring into focus conflicts between interstate and local
interests. Many communities do not want the noise and other aspects of trucks and trains that pass through
with little benefit to the locality, but those transits can have a huge impact on national freight movement and
regional economies.

Beyond the challenges of intergovernmental coordination, freight transportation raises additional issues
involving the relationships between public and private sectors. Virtually all carriers and many freight
facilities are privately owned. Freight Facts and Figures 2010 shows that the private sector owns $1.07 trillion
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Challenges for Freight Transportation: Safety, Energy, and the Environment

Freight transportation is not just an issue of throughput and congestion. The growth in freight movement
has heightened public concerns about safety, energy consumption, and the environment.

Highways and railroads account for nearly all fatalities and injuries involving freight transportation. Most of
these fatalities involve people who are not part of the freight transportation industry, such as trespassers
at railroad facilities and occupants of other vehicles killed in crashes involving large trucks. The FHWA’s
Freight Facts and Figures 2010 publication shows that, of the 33,808 highway fatalities in 2009, 1.5 percent
were occupants of large trucks and 8.5 percent were others killed in crashes involving large trucks (the
remaining 90 percent of fatalities were attributed to other types of personal and commercial vehicles).
Chapter 5 discusses highway safety in more detail.

According to Freight Facts and Figures 2010 single-unit and combination trucks accounted for 22 percent

of all gasoline, diesel, and other fuels consumed by motor vehicles, and 69 percent of the fuel consumed

by freight transportation in 2008. Fuel consumption by trucks resulted in three-fourths of the 522.6 million
metric tons of carbon dioxide (CO,) equivalent generated by freight transportation, and freight accounted for
28 percent of transportation’s contribution to this major greenhouse gas. Trucks and other heavy vehicles
are also a major contributor to air quality problems related to nitrogen oxide (NO,) (33 percent of all mobile
sources) and particulate matter of 10 microns in diameter or smaller (PM-10) (23.3 percent of all mobile
sources). Freight modes combined account for 49 percent of all mobile sources of NO, and 36 percent of
all mobile sources of PM-10.

Environmental issues involving freight transportation go well beyond emissions. Disposal of dredge
spoil, the mud and silt that must be removed to deepen water channels for commercial vessels, is a major
challenge for allowing larger ships to berth. Land use and water quality concerns are raised against all
types of freight facilities, and invasive species can spread through freight movement. Issues relating to
environmental sustainability are discussed in Chapter 11.

Incidents involving hazardous materials exacerbate public concern and cause real disruption. Freight Facts
and Figures 2010 shows that, of the 14,777 accident-related hazardous materials transportation incidents

in 2009, highways accounted for 12,691, air accounted for 1,357, and rail accounted for 641. The railcar
fire in the Howard Street tunnel under Baltimore City in 2001 illustrates the perceived and real problems of
transporting hazardous materials. This incident, which occurred on tracks next to a major league baseball
stadium at game time during the evening rush hour, forced the evacuation of thousands of people and
closed businesses in much of downtown Baltimore. A vital railroad link between the Northeast and the
South, as well as a local rail transit line and all east-west arterial streets through downtown, were closed for
an extended period.

in transportation equipment plus $681.2 billion in transportation structures. In comparison, public
agencies own $502 billion in transportation equipment plus $2.47 trillion in highways. Freight railroad
facilities and services are owned almost entirely by the private sector, while trucks owned by the private
sector operate over public highways. Likewise, air cargo services owned by the private sector operate in
public airways and mostly at public airports. Privately owned ships operate over public waterways and at
both public and private port facilities. Most pipelines are privately owned but significantly controlled by
public regulation. In the public sector, virtually all truck routes are owned by State or local governments,
and airports and harbors are typically owned by regional or local authorities. Air and water navigation is
typically handled at the Federal level, and safety is regulated by all levels of government. As a consequence
of this mixed ownership and management, most solutions to freight problems require joint action by both
public and private sectors. Financial, planning, and other institutional mechanisms for developing and
implementing joint efforts have been limited, inhibiting effective measures to improve the performance and
minimize the public costs of the freight transportation system.
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Framework for a National Freight Policy

To establish a better understanding of the freight challenge and freight activities by all levels of government
and the private sector, the Transportation Research Board convened individuals from transportation providers,
shippers, State agencies, port authorities, and the U.S. Department of Transportation (DOT) to form a Freight
Transportation Industry Roundtable. Members of the roundtable developed an initial Framework for a National
Freight Policy to identify freight activities and focus those activities toward common objectives. The framework
continues to evolve within the DOT as part of its outreach to members of the freight community.

The objectives and strategies of the framework summarize a large number of tactics and activities, including
the freight programs that were launched under the Safe, Accountable, Flexible, Efficient Transportation Act:
A Legacy for Users (SAFETEA-LU). SAFETEA-LU authorized $4.6 billion for freight-oriented infrastructure
investments, expanded eligibility for freight projects under previous programs, modified the tax code to
encourage up to $15 billion in private investment, initiated a program to enhance the capacity of the freight
profession, and launched the National Cooperative Freight Research Program.

SAFETEA-LU and local recognition of freight challenges have stimulated a variety of freight plans, investments,
and management initiatives in State departments of transportation, MPOs, port authorities, and the private
sector. Several State departments of transportation have begun collaborative planning efforts for multistate
freight corridors; and public-private partnerships such as the Intermodal Freight Technology Working Group
(IFTWG) have been established to pursue creative financial and technological options for improving the
efficiency, safety, and security of freight movement. These activities and their relationship to the Framework
for a National Freight Policy are described in the FHWA'’s Freight Story 2008.

Freight challenges are not new, but their ongoing importance and increased complexity warrant creative
solutions by all with a stake in the vitality of the American economy. Enhanced freight planning, improved
institutional arrangements for multi-State freight projects, and performance management requirements are
among proposed responses to freight challenges being considered through reauthorization of the Federal-aid
highway program.
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Bridge System Characteristics

The National Bridge Inventory (NBI) contains records for 603,310 bridges longer than 20 feet (6.1 meters)
in total length located on public roads in the United States in 2009. Information concerning the Nation’s
bridges is collected on a regular basis in accordance with the National Bridge Inspection Standards. These
standards are discussed in more detail in Chapter 3.

This section presents information on the characteristics of the Nation’s bridges, including ownership, deck
area, the amount of traffic carried, and the functional classification of roadways on which bridges are located.

Why do the bridge statistics presented in this report cover the period from 2001 to 2009, O & QAYL
rather than the 2000 to 2008 data presented for highways?
This report is based on the latest available data at the time the writing of each chapter commenced; in the case

of bridge data, it covers information in the National Bridge Inventory as of October 2009. Final 2009 numbers
would reflect information in the NBI as of December 2009.

However, it should be noted that the majority of bridges are inspected once every 24 months. Therefore, the
“2009” NBI data actually reflect the conditions of individual bridges from late 2007 through late 2009, or late
2008 on average.

In contrast, the HPMS data cited earlier in this chapter were based on annual reports entered into the system in
2009, which reflected the system as of the end of 2008; these data are commonly referred to as “2008” HPMS
data.

Bridges by Owner

Exhibir 2-19 identifies bridges by owner. The majority of State and local bridges are owned by highway
agencies. However, some bridges are owned by State or local park, forest, and reservation agencies; toll
authorities; and other State or local agencies. At the Federal level, bridge ownership is spread across a
number of agencies; many such bridges are owned by units within the Department of Interior and by the
Department of Defense. A small number

How do the bridge ownership
percentages compare with the road
ownership percentages?

(Iess than 1 percent) of bridges carrying public
roadways are owned by private entities. Bridges
carrying railroads are not included in the

database unless they also carry a public road or In 2009, bridge ownership was nearly equally divided
between State (slightly more than 48.6 percent) and

cross a public road where information of certain o] (e e T B0 e COETe ae A5

features, such as vertical or horizontal clearances, noted earlier, the majority of roadways were owned by
is required for management of the highway local agencies (77.4 percent) in 2008.
system.
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Exhibit 2-19

Bridges by Owner, 2001-2009 Annual Rate
of Change
Owner 2001 2003 2005 2007 2009 2009/2001
Federal 8,769 8,437 8,276 8,404 8,452 -0.5%
State 278,504 281,684 283,644 286,623 290,062 0.5%
Local 299,224 299,499 301,162 302,921 303,014 0.2%
Private 2,302 1,511 1,435 1,451 1,426 -5.8%
Unknown/Unclassified 1,354 1,206 1,151 481 356 -15.4%
Total 590,153 592,337 595,668 599,880 603,310 0.3%

Source: National Bridge Inventory as of October 2009.

Between 2001 and 2009, the total number

of bridges grew at an average annual rate of

0.3 percent to 603,310. This increase has

been concentrated in State-owned and locally
owned bridges; the number of bridges owned
by the Federal government and private entities
decreased over this period. Of note is the steady
reduction in the number of bridges recorded

as unknown/unclassified from 1,354 in 2001

to 356 in 2009. The reduction is the result of
the continued efforts to properly and accurately
record data for all bridges on the Nation’s
roadways.

In 2009, State agencies owned 290,062 bridges,
while local agencies owned 303,014. While
these numbers are relatively even in terms of

raw counts, it is important to recognize that
State agencies own a disproportionate amount
of larger bridges with higher traffic volumes.

As shown in Exhibit 2-20, while States owned
48.1 percent of total bridges in 2009, these
bridges constituted 76.5 percent of total bridge
deck area and carried 87.7 percent of total bridge
traffic. In 2009, State agencies were responsible
for the maintenance and operation of more than
3.4 times the deck area of local agencies. In
addition, bridges owned by State agencies carried
more than 7.3 times the traffic of bridges owned
by local agencies.

I 00

Bridge Inventory Characteristics for Ownership,
Traffic, and Deck Area, 2009

Bridge Ownership
(by Percentage of Bridge Inventory)

State
48.1%

Other
0.3%

Percentage of Total Deck Area
(by Owner)

Federal
0.8%

State

76.5%
Other

0.3%

Percentage of Traffic Carried
(by Owner)

Federal
0.2%
Local
12.0% Other
— 0.2%

87.7%

Source: National Bridge Inventory as of October 2009.
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Bridges by Functional Classification

Highway functional classifications are maintained in the NBI according to the hierarchy used for highway
systems previously described in this chapter. The number of bridges by functional classification is
summarized and compared with previous years in Exhibir 2-21.

As noted earlier in this chapter, changes in urban area boundaries resulting from the 2000 Census have led to
reductions in the number of rural bridges. The number of bridges on all rural functional classifications has
shown, for the most part, a steady decline since 2001, while the number of urban bridges on all functional
classifications has, in the majority of years, shown an unbroken increase. The number of bridges on urban
collectors has increased at an average annual rate of 3.3 percent between 2001 and 2009, increasing the
fastest among the functional classes identified.

Exhibit 2-22 shows the relationship between bridges among various rural and urban functional classes. In
2009, there were approximately 2.9 rural bridges for every 1 urban bridge. However, urban bridges carried
more than 3.2 times the ADT of rural bridges and comprised slightly less than 1.3 times the deck area of
rural bridges.

In 2009, the 206,127 bridges on roads classified as rural local constituted 34.2 percent of the total number
of bridges, but accounted for only 9.6 percent of total bridge deck area and carried only 1.4 percent of total
bridge traffic. In contrast, the 29,743 urban Interstate System bridges made up only 4.9 percent of total

bridges, but accounted for 19.3 percent of total bridge deck area and carried 35.8 percent of total bridge
ADT.

Interstate bridges in urban areas carried almost 3.9 times the ADT carried by rural interstate bridges in
2009. In fact, the ADT carried on urban Interstate System bridges was more than 1.5 times the ADT
carried on all rural bridges combined in 2009.

Exhibit 2-21

Number of Bridges by Functional System, 2001-2009 Annual Rate
of Change
Functional System 2001 2003 2005 2007 2009 2009/2001
Rural
Interstate 27,579 27,769 26,946 26,134 25,268 -1.1%
Other Arterial 75,335 76,064 75,273 74,616 74,506 -0.1%
Collector 143,517 143,457 142,869 141,679 141,053 -0.2%
Local 209,845 209,218 207,866 206,165 206,127 -0.2%
Subtotal Rural 456,276 456,508 452,954 448,594 446,954 -0.3%
Urban
Interstate 27,875 27,601 28,566 29,309 29,743 0.8%
Other Arterial 64,074 65,451 68,625 72,567 74,797 2.0%
Collector 15,405 15,278 16,873 18,629 19,992 3.3%
Local 26,043 27,085 28,344 30,666 31,773 2.5%
Subtotal Urban 133,397 135,415 142,408 151,171 156,305 2.0%
Not coded 480 415 306 115 51 -24.4%
Total 590,153 592,338 595,668 599,880 603,310 0.3%

Source: National Bridge Inventory as of October 2009.
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Exhibit 2-22

Bridges by Functional System Weighted by Numbers, ADT, and Deck Area, 2009

Number of Percent by Total Percent of Total Percent of Total
Functional System Bridges Number Deck Area ADT
Rural
Interstate 25,268 4.2% 71% 9.2%
Other Principal Arterial 35,699 5.9% 8.7% 5.8%
Minor Arterial 38,807 6.4% 6.1% 3.3%
Maijor Collector 93,036 15.4% 9.3% 3.2%
Minor Collector 48,017 8.0% 3.3% 0.8%
Local 206,127 34.2% 9.6% 1.4%
Subtotal Rural 446,954 74.1% 44.1% 23.7%
Urban
Interstate 29,743 4.9% 19.3% 35.8%
Other Freeways & Expressways 19,512 3.2% 10.6% 16.1%
Other Principal Arterial 27,442 4.5% 11.3% 11.9%
Minor Arterial 27,843 4.6% 7.4% 7.3%
Collector 19,992 3.3% 3.6% 2.7%
Local 31,773 5.3% 3.8% 2.4%
Subtotal Urban 156,305 25.9% 55.9% 76.3%
Unclassified 51 0.0%
Total 603,310 100.0% 100.0% 100.0%

Source: National Bridge Inventory as of October 2009.

Bridges by Traffic Volume

As shown in Exhibir 2-23, many bridges

carry relatively low volumes of traffic on a
typical day. Approximately 319,077 bridges,
52.9 percent of the total bridges in the Nation,
have an ADT of 1,000 or less. An additional
178,682 bridges, 29.6 percent of all bridges,
have an ADT between 1,001 and 10,000.
Only 18,024 of the Nation’s bridges, or

3.0 percent, have an ADT higher than 50,000.
The remaining 87,527 bridges, 14.5 percent,
have an ADT between 10,001 and 50,000.

Exhibit 2-23

Number of Bridges by ADT, 2009
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Source: National Bridge Inventory as of October 2009.
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NHS Bridges

Exhibit 2-24 shows that the 117,510 bridges on the National Highway System (NHS) as of 2009 constituted
19.5 percent of total bridges in the Nation, but included 49.2 percent of total bridge deck area and carried
71.0 percent of total bridge traffic. Taken together, rural and urban Interstate bridges accounted for

9.1 percent of the total bridges, but carried 45.1 percent of total bridge traffic in 2009. As referenced earlier
in this chapter, the NHS includes the entire Interstate System, as well as additional critical routes. The
STRAHNET system, including Interstate highways and other routes critical to national defense, included
67,843 bridges in 2009. All STRAHNET routes, including STRAHNET connectors, are included as part
of the NHS.

Exhibit 2-24

Interstate, STRAHNET, and NHS Bridges Weighted by Numbers, ADT, and Deck Area, 2009

Percent by Total Percent of Total Percent of Total
Federal System * Number of Bridges Number of Bridges Deck Area ADT
Interstate System 55,011 9.1% 26.3% 45.1%
STRAHNET 67,843 11.2% 30.8% 49.9%
National Highway System 117,510 19.5% 49.2% 71.0%

* The NHS includes all of STRAHNET; STRAHNET includes the entire Interstate System.
Source: National Bridge Inventory as of October 2009.
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Transit System Characteristics

System History

The first transit systems in the United States date to the late 19th century. These were privately owned,
for-profit businesses that were instrumental in defining the urban communities of that time. By the
postwar period, competition from the private automobile was making it impossible for transit businesses

to operate at a profit. As they started to fail, local, State, and national government leaders began to realize
the importance of sustaining transit services. In 1964, Congtress passed the Urban Mass Transportation
Act, which established the agency now known as the Federal Transit Administration (FTA) to administer
Federal funding for transit systems. The Act also changed the character of the industry by specifying that
Federal funds for transit were to be given to public agencies rather than private firms; this accelerated transit
systems’ transition from private to public ownership and operation. The Act also required local governments
to contribute matching funds in order to receive Federal aid for transit services, setting the stage for the
multilevel governmental partnerships that continues to characterize the transit industry today.

State governments’ involvement in the provision of transit services is generally through financial support and
performance oversight. In some cases, States have undertaken outright ownership and operation of transit
services; six States—Connecticut, Delaware, Massachusetts, Maryland, Pennsylvania, and Washington—own
and operate transit systems directly.

Colorful Transit Vocabulary

Modal network refers to a system of routes and stops served by one type of transit technology; this could be a
bus network, a light rail network, a ferry network, or a demand response system. Transit operators often maintain
several different modal networks, most often motor bus systems augmented with demand response service.

Articulated bus is an extra-long (54 ft. to 60 ft.) bus with two connected passenger compartments. The rear body
section is connected to the main body by a joint mechanism that allows the vehicles to bend when in operation for
sharp turns and curves and yet have a continuous interior.

Automated Guideway Systems are driverless, rubber-tire vehicles usually running alone or in pairs on a single
broad concrete rail, typical of most airport trains.

Demand response service usually consists of passenger cars, vans, or small buses operating in response to calls
from passengers or their agents to the transit operator, who then dispatches a vehicle to pick up the passengers
and transport them to their destinations. The vehicles do not operate over a fixed route or on a fixed schedule,
except on a temporary basis to satisfy a special need. A vehicle may be dispatched to pick up several passengers
at different pickup points before taking them to their respective destinations.

Publicos or “public cars” are typically 17-passenger vans that serve towns throughout Puerto Rico, stopping in
each community’s main plaza or at a destination requested by a passenger. They operate without a set schedule,
primarily during the day; the public service commission fixes routes and fares. Some routes have vehicles in good
condition, with air-conditioning, workable radios, and seats without holes. San Juan-based Publico companies
include Blue Line for trips to Aguadilla and the northwest coast, Choferes Unidos de Ponce for Ponce, Linea
Caborrojena for Cabo Rojo and the southwest coast, Linea Boricua for the interior and the southwest, Linea
Sultana for Mayagliez and the west coast, and Terminal de Transportacién Publica for Fajardo and the east.

Jitneys are generally small-capacity vehicles that follow a rough service route, but can go slightly out of their way
to pick up and drop off passengers. In many U.S. cities (e.g., Pittsburgh and Detroit), the term “jitney” refers to an
unlicensed taxicab. In some U.S. jurisdictions, the limit to a jitney is seven passengers.

Revenue service is the time when a vehicle is actively providing service to the general public and carrying
passengers or at least available to them. Revenue from fares is not necessary because vehicles are considered to
be in revenue service even when the ride is free.
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In 1962, the United States Congress passed legislation that required the formation of metropolitan planning
organizations (MPOs) for urbanized areas with populations greater than 50,000. MPOs are composed of
State and local officials who work to address the transportation planning needs of an urbanized area at a
regional level. Twenty-nine years later, the Intermodal Surface Transportation Efficiency Act of 1991 made
MPO coordination an essential prerequisite for Federal funding of many transit projects.

State and local transit agencies have evolved into a number of different institutional models. A transit
provider may be a unit of a regional transportation agency; may be operated directly by the State, county,

or city government; or may be an independent agency with an elected or appointed Board of Governors.
Transit operators can provide service directly with their own equipment or they may purchase transit services
through an agreement with a contractor. All public transit services must be open to the general public
without discrimination and meet the accessibility requirements of the Americans with Disabilities Act of

1990 (ADA).

System Infrastructure

Urban Transit Agencies

In 2008, there were 690 agencies in urbanized areas that were required to submit data to the National Transit
Database (NTD), of which 667 were public agencies, including six State departments of transportation
(DOTs). The remaining 23 agencies were either private operators or independent agencies (e.g., nonprofit
organizations). Of the 690 agencies, 116 received either a reporting exemption for operating nine or

fewer vehicles or a temporary reporting waiver. The remaining 574 reporting agencies provided service on
1,479 separate modal networks; all but 166 agencies operated more than one mode. In 2008, there were an
additional 1,396 transit operators serving rural areas. Not all transit providers are included in these counts
because those that do not receive grant funds from the FTA are not required to report to the NTD. Some,
but not all, agencies report anyway, as this can help their region receive more Federal transit funding.

The Nation’s motor bus and demand response systems are much more extensive than the Nation’s rail transit
system. In 2008, there were 658 motor bus systems and 633 demand response systems in urban areas,
compared with 17 heavy rail systems, 29 commuter rail systems, and 35 light rail systems. While motor bus
and demand response systems were found in every major urbanized area in the United States, 84 urbanized
areas were served by at least one of the three primary rail modes, including 55 by commuter rail, 25 by

light rail, and 24 by heavy rail (listed in Exhibir 2-25). In addition to these modes, there were 67 publicly
operated transit vanpool systems, 20 ferryboat systems, seven trolleybus systems, four automated guideway
systems, four inclined plane systems, and one cable car system operating in urbanized areas of the United
States and its territories.

The transit statistics presented in this report also include the San Francisco Cable Car, the Seattle Monorail,
the Roosevelt Island Aerial Tramway in New York, and the Alaska Railroad (which is a combination of long-
distance passenger rail, sightseeing, and freight transportation services.)
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Exhibit 2-25

Rail Modes Serving Urbanized Areas, by State
Mode: Heavy Rail

Rail System Name City State Vehicles
Los Angeles County Metropolitan Transportation Authority (LACMTA) Los Angeles CA 70
San Francisco Bay Area Rapid Transit District (BART) Oakland CA 540
Santa Clara Valley Transportation Authority (VTA) San Jose CA

Washington Metropolitan Area Transit Authority (WMATA) Washington DC 830
Miami-Dade Transit (MDT) Miami FL 98
Metropolitan Atlanta Rapid Transit Authority (MARTA) Atlanta GA 188
City and County of Honolulu Department of Transportation Services (DTS) Honolulu HI

Chicago Transit Authority (CTA) Chicago IL 1,016
Massachusetts Bay Transportation Authority (MBTA) Boston MA 320
Maryland Transit Administration (MTA) Baltimore MD 54
Port Authority Trans-Hudson Corporation (PATH) Jersey City NJ 266
Port Authority Transit Corporation (PATCO) Lindenwold NJ 84
MTA New York City Transit (NYCT) New York NY 5,288
Staten Island Rapid Transit Operating Authority (SIRTOA) Staten Island NY 46
The Greater Cleveland Regional Transit Authority (GCRTA) Cleveland OH 22
Southeastern Pennsylvania Transportation Authority (SEPTA) Philadelphia PA 278
Puerto Rico Highway and Transportation Authority (PRHTA) San Juan PR 40
Mode: Commuter Rail

Rail System Name City State Vehicles
Altamont Commuter Express (ACE) Stockton CA 18
North County Transit District (NCTD) Oceanside CA 26
Peninsula Corridor Joint Powers Board (PCJPB) San Carlos CA 96
Riverside County Transportation Commission (RCTC) Riverside CA

Southern California Regional Rail Authority (Metrolink) Los Angeles CA 173
Connecticut Department of Transportation (CDOT) Newington CT 22
Delaware Transit Corporation (DTC) Dover DE

South Florida Regional Transportation Authority (TRI-Rail) Pompano Beach FL 34
Northeast lllinois Regional Commuter Railroad Corporation (Metra) Chicago IL 1,056
Northern Indiana Commuter Transportation District (NICTD) Chesterton IN 66
Massachusetts Bay Transportation Authority (MBTA) Boston MA 419
Maryland Transit Administration (MTA) Baltimore MD 132
Northern New England Passenger Rail Authority (NNEPRA) Portland ME 14
Metro Transit Minneapolis MN

New Jersey Transit Corporation (NJ TRANSIT) Newark NJ 944
Metro-North Commuter Railroad Company (MTA-MNCR) New York NY 1,089
MTA Long Island Rail Road (MTA LIRR) Jamaica NY 1,018
Metro Regional Transit Authority (Metro) Akron OH

Tri-County Metropolitan Transportation District of Oregon (TriMet) Portland OR

Pennsylvania Department of Transportation (PENNDOT) Harrisburg PA 20
Southeastern Pennsylvania Transportation Authority (SEPTA) Philadelphia PA 315
Regional Transportation Authority (RTA) Nashville TN 5
Capital Metropolitan Transportation Authority (CMTA) Austin X

Dallas Area Rapid Transit (DART) Dallas X 21
Fort Worth Transportation Authority (The T) Fort Worth TX 15
Metropolitan Transit Authority of Harris County, Texas (Metro) Houston X

Utah Transit Authority (UTA) Salt Lake City uT 18
Virginia Railway Express (VRE) Alexandria VA 78
Central Puget Sound Regional Transit Authority (ST) Seattle WA 38
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Exhibit 2-25

Rail Modes Serving Urbanized Areas, by State (Continued)

Mode: Light Rail

Rail System Name City State Vehicles
Central Arkansas Transit Authority (CATA) Little Rock AR 3
City of Phoenix Public Transit Department (Valley Metro) Phoenix AZ

City of Tucson (COT) Tucson AZ

Regional Public Transportation Authority (RPTA) Phoenix AZ

Los Angeles County Metropolitan Transportation Authority (LACMTA) Los Angeles CA 102
North County Transit District (NCTD) Oceanside CA 4
Sacramento Regional Transit District (Sacramento RT) Sacramento CA 56
San Diego Metropolitan Transit System (MTS) San Diego CA 93
San Francisco Municipal Railway (MUNI) San Francisco CA 139
Santa Clara Valley Transportation Authority (VTA) San Jose CA 54
Denver Regional Transportation District (RTD) Denver CO 101
Hillsborough Area Regional Transit Authority (HART) Tampa FL 8
New Orleans Regional Transit Authority (NORTA) New Orleans LA 22
Massachusetts Bay Transportation Authority (MBTA) Boston MA 152
Maryland Transit Administration (MTA) Baltimore MD 36
Metro Transit Minneapolis MN 27
Bi-State Development Agency (METRO) St. Louis MO 56
Charlotte Area Transit System (CATS) Charlotte NC 19
New Jersey Transit Corporation (NJ TRANSIT) Newark NJ 17
New Jersey Transit Corporation (NJ TRANSIT) Newark NJ 59
Niagara Frontier Transportation Authority (NFT Metro) Buffalo NY 23
The Greater Cleveland Regional Transit Authority (GCRTA) Cleveland OH 17
Tri-County Metropolitan Transportation District of Oregon (TriMet) Portland OR 85
Port Authority of Allegheny County (Port Authority) Pittsburgh PA 51
Southeastern Pennsylvania Transportation Authority (SEPTA) Philadelphia PA 127
Memphis Area Transit Authority (MATA) Memphis TN 12
Dallas Area Rapid Transit (DART) Dallas TX 85
Island Transit (IT) Galveston TX 4
Metropolitan Transit Authority of Harris County, Texas (Metro) Houston TX 17
Utah Transit Authority (UTA) Salt Lake City uT 46
Hampton Roads Transit (HRT) Hampton VA

Central Puget Sound Regional Transit Authority (ST) Seattle WA 2
Central Puget Sound Regional Transit Authority (ST) Seattle WA

King County Department of Transportation (King County Metro) Seattle WA 2
Kenosha Transit (KT) Kenosha WI 3
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Transit Fleet

Exhibit 2-26 provides an overview of the Nation’s 188,656 transit vehicles in 2008 by type of vehicle and
size of urbanized area. Although some types of vehicles are specific to certain modes, many vehicles—
particularly small buses and vans—are used by several different transit modes. For example, vans may be
used to provide vanpool, demand response, Pablico, or motor bus services.

Exhibit 2-26

Transit Active Fleet by Vehicle Type, 2008
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Notes:

1: "Other Regular Vehicles" includes aerial tramway vehicles, Alaska railroad vehicles, automated guideway vehicles, automobiles,
cable cars, ferryboats, inclinded plane vehicles, jitneys, Publicos, taxicabs, and trolleybuses.

2: Source for "Special Service Vehicles" is the FTA, Fiscal Year Trends Report on the Use of Section 56310 Elderly and Persons with
Disabilities Program Funds, 2002.

Source: National Transit Database except where otherwise noted.
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Exhibit 2-27 shows the composition of the Nation’s
urban transit road vehicle fleet in 2008. Almost
half of these vehicles, 48.7 percent, are full-sized
motor buses. Additional information on trends in
the number and condition of vehicles over time is

included in Chapter 3.

Track, Stations, and Maintenance
Facilities
Maintenance facility counts are broken down

by mode and by size of the urbanized areas in

Exhibir 2-28. Additional data on the age and

condition of these facilities is included in Chapter 3.

Exhibit 2-27

Composition of Urban Transit Road Vehicle
Fleet, 2008
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Source: Transit Economic Requirements Model and
National Transit Database.

Exhibit 2-28

Maintenance Facilities for Directly Operated Services, 2008
Population Category
Over Under

Maintenance Facility Type1 1 Million 1 Million Total
Heavy Rail 59 0 59
Commuter Rail 49 1 50
Light Rail 38 6 44
Other Rail ? 3 4 7
Motorbus 302 242 544
Demand Response 34 78 112
Ferryboat 7 0 7
Other Nonrail 2 6 5 11
Total Urban Maintenance Facilities 497 336 833
Rural Transit * 510 510
Total Maintenance Facilities 497 846 1,343

" Includes owned and leased facilities.

2 Alaska railroad, automated guideway, cable car, inclined plane, and monorail.

3 Aerial tramway, jitney, Publico, and vanpool.

4 Vehicles owned by operators receiving funding from FTA as directed by 49 USC
Section 5311. These funds are for transit services in areas with populations of less than
50,000. (Section 5311 Status of Rural Public Transportation 2000, Community
Transportation Association of America, April 2001.)

Source: National Transit Database.
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As shown in Exhibit 2-29, in 2008, transit providers operated 11,864 miles of track and served

3,078 stations, compared with 11,796 miles of track and 3,053 stations in 2006. Expansion in light rail
track mileage (5.1 percent) and stations (3.0 percent) accounted for most of the increase, a trend that
continues from the recent past. The Nation’s rail system mileage is dominated by the longer distances
generally covered by commuter rail. Light and heavy rail typically operate in more densely developed areas
and have more stations per track mile.

Exhibit 2-29

Transit Rail Mileage and Stations, 2008

Population Category

Over Under

1 Million 1 Million Total
Urbanized Area Track Mileage
Heavy Rail 2,277 0 2,277
Commuter Rail 7,012 395 7,407
Light Rail 1,459 80 1,539
Other Rail and Tramway* 24 618 641
Total Urbanized Area Track Mileage 10,772 1,092 11,864
Urbanized Area Transit Rail Stations Count
Heavy Rail 1,041 0 1,041
Commuter Rail 1,147 42 1,189
Light Rail 716 71 787
Other Rail and Tramway 39 22 61
Total Urbanized Area Transit Rail Stations 2,943 135 3,078

* Alaska railroad, automated guideway, cable car, inclined plane, monorail, and aerial tramway.
Source: National Transit Database.

System Coverage: Urban Directional Route Miles

The extent of the coverage of the Nation’s transit system is measured in directional route miles, or simply
“route miles.” Route miles measure the distance covered by a transit route; even though opposite-direction
transit routes may use the same road or track, they are counted separately. Data associated with route miles
are not collected for demand response and vanpool modes, since these transit modes do not travel along
specific predetermined routes. Route miles data are also not collected for jitney services, since these transit
modes often have highly variable route structures.

Exhibit 2-30 enumerates directional route miles by mode over the past 8 years. Growth in both rail
(22.2 percent) and nonrail (8.1 percent) route miles is evident over this period. The average 6.7 percent rate
of annual growth for light rail clearly outpaces the rate of growth for all other modes.
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Exhibit 2-30

Transit Urban Directional Route Miles, 2000—-2008
Average
Annual Rate

Route Miles of Change
Transit Mode 2000 2002 2004 2006 2008 2008/2000
Rail 9,222 9,484 9,782 10,865 11,270 2.5%
Commuter Rail 6,802 6,923 6,968 7,930 8,219 2.4%
Heavy Rail 1,558 1,572 1,597 1,623 1,623 0.5%
Light Rail 834 960 1,187 1,280 1,397 6.7%
Other Rail 2 29 30 30 31 30 0.6%
Nonrail ® 196,858 225,820 216,619 223,489 212,801 1.0%
Bus 195,884 224,838 215,571 222,445 211,664 1.0%
Ferryboat 505 513 623 620 682 3.8%
Trolleybus 469 468 425 424 456 -0.4%

206,080 235,304 226,401 234,354 224,071
Percent Nonrail 95.5% 96.0% 95.7% 95.4% 95.0%

" Includes Alaska rail.
2 Automated guideway, inclined plane, cable car, and monorail.
3 Excludes jitney, Publico, and vanpool.

Source: National Transit Database.

System Capacity

Transit system capacity, particularly in cross-modal comparisons, is typically measured by capacity-equivalent
vehicle revenue miles (VRMs). Capacity-equivalent VRMs measure the distance traveled by transit vehicles
in revenue service and adjust them by the passenger-carrying capacity of each transit vehicle type, with the
average carrying capacity of motor bus vehicles representing the baseline. To calculate capacity-equivalent
VRMs, the number of revenue miles for a vehicle is multiplied by the bus-equivalent capacity of that vehicle.
Thus, a heavy rail car that seats 2.5 times more people than a full-size bus provides 2.5 capacity-equivalent
miles for each revenue mile it travels.

Exhibir 2-31 shows reported VRMs, unadjusted by passenger-carrying capacity. These numbers are of
interest because they show the actual number of miles traveled by each mode in revenue service. Unadjusted
VRM:s provided by both bus services and rail services show consistent growth, with light rail and vanpool
miles growing somewhat faster growth than the other modes. Overall, the number of VRMs is up by

20.0 percent since 2000.

The 2008 capacity-equivalent factors for each mode are shown in Exhibit 2-32. Unadjusted VRMs for each
mode are multiplied by a capacity-equivalent factor in order to calculate capacity-equivalent VRMs. These
factors are equal to the average full-seating and full-standing capacities of vehicles in active service for each
transit mode divided by the average full-seating and full-standing capacities of all motor bus vehicles in
active service. The average capacity of the national motor bus fleet changes slightly from year-to-year as the
proportion of large, articulated, and small buses varies. The average capacity of the bus fleet in 2008 was

39 seated and 23 standing for a total of 62 riders.
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Exhibit 2-31

Rail Vehicle Revenue Miles, 2000-2008
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Source: National Transit Database.

Exhibit 2-32

2008 Capacity-Equivalent Factors by Mode
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Total capacity-equivalent VRMs are shown in Exhibit 2-33. The most rapid expansion in capacity-
equivalent VRMs in the period from 2000 to 2008 has been for vanpools, followed by light rail and then
commuter rail. Total capacity-equivalent revenue miles have increased from 3,954 in 2000 to 4,953 in 2008,

an increase of 25.3 percent.

Exhibit 2-33

Capacity-Equivalent Revenue Vehicle Miles, 2000-2008
Average
Annual Rate

Vehicle Miles (Millions) of Change
Transit Mode 2000 2002 2004 2006 2008 2008/2000
Rail 2,046 2,274 2,413 2,681 2,799 4.0%
Heavy Rail 1,321 1,469 1,546 1,648 1,621 2.6%
Commuter Rail 595 652 685 832 940 5.9%
Light Rail 127 150 179 197 235 8.0%
Other Rail 3 3 3 4 3 0.5%
Nonrail 1,908 2,037 2,064 2,118 2,154 1.5%
Motor Bus 1,764 1,864 1,885 1,910 1,956 1.3%
Demand Response 76 100 101 121 115 5.4%
Vanpool 11 15 15 22 27 11.3%
Ferryboat 30 32 32 37 32 0.9%
Trolleybus 20 20 20 19 16 -2.4%
Other Nonrail 7 7 12 10 6 -1.6%
Total 3,954 4,311 4,478 4,800 4,953 2.9%

Source: National Transit Database.

Ridership

There are two primary measures of transit ridership—
unlinked passenger trips and passenger miles traveled
(PMT). An unlinked passenger trip, sometimes called a
boarding, is defined as a journey on oze transit vehicle.

PMT is calculated on the basis of unlinked passenger

trips and estimates of average trip length. Either measure

provides an appropriate time series since average trip
lengths, by mode, have not changed substantially over
time. Comparisons across modes, however, may differ
substantially depending on which measure is used due
to large differences in the average trip length for the
different modes.

Exhibit 2-34 and Exhibit 2-35 show the distribution of
unlinked passenger trips and PMT by mode. In 2008,
transit services provided 10.2 billion unlinked trips and
53.7 billion PMT. Heavy rail and motorbus modes
continue to be the largest segments of both measures.
Commuter rail supports relatively more PMT due to its

greater average trip length (23.4 miles compared to 3.9
for bus, 4.8 for heavy rail, and 4.4 for light rail).
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Exhibit 2-35

2008 Passenger Miles Traveled
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Exhibir 2-36 provides total PMT for selected years between 2000 and 2008, showing steady growth in all the
major modes. Demand response, light rail, and vanpool modes grew at the fastest rates. Demand response
(up 4.6 percent per year) has undoubtedly benefited from ADA requirements. Light rail (up 5.7 percent

per year) had enjoyed increased capacity during this period due to expansions and addition of new systems.

Exhibit 2-36

Transit Urban Passenger Miles, 2000—-2008
Average
Annual Rate

Passenger Miles (Millions) of Change
Transit Mode 2000 2002 2004 2006 2008 2008/2000
Rail 24,604 24,617 25,667 26,972 29,989 2.5%
Heavy Rail 13,844 13,663 14,354 14,721 16,850 2.5%
Commuter Rail 9,400 9,500 9,715 10,359 11,032 2.0%
Light Rail 1,340 1,432 1,576 1,866 2,081 5.7%
Other Rail’ 20 22 22 25 26 3.3%
Nonrail 20,497 21,328 20,879 22,533 23,723 1.8%
Motor Bus 18,807 19,527 18,921 20,390 21,198 1.5%
Demand Response 588 651 704 753 844 4.6%
Vanpool 407 455 459 689 992 11.8%
Ferryboat 298 301 357 360 390 3.4%
Trolleybus 192 188 173 164 161 -2.2%
Other Nonrail® 205 206 265 176 138 -4.8%

45,945
Percent Rail 54.6% 53.6% 55.1% 54.5% 55.8%

1 Alaska railroad, automated guideway, cable car, inclined plane, and monorail.
2 Aerial tramway and Publico.

Source: National Transit Database.
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Vanpool’s rapidly increasing popularity (up 11.8 percent per year), particularly the surge between 2006 and
2008 (up 20 percent per year), can be partially attributed to rising gas prices. Regular gasoline sold for more
than $4 per gallon in July of 2008. Exhibit 2-37 shows the complex relationship between transit ridership,
gasoline price, and unemployment using 12-month exponential moving averages (e.g., weighted averages) to
smooth out the monthly volatility in transit ridership and fuel prices.

Exhibit 2-37

Transit Ridership Versus Employment
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Source: National Transit Database, U.S. Energy Information Administration's Gas Pump Data History, and Bureau of Labor
Statistics' Employment Data.

On the most basic level, the effectiveness of transit operations can be gauged by the demand for transit
services. People choose to use transit if it meets their needs as well as, or better than, the alternatives.
These choices occur in an economic context in which the need for transportation and the cost of that
transportation are constantly changing due to factors that have nothing to do with transit.

Rural Transit Systems (Section 5311 Providers)

FTA first instituted rural data reporting to the NTD in 2006. In 2008, 1,396 transit operators reported
providing rural service. They reported 136.6 million unlinked passenger trips and 486 million vehicle
revenue miles. This included 61 Indian tribes who provided 417,000 unlinked passenger trips. Urbanized
area agencies, of which there are 304, also reported providing rural service that added another 24 million
unlinked passenger trips and 37 million vehicle revenue miles.
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The data indicates that rural transit service has been growing rapidly; but, because the NTD is still adding
rural reporters, this can’t yet be quantified. The data also indicates every State and four territories provides
some form of rural transit service, as shown in Exhibir 2-38.

Exhibit 2-38

Distribution of Rural and Urban Unlinked Passenger Trips Across the United States
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Rural systems provide both traditional fixed-route
and demand response services, with 1,150 demand
response services, 494 motor bus services, and

16 vanpool services. They reported 19,966 vehicles

in 2008. Exhibit 2-39 shows the number of rural
transit vehicles in service.

Exhibit 2-39

2008 Rural Transit Vehicles
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Transit System Characteristics for
Americans With Disabilities and the Elderly

The ADA is intended to ensure that persons with disabilities have access to the same facilities and services as
other Americans, including transit vehicles and facilities. This equality of access is brought about through
the upgrading of transit vehicles and facilities on regular routes, through the provision of demand response
transit service for those individuals who are still unable to use regular transit service, and through special
service vehicles operated by private entities and some public organizations, often with the assistance of FTA

funding.

Since the passage of the ADA in 1990, transit operators have been working to upgrade their regular vehicle
fleets and improve their demand response services in order to meet the ADA’s requirement to provide
persons with disabilities a level of service comparable to that of fixed-route systems. U.S. DOT regulations
provide minimum guidelines and accessibility standards for buses; vans; and heavy, light, and commuter rail
vehicles. For example, commuter rail transportation systems are required to have at least one accessible car
per train and all new cars must be accessible. The ADA deems it discriminatory for a public entity providing
a fixed-route transit service to provide disabled individuals with services that are inferior to those provided to
nondisabled individuals.

The overall percentage of transit vehicles that are ADA-compliant has not significantly changed in recent
years. In 2008, 79.0 percent of all transit vehicles reported in the NTD were ADA-compliant. This
percentage has decreased slightly from 80.2 percent in 20006, although it is significantly greater than the

73.3 percent reported for 2000. The percentage of vehicles compliant with the ADA for each mode is shown
in Exhibit 2-40.

Exhibit 2-40

Urban Transit Operators' ADA Vehicle Fleets by Mode, 2008
ADA-Compliant Percent of Active Vehicles
Transit Mode Active Vehicles Vehicles ADA-Compliant
Rail
Heavy Rail 11,367 10,990 96.7%
Commuter Rail 6,078 3,738 61.5%
Light Rail 1,957 1,600 81.8%
Alaska Railroad 44 27 61.4%
Automated Guideway 54 54 100.0%
Cable Car 40 0 0.0%
Inclined Plane 8 6 75.0%
Monorail 8 8 100.0%
Total Rail 19,556 16,423 84.0%
Nonrail
Motor Bus 64,647 63,669 98.5%
Demand Response 32,248 23,165 71.8%
Vanpool 10,970 222 2.0%
Ferryboat 151 130 86.1%
Trolleybus 601 599 99.7%
Publico 3,718 0 0.0%
Total Nonrail 112,335 87,785 78.1%
Total All Modes 131,891 104,208 79.0%

Source: National Transit Database.
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In addition to the services provided by urban transit operators, a recent survey by the University of Montana
found that, in 2002, there were 4,836 private and nonprofit agencies that received FTA Section 5310
funding for the provision of “special” transit services (i.e., demand response) to persons with disabilities and
the elderly. These providers include religious organizations, senior citizen centers, rehabilitation centers,

the American Red Cross, nursing homes, community action centers, sheltered workshops, and coordinated
human services transportation providers.

In 2002, the most recent year for which data are available, these providers were estimated to be using

37,720 special service vehicles. Approximately 62 percent of these special service providers were in rural
areas, and 38 percent were in urbanized areas. Data collected by FTA show that approximately 76 percent of
the vehicles purchased in FY 2002 were wheelchair accessible, about the same as in the previous few years.

In 2008, 73.7 percent of total transit stations were ADA-compliant. This is up from the 2006 count, in
which 71.9 percent were compliant. Earlier data on this issue may not be comparable to data provided

in this report due to improvements in reporting quality. The ADA requires that new transit facilities and
alterations to existing facilities be accessible to the disabled. Exhibit 2-41 gives data on the number of urban
transit ADA stations by mode.

Exhibit 2-41

Urban Transit Operators’' ADA-Compliant Stations by Mode, 2008
Total ADA Compliant Percent of Stations
Transit Mode Stations Stations ADA Compliant
Rail
Heavy Rail 1,041 508 48.8%
Commuter Rail 1,189 753 63.3%
Light Rail 787 665 84.5%
Alaska Railroad 10 10 100.0%
Automated Guideway 41 40 97.6%
Inclined Plane 8 7 87.5%
Monorail 2 2 100.0%
Total Rail 3,078 1,985 64.5%
Nonrail
Motor Bus 1,346 1,258 93.5%
Ferryboat 81 78 96.3%
Trolleybus 5 5 100.0%
Total Nonrail 1,432 1,341 93.6%
Total All Modes 4,510 3,326 73.7%

Source: National Transit Database.

Under the ADA, FTA was given responsibility for identifying “key rail stations” and facilitating the
accessibility of these stations to disabled persons by July 26, 1993. Key rail stations are identified on the
basis of the following criteria:

® The number of passengers boarding at the key station exceeds the average number of passengers boarding
on the rail system as a whole by at least 15 percent.

® The station is a major point where passengers shift to other transit modes.
®  The station is at the end of a rail line, unless it is close to another accessible station.

® The station serves a “major” center of activities, including employment or government centers,
institutions of higher education, and major health facilities.
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Although ADA legislation required all key stations to be accessible by July 26, 1993, the U.S. DOT

ADA regulation in Title 49—Code of Federal Regulations (CFR), Part 37.47(c)(2), permitted the FTA
Administrator to grant extensions up to July 26, 2020, for stations requiring extraordinarily expensive
structural modifications to bring them into compliance. In 2008, there were 687 key rail stations, of which
27 stations (3.9 percent) were under FTA-approved time extensions. The total number of key rail stations
has changed slightly over the years as certain stations have closed. As of June 24, 2010, of the 680 key rail
stations, 648 stations are accessible and compliant or accessible but not fully compliant (95.2 percent).
“Accessible but not fully compliant” means that these stations are functionally accessible (i.e., persons with
disabilities, including wheelchair users, can make use of the station), but there are still minor outstanding
issues that must be addressed in order to be fully compliant; these usually involve things like missing or
mislocated signage and parking-lot striping errors. There are 32 key rail stations that are not yet compliant
and are in the planning, design, or construction stage at this time. Of these, 15 stations are under FTA-
approved time extensions up to 2020 (as provided under 49 CFR §37.47(c)(2)), eight of which will expire
by June 26, 2012. FTA continues to focus its attention on the 17 stations that are not fully accessible and
are not under a time extension, as well as on the 15 stations with time extensions that will be expiring in the
coming years.

Transit System Characteristics: Special Interests

Exhibit 2-42 presents an increase in the share of
. . Exhibit 2-42
alternative fuel buses from 7.8 percent in 2000

to 20.0 percent in 2008. In 2008, 12.9 percent Change in Percentage of Urban Bus Fleet Using
of buses used compressed natural gas, 5.2 percent Alternative Fuels, 2000-2008
25%

used biodiesel, and 1.8 percent used liquefied

natural or petroleum gas. Conventional fuel buses,
which make up the majority of the U.S. bus fleet, 20%
utilized diesel fuel and gasoline.

15%

10%

5%

2000 2001 2002 2003 2004 2005 2006 2007 2008

Source: National Transit Database.
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Road Conditions

The condition of roadway pavements can affect the costs associated with both passenger travel and freight
transportation. Poor road surfaces cause additional wear and tear on vehicle suspensions, wheels, and tires.
When vehicles slow down in heavy traffic for potholes or very rough pavement, this can create significant
queuing and subsequent delay. Unexpected changes in surface conditions can also increase the frequency
of crashes. Inadequate road surfaces can reduce road friction, which affects the stopping ability and
maneuverability of vehicles.

This section examines the physical conditions of the Nation’s roadways, addressing both roadway surface
conditions and other condition measures. This information is presented for Federal-aid highways only, as
pavement data are not collected in the Highway Performance Monitoring System (HPMY) for those roads

functionally classified as rural minor collectors, rural local, or urban local. Separate statistics are presented
for the National Highway System (NHS).

Subsequent sections within this chapter explore the physical conditions of bridges and transit systems.
Operational performance trends are discussed separately in Chapter 4, while Chapter 5 explores various
safety performance measures. Other aspects of system performance pertaining to livability and sustainability
are discussed in Part III.

What are some factors that should be considered in defining a “State of Good Repair” for O &A
transportation assets?

There is broad consensus that our Nation’s transportation infrastructure falls short of a “State of Good
Repair”; there is, however, no nationally accepted definition of exactly how the term should be defined in the
context of various types of transportation assets.

The condition of some asset types have traditionally been measured by multiple quantitative indicators, which
are often weighted differently in the assessment process of different transportation asset owners. Other kinds
of assets have traditionally been measured using a single qualitative rating, but this introduces subjectivity into
the assessment process, as different asset owners, or different individual raters, might apply such rating criteria
differently. Thus, while a “State of Good Repair” goal is conducive to measurement, identifying investments that
provide the greatest utility in meeting this goal would require consideration of a broad range of metrics within
the context of sound asset management principles. Investment decisions should take into account the life-cycle
costs of potential alternatives, including the capital costs, maintenance costs, and user costs associated with
alternative strategies.

In establishing performance targets for individual assets, it is important to consider how different metrics would
reasonably be expected to vary over the asset’s life cycle in response to an analytically sound pattern of capital
and maintenance actions. It is important that target thresholds be set at levels high enough to measure overall
progress, but not so high that they might inadvertently produce suboptimal decision making.

Another key consideration in setting performance targets is how particular assets are utilized. The physical
condition of a heavily used asset will, by definition, impact more users than that of a lightly used asset. Applying
higher performance standards to heavily used assets would help to capture their greater impact on the traveling
public. Also, in selecting potential measures to target, it is important to recognize that some aspects of asset
condition have more direct impact on system users than others. ldeally, the performance measures selected for a
given type of asset would roughly reflect the weighting of agency costs and user costs that would be determined
as part of a full life-cycle cost analysis for that type of asset.

Other fundamental questions to be answered are whether a particular asset is still serving the purpose for which
it was originally intended, and whether the long-term benefits that it provides exceed the cost of keeping the
asset in service. Simply because a previous decision was made to invest in an asset should not automatically
mean that the asset should be kept in a “State of Good Repair” in perpetuity, without considering the merits of the
alternative possibility of taking the asset out of service.
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Pavement Terminology and Measurements

The pavement condition ratings presented in this section are derived from one of two measures: the
International Roughness Index (IRI) or the Present Serviceability Rating (PSR). The IRI measures the

cumulative deviation from a smooth surface in
inches per mile. The PSR is a subjective rating
system based on a scale of 0 to 5. The HPMS
coding instructions recommend the reporting of
IRI data for all facility types, but permit States

to instead provide PSR data for roadway sections
classified as rural major collectors, urban minor
arterials, or urban collectors. The Federal Highway
Administration (FHWA) adopted the IRI for the
higher functional classifications because it is an
objective measurement and is generally accepted
worldwide as a pavement roughness measurement.
The IRI system results in more consistent data for

What are some measures of pavement
condition other than IRI?

Other principal measures of pavement condition or
distress such as rutting, cracking, and faulting exist, but
are not currently reported in HPMS. However, the HPMS
reporting requirements have been modified to collect
information on these distresses and other pavement-
related data. This additional information should be
available in time to be included in the 2012 C&P Report.

In addition to allowing more robust assessments of the
current state of the Nation’s pavements, these new data
will support the use of enhanced pavement deterioration
equations in the HERS model, which will provide refined
projections of future pavement conditions.

trend analyses and cross jurisdiction comparisons.

For this report, a conversion table was used to
translate PSR values into equivalent IRI values to
classify mileage. Exhibit 3-1 contains a description
of qualitative pavement condition terms used in

this report and corresponding quantitative PSR

and IRI values. The translation between PSR and
IRI is not exact; IRI values are based on objective
measurements of pavement roughness, while PSR is a
subjective evaluation of a broader range of pavement
characteristics. The term “good ride quality” applies
to pavements with an IRI value of less than 95 inches

per mile. The term “acceptable ride quality” applies to

pavements with an IRI value of less than or equal to

Exhibit 3-1

Pavement Condition Criteria

All Functional Classifications

Ride Quality Terms* IRl Rating PSR Rating
Good <95 >3.5
Acceptable <170 >25

* The rating thresholds for "good" and "acceptable" ride quality
used in this report were initially determined for use in assessing
pavements on the NHS. Some transportation agencies may use
less stringent standards for lower functional classification
roadways.

Source: Highway Performance Monitoring System (HPMS).

170 inches per mile, which includes those pavements classified as having good ride quality. It is important

to note that the specific IRI values associated with good ride quality and acceptable ride quality were adopted
by the FHWA as pavement condition indicators for NHS; while these values are applied to all Federal-

aid highways in this report, States and local governments may have different standards of what constitutes

“acceptable” pavement conditions, particularly for lower volume roadways that are not part of the NHS.

Implications of Pavement Ride Quality for Highway Users

Among the three major components of highway user costs measured in this report (travel time costs, vehicle
operating costs, and crash costs), pavement condition has the most direct impact on vehicle operating costs
in the form of increased wear and tear on vehicles and repair costs. Poor pavement can also impact travel
time costs to the extent that road conditions force drivers to reduce speed and can have an impact on crash
rates. Highway user costs are discussed in more detail in Chapter 7.

Because the terms “good ride quality” and “acceptable ride quality” are defined based on a range of IRI
values, the impact that pavements classified in these categories have on highway user costs varies. In general,
pavements falling below the acceptable ride quality threshold would tend to have greater impacts on user
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costs than those classified as having acceptable or good ride quality. However, the relative impacts on user
costs of a pavement with an IRI of 169 (acceptable) compared with a pavement with an IRI of 171 (not
acceptable) would not be significant. The same would be true for pavements just above or below the good
ride quality standard (an IRI of less than or equal to 95).

The impact of pavement ride quality on user costs will tend to be higher on the higher functional
classification roadways such as Interstate System highways than on the roadways with lower functional
classifications such as connectors. Vehicle speed can significantly influence the impact that poor ride quality
has on highway user costs. For example, a vehicle encountering a pothole at 55 miles per hour on an
Interstate highway would experience relatively more wear and tear than a vehicle encountering an identical
pothole on a collector at 25 miles per hour.

Poor ride quality would also tend to have a greater impact on Interstate highways due to their higher traffic
volumes. The Interstate System supports the movement of passenger vehicles and trucks at relatively high
speeds across the Nation. Poor ride quality can cause drivers to travel at a lower speed than the facility

is otherwise capable of supporting, thereby
increasing the time of individual trips and adding | What goals were established by the

to congestion. In the case of freight movement, Department of Transportation for
pavement ride quality?

this reduction in travel speed would add to the

cost of the delivery of goods. Conversely, because | The Department of Transportation’s FY 2009 Performance
and Accountability Report presented an FY 2009 target

of 57 percent for the share of travel on the NHS on
pavements with good ride quality.

traffic volumes and average speeds on collectors
are lower to begin with, poor ride quality on such
facilities would not have as great an impact on
vehicle speeds as comparable conditions would on higher functional classification roadways.

Pavement Ride Quality on the National Highway System

As shown in Exhibir 3-2, the share of VMT on NHS pavements with acceptable ride quality has changed
very little from approximately 91 percent in 2000 to approximately 92 percent in 2008. However, the share
of VMT on NHS pavements meeting the more rigorous standard of good ride quality has risen sharply over
time, from approximately 48 percent

in 2000 to approximately 57 percent in

2008. As notecl. above, th'e p ercen‘tag.e Percent of NHS VMT on Pavements With Good and
of pavements with good ride quality is Acceptable Ride Quality, 2000-2008
a subset of the percentage of pavements

ith ble rid li Calendar Year 2000 2002 2004 2006 2008
with acceptable ride quality. Fiscal Year * 2001 2003 2005 2007 2009
As shown in Exhibit 3-3, rural NHS Good (IRI < 95) 48%  50% 52% 57%  57%
routes tend to have better pavement Acceptable (IRI<170)  91%  91%  91%  93%  92%

conditions than urban NHS routes. The *The pavement data in this section reflect conditions as of December 31 of

share of rural VMT on NHS pavements each year, as reported in HPMS. In this report, these values are presented on a
.- . .. calendar year basis, consistent with the annual Highway Statistics publication.

providing good ride quality increased Some other Departmental documents, such as the FY 2009 Performance and

from 63.6 percent in 2000 to 74.5 percent Accountability Report, are based on a Federal fiscal year basis; values as of

. December 31 in one calendar year fall into the next fiscal year. For example, the

in 2008. The share of NHS VMT on 57 percent figure identified as "good" for calendar year 2008 in this exhibit, is

pavements with good ride quality in urban reported as a fiscal year 2009 value in the FY 2009 Performance and

Accountability Report.

areas increased from 37.9 percent in 2000 Source: Highway Performance Monitoring System as of November 2009.

to 47.9 percent in 2008.
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Exhibit 3-3

Percent of VMT on NHS Pavements With Good and Acceptable Ride
Quality in Rural and Urban Areas, 2000-2008

2000 2002 2004 2006 2008
Rural
Good (IRI < 95) 63.6% 66.6% 68.0% 73.6% 74.5%
Acceptable (IRl < 170) 96.8% 96.9% 97.0% 97.8% 97.5%
Urban
Good (IRI < 95) 37.9% 38.6% 42.5% 47.7% 47.9%

Acceptable (IRl < 170) 87.0% 86.1% 86.9% 90.0% 89.0%

Source: Highway Performance Monitoring System as of November 2009.

The portion of VMT on rural pavements meeting the standard of acceptable ride quality increased slightly
from 96.8 percent in 2000 to 97.5 percent in 2008. The share of urban NHS VMT on acceptable
pavements rose from 87.0 percent in 2000 to 89.0 percent in 2008.

Pavement Ride Quality on Federal-Aid Highways

The HPMS collects ride quality data only for Federal-aid highways, which include all functional classes
except for rural minor collectors, rural local, and urban local. As described in Chapter 2, these three
functional classifications account for approximately three-fourths of the total mileage on the Nation’s system,
but carry less than one-sixth of the total daily VMT on the Nation’s roadway system. Because the focus of
this report is on VMT-based measures of ride quality rather than mileage-based measures, the omission of
these functional classes from the statistics in this section is less significant.

As shown in Exhibir 3-4, for those functional classes on which data are collected, the VMT on pavements
with good ride quality increased from 42.8 percent in 2000 to 46.4 percent in 2008. The VMT on
pavements meeting the standard of acceptable (which includes the category of good) remained about the
same at 85.5 percent in 2000 and 85.4 percent in 2008.

As noted in Chapter 2, rural areas contain about three-fourths of road miles, but support only about one-
third of annual national VMT. Consequently, pavement conditions in urban areas have a greater impact on
the VM T-weighted measure shown in Exhibit 3-4 than do pavement conditions in rural areas. Pavement
conditions are generally better in rural areas. For those functional systems for which data are available, the
share of rural VMT on pavements with good ride quality rose from 55.2 percent in 2000 to 62.5 percent in
2008, while the portion of urban VMT on pavements with good ride quality increased from 35.0 percent to
38.9 percent in 2008. The share of VMT on pavements with acceptable ride quality rose slightly from 2000
to 2008 in both rural and urban areas.

Pavement Ride Quality by Functional Classification

While the percentage of both rural and urban VMT on pavements with good ride quality rose from 2000
to 2008, this improvement was concentrated among the higher-order functional systems. Exhibit 3-4
shows that the share of VMT on pavements with good ride quality declined over this period for rural major
collectors, urban minor arterials, and urban collectors. The largest decline occurred on urban collectors,

as the portion of VMT on pavements with good ride quality dropped from 37.9 percent in 2000 to

31.5 percent in 2008.
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The percentage of VMT on pavements with acceptable ride quality fell slightly from 2000 to 2008, driven by
reductions in the percentages for the rural portion of the Interstate System, urban minor arterials, and urban
collectors. The share of VMT on pavements with acceptable ride quality rose for each of the other functional
systems included in Exhibit 3-4. The portion of urban collector VMT on pavements with acceptable ride
quality dropped from 76.1 percent to 72.0 percent over this 8-year period, the largest decline among any
functional system.

Exhibit 3-4

Percent of VYMT on Pavements With Good and Acceptable Ride Quality,
by Functional System, 2000-2008

2000 2002 2004 2006 2008
Functional System Percent Good

Rural Interstate 69.6% 72.2% 73.7% 78.6% 79.0%
Rural Principal Arterial 56.8% 60.2% 61.0% 66.8% 68.4%
Rural Minor Arterial 48.9% 51.0% 51.5% 56.3% 56.2%
Rural Major Collector 39.9% 42.4% 40.3% 39.8% 39.0%
Subtotal Rural 55.2% 58.0% 58.3% 62.2% 62.5%

Urban Interstate 43.6% 45.0% 49.4% 54.0% 55.7%
Urban Other Freeway & Expressway  32.4% 33.6% 38.8% 45.3% 44 4%
Urban Other Principal Arterial 26.9% 25.7% 26.5% 28.8% 26.9%
Urban Minor Arterial 34.4% 34.1% 32.3% 33.6% 32.5%
Urban Collector 37.9% 35.5% 35.7% 34.1% 31.5%

Subtotal Urban  35.0% 34.9% 36.6% 39.5% 38.9%
Total Good *  42.8% 43.8% 44.2% 47.0% 46.4%

Functional System Percent Acceptable

Rural Interstate 97.4% 97.3% 97.8% 98.2% 97.3%
Rural Principal Arterial 96.0% 96.2% 96.1% 97.0% 97.6%
Rural Minor Arterial 93.1% 93.8% 94.3% 95.1% 94.5%
Rural Major Collector 86.9% 87.6% 88.5% 87.8% 88.3%

Subtotal Rural  93.8% 94.1% 94.5% 94.9% 94.8%
Urban Interstate 91.2% 89.6% 90.3% 92.7% 91.9%
Urban Other Freeway & Expressway  87.2% 87.8% 87.7% 92.1% 91.4%
Urban Other Principal Arterial 71.0% 71.0% 72.6% 73.8% 72.4%
Urban Minor Arterial 76.5% 76.3% 73.8% 75.6% 75.5%
Urban Collector 76.1% 74.6% 72.6% 72.6% 72.0%

Subtotal Urban  80.3% 79.8% 79.7% 81.7% 85.4%
Total Acceptable *  85.5% 85.3% 84.9% 86.0% 85.4%

* Totals shown reflect Federal-aid highways only and exclude roads classified as rural minor collector, rural local,
or urban local, for which pavement data are not reported in HPMS.

Source: Highway Performance Monitoring System as of December 2009.

Interstate Pavement Ride Quality

Among all of the functional systems identified in Exhibir 3-4, the rural portion of the Interstate System

had the highest percentage of VMT on pavements with good ride quality in 2008, at 79.0 percent. The
share of urban Interstate System VMT on pavements with good ride quality from 2000 to 2008 rose from
43.6 percent to 55.7 percent, which represented the largest increase among the functional systems for which
data are available.
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A total of 97.3 percent of all VMT on the rural portion of the Interstate System occurred on pavements
with acceptable ride quality. On the urban portion of the Interstate System, the share of urban Interstate
System VMT occurring on pavements with good and acceptable ride quality in 2008 was 55.7 percent and
91.9 percent, respectively.

Pavement Ride Quality by Mileage

Exhibit 3-5 shows the pavement ride quality by functional classification from 2000 to 2008 based on
mileage, rather than on VMT. On a mileage basis, the percentage of pavements with both good and
acceptable ride quality declined from 2000 to 2008. Consistent with the VM T-weighted figures presented
carlier, the share of pavements with good ride quality declined for rural major collectors, urban minor
arterials, and urban collectors. However, since these functional systems constitute a greater share of total
mileage than total travel, these declines had a relatively larger impact on the totals presented in Exhibir 3-5
than on those presented in Exhibit 3-4.

Exhibit 3-5

Percent of Mileage With Acceptable and Good Ride Quality,
by Functional System, 2000-2008

2000 2002 2004 2006 2008

Functional System Percent Good

Rural Interstate 68.5% 71.9% 72.9% 77.2% 78.2%
Rural Principal Arterial 57.4% 60.9% 60.1% 65.3% 66.5%
Rural Minor Arterial 47.7% 50.2% 47.6% 53.3% 53.3%
Rural Major Collector 36.2% 43.1% 36.3% 35.1% 34.0%

Subtotal Rural 46.5% 50.9%  47.0% 45.4% 44.9%
Urban Interstate 50.0% 50.9% 55.0% 59.3% 61.4%
Urban Other Freeway & Expressway 38.7% 40.9% 44.6% 50.2% 50.6%
Urban Other Principal Arterial 26.9% 25.7% 26.2% 29.7% 27.4%
Urban Minor Arterial 37.7% 38.8% 35.7% 33.0% 32.1%
Urban Collector 31.0% 33.4% 31.2% 30.1% 28.3%

Subtotal Urban 33.6% 34.3% 33.6% 33.3% 32.0%
Total Good * 43.2% 46.6% 43.1% 41.5% 40.7%

Functional System Percent Acceptable

Rural Interstate 97.8% 97.8% 98.0% 98.0% 98.0%
Rural Principal Arterial 96.0% 96.6% 95.8% 96.7% 97.1%
Rural Minor Arterial 92.0% 93.8% 93.9% 94.0% 94.1%
Rural Major Collector 82.1% 85.9% 85.8% 84.5% 85.1%

Subtotal Rural 89.0% 91.0% 90.9% 89.0% 89.4%
Urban Interstate 93.4% 92.2% 92.6% 94.5% 94.4%
Urban Other Freeway & Expressway 89.0% 89.5% 90.2% 93.2% 93.3%
Urban Other Principal Arterial 71.3% 71.1% 72.7% 74.4% 73.1%
Urban Minor Arterial 78.7% 77.3% 76.0% 75.0% T4.7%
Urban Collector 75.3% 75.9% 73.5% 67.9% 68.0%

Subtotal Urban 77.3% 76.9% 76.5% 74.0% 73.6%
Total Acceptable * 86.0% 87.4% 86.6% 84.2% 84.2%

* Totals shown reflect Federal-aid highways only and exclude roads classified as rural minor collector,
rural local, or urban local, for which pavement data are not reported in HPMS.
Source: Highway Performance Monitoring System as of December 2009.
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Lane Width

Lane width affects capacity and safety; narrow lanes have a lower capacity and can affect the frequency of
crashes. As with roadway alignment, lane width is more crucial on those functional classifications with
higher travel volumes.

Currently, higher functional systems such as the Interstate System are expected to have 12-foot lanes.
Approximately 98.8 percent of all Interstate System highways had lane widths of 12 feet or greater in 2008.
As shown in Exhibir 3-6, approximately 99.0 percent of rural Interstate System miles and 98.4 percent of
urban Interstate System miles have minimum 12-foot lane widths.

Exhibit 3-6

Lane Width by Functional Class, 2008
> 12 foot 11 foot 10 foot 9 foot < 9 foot

Rural

Interstate 99.0% 1.0% 0.0% 0.0% 0.0%
Other Principal Arterial 89.9% 8.4% 1.4% 0.2% 0.1%
Minor Arterial 70.9% 18.9% 9.2% 0.8% 0.1%
Major Collector 39.8% 26.7% 25.4% 6.2% 1.8%
Urban

Interstate 98.4% 1.4% 0.1% 0.1% 0.0%
Other Freeway & Expressway 94.3% 5.1% 0.6% 0.0% 0.0%
Other Principal Arterial 82.0% 12.7% 4.8% 0.3% 0.3%
Minor Arterial 66.5% 18.8% 12.3% 1.7% 0.6%
Collector 52.5% 19.3% 20.4% 5.9% 1.9%

Source: Highway Performance Monitoring System as of December 2009.

A slight majority (52.5 percent) of urban collectors have lane widths of 12 feet or greater, but approximately
one-fifth have 11-foot lanes, and about one-fifth have 10-foot lanes. Among rural major collectors,

39.8 percent have lane widths of 12 feet or greater, but approximately one-fourth have 11-foot lanes and
one-fourth have 10-foot lanes. Roughly one in every 13 miles on rural major collectors has lane widths of
9 feet or less.

Roadway Alignment

The term “Roadway Alignment” refers to the curvature and grade of a roadwayj i.e., the extent to which it
swings from side to side, and points up or down. The term “Horizontal Alignment” relates to curvature,
while the term “Vertical Alignment” relates to gradient. Alignment adequacy affects the level of service

and safety of the highway system. Inadequate alignment may result in speed reductions and impaired sight
distance. In particular, trucks are affected by inadequate vertical alignment with regard to speed. Alignment
adequacy is evaluated on a scale from Code 1 (best) to Code 4 (worst).

Alignment adequacy is more important on roads with higher travel speeds and/or higher volumes (e.g., the
Interstate System). Alignment is generally not a major issue in urban areas; therefore, only rural alignment
statistics are presented in this section. The amount of change in roadway alignment over time is gradual

and occurs only during major reconstruction of existing roadways. New roadways are constructed to meet
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current vertical and horizontal alignment criteria and therefore do not generally have alignment problems,
except under very extreme conditions.

As shown in Exhibit 3-7, approximately 95.6 percent of rural Interstate System miles are classified as Code 1
for horizontal alignment and 92.7 percent as Code 1 for vertical alignment. In contrast, the percentage of
rural minor arterial miles classified as Code 1 for horizontal and vertical alignment, respectively, are only
72.8 percent and 55.1 percent.

Exhibit 3-7

Rural Alignment by Functional Class, 2008

Code1 Code2 Code3 Code4

Horizontal

Interstate 95.6% 0.4% 1.2% 2.8%
Other Principal Arterial  77.9% 8.5% 5.0% 8.6%
Minor Arterial 72.8% 6.3% 7.5% 13.5%
Major Collector 88.0% 0.9% 0.9% 10.3%
Vertical

Interstate 92.7% 6.0% 0.8% 0.5%
Other Principal Arterial 67.4%  21.3% 6.2% 51%
Minor Arterial 55.1% 23.6% 13.2% 8.1%
Major Collector 63.6% 21.1% 9.9% 5.4%

Code 1 All curves and grades meet appropriate design standards.

Code 2 Some curves or grades are below design standards for new
construction, but curves can be negotiated safely at prevailing
speed limits. Truck speed is not substantially affected.

Code 3 Infrequent curves or grades occur that impair sight distance or
severely affect truck speeds. May have reduced speed limits.

Code 4 Frequent grades occur that impair sight distance or severely
affect truck speeds. Generally, curves are unsafe or
uncomfortable at prevailing speed limit, or the speed limit is
severely restricted due to the design speed limits of the curves.

Source: Highway Performance Monitoring System as of December 2009.
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Bridge System Conditions

The data used to evaluate the condition of the Nation’s bridges is drawn from the National Bridge Inventory
(NBI) and reflects information gathered by the States during their periodic safety inspection of bridges.

Bridge inspectors are trained to inspect bridges
based on, as a minimum, the criteria in the
National Bridge Inspection Standards (NBIS).
Regular inspections are required for all 603,310
bridges with spans of more than 20 feet (6.1 meters)
located on public roads.

Some of the statistics presented in this section are
based on actual bridge counts, while others are
weighted by bridge deck area (taking bridge size
into account) or by average daily trafhc (ADT).
ADT represents the number of vehicles crossing a
structure on a typical day, but does not reflect the
length of the structure crossed. In contrast, the
VMT-weighted figures for pavements presented
in the previous section take into account both the
number of vehicles and the distance they travel.

How often are the bridges inspected?

Most bridges in the NBI are inspected once
every 24 months. Structures with advanced
deterioration or other conditions warranting close
monitoring may be inspected more frequently. Certain
types of structures in satisfactory or better condition as well
as other factors, including but not limited to structure type
and description, structure age, and structure load rating,
may receive an exemption from the 24-month inspection
cycle. With FHWA approval, these structures may be
inspected at intervals that do not exceed 48 months. A
discussion of the criteria can be found in Technical Advisory
5140.21, subparagraph 7 of Varying the Frequency of
Routine Inspection (http://staffnet/pgc/results.cfm?id=2341)

Approximately 83 percent of bridges are inspected once
every 24 months, 12 percent are inspected on a 12-month
cycle, and 5 percent are inspected on a maximum
48-month cycle.

All data presented in this section are from the NBI database as of October 2009. As noted in Chapter 2,
since a majority of bridges are inspected once every 24 months, the “2009” NBI data actually reflect the
condition of individual bridges from late 2007 through late 2009, or late 2008 on average.

Bridge Ratings and Classifications

From the information collected through the
inspection process, assessments are performed
to determine the adequacy of a structure to
service the current structural and functional
demands; factors considered include load-
carrying capacity, deck geometry, clearances,
waterway adequacy, and approach roadway
alignment. Structural assessments together
with ratings of the physical condition of key
bridge components determine whether a bridge
should be classified as “structurally deficient.”
Functional adequacy is assessed by comparing
the existing geometric configurations and
design load carrying capacities to current
standards and demands. Disparities between
the actual and preferred configurations are
used to determine whether a bridge should be
classified as “functionally obsolete.”
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What makes a bridge structurally
deficient, and are structurally deficient
bridges unsafe?

Structurally deficient bridges are not inherently unsafe.

Bridges are considered structurally deficient if significant
load-carrying elements are found to be in poor or worse
condition due to deterioration and/or damage, or the
adequacy of the waterway opening provided by the bridge
is determined to be extremely insufficient to the point of
causing intolerable roadway traffic interruptions.

The classification of a bridge as structurally deficient does
not imply that it is likely to collapse or that it is unsafe.

By conducting properly scheduled inspections, unsafe
conditions may be identified; if the bridge is determined

to be unsafe, the structure must be closed. A deficient
bridge, when left open to traffic, typically requires significant
maintenance and repair to remain in service and eventual
rehabilitation or replacement to address deficiencies. To
remain in service, structurally deficient bridges often have
weight limits that restrict the gross weight of vehicles using
the bridges to less than the maximum weight typically
allowed by statute.




Condition Ratings

The primary considerations in classifying structural
deficiencies are the bridge component condition
ratings. The NBI database contains condition
ratings on the three primary components of a
bridge: the deck, superstructure, and substructure.
The bridge deck is the surface on which vehicles
travel and is supported by the superstructure. The
superstructure transfers the load of the deck and
bridge traffic to the substructure, which provides
support for the entire bridge.

Condition ratings have been established to
measure the state of bridge components over
time in a consistent and uniform manner. Bridge
inspectors assign condition ratings by evaluating
the severity of any deterioration of bridge
components relative to their as-built condition,

How does a bridge become functionally
obsolete?

Functional obsolescence is a function of the
geometrics of the bridge in relation to the geometrics
required by current design standards. While structural
deficiencies are generally the result of deterioration of

the conditions of the bridge components, functional
obsolescence generally results from changing traffic
demands on the structure. Facilities, including bridges,
are designed to conform to the design standards in place
at the time they are designed. Over time, improvements
are made to the design requirements. As an example, a
bridge designed in the 1930s would have shoulder widths
in conformance with the design standards of the 1930s,
but current design standards are based on different criteria
and require wider bridge shoulders to meet current safety
standards. The difference between the required, current-
day shoulder width and the 1930s’ designed shoulder
width represents a deficiency. The magnitude of these
types of deficiencies determines whether a bridge is
classified as functionally obsolete.

and the extent to which this deterioration affects the performance of the component being rated. These
ratings provide an overall characterization of the general condition of the entire component being rated; the
condition of specific individual bridge elements may be higher or lower. Exhibit 3-8 describes the bridge

condition ratings in more detail.

Exhibit 3-8

Bridge Condition Rating Categories
Condition
Rating Category Description*

9 Excellent

8 Very Good No problems noted.

7 Good Some minor problems.

6 Satisfactory  Structural elements show some minor deterioration.

5 Fair All ptimary structural elements are sound but may have minor section loss, cracking,
spalling, or scour.

4 Poor Advanced section loss, deterioration, spalling, or scour.
Loss of section, deterioration, spalling, or scour have seriously affected primary

3 Serious structural components. Local failures are possible. Fatigue cracks in steel or shear
cracks in concrete may be present.
Advanced deterioration of primary structural elements. Fatigue cracks in steel or shear

i cracks in concrete may be present or scour may have removed substructure support.

2 Critical Unless closely monitored, it may be necessary to close the bridge until corrective action
is taken.
Major deterioration or section loss present in critical structural components, or obvious

y Imminent loss present in critical structural components, or obvious vertical or horizontal movement

Failure affecting structural stability. Bridge is closed to traffic, but corrective action may be

sufficient to put the bridge back in light service.

0 Failed Bridge is out of service and is beyond corrective action.

*The term "section loss" is defined in The Bridge Inspector’s Reference Manual (BIRM) Publication No. FHWA NHI 03-001 as the
loss of a (bridge) member’s cross-sectional area usually by corrosion or decay. A "spall' is a depression in a concrete member
resulting from the separation and removal of a volume of the surface concrete. Spalls can be caused by corroding
reinforcement, friction from thermal movement, and overstress. The term "scour" refers to the erosion of streambed or bank

material around bridge supports due to flowing water.

Source: Recording and Coding Guide for the Structure Inventory and Appraisal of the Nation's Bridges, Report No. FHWA-PD-96-001.
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The condition ratings for bridges in the Nation are shown in Exhibir 3-9. When a primary component of a
structure has a rating of 4 or lower, it is considered to be structurally deficient. A structural deficiency does
not indicate that a bridge is unsafe but instead indicates the extent to which a bridge has depreciated from its
original condition when first built. Once bridge components become structurally deficient, the bridge may
experience reduced performance in the form of lane closures or load limits. Bridges with components in
such disrepair that there is a safety risk are closed to traffic.

Approximately 58.9 percent of the bridges rated had

bridge decks in good (7) or better condition. Weighting
Bridge Condition Ratings, 2009 bridges by deck area changes this value to 59.4 percent,
Deck Rating Distribution suggesting that larger bridges are in slightly better shape
) Bridge Deck Area ADT on average; the corresponding value weighted by ADT
Rating * Count Weighting Weighting ) . . .
9 2.0% 2.0% 0% is 55.6 percent, suggesting that bridge decks on heavily
8 17.4% 15.2% 11.3% traveled bridges are in slightly worse shape on average.
7 37.5% 41.3% 42.2% The share of bridge decks rated as poor (4) or worse was
6 23.2% 24.9% 26.5% 5.5 percent based on raw bridge counts or weighted by
5 12.4% 10.7% 12.4% . .
4 4.0% 3.7% 41% ADT; the corresponding figure weighted by deck area was
3 1.0% 1.0% 1.2% 5.0 percent.
0, 0, 0,
? 8?;: 8102 3102 Weighted by deck area, the share of bridge
0 0.2% 0.1% 0.0% superstructures rated as good (7) or better was
Superstructure Rating Distribution
Bridge Deck Area ADT What is the condition of the culverts
Rating* Count Weighting Weighting included in the NBI?
9 4.6% 3.8% 2.7%
8 22.8% 24.8% 22.4% There are 129,351 culverts reflected in the NBI.
7 34.0% 36.8% 41.9% Culverts are self-contained units located under roadway
6 21.4% 21.1% 21.9% fill, typically constructed of concrete or corrugated
5 11.6% 9.8% 8.6% steel. Multiple pipes or boxes placed side by side are
4 3.9% 2.9% 21% considered to be a structure and are included in the NBI
3 1.1% 0.6% 0.4% if they span a total length in excess of 6.1 meters and
2 0.3% 0.2% 0.1% carry a public roadway. As these structures lack decks,
1 0.1% 0.0% 0.0% superstructures, and substructures, culverts are rated
0 0.2% 0.1% 0.0% based on their overall condition as a whole. Exhibit 3-10
shows the distribution of culvert condition ratings.
Substructure Rating Distribution
Bridge  Deck Area ADT
Rating* Count Weighting Weighting
9 4.3% 3.4% 2.2% Culvert Condition Ratings, 2009
8 17.5% 17.0% 12.6%
7 36.0% 44.4% 51.2% Number of
6 22.7% 22.1% 23.2% Rating Culverts Percent
5 12.5% 9.6% 8.5% 9 4,517 3.5%
4 4.9% 2.8% 1.9% 8 24,674 19.1%
3 1.3% 0.5% 0.2% 7 55,875 43.2%
2 0.5% 0.1% 0.0% 6 32,845 25.4%
1 0.1% 0.0% 0.0% 5 8,771 6.8%
0 0.2% 0.1% 0.0% 4 2106 1.6%
3 457 0.4%
* Percentages are based on deck ratings for 468,466 bridges, 2 67 0.1%
superstructure ratings for 473,116 bridges, and substructure
ratings for 473,305 bridges. These percentages exclude 1 7 0.0%
124,823 culverts (self-contained units located under roadway fill 0 32 0.0%
Stnictures 1o whioh these ratings are nonappiicable, and other Total 129,351 100.0%
structures for which no value was coded. Source: National Bridge Inventory, October 2009.
Source: National Bridge Inventory, October 2009.
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65.4 percent, while the comparable value for bridge substructures was 64.8 percent. The share of bridge
superstructures weighted by deck area rated as poor or worse was 3.8 percent, compared to 3.5 percent for
bridge substructures. The percentages shown in Exhibir 3-9 do not reflect culverts, which do not have a
deck, superstructure or substructure, but instead are self contained units typically located under roadway fill.

Appraisal Ratings

Appraisal ratings are based on an evaluation of bridge
characteristics relative to the current standards used for
highway and bridge design. Such ratings factor into
the classification of bridges as structurally deficient or
functionally obsolete. Exhibir 3-11 describes appraisal
rating codes in more detail.

Structural Evaluation and Waterway
Adequacy Ratings

Load-carrying capacity does not influence the
assignment of the condition ratings referenced above,
but it does factor into the structural evaluation
appraisal rating. This is calculated according to the
capacity ratings for various categories of traffic in
terms of ADT. A structural evaluation rating of 3
indicates that the load-carrying capacity does not meet
current design standards, but can be mitigated through
corrective action; in this case, the bridge is classified as
functionally obsolete. A structural evaluation rating
of 2 or lower indicates that the load-carrying capacity

Exhibit 3-11

Bridge Appraisal Rating Categories
Rating Description
N  Not applicable.
9  Superior to present desirable criteria.
8 Equal to present desirable criteria.
7  Better than present minimum criteria.
6 Equal to present minimum criteria.
5 Somewhat better than minimum adequacy to
tolerate being left in place as-is.
4 Meets minimum tolerable limits to be left in
place as-is.
3 Basically intolerable requiring a high priority of
corrective action.
2 Basically intolerable requiring a high priority of
replacement.
1  This value of rating code is not used.
0 Bridge closed.

Source: Recording and Coding Guide for the Structure
Inventory and Appraisal of the Nation's Bridges, Report No.
FHWA-PD-96-001.

is too low and the structure should be replaced; in this case, the bridge is classified as structurally deficient.
Again, neither rating is indicative of a bridge that is unsafe but rather a measure of the bridge’s original
design and the extent of the bridge’s depreciation relative to current design standards.

The waterway adequacy appraisal rating describes the size of the opening of the structure with respect to
the passage of water flow under the bridge. This rating, which considers the potential for a structure to be
submerged during a flood event and the potential inconvenience to the traveling public, is based on criteria
assigned by functional classification. Bridges with waterway adequacy appraisal ratings of 3 are classified as
functionally obsolete, while those with waterway adequacy appraisal ratings of 2 or lower are classified as

structurally deficient.

Exhibit 3-12 shows the distribution of structural
evaluation and waterway adequacy ratings.
Approximately 6.9 percent of bridges received a
structural evaluation rating of 3 or less. Weighting
bridges by deck area reduces this value to 3.2 percent;
the comparable ADT-weighted figure is 1.6 percent.
This suggests that larger, more heavily traveled
bridges have fewer problems in terms of load-carrying
capacity than smaller less-traveled bridges, on average.
Only 1.0 percent of structures spanning waterways
received a waterway adequacy rating of 3 or less;

the comparable figures weighted by deck area and
weighted by ADT were both 0.3 percent.

Reporting Deficient Deck Area

The FHWA is exploring alternate methods of reporting
total deficient bridge deck area. Under the current
method, the total deck area on deficient bridges is
divided by the total deck area of all bridges for a
particular year. As new bridges are constructed, their
area is included in the denominator of this computation;
even if the total deck area on deficient bridges remained
constant from one year to the next, the increase in the
total deck area of all bridges would cause the deck-
area weighted percent of deficient bridges to decrease.
Concerns have been raised that this method can
inadvertently mask relevant changes to the condition of
existing bridges.
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Exhibit 3-12

Structural Evaluation and Waterway Adequacy Appraisal Ratings, 2009
Structural Evaluation Waterway Adequacy
Weighted by Weighted by Weighted by Weighted by
Rating* Structures Deck Area ADT Structures Deck Area ADT
9 1.7% 1.7% 1.1% 11.0% 24.6% 20.1%
8 13.7% 12.9% 10.6% 35.6% 45.0% 43.3%
7 26.4% 34.7% 40.1% 22.6% 12.8% 13.7%
6 25.3% 26.0% 28.2% 20.9% 13.3% 18.5%
5 16.3% 15.3% 14.0% 5.3% 2.8% 2.7%
4 9.6% 6.2% 4.5% 3.6% 1.2% 1.3%
3 2.3% 1.7% 1.0% 0.7% 0.2% 0.2%
2 4.0% 1.3% 0.5% 0.1% 0.0% 0.0%
1 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
0 0.6% 0.2% 0.1% 0.2% 0.1% 0.0%

* Percentages are based on structural evaluation ratings for 597,266 bridges and waterway adequacy ratings for
501,043 bridges. Bridges that are not over a waterway are not rated for waterway adequacy.

Source: National Bridge Inventory, October 2009

Deck Geometry, Underclearance, and Approach Alignment Ratings

While load-carrying capacity and waterway adequacy can trigger the classification of a bridge as functionally
obsolete, the primary considerations in determining functional obsolescence are functional and geometric-
based appraisal ratings, including the deck geometry appraisal rating, the underclearance appraisal rating,
and the approach roadway alignment appraisal rating,.

Deck geometry ratings reflect the width of the bridge, the minimum vertical clearance over the bridge, the
ADT, the number of lanes carried by the structure, whether two-way or one-way traffic is serviced, and the
functional classification of the structure. As noted above, appraisal ratings are based on an evaluation of
bridge characteristics relative to the current standards used for highway and bridge design; thus, the deck
geometry rating is based in part on the difference between the actual width of the structure and the current
design standard for the width of a structure with the same characteristics as the bridge being rated.

Underclearance appraisals consider both the vertical and horizontal underclearances as measured from the
roadway or railway to the nearest bridge component. The functional classification of the underpassing route
is considered, along with its Federal-aid designation and defense categorization (i.e., whether the bridge

crosses over a Strategic Highway Network STRAHNET route).

Approach alignment ratings differ from the deck geometry and underclearance appraisal ratings in that,
rather than comparing approach roadway alignment with current standards, they are determined by
comparing the existing approach roadway alignment to the bridge to the general alignment for the section
of highway the bridge is on. Deficiencies are identified where the bridge route does not function adequately
because of alignment disparities.

Exhibit 3-13 shows the distribution of appraisal ratings for deck geometry, underclearance, and approach
alignment. Approximately 8.6 percent of bridges received a deck geometry rating of 2 or lower, indicating
problems that generally would not be correctable unless the structure were replaced. The comparable figure
weighted by ADT is 10.8 percent because deck geometry adequacy is more of a problem on higher-traveled
routes, on average. Approximately 0.3 percent of approach alignments were rated 2 or lower; for those
bridges for which underclearance adequacy was evaluated, 3.1 percent were rated 2 or lower.
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Exhibit 3-13

Bridge Appraisal Ratings Based on Geometry
and Function, 2009

Deck Geometry Rating Distribution

Bridge Deck Area ADT
Rating* Count Weighting Weighting
9 8.9% 21.2% 31.0%
8 2.2% 2.4% 2.0%
7 11.3% 14.4% 12.4%
6 20.7% 16.4% 13.5%
5 22.6% 15.8% 11.7%
4 18.4% 16.5% 14.7%
3 7.2% 4.8% 4.0%
2 8.5% 8.5% 10.8%
1 0.0% 0.0% 0.0%
0 0.1% 0.1% 0.0%
Approach Alignment Rating Distribution
Bridge Deck Area ADT
Rating* Count Weighting Weighting
9 2.7% 3.5% 5.4%
8 62.4% 73.2% 79.2%
7 12.3% 10.0% 7.9%
6 14.4% 8.9% 5.5%
5 3.8% 2.1% 1.1%
4 2.8% 1.5% 0.8%
3 1.4% 0.6% 0.2%
2 0.2% 0.1% 0.0%
1 0.0% 0.0% 0.0%
0 0.1% 0.0% 0.0%
Underclearance Rating Distribution
Bridge Deck Area ADT
Rating* Count Weighting Weighting
9 10.4% 12.3% 9.1%
8 2.0% 2.0% 1.6%
7 9.1% 8.3% 7.8%
6 17.3% 16.7% 17.1%
5 16.2% 14.2% 15.0%
4 20.3% 19.3% 23.5%
3 21.6% 24.2% 23.4%
2 3.0% 2.9% 2.4%
1 0.0% 0.0% 0.0%
0 0.1% 0.1% 0.0%

* Percentages are based on deck geometry ratings for
519,386 structures, approach alignment ratings for 602,100
structures, and underclearance ratings for 101,860
structures. Underclearance adequacy is rated only for
those bridges crossing over a highway or railroad.

Source: National Bridge Inventory, October 2009.

Condition and Appraisal Ratings
Relative to Structurally Deficient/
Functionally Obsolete Designations

The discussion of condition and appraisal ratings above
identifies some specific trigger values that will result in
the designation of a bridge as structurally deficient or
functionally obsolete. However, it is important to note
that condition and appraisal ratings are not cumulative;
for example, a single bridge may have multiple
deficiencies that each would warrant a classification of
functionally obsolete.

Bridges may have both structural problems that would
warrant a classification of structurally deficient and
functional issues that would warrant a classification of
functionally obsolete. However, when summary NBI
bridge condition metrics are presented, bridges are
reported as being in one of three mutually exclusive
categories—structurally deficient, functionally
obsolete, or non-deficient. The standard NBI data
reporting convention is that if a bridge meets the
criteria to be classified as both structurally deficient
and functionally obsolete, it is identified only as
structurally deficient, because structural deficiencies
are considered more critical. Thus, while a significant
percentage of bridges classified as structurally deficient
will also have functional issues in need of correction,
bridges classified as functionally obsolete do not have
significant structural deficiencies.

Bridge Conditions on the NHS

Exhibir 3-14 identifies the percent of bridges on the
National Highway System (NHS) classified as structurally
deficient or functionally obsolete based on the number

of bridges, bridges weighted by deck area, and bridges
weighted by ADT. The FHWA has adopted deck-area
weighting for use in agency performance planning in
recognition of the significant logistical and financial
challenges that may be involved in addressing deficiencies
on larger bridges. The total number of NHS bridges for
individual years are identified in Chapter 2.

Approximately 21.9 percent of the 117,510 NHS bridges were classified as deficient in 2009; the
comparable values weighted by ADT and deck area were 26.2 percent and 29.2 percent, respectively. This
suggests that there is a greater-than-average concentration of deficiencies on heavily traveled and larger

bridges, respectively.
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The share of NHS bridges -
weighted by deck area that

are classified as structurally NHS Bridge Deficiences, 2001-2009
deficient decreased from Percentage of Deficient Bridges by Year
8.4 percent in 2001 to Analysis Approach 2001 2003 2005 2007 2009
8.2 percent in 2009, while Weighted By Deck Area
Structurally Deficient 8.4% 8.8% 8.5% 8.4% 8.2%

the deck-area weighted share

lassified as functonall Functionally Obsolete 220% | 209% | 213% | 21.3% | 21.0%
classihied as functionally Total Deficient 30.4% | 29.7% | 29.8% | 29.7% | 29.2%
obsolete decreased from Weighted By ADT
22.0 percent to 21.0 percent Structurally Deficient 7.2% 7.1% 6.6% 6.5% 6.2%
over the same period. Functionally Obsolete 20.5% 20.0% 20.2% 20.2% 20.0%
NHS routes tend to Carry Total Deficient 27.7% 27.1% 26.8% 26.7% 26.2%
significantly more traffic By Bridge Count
¥all 0, 0, 0, 0, 0,

than the average road, and Struct.urally Deficient 6.0% 5.9% 5.7% 5.5% 5.2%

Functionally Obsolete 17.4% 17.0% 16.9% 16.7% 16.6%

functional obsolescence

Total Deficient 23.3% 22.9% 22.6% 22.2% 21.9%

remains a significant challenge

on NHS bri dges. Source: National Bridge Inventory, October 2009.

Systemwide Bridge Conditions

Exhibir 3-15 identifies the percentage of all bridges
classified as structurally deficient or functionally
obsolete based on the number of bridges, bridges
weighted by deck area, and bridges weighted by
ADT. The total number of bridges has grown over
time; totals for individual years are identified in

Chapter 2.

What goals were established by the
Department of Transportation for
NHS bridges?

The Department of Transportation’s FY 2009

Performance and Accountability Report presented a fiscal
year (FY) 2009 target of 29.0 percent for the share of deck
area on NHS bridges rated as deficient.

Based on raw bridge counts, approximately 12.0 percent of bridges were classified as structurally deficient
in 2009, and 14.5 percent were classified as functionally obsolete. Weighted by deck area, the comparable
shares were 9.3 percent structurally deficient and 20.2 percent functionally obsolete. The differences

are even more pronounced when bridges are weighted by ADT, as this adjustment results in a structural
deficient share of 7.0 percent and a functionally obsolete share of 21.7 percent.

Since 2001, the total share Exhibit 3-15

of deficient bridges weighted
by deck area has decreased
from 31.3 percent to

Systemwide Bridge Deficiencies, 2001-2009

Percentage of Deficient Bridges by Year

. Analysis Approach 2001 2003 2005 2007 2009

29.4 percent, representing Weighted By Deck Area
an overall improvement in Structurally Deficient 105% | 103% | 98% | 95% | 9.3%
the condition of the Nation’s Functionally Obsolete 20.9% 20.4% 20.7% 20.6% 20.2%
bridges. Whether considering Total Deficient 31.3% | 30.8% | 30.5% | 30.1% | 29.4%
raw bridge counts, deck-area- Weighted By ADT

. Structurally Deficient 8.1% 7.9% 7.4% 7.3% 7.0%
Wefghted values, or ADT- Functionally Obsolete 224% | 22.0% | 22.0% | 22.0% | 21.7%
weighted values, more progress Total Deficient 30.5% 29.9% 29.4% 29.4% 28.7%
was made during this period By Bridge Count
in reducing the percentage of Structurally Deficient 14.6% 13.9% 13.1% 12.3% 12.0%
structurally deficient bridges Functionally Obsolete 15.5% 15.3% 15.1% 14.8% 14.5%

Total Deficient 30.1% 29.1% 28.2% 27.2% 26.5%

than in reducing the share of

functionally obsolete bridges. Source: National Bridge Inventory, October 2009.
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Rural and Urban Deficient Bridges by Functional Classification

Based on the number of bridges, the total percentage of structurally deficient and functionally obsolete
bridges on the Nation’s roadways decreased from 30.1 percent in 2001 to 26.5 percent in 2009. The
percentage of structurally deficient bridges for most functional classes decreased from 2001 to 2009, with
the exception of rural Interstate System bridges. As shown in Exhibit 3-16, the share of rural Interstate
System bridges classified as structurally deficient increased from 4.1 percent to 4.5 percent over this period.
The share of bridges classified as functionally obsolete decreased for most functional classes except for urban
collectors, which experienced an increase from 28.1 percent in 2001 to 28.3 percent in 2009.

Exhibit 3-16

Bridge Deficiences by Functional Class, 2001-2009
Percentage of Structurally Deficient Bridges by Year
Functional System 2001 2003 2005 2007 2009
Rural
Interstate 4.1% 4.4% 4.2% 4.4% 4.5%
Other Principal Arterial 5.6% 5.5% 5.3% 5.0% 4.7%
Minor Arterial 8.7% 8.6% 8.4% 8.2% 7.8%
Major Collector 12.3% 12.1% 11.4% 10.8% 10.5%
Minor Collector 14.6% 14.0% 13.0% 12.5% 12.4%
Local 22.7% 21.4% 19.9% 18.7% 18.3%
Subtotal Rural 16.0% 15.2% 14.3% 13.5% 13.3%
Urban
Interstate 6.5% 6.5% 6.2% 6.0% 5.8%
Other Freeway and Expressway 6.5% 6.3% 5.9% 6.0% 5.4%
Other Principal Arterial 10.0% 9.5% 9.1% 8.7% 8.3%
Minor Arterial 11.0% 10.6% 10.3% 10.0% 9.5%
Collector 12.0% 11.4% 11.3% 11.0% 10.3%
Local 12.6% 11.8% 11.6% 10.9% 10.6%
Subtotal Urban 9.8% 9.4% 9.1% 8.8% 8.4%
Percentage of Functionally Obsolete Bridges by Year
Functional System 2001 2003 2005 2007 2009
Rural
Interstate 12.8% 12.8% 12.5% 11.7% 11.7%
Other Principal Arterial 10.8% 10.0% 9.6% 9.1% 8.8%
Minor Arterial 12.6% 11.7% 11.3% 10.8% 10.3%
Major Collector 11.3% 11.2% 10.9% 10.3% 9.7%
Minor Collector 12.5% 12.2% 12.0% 11.6% 11.1%
Local 13.7% 13.3% 13.0% 12.5% 12.0%
Subtotal Rural 12.7% 12.3% 12.0% 11.5% 11.0%
Urban
Interstate 23.4% 22.9% 23.6% 23.8% 23.2%
Other Freeway and Expressway 24.2% 23.6% 23.3% 22.8% 22.3%
Other Principal Arterial 25.3% 25.5% 24.8% 24.5% 241%
Minor Arterial 29.7% 29.4% 29.0% 29.4% 28.9%
Collector 28.1% 28.6% 28.9% 28.5% 28.3%
Local 21.5% 21.9% 22.1% 21.5% 21.1%
Subtotal Urban 25.1% 25.1% 25.1% 24.9% 24.5%

Source: National Bridge Inventory, October 2009.

Among the individual functional classes, the highest percentage observed in 2009 for structurally deficient
bridges was 18.3 percent for rural minor collectors; despite the increase noted above, the rural portion of the
Interstate System had the lowest percentage of structurally deficient bridges. Urban minor arterials had the
highest share of functionally obsolete bridges, 28.9 percent in 2009, while only 8.8 percent of rural other
principal arterials were classified as functionally obsolete.
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Deficient Bridges by Owner

Bridge deficiencies by ownership are examined in Exhibit 3-17. Each State has the responsibility for
inspection of all bridges in that State except for tribally or Federally owned bridges. The agency that owns
a bridge is responsible for its maintenance and operation. Interagency agreements may be formed, such as
those between State highway agencies and localities. In these cases, a secondary agency (such as the State)
performs maintenance and operation work under agreement with the owner. However, such agreements
do not transfer ownership and, therefore, do not negate the responsibilities of the bridge owners for
maintenance and operation in compliance with Federal and State requirements.

Exhibit 3-17

Bridge Deficiencies by Owner, 2009
Private/
Federal State Local Other* Total
Count
Total Bridges 8,452 290,062 303,014 1,782 603,310
Total Deficient 2,293 71,680 84,766 1,120 159,859
Structurally Deficient 762 23,919 47,161 559 72,401
Functionally Obsolete 1,531 47,761 37,605 561 87,458
Percentages
Percent of Total Inventory Owned 1.4% 48.1% 50.2% 0.3% 100.0%
Percent Deficient 271% 24 7% 28.0% 62.9% 26.5%
Percent Structurally Deficient 9.0% 8.2% 15.6% 31.4% 12.0%
Percent Functionally Obsolete 18.1% 16.5% 12.4% 31.5% 14.5%

* Note that these data only reflect bridges for which inspection reports were submitted to the NBI. An
unknown number of privately owned bridges are omitted.

Source: National Bridge Inventory, October 2009.

While the number of privately owned bridges reported in the NBI is relatively small, at 0.3 percent of

the total number of bridges, about 62.9 percent of them were classified as deficient in 2009. State-owned
bridges had the lowest share of structurally deficient bridges in 2009, at approximately 8.2 percent. Bridges
owned by local governments had the lowest share of functionally obsolete bridges, at only 12.4 percent.
These findings are consistent with the types of bridges owned by the different levels of government; local
governments tend to own smaller bridges with lower traffic levels than average, for which functional
obsolescence is less of an issue.

Historic Bridges on the Nation’s Roadways

Of the 603,310 bridges in the National Bridge Inventory, 1,767 (0.29 percent) are registered as historic and
an additional 3,846 (0.64 percent) are eligible to be registered. Some historic bridges carry significant traffic
volumes; over 17 percent of the bridges on the historic register are on principal arterials.

Bridges do not have to be extremely old to be classified as historic. Approximately 9.5 percent of the
registered historic bridges are 50 years in age or less, well within the typical useful lifespan of a bridge;
approximately 4.1 percent are 10 years old or less.

Of the registered historic bridges, 33.3 percent of them have current ratings that cause them to be classified
as structurally deficient while 40.2 percent are classified as functionally obsolete. At some time, it will

be necessary to take mitigation actions on those bridges classified as structurally deficient; however,
mitigation actions on the bridges classified as functionally obsolete may not be possible due to the historic
classification. These bridges are still open to vehicular traffic even though, in some cases, heavy trucks and
similar vehicles may not be allowed to use a particular historic bridge.
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How are Federal bridge deficiencies distributed among various Federal agencies? Q&C A

Exhibit 3-18 illustrates the status of bridges for individual Federal agencies as of 2009. Among
these agencies, the Forest Service owns the most bridges (3,586) and has the most functionally obsolete
bridges in its inventory (427). The National Park Service also owns a significant number of bridges classified as
functionally obsolete (303). The Bureau of Indian Affairs owns the most bridges classified as structurally deficient
(196), slightly more than the number owned by the Forest Service (192).
Exhibit 3-18
Status of the Federal Bridge Inventory, 2009
I I
Other | Structurally Deficient
Federal Bridges *
@ Functionally Obsolete
Army | OTotal Agency Bridges
Navy
Air Force
US Army
Corps of
Engineers
Bureau of '
Indian Affairs
Bureau of
Reclamation :]
US Fish &
Wildlife Service |
National Park H
Service
Forest Service | 3,586
0 250 500 750 1000 1250 1500
* Includes bridges owned by the General Services Administration, the National Aeronautics and Space Administration, the
Department of Energy, the Pentagon Reservation, the Department of Agriculture, the National Security Agency, the National Zoo,
Washington Airports, and the Tennessee Valley Authority.
Source: National Bridge Inventory.

Bridges by Age

Exhibir 3-19 identifies the age composition of Interstate System bridges, NHS bridges, and all bridges
combined. As of 2009, approximately 38.1 percent of the Nation’s bridges were between 26 and 50 years
old; this share is higher for NHS bridges, 54.6 percent, while 71.1 percent of the Interstate bridges fell into
this age range. 'The clustering of bridges in this age range has potential implications in terms of long-term
bridge rehabilitation and replacement strategies because the need for such actions may be concentrated
within certain time periods rather than being spread out evenly, which might be the case if the original
construction of bridges had been spread out more evenly over time. However, a number of other variables
such as maintenance practices and environmental conditions also affect when future capital investments

might be needed.
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Exhibit 3-19

Bridges by Age Range, as of 2009
All Bridges NHS Bridges Interstate Bridges

Age Range Count Percent Count Percent Count Percent
0-10 Years 68,406 11.3% 12,028 10.2% 3,637 6.4%
11-25 Years 123,860 20.5% 19,026 16.2% 5,878 10.7%
26-50 Years 230,128 38.1% 64,116 54.6% 39,137 71.1%
51-75 Years 121,543 20.1% 17,811 15.2% 6,253 11.4%
76—100 Years 49,122 8.1% 4,284 3.6% 168 0.3%
>100 Years 9,865 1.6% 194 0.2% 9 0.0%
Not reported 386 0.1% 51 0.0% 29 0.1%
Total 603,310 100.0% 117,510 100.0% 55,011 100.0%

Source: National Bridge Inventory, October 2009.

Exhibir 3-20 identifies the distribution of bridge deficiencies within the age ranges presented in Exhibir 3-19.
The percent of bridges classified as either structurally deficient or functionally obsolete generally tends to

rise as bridges age. Among Interstate System bridges, 22.8 percent of the bridges constructed between 26
and 50 years ago were classified as deficient; this share rose to 35.2 percent for Interstate System bridges
constructed between 51 and 75 years ago. Note that some existing bridges were absorbed into the Interstate
System at the time it was designated; some of these structures remain in service today.

The age of a bridge structure is one indicator of its serviceability. However, a combination of several factors
impacts the serviceability of a structure, including the original type of design; the frequency, timeliness,
effectiveness, and appropriateness of the maintenance activities implemented over the life of the structure;
the loading the structure has been subject to during its life; the climate of the area where the structure is
located; and any additional stresses from events such as flooding to which the structure has been subjected.

Why are there bridges less than ten years old that are classified as deficient? Q&C A

Current laws and regulations permit the building of bridges off the Federal-aid system to design

standards (width, clearance, etc.) that may be less than the minimum current design standards for

bridges on the Federal-aid system. Newly constructed, replaced, or major rehabilitated bridges built to lesser
design standards are often classified as functionally obsolete once they are open to traffic.

Also, design exceptions for less than the minimum current standards for bridges on the Federal-aid system are
sometimes approved depending on the circumstances. Physical constraints within urban areas can limit the
size of a new bridge, thus resulting in a relatively young deficient bridge. Additionally, extreme events such as
earthquakes can render a new bridge structurally deficient.

The FHWA established the “10-Year Rule” for determining a bridge’s eligibility for Federal funds after new
construction, replacement, or major rehabilitation has taken place. Bridges that have been newly constructed,
replaced, or had major rehabilitation within the past 10 years are not eligible for Federal funds and are not used
to apportion Highway Bridge Program funds.

The 10-Year Rule encourages States to address all the deficiencies of a bridge at one time rather than
separately, which results in multiple traffic disruptions and additional costs. The rule also assists in preventing
intentional manipulation of the apportionment process of Highway Bridge Program funds. Without it, States
could minimize the amount of improvements on deficient bridges to maintain them in a safe condition but still in
a deficient classification, so that their deck areas would still contribute to a stable or increased apportionment of
Highway Bridge Program funds.

It should be noted that some standard NBI data reports on structurally deficient and functionally obsolete
bridges, including those used in the C&P report prior to the 2008 edition, exclude bridges that fall under the
10-Year Rule, which has the effect of reducing the apparent number of deficient bridges.

3-20 Description of Current System



Exhibit 3-20

Bridge Deficiencies by Period Built, as of 2009

Age Range of Bridge Structurally Deficient Functionally Obsolete All Deficient
All Bridges Count Count Percent Count Percent Count Percent
0-10 Years 68,406 552 0.8% 6,507 9.5% 7,059 10.3%
11-25 Years 123,860 3,183 2.6% 11,325 9.1% 14,508 11.7%
26-50 Years 230,128 22,720 9.9% 32,357 14.1% 55,077 23.9%
51-75 Years 121,543 26,244 21.6% 23,836 19.6% 50,080 41.2%
76-100 Years 49,122 15,668 31.9% 10,882 22.2% 26,550 54.0%
>100 Years 9,865 3,993 40.5% 2,455 24.9% 6,448 65.4%
Null 386 41 10.6% 96 24.9% 137 35.5%
Total 603,310 72,401 12.0% 87,458 14.5% 159,859 26.5%

Age Range of Bridge Structurally Deficient Functionally Obsolete All Deficient
NHS Bridges Count Count Percent Count Percent Count Percent
0-10 Years 12,028 60 0.5% 1,458 12.1% 1,518 12.6%
11-25 Years 19,026 142 0.7% 1,960 10.3% 2,102 11.0%
26-50 Years 64,116 3,609 5.6% 10,829 16.9% 14,438 22.5%
51-75 Years 17,811 1,709 9.6% 4,367 24.5% 6,076 34.1%
76-100 Years 4,284 579 13.5% 865 20.2% 1,444 33.7%
>100 Years 194 49 25.3% 59 30.4% 108 55.7%
Null 51 4 7.8% 20 39.2% 24 47.1%
Total 117,510 6,152 5.2% 19,558 16.6% 25,710 21.9%

Age Range of Bridge Structurally Deficient Functionally Obsolete All Deficient
Interstate Bridges Count Count Percent Count Percent Count Percent
0-10 Years 3,637 27 0.8% 634 17.9% 661 18.7%
11-25 Years 5,878 63 1.1% 806 13.7% 869 14.8%
26-50 Years 39,137 2,212 5.7% 6,709 17.1% 8,921 22.8%
51-75 Years 6,253 529 8.5% 1,669 26.7% 2,198 35.2%
76-100 Years 168 18 10.7% 24 14.3% 42 25.0%
>100 Years 9 2 22.2% 1 11.1% 3 33.3%
Null 29 0 0.0% 15 51.7% 15 51.7%
Total 55,011 2,851 5.2% 9,858 17.9% 12,709 23.1%

Source: National Bridge Inventory, October 2009.

As an example, two structures built at the same time, using the same design standards, and in the same
climate area can have very different serviceability levels. The first structure may have had increasing loads
due to increased heavy truck traffic, did not have any maintenance of the deck or the substructure, and did
not have any rehabilitation work. The second structure may have had the same increases in heavy truck
traffic but received correctly timed preventive maintenance activities on all parts of the structure and proper
rehabilitation activities. In this case, the first structure would have a very low serviceability level while the
second structure would have a high serviceability level.
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Transit System Conditions

The condition and performance of the U.S. transit infrastructure should ideally be evaluated by how well

it supports the objectives of the transit agencies that operate it. Presumably these include fast, safe, and
comfortable service that charges reasonable fares, requires a minimal subsidy from taxpayers, and takes
people where they want to go. However, the degree to which transit service meets these objectives is difficult
to quantify and involves trade-offs that are outside the scope of Federal responsibility. This section reports
on the quantity, age, and physical condition of transit assets because these factors determine how well the
infrastructure can support any agency’s objectives and set a foundation for uniform, consistent measurement.
The assets in question include vehicles, stations, guideways, rail yards, administrative facilities, maintenance
facilities, maintenance equipment, power systems,

signaling systems, communication systems, and
structures that carry both elevated and subterranean
guideways. Chapter 4 addresses issues relating to the

operational performance of transit systems. Rating  Condition Description
No visible defects, near new

Definitions of Transit Asset Conditions

Excellent 4.8-5.0

‘The Federal Transit Administration (FTA) uses a condition.
numerical condition rating scale ranging from 1 to Good 40-47 csjom? S"ghctily defective or
S, detailed in Exhibitr 3-21, to describe the relative eteriorated components.

Moderately defective or

Sondltlon ’?f tra‘lnsn assets. A ratlng of 4.8 t0 5.0, or Adequate  3.0-3.9 eteriorated components.
excellent,” indicates that the asset is in nearly new Defective or deteriorated
condition or lacks visible defects. At the other end of Marginal ~ 2.0-2.9 components in need of
the scale, a rating of 1.0 to 1.9, or “poor,” indicates that replacement.
the asset needs immediate repair and is not capable of Seriously damaged components
Poor 1.0-1.9 in need of immediate repair.

supporting satisfactory transit service.

. . . Source: Transit Economic Requirements Model.
FTA uses the Transit Economic Requirements Model

(TERM) to estimate the conditions of transit assets. This model consists of a database of transit assets

and deterioration schedules that express asset conditions principally as a function of an asset’s age. Vehicle
condition is based on an estimate of vehicle maintenance history and major rehabilitation expenditures in
addition to vehicle age; the conditions of wayside control systems and track are based on an estimate of

use (revenue miles per mile of track) in addition to age. For the purposes of this report, the state of good
repair was defined using TERM’s numerical condition rating scale. Specifically, this report considers an
asset to be in a state of good repair when the physical condition of that asset is at or above a condition
rating value of 2.5 (the mid-point of the marginal range). An entire transit system would be in a state of
good repair if all of its assets have an estimated condition value of 2.5 or higher. The State of Good Repair
benchmark presented in Chapter 8 represents the level of investment required to attain and maintain a state
of good repair by rehabilitating or replacing all assets with estimated condition ratings that are less than this
minimum condition value.

Typical deterioration schedules for vehicles, maintenance facilities, stations, train control systems, electric
power systems, and communication systems have been estimated by FTA through special on-site engineering
surveys. Transit vehicle conditions also reflect the most recently available information on vehicle age,

use, and level of maintenance from the National Transit Database (NTD); the information used in this
edition of the C&P report is from 2008. Age information is available on a vehicle-by-vehicle basis from
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the NTD and collected for all other assets through special surveys. Average maintenance expenditures and
major rehabilitation expenditures by vehicle are also available on agency and modal bases. For the purpose
of calculating conditions, agency maintenance and rehabilitation expenditures for a particular mode are

assumed to be the same average value for all vehicles operated by that agency in that mode. Because agency
maintenance expenditures may fluctuate from year to year, TERM uses a 5-year average.

The deterioration schedules applied for track and
guideway structures are based on special studies. The
methods used to calculate deterioration schedules
and the sources of the data on which deterioration
schedules are based are discussed in Appendix C.

Condition estimates in each edition of the C&P report
are based on contemporary updated asset inventory
information and reflect updates in TERM’s asset
inventory data. Annual data from the NTD were used
to update asset records for the Nation’s transit vehicle
fleets. In addition, updated asset inventory data were
collected from more than 40 of the Nation’s largest rail
and bus transit agencies to support analysis of non-
vehicle needs. Since this data is not collected annually
it is not possible to provide accurate time series analysis
of non-vehicle assets. FTA is working to develop
improved data in this area. Appendix C provides a
more detailed discussion of TERM’s data sources.
Exhibit 3-22 shows the distribution of asset conditions,
by replacement value, across major categories of assets
for the entire U.S. transit industry.

Exhibit 3-22

Distribution of Asset Physical Conditions by
Asset Type for All Modes
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Source: Transit Economic Requirements Model.

Condition estimates for assets in this report are weighted by the replacement value of each asset. This takes
into account the fact that assets vary substantially in replacement value. So, a $1 million railcar in poor
condition is a much bigger problem than a $1 thousand turnstile in similar condition. As an example of the
calculation involved, consider: the cost-weighted average of a $100 asset in condition 2 and a $50 asset in

condition 4 would be (100x2+50x4)/(100+50) = 2.67. The unweighted average would be (2+4)/2 = 3.

The Replacement Value of
U.S. Transit Assets

The total replacement value of the transit infrastructure
in the United States was estimated at $663.3 billion

in 2008. These estimates, presented in Exhibit 3-23,
are based on asset inventory information contained in
TERM. The data collected for these efforts represent
a significant improvement in data availability in terms
of asset inventories and unit costs, and are significantly
more comprehensive than data used in previous C&P
reports. The estimates are reported in 2008 dollars.
They exclude the value of assets that belong to special
service operators that do not report to the NTD. Rail

Exhibit 3-23

Estimated Replacement Value of the
Nation's Transit Assets, 2008
Replacement Value
(Billions of 2008 Dollars)

Transit Joint
Asset Nonrail Rail Assets  Total
Maintenance $56.4 $33.2 $3.8 $93.4
Facilities
Guideway $13.1 $2345  $1.0 $248.6
Elements
Stations $3.8 $84.8 $0.6 $89.1
Systems $34 $1075 $1.3 $112.2
Vehicles $41.1 $78.5 $0.5 $120.1
Total $117.7  $538.6 $7.0 $663.3

Source: Transit Economic Requirements Model.
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assets totaled $538.6 billion, more than 80 percent of all transit assets. Nonrail assets were estimated at
$117.7 billion. Joint assets totaled $7.0 billion; they consist of assets that serve more than one mode within
a single agency and can include administrative facilities, intermodal transfer centers, agency communications
systems (e.g., telephone, radios, and computer networks), and vehicles used by agency management (e.g.,
vans and automobiles).

Bus Vehicles (Urban Areas)

Bus vehicle age and condition information is reported according to vehicle type for 2000 to 2008 in
Exhibir 3-24. 'The average condition rating for all bus types (calculated as the weighted average of bus asset
conditions, weighted by asset replacement value) is near the bottom of the adequate range where it has been
without appreciable change for the last decade. Average age is up slightly in all categories (except vans) as is

Exhibit 3-24

Urban Transit Bus Fleet Count, Age, and Condition, 2000-2008

Bus Fleet Component 2000 2002 2004 2006 2008
Articulated Buses
Fleet Count 2,002 2,799 3,074 3,445 4,302
Average Age (Years) 6.6 7.2 5.0 5.3 6.3
Average Condition Rating 3.52 3.25 3.50 3.51 3.30
Below Condition 2.50 (Percent) 24.9% 16.6% 5.0% 2.1% 2.6%
Full-Size Buses
Fleet Count 46,380 46,573 46,139 46,714 51,083
Average Age (Years) 8.1 7.5 7.2 7.4 7.9
Average Condition Rating 3.16 3.19 3.19 3.21 3.10
Below Condition 2.50 (Percent) 14.5% 13.1% 12.3% 11.3% 15.2%
Mid-Size Buses
Fleet Count 7,203 7,269 7,114 6,844 7,009
Average Age (Years) 5.5 8.4 8.1 8.2 8.3
Average Condition Rating 3.44 3.1 3.13 3.08 3.06
Below Condition 2.50 (Percent) 8.3% 14.1% 13.2% 14.2% 12.4%
Small Buses
Fleet Count 8,646 14,857 15,972 16,156 19,366
Average Age (Years) 4.2 4.5 4.6 5.1 5.1
Average Condition Rating 3.60 3.39 3.49 3.37 3.38
Below Condition 2.50 (Percent) 2.2% 8.8% 10.1% 10.3% 11.6%
Vans
Fleet Count 14,583 17,147 18,713 19,515 26,823
Average Age (Years) 3.2 3.2 3.3 3.0 3.2
Average Condition Rating 3.84 3.74 3.75 3.77 3.76
Below Condition 2.50 (Percent) 0.2% 7.2% 6.7% 8.4% 8.0%
Total Bus
Total Fleet Count 78,814 88,645 91,012 92,674 108,583
Weighted Average Age (Years) 6.5 6.2 6.0 6.0 6.2
Weighted Average Condition Rating 3.28 3.24 3.26 3.26 3.18
Below Condition 2.50 (Percent) 10.2% 11.8% 10.6% 10.4% 12.1%

Sources: Transit Economic Requirements Model and National Transit Database.
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the percentage of vehicles below the state of good repair replacement threshold. For an asset with a 14-year
life expectancy, like a full-size transit bus, structured asset management practices would typically indicate
replacement of about 7 percent of fleet every year. About twice that many full-sized buses need replacement,
with the result that the industry is slightly behind in keeping up with replacement needs.

The number of vehicles reported is up 17 percent over the past 2 years—more growth than has been seen at
any time in the last decade. This is particularly evident with articulated buses, whose numbers have grown
by 25 percent. Discontinuities in the data for full-sized and mid-sized buses between 2000 and 2002 were
caused by changes in the classification system that moved many older buses to the mid-sized category.

Other Bus Assets (Urban Areas)

The more comprehensive capital asset data described above allow us to report a more complete picture of
the overall condition of bus-related assets. Exhibit 3-25 shows TERM estimates of current conditions for
the major categories of bus assets. Vehicles constitute half of all bus assets and maintenance facilities make
up another third. Thirty percent of bus maintenance facilities are rated below condition 3.0. This finding
stands in sharp contrast to the statistics for other types of U.S. bus transit assets, which show much lower
percentages, and implies a major shortfall in reinvestment in such facilities. This is consistent with the
common agency practice of prioritizing investments in “customer-facing” assets, such as vehicles, over those
that customers never see, such as maintenance facilities.

Exhibit 3-25

Distribution of Estimated Asset Conditions by
Asset Type for Bus
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Rail Vehicles
The NTD collects annual data on all rail vehicles; this data is shown in Exhibir 3-26 broken down by the

major categories of rail vehicle. With life expectancies in excess of 25 years, structured asset management
practices would typically indicate replacement of about 4 percent of these vehicles annually, which is the
amount currently seen in need of replacement (condition below 2.5). Even so, with these vehicles costing
about $1 million each, and with a fleet of 23,463 vehicles, annual replacement costs should total about

$1 billion. Because average conditions and ages have been quite stable over the last 5 years, the most
significant aspect of this data is the recent growth in the vehicle fleet. The number of rail vehicles increased
by 16 percent, in total and for each of the individual modes, between 2006 and 2008. This is the largest
2-year increase that has occurred over the past decade by far.

Exhibit 3-26

Urban Transit Rail Fleet Count, Age, and Average Estimated Condition Rating,
2000-2008

2000 2002 2004 2006 2008
Commuter Rail Locomotives
Fleet Count 576 709 710 740 991
Average Age (Years) 15.24 17.2 17.8 16.7 17.6
Average Condition Rating 4.51 3.72 3.72 3.98 3.89
Below Condition 2.50 (Percent) 5.7% 0.0% 0.0% 0.0% 0.0%
Commuter Rail Passenger Coaches
Fleet Count 2,743 2,985 3,513 3,671 4,897
Average Age (Years) 17.49 19.2 17.7 16.8 17.7
Average Condition Rating 4.28 3.67 3.78 4.07 3.95
Below Condition 2.50 (Percent) 10.8% 0.0% 0.0% 0.0% 0.0%
Commuter Rail Self-Propelled Passenger Coaches
Fleet Count 2,466 2,389 2,470 2,933 2,665
Average Age (Years) 25.24 271 23.6 14.7 17.9
Average Condition Rating 4.07 3.50 3.69 3.81 3.84
Below Condition 2.50 (Percent) 4.1% 0.0% 0.0% 0.0% 0.0%
Heavy Rail
Fleet Count 10,028 11,093 11,046 11,075 12,759
Average Age (Years) 23.1 19.8 19.8 223 21.0
Average Condition Rating 3.21 3.39 3.35 3.28 3.34
Below Condition 2.50 (Percent) 4.8% 6.1% 5.6% 5.5% 6.1%
Light Rail
Fleet Count 1,335 1,637 1,884 1,832 2,151
Average Age (Years) 15.8 17.85 16.5 14.6 171
Average Condition Rating 3.6 3.53 3.60 3.70 3.57
Below Condition 2.50 (Percent) 8.4% 11.8% 9.3% 6.4% 71%
Total Rail
Total Fleet Count 17,148 18,813 19,623 20,251 23,463
Weighted Average Age (Years) 21.66 20.37 19.5 19.3 20.1
Weighted Average Condition Rating 3.53 3.47 3.51 3.55 3.47
Below Condition 2.50 (Percent) 6.0% 4.6% 4.1% 3.6% 4.0%

Sources: Transit Economic Requirements Model and National Transit Database.
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Other Rail Assets

Non-vehicle transit rail assets can be divided into four general categories: guideway elements, facilities,
systems, and stations. TERM estimates of the condition distribution for each of these categories as shown

in Exhibit 3-27. The largest category by replacement
value is guideway elements. These consist of

tracks, ties, switches, ballasts, tunnels, and elevated
structures. The replacement value of this category

is $143.6 billion, of which $19.1 billion is rated
below condition 2.0 (13 percent) and $15.8 billion
is rated between condition 2.0 and 3.0. The next-
largest category is systems, which consist of power,
communication, and train control equipment.

Assets in this category have a replacement value

of $92.0 billion, of which $13.7 billion is rated
below condition 2.0 (15 percent) and $18.9 billion
is rated between condition 2.0 and 3.0. Stations
have a replacement value of $83.0 billion with

only $1.5 billion rated below condition 2.0 and
$21.4 billion rated between condition 2.0 and 3.0.
Facilities, mostly consisting of maintenance and
administration buildings, have a replacement value of
$31.8 billion with $1.4 billion rated below condition
2.0 and $6.9 billion rated between condition 2.0

and 3.0. The relatively large proportion of guideway
and systems assets that are rated below condition 2.0,
and the magnitude of the $38.2 billion investment
required to replace them, represents a major challenge
to the rail transit industry.

Rail transit consists of heavy rail (urban dedicated
guideway), light rail (operates in mixed traffic), and
commuter rail (suburban passenger rail) modes.
Almost half of rail transit vehicles are in heavy

rail systems. Heavy rail represents $255 billion

(59 percent) of the total transit rail replacement cost
of $430 billion. Some of the Nation’s oldest and
largest transit systems are served by heavy rail (Boston,
New York, Washington, San Francisco, Philadelphia,
and Chicago). The distribution of asset conditions
in U.S. heavy rail is shown in Exhibir 3-28. Most
notable is the relatively larger proportion of the total
replacement value that is in station and system assets
and that 21 percent of system assets are rated below
condition 2.0.
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Rural Transit Vehicles and Facilities

Because rail transit does not serve rural areas, all rural transit vehicles are buses, vans, or other small
passenger vehicles (see Chapter 2). Data on the number and age of rural vehicles and the number of
maintenance facilities is now collected in the NTD, allowing FTA to report more accurately on rural transit
conditions and on the 676 rural maintenance facilities that were reported. The age distribution of rural
transit vehicles is summarized in Exhibir 3-29.

For 2008, data reported to the NTD indicated that 9.2 percent of rural buses and 19.2 percent of rural vans
were past their life expectancy (14 years for buses and 8 years for vans). The rural transit fleet had an average
age of 6.2 years in 2008; buses, with an average age of 6.3 years, were older than vans, which had an average
age of 5.4 years. Half of the overall fleet was more than 5 years old.

Exhibit 3-29
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Highway Operational Performance

Virtually all road users have experienced traffic congestion, some more than others. They also have an
intuitive sense of what causes congestion. Americans know it makes a difference in their lives because it
makes them wait in their cars, losing the opportunity to do other things. Congestion also can influence
where people choose to live and work, often limiting the range of feasible choices to households and workers.

The business community understands congestion as a problem that can increase costs. Retailers,
manufacturers, and shippers have to adjust their operating practices to compensate for time wasted in traffic.
Because of congestion, transporting goods and services to their destinations takes longer.

Allowing for unexpected delays makes congestion even more problematic. Individuals must allow more time
to arrive at important appointment