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Dear Mr. President:

The enclosed report to Congress entitled Status of the Nation’s Highways, Bridges, and Transit:
Conditions and Performance Report is submitted in accordance with the requirements of
Section 502(g) of 23 United States Code (U.S.C.) and Section 308(e) of 49 U.S.C,, for the
highway and transit portions, respectively. This report also incorporates as Appendix A, the
Interstate Needs Study required by Section 1107(c) of the Transportation Equity Act for the
21* Century. The analyses contain condition, performance, and investment information on the
Nation’s highway, bridge, and transit systems.

This report provides the Congress with an objective appraisal of highway, bridge, and transit
physical conditions, operational performance, finance, and future investment requirements. It
highlights the need to maintain our commitment to infrastructure investment to keep our
highway and transit systems functioning effectively. Recognizing the close relationship between

- an efficient transportation system and economic productivity, this Administration has increased
our emphasis on maintaining and improving our transportation infrastructure over the past
several years. In light of the Nation’s growing transportation needs, the Department has moved
aggressively to find ways to stretch the Federal dollar. These include streamlining Federal
programs, using innovative financing techniques to attract private investment to transportation,
and adopting new technologies.

The unique contribution of this report is its analysis of future national investment requirements
to meet the anticipated demand in both highway travel and transit ridership. An average annual
highway capital investment by all units of government over the next 20 years of $56.6 billion
could maintain the 1997 physical conditions and make worthwhile expansion and enhancement
improvements. To make all beneficial highway improvements would require an average annual
investment of $94.0 billion. The average annual investment required to maintain the same
physical conditions and operating performance of our Nation’s transit systems is $10.8 billion.
The average annual cost to improve transit conditions and performance is estimated to be
$16.0 billion. '
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The physical condition of our Nation’s highway system continues to improve, while congestion,
particularly in the largest urban areas, is still a concern. The condition of the urban bus fleet
remains adequate, while the condition of the heavy rail fleet has declined.

All levels of government spent $101.3 billion for highways and bridges in 1997, an 8.4 percent
increase over 1995. Of this total, $48.7 billion was for capital improvements. Governments
also spent $25.1 billion for transit, of which $7.6 billion was for capital improvements.

In keeping with the principles of the Transportation Equity Act for the 21* Century, this report
is evidence of the Department’s commitment to an intermodal view of the Nation’s
transportation system. Combining information about our highways, bridges, and transit
provides decision makers with a valuable intermodal perspective as we seek to make the best
use of each mode in satisfying our Nation’s growing transport requirements. We look forward
to continuing the intermodal perspective in this report series so that the Department can provide
the breadth of information needed to deal with our ever increasing and complex transportation
requirements.

An identical letter has been sent to the Speaker of the House, the Chairmen and Ranking
Minority Members of the Senate Committee on Environment and Public Works, the Senate
Committee on Banking, Housing, and Urban Affairs, and the House Committee on
Transportation and Infrastructure. ‘

Enclosure
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INTRODUCTION

This is the fourth in a series of combined biennial documents prepared by the Department of
Transportation which satisfy requirements for reports to Congress on the condition, performance, and
future capital investment requirements of the Nation’s highway and transit systems. This report
incorporates highway and bridge information required in 1999 by Section 502(g) of Title 23 United
States Code (U.S.C.), as well as transit system information required in 2000 by Section 308(e) of
Title 49 U.S.C. This edition also includes the results of a study on Interstate Needs required by
Section 1107(c) of the Transportation Equity Act for the 21% Century (TEA-21).

Beginning in 1993, the Department combined two existing report series that covered highways and
transit separately to form this report series. Prior to this, eleven 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.

Report Purpose

This document is intended to provide Congress and other decision makers with an objective
appraisal of highway, bridge and transit finance, physical conditions, operational performance, and
future investment requirements. This report offers a comprehensive, factual background to support
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 report consolidates conditions, performance, and finance data provided by States, local
governments, and mass transit operators, to provide a national level summary. Some of these
underlying data are available through the Department’s regular statistical publications. The future
investment requirements analyses are developed specifically for this document and provide national
level projections only. The Department does not project future investment requirements for
individual States or localities.

Report Changes

Section 5102 of TEA-21 designated the highway and bridge portion of this document as the
“Infrastructure Investment Needs Report,” and required several changes in the content.

This edition of the report has responded to these requirements by adding estimates of the current
backlog of cost-beneficial highway and bridge projects, and adding a table to each chapter that
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directly compares the key statistics from the current report with those from the 1997 edition. An
investment requirements scenario showing the costs of maintaining the physical conditions of the
highway system has been added, to improve comparability of this report to the 1993 and 1995
versions and to the bridge and transit investment requirements scenarios.

Highlights of the Report

The 1999 Status of the Nation’s Highways, Bridges, and Transit: Conditions and Performance
report to Congressontinues in the tradition of this series, providing the American people with an
important national perspective on the physical and operating characteristics of the highway, bridge,
and transit portions of our Nation’s intermodal transportation system. The Report draws together
information on multiple aspects of the systems, which not only describes the systems but also
provides indicators of their performance and contribution to our vital national interests and quality of
life. Further, it characterizes the financial resources applied to these systems to date and the future
investments necessary if they are to perform as designed and complement other national efforts to
improve productivity.

Strikingly obvious is the immense scale of these systems: the extent to which the facilities themselves
stretch across the Nation, representing the net result of technology and financial investments made
over the past century; the sheer magnitude of the demands placed on these systems by a people for
whom mobility is basic to their existence; the transportation services provided every day, around the
clock; and the collective commitment necessary to maximize the benefits of these assets. The picture
that comes through reflects achievements reached and goals still being strived for.

Key findings of the report include:

m Although most of our citizens are highly mobile, the findings of the latest National Personal
Transportation Survey (NPTS) show there are disparities in transportation system usage
among groups within our society. This indicates that significant barriers to mobility persist for
people with disabilities, the elderly, low-income households, recent immigrants, and people of
color.

m The priority of safety is reflected in the inclusion of safety statistics in the report as an
indicator of system performance. The reduction in the fatality rate from 25.9 per 100,000
population in 1966 to 15.7 per 100,000 population in 1997 in an environment where licensed
drivers grew by nearly 80 percent and automobile travel has grown by 177 percent is
impressive. However, with 42,013 deaths and 3.35 million injuries in 1997, and rates per
100 million vehicle miles traveled (VMT) of 1.6 deaths and 131 injuries, significant
opportunities for improvement remain.

m The balance among jurisdictional ownership, functional class, and location of highways and
bridges has been relatively stable, with public road mileage overwhelmingly local and rural.
With VMT increasing on every functional system, usage trends reinforce the dominance of
travel in urban areas. Interestingly, from 1995 to 1997, rural highway VMT growth outpaced
urban highway VMT growth at 7.2 percent as opposed to 4.1 percent in contrast to the 10-year
trend in favor of urban travel growth.

m Transit system route mileage shows a 10-year increase of 44.2 percent in rail service and
10.4 percent in non-rail service. Service capacity, measured in bus-equivalent vehicle revenue
miles, increased 22.4 percent for rail, while non-rail capacity increased 17.1 percent over the
period. After declining slightly between 1987 and 1993, passenger travel on public transit
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showed renewed growth between 1993 and 1997, as rail passenger miles increased by

18.3 percent and non-rail passenger miles increased 3.8 percent. In 1997, rail transit accountec
for nearly 53 percent of passenger miles while providing 50 percent of vehicle capacity
operating on just 5 percent of the Nation’s transit route miles.

m Overall, highway system conditions as measured by pavement condition, ride quality, align-
ment adequacy, and bridge ratings are improving although they fluctuate by location and
functional class. The estimated average condition of the urban bus fleet is adequate, and has
been relatively constant for the last decade. Rail vehicle conditions have declined since 1987,
due primarily to the deterioration of the Nation’s heavy rail fleet. The condition of other rail
capital assets has improved since the mid-1980s, reflecting the rehabilitation and replacement
of these assets and the investments in new rail systems and extensions.

m Capturing the quality of operational performance, as represented by various measures of
traffic congestion, is very difficult. However, there is a strong recognition of the significance
of congestion to transport safety, cost, and time as the reliability of the system decays.
Measures of congestion differ in whether congestion is getting better, worse, or is continuing
about the same. Measures of travel density clearly show increasing density, in travel per lane
mile. However, the effect of this increase in density is less clear. A traditional measure of
congestion, the volume/capacity ratio during the peak hour has remained at about the same
value in urban areas for the past decade. Delay per vehicle mile of travel, which was added to
the report this year, is intended to capture the effects of congestion throughout the day. This
measure is available only for the past 4 years. Over these past 4 years, overall urban delay per
VMT has increased. However, for the past 2 years, this measure has decreased. Whether this
2-year track is the beginning of a trend remains to be seen. More work is needed to develop a
useful metric of congestion that will be consistent, credible, and feasible to collect.

Public investment in surface transport is at its highest level ever. All units of government, including
Federal, State and local jurisdictions, share the responsibility of developing and maintaining our
transportation systems. The private sector is also involved in certain toll roads and transit systems.

m All levels of government spent $101.3 billion for highways and bridges in 1997, an
8.4 percent increase over 1995. Of this total $48.7 billion was for capital improvements, a
10.2 percent increase. The Federal government contributed 41.1 percent of the capital outlay,
down from 44.5 percent in 1995.

m All levels of government spent $25.1 billion for transit, a 5.5 percent increase over 1995.
Of this total $7.6 billion was for capital improvements, an increase of 8.6 percent. Fares and
other system generated revenues were 33 percent of total revenues. In 1997, contributions
from the Federal government accounted for 54 percent of transit capital expenditures,
27 percent of public funding for transit, and 18 percent of total system revenues. Each of
these percentages represented a slight increase in the federal share relative to 1995.

The unique contribution of this report is its analysis of future national investment requirements to
meet the anticipated demands in both highway travel and transit ridership. The analysis focuses on
two sets of investment requirement scenarios, and identifies the impacts of investment levels on
various system performance benchmarks. These projections are developed using economics-based
analysis tools described in detail for highways, transit, and bridges.
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m If average annual capital investment on highways and bridges by all levels of government for
the next 20 years reaches $56.6 billion in 1997 dollars, it is projected that the physical condi-
tions of highways and bridges would be maintained. This level of investment maiutthin-
tain the same level of operational performance. This estimate includes a mix of preservation,
expansion, and enhancement improvements intended to attain the highest possible level of
benefits for highway-users, while achieving the goal of maintaining pavement and bridge
conditions. An additional $3.5 billion would be required annually to maintain user costs at the
current level. Maintaining travel times at current levels would require an additional $17.1 bil-
lion. To accomplish all beneficial improvements to the highway and bridge systems is
estimated to take an average annual investment of $94.0 billion.

m The estimated average annual investment required to maintain the same physical conditions
and operating performance of our Nation’s transit systems as in 1997, by replacing and
rehabilitating deteriorated assets and expanding capacity to accommodate expected transit
passenger travel growth, is $10.8 billion. The cost to improve conditions and performance is
estimated to be $16.0 billion.

m Capital spending on highways and bridges would need to rise 16.3 percent above 1997 levels
to reach the $56.6 billion projected as the “Cost to Maintain” the physical conditions of
highways and bridges. Over the life of TEA-21, this difference is expected to decline to
5.7 percent. Capital spending on transit would need to increase 41.0 percent to reach the
$10.8 billion projected as the “Cost to Maintain” transit systems. This difference is expected
to decline to 12.9 percent over the life of TEA-21. To reach the level of the investment
requirements to “improve” the systems would require an increase in capital spending of
92.9 percent for highways and bridges and 110.2 percent for transit.

m If average annual highway investment remains at 1997 level in constant dollars over the next
20 years, urban VMT would be expected to grow at an average annual rate between 1.78 and
1.83 percent. Rural VMT would be expected to grow at an average annual rate of between
2.68 and 2.72 percent. Travel growth for urbanized areas over one million population would
be expected to grow at an average annual rate of between 1.66 and 1.70 percent. Increased
investment would be expected to result in higher travel growth rates. These projections
recognize that if additional highway capacity is provided, more travel is expected to occur
than if the capacity additions are not provided. If congestion on a facility increases, some
travelers will respond by shifting to alternate modes or routes, or will forgo some trips
entirely. In the long term, increased congestion may lead to changes in lifestyles and industrial
practices. Such adjustments will affect the productivity and economy of the Nation.

Report Organization

In this edition, the four major sections contained in previous versions of the report have been divided
into ten smaller chapters, each of which focuses on a narrower topic area. Most chapters begin with a
combined summary of highway and transit issues, followed by separate sections discussing highways
and transit in more detail. This structure is intended to accommodate report users who may only be
interested in one of the two modes. Information that relates to only one of the two modes represented
in this report is included in appendices.

m The Executive Summary contains one page of highlights each on the highway and transit
components in each chapter;

m Chapter 1 discusses issues relating to personal mobility;
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Chapter 2 describes recent trends in highway and transit demand and system characteristics;
Chapter 3 depicts 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 performance of highways and transit systems;

Chapter 6 outlines highway and transit revenues sources and expenditure patterns for all units
of government;

Chapter 7 projects future highway, bridge and transit capital investment requirements under
certain defined scenarios;

Chapter 8 compares current levels of capital investment for highways, bridges and transit with
projected future investment requirements;

Chapter 9 describes the impacts that past investment has had on the conditions and
operational performance of highways, bridges and transit systems and predicts the impacts
that different levels of future investment would have; and

Chapter 10 discusses how the projections of future highway and transit investment require-
ments would be affected by changing the assumptions about travel growth and other key
variables.

Chapter 11 identifies limitations in the current analysis, and raises issues for future discussion.

Appendix A reports the results of the Interstate System Needs Study required by Section
1107(c) of TEA-21;

Appendix B provides information about the National Highway System that corresponds to the
information provided in Chapters 2-10 for all highways and bridges;

Appendix C provides information on the condition of NHS intermodal freight connectors;
Appendix D discusses issues relating to asset management and investment strategies;

Appendix E provides information on the conditions and performance of Federal Lands
Highways;

Appendix F discusses how Federal highway safety programs work to address the issues raised
in Chapter 5;

Appendix G describes changes in the highway investment requirement methodology;
Appendix H discusses the costs and benefits of transit; and

Appendix | includes supplementary technical information on the transit investment
requirement methodology.

Highway Data Sources

Highway condition 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 about 130,000 highway sections. All HPMS data and estimates of future
travel demand are provided to the FHWA through State departments of transportation from existing
State or local government databases or transportation plans and programs, including those of
Metropolitan Planning Organizations (MPOS).
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The HPMS data are collected in accordance with the “Highway Performance Monitoring System

Field Manual for the Continuing Analytical and Statistical Data Base.” 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 com-
pleteness, consistency, and adherence to reporting guidelines. Where necessary, and with close State
cooperation, data may be adjusted to improve completeness, consistency, and uniformity.

State and local finance data are derived from the financial reports provided by the States to FHWA in
accordance with the “Guide to Reporting Highway Statistics.” This is the same data used in com-
piling the annual “Highway Statistics” report. The FHWA adjusts these data to improve
completeness, consistency, and uniformity.

Bridge Data Sources

Bridge condition data are obtained from the National Bridge Inventory (NBI), which includes all

bridges that are covered by the National Bridge Inspection Standards and are located on a public road.
Generally, each bridge is inspected at least once every 2 years, although bridges with higher risks of
engineering problems are inspected more frequently, and certain low-risk bridges get less frequent
inspections. All bridge information is verified for completeness, consistency and adherence to

reporting guidelines.

Transit Data Sources

Transit data are derived from the National Transit Database (NTD). (This information was formerly
known as Section 15 data). The NTD includes detailed summaries of financial and operating
information provided to the Federal Transit Administration (FTA) by the Nation’s transit agencies.
The NTD program provides information needed for planning public transportation services and
investment strategies. Supplementing this information on transit facilities and fleets with information
collected directly from transit operators provides a complete picture of the Nation’s transit facilities
and equipment.

Investment Requirement Analytical Procedures

The earlier versions of the reports in this series relied exclusively on engineering-based estimates for
future investment requirements, which considered only the costs of transportation agencies. This
philosophy failed to provide another critical dimension of transportation programs; that is, to provide
service to users while minimizing overall costs. Executive Order 1Z888&iples for Federal
Infrastructure Investmentslirects each executive department and agency with infrastructure respon-
sibilities to base investments on “...systematic analysis of expected benefits and costs, including both
guantitative and qualitative measures...”. To address the deficiencies in earlier versions of this report
and to meet the challenge of this executive order, new approaches to this analysis have been devel-
oped. The analytical tools now used in this report have added an economic overlay to the projection
of future investment requirements. These newer tools use benefit/cost analysis to minimize the
combination of capital investment and user costs to achieve different levels of highway performance.

The highway investment requirements in this report are developed in part from the Highway
Economic Requirements System (HERS) that uses marginal benefit/cost analysis to optimize highway
investment. The HERS addresses highway deficiencies by quantifying the agency and user costs of
various types and combinations of improvements, including vehicle operating, travel time, and safety
costs.
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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. Specifically, TERM identifies the invest-
ments needed to replace and rehabilitate existing assets, improve operating performance, and expanc
transit systems to address the growth in travel demand, and then evaluates these needs on the basis
costs and benefits in order to select future investments.

This report introduces the National Bridge Investment Analysis System (BIAS) which adds an
economic component to the bridge analysis. However, the bridge investment requirements still rely in
part on an older engineering-based model.

Plans for Future Reports

The Department intends to submit the fifth in this series of combined highway, bridge and transit
reports by June 2001. This document will incorporate the highway and bridge information required in
2001 by Section 502(g) of Title 23 United States Code (U.S.C.), as well as transit system information
required in 2002 by Section 308(e) of Title 49 U.S.C. This report will be developed utilizing 1999
data.
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EXECUTIVE SUMMARY

Personal Mobility

Mobility links us to the economic, social and
political benefits of our society. A
transportation system that provides mobility is
accessible, integrated and efficient and offers
flexibility of choices. Our extensive intermodal
transportation system helps make Americans

one of the most mobile populations in the worlg.

Measures of Mobility for the 1995 NPTS Sample

89%
94%

Percent Aged 16+ Licensed to Drive

Percent in Households With a Vehicle

Average Daily Travel per Person:

Person Trips 3.88
Person Miles 29.3
Vehicle Trips 2.42
Vehicle Miles 19.3

However, there are groups in our society that
face significant mobility challenges. The
Nationwide Personal Transportation Survey
(NPTS) provides information so we can bette
understand how income, gender, age, and racg
impact mobility.

While travel by single adults and adults withoyt
children does not vary by gender, travel by men
and women with younger children is starkly
different.In particular, working mothers

make more trips and cover more miles than
at any other time in the past three decades

Household income appears to be the single
most significant determinant of mobility. All

aspects of travel are related to income — the
amount of travel, the area in which a person
travels, and vehicle ownership.

People in low-income households have fewer
travel options and a much smaller radius of
access to goods and services than those in
higher income households. The high cost of

Per Capita Trips and Miles by Income

Percent Above or Below U.S. Average

$80,000 and Above

$50 - $79,999

$30 - $49,999

$15- $29,999

Less than $15,000

Il Person Miles Traveled Per Day
[ Person Trips Per Day

acquiring, registering, insuring and maintaining
a vehicle places vehicle ownership out of range
for many low-income households.

Different mobility issues face the elderly
because they typically drive less, live in more
remote locations, and may require special
services and facilities Many of the poor

elderly are single women, often minorities, who
live alone. As our population ages, these issues
will become more critical.

Examining income in conjunction with race
adds another dimension to the discussion of
mobility. For example, even in the same income
group, African-Americans take 15 percent fewer
trips and travel almost a quarter less miles per
person per day than whites.

Although all elements of the population have
increased their mobility over time, many
challenges still exist. A transportation system
that meets the mobility needs of all Americans
must use both traditional and innovative
approaches.
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EXECUTIVE SUMMARY

System and Usage Characteristics:
Highway and Bridge

Public road mileage in 1997 reached 3.95 mil-
lion miles. This mileage was overwhelmingly
local andrural. However, while locally owned

mileage increased between 1987 and 1997, ryrdargely because of

mileage has decreased as metropolitan areas
have expanded to incorporate mileage that wa
formerly rural.

About 3.11 million miles were in rural areas in
1997, or 79 percent of total mileag€he share
of rural mileage decreasedy about 0.2 percen
annually between 1987 and 1997.

Percentage of Highway Miles,

Federal ownership has
dropped by about 2.3
percent annually

reclassification of
s some routes to non-
public road status.

Highway Mileage by
Jurisdiction - 1997

While highway mileage is mostly rural, a
majority of highway travel occurs in urban

| areas. Overall, nearly 61 percent of total vehicle
miles traveled (VMT) of 2.5 trillion miles in
1997 was urban travel. Urban travel grew at an

average annual rate of 3.2

About 2.97 million miles were locally owned in
1997, 75.3 percent of the national road systen
Federally owned roads comprised 169,000 mil
in 1997 (4.3 percent), and State-owned roads

percent since 1987,

Lane Miles, and Vehicle-Miles Traveled : :
by Functional System - 1997 while rural travel increased by about 2.6 percent
Lane- annuglly. VMT increased on every highway
Functional System Miles | Miles [ vMT functional system.
Rural Highways
Interstate 0.8 1.6 9.4 VMT for combination trucks has grown faster
Other Principal Arterial 25 3.0 8.9 than VMT for passenger vehicles since 1987,
Minor Arterial 35 | 35 6.4 increasing at an average annual rate of
Major Collector 10.9 10.6 7.9 3.8 percent.
Minor Collector 6.9 6.6 2.1
Local 541 | 518 | 45 Highway Vehicle (VMT): 1987-1997
Subtotal Rural 78.7 77.1 39.1
Urban Highways Iréllions of Miles
Interstate 03 0.9 14.2 1'4 /'/.
Other Freeways & Expressways 0.2 0.5 6.3 1'2 /
Other Principal Arterials 1.4 2.2 15.1 1'0 —
Minor Arterials 2.3 2.8 11.6 ' o
08—

Collector 22 2.3 4.9
Local 9 | 143 8.7 06 ¢ Rurl

14. i i 0.4 B Urban
Subtotal Urban 21.3 22.9 60.9
Total Highway 100.0 | 100.0 | 100.0 02 ‘ ‘ ‘ }

0
1987 1989 1991 1993 1995 1997

. The 582,976 bridges in the Nation are a critical
pslement of the infrastructure network.
Approximately 47 percent of bridges are State-

comprised 808,000 miles (20.4 percent). Locallyowned, while 51 percent are locally owned. The
remaining 2 percent are federally owned,
privately owned, or their ownership is unknown

owned road mileage has steadily increased, b
an average of 0.4 percent annually. State roa

mileage has remained relatively constant.
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EXECUTIVE SUMMARY

System Characteristics: Transit

Mass transit in the U.S. performs three public
policy functions: providindpasic mobilityto the
poor, disabled, young, and old; encouraging
location efficiencythrough dense, mixed-use
development; and assistingdangestion
managementy providing an alternative to
automobile travel, especially in peak periods.

Data from the 1995 NPTS indicate that

congestion management accounts for 35 perc
of transit trips, while basic mobility and locatio
efficiency account for 40 percent and 25 perce

respectively. Transit trips fulfilling a congestion . \ \ \ \ \

management function are predominantly work
trips and are significantly longer on average th
trips associated with the other two functions.

Transit Capacity 1987-1997

Millions of Capacity-Equivalent Miles

4000

3500

3000

P —

rel
2500

A Total
B Non-Ralil

& Rail

M

2000

500
Entl
N 1000

nt, soo

1987 1989 1991 1993 1995
farfrom 1989 to 1993. Growth was most
pronounced for rail transit modes, which

1997

They are also considerably more peaked during increased 18.3 percent, from 17.87 billion to

the morning and afternoon rush hours. A
significantly larger percentage of basic mobility
trips are made by bus.

In 1997, there were 149,468 transit vehicles,
9,922 miles of track, 2,681 stations, and 1,179
transit maintenance facilities in operation in th
U.S.

Transit systems operated 8,602 route miles of

rail service in 1997, an increase of 44.2 percent 20,000

since 1987. Non-rail route miles were up
10.4 percent since 1987 to 156,733.

Transit system capacity, measured in vehicle
revenue miles (adjusted for vehicle capacity),
increased 19.7 percent from 1987 to 1997. Rall
capacity increased 22.4 percent, while non-rai
increased 17.1 percent. Capacity for rail and
non-rail in 1987 was almost identical, at

1.72 billion miles each.

Transit passenger miles increased by 10.9 pef
cent between 1993 and 1997, from 36.22 billig
to 40.18 billion. This reversed a slight decline

21.14 billion passenger miles.

Transit Passenger Miles 1987-1997

Millions
45,000

‘\/‘\\‘\_‘/“\/‘A
® Rail
B Non-Ralil
A Total

40,000

35,000

30,000

25,000

15,000

10,000

5,000

0

1987 1989 1991 1993 1995 1997

Transit vehicle occupancy decreased from 1987

to 1997, from 12.7 passengers per vehicle
(adjusted for capacity) to 11.7. Vehicle
occupancy increased from 1993 to 1997,
however, with rail modes going from

11.4 passengers per vehicle to 12.3, and non-rail
n modes remaining constant at 11.1 over that

period.
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EXECUTIVE SUMMARY

System Conditions: Highway and Bridge——

In 1997, overall Pavement Condition 1997

pavement condition Poor

6.6%
was rated 16.0 very °
00! f
o Mediocre
ls'on 11.6%

percent very good,
25.3 percent good
Fair
40.5%

40.5 percent fair,
11.6 percent
mediocre and

6.6 percent poor.
These ratings are
based on the
International Roughness Index (IRI), a measur|
of “ride quality” for higher functional classes,
and on the Present Serviceability Rating (PSR
for lower functional classeSince 1993, the
percentage of road miles in poor condition
has dropped from 8.6 percent to 6.6 percent.

Supporting the largest share of vehicle travel,
Interstate pavement condition has

continued to improvelhe percentage of all
Interstate mileage with acceptable ride
guality increased from 91.2 percent in 1993 to
92.4 percent in 1997.

The percentage of Interstate mileage in the url
areas with acceptable ride quality (not “poor”)
increased from 90.5 percent in 1993 to 90.8 pe¢
centin 1997. In the rural areas, Interstate pave
ment mileage with acceptable ride quality
increased from 93.1 percent to 96.2 percent
since 1993.

Percentage of Interstate Mileage with
Acceptable Ride Quality

98% B Urban

4 Rural

96%

94%

—

92%
H

90%

88% ‘

Do -

20% l*.\.\.

1993 1995 1997
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Generally, for all functional systems, the
pavement conditions in rural areas were
slightly better than in urban areas.

In 1997, approximately 65 percent of rural roads
meet horizontal (curve) design standards and
60 percent meet vertical design standards. In
addition, 53 percent of urban mileage and

66 percent of rural mileage have 12+ foot lanes.

The common indicator used to evaluate the

- condition of our Nation’s bridges is the number

of deficient bridges. There are two types of
deficient bridges: structurally deficient and
functionally obsoleteThe number of deficient
bridges on our transportation system have
been steadily declining. In 1998, only

29.6 percent of our Nation’s bridges were
deficient; 16.0 percent of bridges were
structurally deficient while 13.6 percent were
functionally obsolete.

Bridge Conditions: 1992-1998

40%

r—
v

A —
4 r 3

10%

0% | |
1992 1994 1996

1998

4 Total
Deficient

B Structurally A Functionally
Deficient Obsolete

Bridges on the Interstate have the lowest
percentage of deficient bridges (16.4 percent
in rural areas and 26.8 percent in urban

areas) of all functional classedA larger
percentage, 32.5, of bridges in urban areas are
deficient than those in rural areas, 28.8. Over
half of the deficient bridges are under local
governments’ jurisdiction.



EXECUTIVE SUMMARY

System Conditions: Transit

This report incorporates new information on at
improved modeling of bus vehicle and main-
tenance facility conditions, based on a nationg
sample of vehicles and facilities. Similar
improvements for rail vehicle conditions will be
in the next report.

Condition Definition

Excellent

4.0 Good
3.0 Adequate
2.0 Substandard

Poor

The average condition of urban bus vehicles in

1997 was 3.1, or “adequate.” Sixty-three perceg
of the urban bus vehicle fleet consists of full-s
buses, whose average condition has remaine
steady at 3.0 for the last decade.

Urban Transit Vehicle Fleet Condition

4.5

4.0

35

3.0

25

2.0

Condition Rating

15

1.0

0.5

ol L [ [ 1 1 ] b ]

1987 1989 1991 1993 1995

1997

@ Urban Bus Fleet
B Rail Vehicle Fleet
A Urban Transit Vehicle Fleet

wdThe average condition of rail vehicles in 1997
was 4.0, or “good.” The downward trend in rail

| vehicle condition is primarily due to the
deterioration of the Nation’s heavy rail vehicle
fleet, comprising 60 percent of rail vehicles,
whose average condition rating declined from
4.7 in 1987 to 3.9 in 1997. Fourteen percent of
urban bus facilities are less than 20 years old.
Fifty-three percent are between 10 and 30 years
old, and 33 percent are over 30 years old.

Most urban bus maintenance facilities, 57 per-
cent, are considered to be in adequate condition.
Twenty percent are in good or excellent
condition, and 23 percent are in substandard or
poor condition.

1
Z
!

Condition of Urban Bus Maintenance Facilities

Poor Excellent
5% 3%

Good
17%

Substandard
18%

Adequate
57%

The decrease in the condition rating of urban
buses and urban bus maintenance facilities
relative to conditions reported in previous cycles
is due primarily to updated and improved
modeling of bus vehicle condition derived from
the National Bus Condition Assessment.

The percentage of urban transit rail track in good
or excellent condition increased from 43 percent
in 1984 to 73 percent in 1997. The percentage of
rail maintenance facilities in good or excellent
condition increased from 28 percent in 1984 to

60 percent in 1997.
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EXECUTIVE

SUMMARY

Operational Performance:
Highway and Bridge

Congestion is a growing concern on the natio

transportation system. Not only does congesti
make driving more inconvenient and unsafe, b
it increases transportation costs for many

Peak-Hour Congested Travel on
Urban Principal Arterial Highways

American businesses. The Texas Transportat|on

Institute (TTI) estimates that in the 68
metropolitan areas studied in 19%mericans
wasted 6.7 billion gallons of fuel and

4.3 billion hours of time because of delay.
The total cost to American motorists in these
areas is about $72 billion annually

Travel (DVMT) per lane mile has increased on

all systems over the past 10 years. While DVMT

has grown for both rural and urban highways, it
increased at a faster rate on rural rouDAGMT
grew by 3.40 percent on rural Interstates
between 1987 and 1997

Interstate DVMT per Lane-Mile

14,000 /"././.
12,000 .7.,

¢ Rural
B Urban

10,000

8,000

6,000

)
4,000 é ‘_A.—-O—/”/‘

2,000

0 | | | |
1987 1989 1991 1993 1995 1997

Another way to measure operational
performance is to examine peak-hour travel
equal or greater than the 0.80 volume-service
flow (V/SF) threshold. This measures only the
severity of peak-hour congestion, not its extent
or durationMore than half of peak-hour
Urban Interstate travel occurs under
congested conditions
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Delay increased on all highways between 1993
and 1997, rising from 8.3 to 9.0 hours per

1000 VMT. While calculated delay declined on
most urban highway systems from 1995 to 1997,
the reason for this is unclear. A longer time
period is needed to determine if this is the
beginning of a trend. Daily delay is measured by
hours per thousand vehicle miles traveled, and it
primarily occurs in urbanized areas (over 50,000

population).

Daily Delay
(Hours per Thousand Vehicle Miles Traveled)
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EXECUTIVE SUMMARY

Operational Performance: Transit

Transit operational performance is measured ;
the system level by average operating speeds
vehicle utilization. Transit performance is
measured at the passenger level by waiting
times, reliability, and seating conditions.

Average transit operating speeds were 20.3 mj

per hour in 1997. The average speed for rail
modes was 26.1 miles per hour, while average
speeds for non-rail modes was 13.8 miles per
hour. These figures have been relatively const
for several years.

Vehicle utilization is measured as passenger
miles per vehicle, adjusted to reflect difference
in vehicle capacity among different modes.
Vehicle utilization is heaviest for rail modes,
including commuter rail (815 thousand
passenger miles per capacity-equivalent vehig
heavy rail (696 thousand), and light rail (638
thousand). Utilization is substantially lower for

Lt

Vehicle Utilization Rates 1987-1997
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demand response (170 thousand), even

non-rail modes, such as bus (400 thousand) andccounting for the smaller size of these vehicles.

Average Transit Mode Operating Speeds
1987-1997
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Average waiting times and reliability (variation

in waiting times) vary by public policy function.
Average waiting times for basic mobility
passenger were greater (at 12.1 minutes) than for
location efficiency (8.9 minutes) and congestion
management (7.3 minutes), and were also more
variable.

Seating conditions, measured by the percentage
of passengers who find a seat unavailable upon
boarding, are roughly equivalent for each of the

three market niches filled by transit, at 25 to

30 percent.

Seating Conditions by Market Niche

Seat Unavailable
Upon Boarding

29.7%
26.3%
Congestion Relief 25.0%

Basic Mobility

Location Efficiency
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EXECUTIVE SUMMARY

Safety

Through a variety of measures including educi
alpd

tion programs, aggressive law enforcement,
infrastructure-related safety improvements,
significant improvements in highway safety ha
been achieved. While much remains to be don
the progress to date is one of the most importd
transportation “success stories” of the past
20 years.

Fatalities have fallen from 50,331 in 1978 to
42,013 in 1997.The fatality rate has plunged
over a longer period. In 1966, the fatality rate
was 5.5 per 100 million VMT; it had dropped tg
1.6 by 1997.This plummeting fatality rate
occurred even as the number of licensed
drivers grew by nearly 80 percent.

Fatality Rate (1977-1997)

Per 100 million VMT
4.0

35

30 |-}

25

2.0

L5 H [}
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0.5

0

1977 79 8 83 8 8 8 91 93 95 97

The injury rate has also declined, dropping frof
169 per 100 million VMT in 1988 to 133 in
1997.

Four types of crashes have been identified for
emphasis in future programs:

m Single vehicle run-off-the-road crashes
account for 36 percent of all highway-
related fatalities. This represents about

15,000 fatalities each year.
ES-8
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m Pedestrian crashes represent 13 percent
of all highway-related fatalities. This
includes about 5,300 fatalities, and
approximately 77,000 pedestrians are
injured each year.

Speeding is a contributing factor in a
third of all fatal crashes. This represents
about 13,036 fatalities and 742,000
injuries annually.

Large truck crashes resulted in about
5,350 fatalities and 133,000 injuries in
1997.

The reduced fatality rates can be attributed to
several factors, including increased safety belt
use, air bags, road safety devices, and a sharp
decline in alcohol-related crash&airveys
showed that 69 percent of vehicle occupants
used seat belts by 1996eat belt usage in
conjunction with vehicular air bag systems
provide additional protection in potentially fatal

mcrashes.The proportion of fatalities

attributable to alcohol dropped from about
57 percent in 1982 to 39 percent in 1997.

Transit safety incidents involving injuries and
deaths had noticeable decreases from 1990 to
1997. Over this seven-year period, safety
incidents involving transit fell from 251 per
100 million PMT (persons-miles-traveled) to
165, and fatality rates declined considerably,
from 0.89 per 100 million PMT to 0.73.



EXECUTIVE SUMMARY

Finance: Highway and Bridge

Taken togethesll levels of government spent
$101.3 billion for highways in 1997.The
Federal Government funded $21.1 billion
(20.8 percent). States funded $52.7 billion
(52.1 percent). Counties, cities and other loc3
government entities funded $27.5 billion
(27.1 percent).

Highway-user revenues—the total amount
generated from motor-fuel taxes, motor-vehicl
fees, and tolls—were $89.9 billion in 1997. Of
this, $64.7 billion was spent on highways. Thi
represented 60.8 percent of total revenues
generated for highways in 1997 (including
amounts placed in reserves for expenditure in
future years). Highway-user revenues would
have been sufficient to cover 88.8 percent of 3
highway expenditures if the full amount had
been used for highways.

Revenue Sources for Highways - 1997

Other Taxes
6.8%

Bond Sales
General Funds 8.6%

14.7%

Investment
Income and
Other
4.2%

Property
Taxes
5.0%
Motor-Fuel
Taxes
41.0%

Tolls
4.4%

Motor-
Vehicle Taxes
15.3%

Total highway expenditures increased 8.3
percent between 1995 and 1997. Highway
spending rose faster than inflation over this
period, growing 2.0 percent in constant dollar
terms. Since a low point in 1981, highway
spending has grown 50.2 percent in constant
dollars. Expenditures for highway law
enforcement and safety have been growing fa

Highway Expenditures by Type - 1997

Interest on Debt

4.0% \ /

Bond Retirement
4.7%

Highway Patrol
and Safety
9.2%

Administration

8.0% ‘
- Main-
\

tenance
20.6%

Capital
Outlay

Highway 48.1%

and Traffic
Services
5.4%

11°)

U

Capital outlay grew to $48.7 billion in 1997 a
10.2 percent increase since 198&deral funds
Il accounted for $20.0 billion, or 41.1 percent of
total capital outlay. Since 1987, the Federal
share has remained in a range from 41 to 46

percent.

Approximately $23.2 billion of capital funds
(27.2 percent) were used for system
preservation; $7.6 billion went for new roads
and bridges; $14.0 billion went for adding new

or environmental improvements.

Distribution of Highway Capital Outlay by
Improvement Type - 1997
System

Enhancement
8.0%

Other
System
Expansion

28.8%

System
Preservation

New Roads 47.6%

and Bridges
15.6%

Ster

than other types of highway expenditures.
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lanes to existing roads; and $3.9 billion went for
system enhancements, such as safety, operational



EXECUTIVE SUMMARY

Finance:

Transit

Public funding for transit in 1997 totaled
$17.5 billion. Twenty-seven percent of public
funding came from the Federal government, a
increase over recent years. Public funding for
transit increased at an annual rate of 1.3 percé
in real (inflation-adjusted) dollars from 1990 to
1997. This growth was substantially greater th
that seen during the 1980s, but is well below t
large growth rates in public funding for transit
experienced in the 1960s and 1970s.

Transit System Revenue Sources

Federal
18%

System Generated
Revenue
33%

State
18%

Local
31%

Public funding accounted for just over two-
thirds of transit revenues in 1997. Local
government was the largest jurisdictional sour
at $8.1 billion. The most significant tax source
were general appropriations (18.7 percent of

revenues), fuel taxes (16.5 percent), and sale$

taxes (14.7 percent). Passenger fares accou

nied
for 27.5 percent of revenues, and other systerJ\

revenues (e.g., advertising) accounted for
5.2 percent.

Federal capital assistance increased significar
between 1994 and 1997, from $2.5 billion to
$4.1 billion. State and local capital spending
remained relatively constant between 1995 an
1997, after increasing steadily since 1990. As
result, the Federal share of capital funding
reversed its previous declines and stood at

In 1997, total spending for transit capital
projects was $7.6 billion. Fifty-eight percent of

n capital spending was for facilities, while
29 percent was spent on vehicles and the

prifemaining 13 percent was spent on other capital
expenditures.

an

héperating expenses for transit totaled $17.5 bil-
lion in 1997. Fifty percent of operating expenses
went to vehicle operations, 31 percent to vehicle
and non-vehicle maintenance, and 20 percent on
administration and purchased transportation.

Bus operations accounted for a majority of
operating expenditures in 1997, totaling

$9.8 billion. Heavy rail operations were next
largest at $3.5 billion, followed by commuter rail
at $2.3 billion. From 1988 to 1997, operating
expenses increased 40 percent for bus opera-
tions, 300 percent for demand response services,
139 percent for light rail, and 21 percent for
commuter rail. Operating expenses for heavy rail
decreased by 1 percent.

Transit Capital and Operating

Expenditures by Type - 1997

Other Capital
4%

|

Facilities .
18% Veh|c_le
Operations

34%

Rolling Stock
9%

Purchased
Transportation
2%

tl

Vehicle
Maintenance
14%

General
Administration

12% Non-Vehicle

Maintenance
7%

54 percent in 1997.
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EXECUTIVE SUMMARY

Capital Investment Requirements:
Highway and Bridge

The scope of the investment requirements
outlined in this report has been expanded to
cover all types of highway capital outlay. In
previous editions of the report, improvements
primarily related to system enhancement
(including safety, traffic operations and
environmental improvements) and economic
development were excluded.

The average annu@lost to Improve Highways
and Bridgesfor the 20-year period 1998-2017
is $94.0 billion. This represents the investment
by all levels of government required to imple-
ment all cost beneficial improvements on
highways ($83.4 billion Maximum Economic
Investment scenario) plus the investment
required to eliminate all bridge deficiencies
($10.6 billion Eliminate Deficiencies scenario).

Investment requirements for system preservat
comprise 51.2 percent of the total $94.0 billion
Cost to Improve Highways and Bridges. Invest
ment requirements for system expansion accg
for 40.8 percent, while investment requiremen
for system enhancement make up 8.0 percent
the total.

Distribution of Cost to Improve,
by Improvement Type

System
Enhancement
8.0%

System
Expansion
40.8%

System
Preservation
51.2%

on

The average annual investment over 20 years by
all levels of government required for t@@st to
Maintain Highways and Bridges is $56.6 bil-

lion. Included in this total are the highway
Maintain Conditions scenario ($50.8 billion)
which maintains pavement condition, and the
bridge Maintain Backlog scenario ($5.8 billion),
which maintains the backlog of current bridge
deficiencies.

Distribution of Cost to Maintain,
by Improvement Type

System
Enhancement
8.0%

System
Expansion
35.9%

System
Preservation
56.1%

unt

S
off his highway Maintain Conditions scenario

consists of a mix of preservation, expansion, and
enhancement improvements intended to attain
the highest possible level of benefits for
highway users, while achieving its goal of
maintaining pavement conditions. At this level

of investmentpavement condition would be
maintained, but highway system per-

formance would decline Average highway

user costs (including travel time costs, vehicle
operating costs, and crash costs) would rise.

An additional $3.1 billion from all levels of
government would be required annually to
maintain highway user costs. Maintaining travel
time costs would require an additional

$17.1 billion annually.
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EXECUTIVE

SUMMARY

Capital Investment Requirements:
Transit

This rgport uses cqmblnatlons of fo'ur scenam{s P ——
to estimate capital investment requirements fo Conditions by Improvement Type

the Nation’s transit systems over the period
1998-2017. The Maintain Conditions scenario
invests in transit capital in order to maintain

average asset conditions over the 20-year perjod.

The Improve Conditions scenario makes addi-
tional investments in order to bring the averagy
condition for each major asset type up to at led
a level of “good.” The Maintain Performance
scenario adds new transit capacity in order to
maintain current vehicle usage levels as transit
passenger travel increases. The Improve
Performance scenario makes additional
improvements to improve the quality of service
provided by reducing headways and/or
increasing coverage.

Summary of Transit Average Annual Investment

Requirements 1998-2017 (in Billions of $1997)

Average
Conditions Performance Annual Cost
Maintain Maintain 10.8
Maintain Improve 14.4
Improve Maintain 111
Improve Improve 16.0

The average annual investment required
under the Cost to Maintain Conditions and
Performance is $10.8 billion in 1997 dollars.
The average annual Cost to Improve
Conditions and Performance is $16.0 billion.

Sixty-five percent of investment under the
Maintain Conditions and Performance scenarip
is in Rehabilitation and Replacement. Fifty-fouf
percent of investment under the Improve

Conditions and Performance scenario is devoted

to Rehabilitation and Replacement, while the

remainder is split between Asset Expansion arrd

Performance Improvements.

ES-12
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Billions of 1997 Dollars*

[ Rehabilitation and Replacement
[ ] Asset Expansion
18 [ | Performance Improvements
16
“l
12 —

Maintain
Conditions

Improve
Conditions

The greatest investment requirements are for
vehicles and for guideway elements, such as
tracks, tunnels, and bridges. Vehicles are the
largest expense under the Maintain Conditions
and Performance scenario, while guideway
elements are the largest expenditure under the
Improve Conditions and Performance Scenario.

Cost to Maintain Conditions and
Performance by Asset Type

Other Costs
7%

Guideway
Elements
31%
Vehicles
33%

Facilities
Stations 12%

6%

Systems
11%



EXECUTIVE SUMMARY

Comparison of Spending and Investment
Requirements: Highway and Bridge

While this report does not recommend any to Maintain level by 2003. While the Cost to
specific level of investment, a comparison of theMaintain is 16.3 percent higher than 1997 capital
investment requirement scenarios with curren{ spending, this difference is expected to shrink to
and projected spending levels provides some | 5.7 percent over the full 1998-2003 period.

insights into the likelihood that the level of Broiected A JE— Cost
H H : R rojecte verage Annual spending vs. Cos
g_tetraf%rerr(]jance implied by the scenarios will be to Maintain and Cost to Improve, 1998-2003

Billions of 1997 Dollars
. . 100 - o Py &
Federal, State, and local highway and bridge ¢ ¢ ¢ ¢

capital outlay expenditures totaled $48.7 billiopn 80
in 1997. Capital outlay expenditures by all levels

of government would need to increase by 16.9 % v ————x
percent above this 1997 value to reach the $56.640
billion Cost to Maintain Highways and Bridges
level. Similarly, an increase of 92.9 percent

would be required to reach the $94.0 billion Cgst o
to Improve Highways and Bridges level.

@® costto M costto X Projected Average
Improve Maintain Annual Spending

\ \ \ \
1998 1999 2000 2001 2002 2003

In 1997, 47.6 percent of highway capital outlay

1997 Capital Outlay vs. Highway and Bridge went for highway and bridge preservation. If
Investment Requirement Scenarios future funding remains near current levels, the
1997 Capital Outlay —1 analytical models used to develop the investment
$42.6 | Bl Bridge requirement scenarios in this report suggest that

CIHighway | | 4 greater share of capital investment should be

Cost to Maintain
$50.8

devoted to system preservation. For the Cost to
‘ Maintain, 56.1 percent of the projected
Cost to Improve investment requirements are for system
$83.4 | preservation. If funding increases significantly,
the models recommend increasing system
0 10 20 30 40 50 60 70 80 90 100 | expansion investment more quickly, so only 51.2

Billions of 1997 Dollars percent of the Cost to Improve is for system

Capital improvements to existing bridges total¢dpreservation.
$6.1 billion in 1997, above the $5.8 billion level

of the bridge Maintain Backlog scenario Investment Requirements and 1997 Capital
(included in the Cost to Maintain). Outlay, Distribution by Improvement Type

\ \
Recent editions of the C&P report have shown 1995 ﬁ:p“a' 444% | |so%
that capital spending has been growing more B
quickly than the investment requirements. Thig Mc;s]tt;?n 3B9% | [8.0%
trend is expected to continue in the near future,
as the implementation of the TEA-21 will resulf ~ Costto 40.8% [ Js.0%
in significant increases in Federal highway Improve | |
funding. Assuming the continuation of recent 0%  20%  40%  60%  80%  100%
trends in State and local government funding B System [ System [ ] System
patterns, capital spending should reach the Caost Preservation Expansion Enhancement
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EXECUTIVE

SUMMARY

Requiremen

Comparison of Spending and Investment

ts: Transit

Transit capital expenditures totaled $7.636
billion in 1997. This total is well below the
estimated annual investment requirements for
the 20-year period from 1998-2017. The
estimated annual capital investment that woulg
be necessary to Maintain Conditions and
Performance is 41 percent greater than actual
1997 spending by all levels of government. Th
investment required to Improve Conditions ang
Performance is more than double actual 1997
capital spending by Federal, State and local
governments. The relative differences betweer
actual spending and the investment requireme
scenarios are similar to those estimated in the
1995 and 1997 reports.

1%

The percent difference between spending and
investment requirements is larger for
investments in vehicles than in non-vehicles
under the Maintain Conditions and Performang
scenario, while the opposite is true under the
Improve Conditions and Performance scenarid.

e

Average Annual Transit Investment

Requirements Versus 1997 Capital Expenditures

Percent Above
Actual Spending

Cost to Maintain Conditions

41.0%
& Performance

Cost to Maintain Conditions

88.7%
& Improve Performance

Cost to Improve Conditions

S 45.5%
& Maintain Performance

Cost to Improve Conditions

110.2%
& Performance

TEA-21 authorizes substantial increases in

Federal funding for mass transit. This increase
funding is expected to lead to large increases in
capital spending by transit operators. At the

ES-14

Billions of 1997 Dollars

guaranteed funding levels specified in TEA-21,
total annual transit capital expenditures are
projected to grow from $8.1 billion in 1998 to
$12.3 billion ($10.8 billion in 1997 dollars) in
2003.

Average Annual Spending Versus Investment
Requirements 1998-2003

20.0

[EnY
o1
o

[EnY
o
o

o
o

o
o

I I I I I
1998 1999 2000 2001 2002 2003

A Costto
Improve

B Costto
Maintain

@ Projected Average
Annual Spending

This increase in transit capital expenditures
under TEA-21 would substantially reduce the
gap between actual expenditures and investment
requirements. Investment requirements to
Maintain Conditions and Performance exceed
projected capital spending for the period 1998—
2003 by just 13 percent, while the investment
needed to Improve Conditions and Performance
Is 68 percent larger than projected expenditures.

Investment requirements under both the
Maintain and the Improve Conditions and
Performance scenarios are slightly backloaded,
with greater investment in the latter half of the
20-year period. Substantial investment also

iloccurs in the initial 5-year period, as the backlog

of existing vehicle and infrastructure
deficiencies is eliminated.



EXECUTIVE SUMMARY

Impacts of Investment:
Highway and Bridge

The highway VMT forecasts used to develop t
1995 C&P report and earlier editions wetatic;
one fixed growth projection was used for each
highway segment. The VMT forecasts used tq
develop the investment requirements in this
report aredynamic. A single set of forecasts is
entered into the Highway Economic

Requirements System (HERS) for each sampl

section, but the model then appltesvel
demand elasticity procedureswvhich change
the VMT projections depending on how the
conditions on that section are predicted to
change over time. If lanes are added, the moc
assumes that additional travel will be induced.
If a highway becomes more congested, the
model assumes some drivers will shift to othe
routes, switch to transit, or forgo some trips
entirely. As a result, HERS predicts that trave
will grow at different rates, depending on the
overall level of investment.

Projected Average Annual VMT Growth Rates
1998-2017, for Different Possible Funding Levels
3.5%
3.0%

L 4

{W )\ 4
2.5%
2.0% H:ﬁkﬂ:l:l;l:ﬁ:l;?
1.5% —&— Rural
1.0% - B Urban
0.50 A= Urbanized >
270 1 million population

0.0% ]
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Average Annual Investment in Billions of 1997 Dollars

For example, at current funding levels, HERS
predicts VMT in urbanized areas over 1 millior
in population will grow by an average annual
rate between 1.66 and 1.70 percent. (This is
consistent with an aggregate projection of
1.68 percent, compiled from a survey of
Metropolitan Planning Organizations.) If
average annual spending increased from
$48.7 billion to $94.0 billion, this rate would

NErhe mix of improvements recommended by the
HERS model would have different impacts on
each component of total highway user costs. If
the recommended mix were to be followed, crash
costs would be reduced at all levels of
investment, as the model predicts there would be
a relatively greater rate of return on improve-

€ ments aimed at reducing crashes than on those
aimed at reducing congestion. Maintaining travel
time costs at current levels would be significantly
more expensive than maintaining overall user

ie?OStS'

Projected Change in 2017 Highway User Costs

Compared to 1997 Levels, for Different Possible
Funding Levels

4.0%

- Travel Time Costs

[ vehicle Operating Costs
|:| Crash Costs

[ Total User Costs
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Average Annual Investment in Billions of 1997 Dollars

There has been a change in the types of highway
capital improvements being made in recent years
away from new construction, and towards system
preservation. This shift is consistent with recent
improvements in pavement and bridge
conditions.

Recent increases in travel density have not
resulted in corresponding increases in delay or
congestion. This implies that existing facilities
are being used more effectively. This may be due
in part to increased investment in traffic

increase to 2.06 percent.

operational improvements.
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EXECUTIVE SUMMARY

Impacts of Investment and
Sensitivity Analysis: Transit

The Transit Economic Requirements Model
(TERM), from which the estimated transit
investment requirements are obtained, is
structured to accommodate transit passenger
growth by adding more capacity, rather than
actively affecting travel growth rates by
improving service and lowering the user costs
transit riders.

Projections of future transit travel growth are
obtained from metropolitan planning

organizations (MPOSs) in large urbanized areag.

The weighted average transit passenger mile
growth rate of the most recently available
forecasts is 1.9 percent. At this rate, total annu
transit passenger miles in the U.S. would grow
from 40.2 billion in 1997 to 58.7 billion in 2017

Projected Transit Passenger Mile Growth
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Despite the estimated gap between funding and
investment requirements, transit conditions and
performance have been relatively stable over the
past 10 years, with the exception of the Nation’s
heavy rail vehicle fleet, which has shown
significant aging and deterioration.
pf
One of the most important parameters used in
estimating investment requirements is the annual
growth rate in transit passenger miles, obtained
from the MPO forecasts. In order to test the
sensitivity of the estimated investment needs to
the growth rate forecasts, investment needs were
additionally estimated using three alternative
abrowth rates: 2.85 percent (50 percent greater
growth than forecast), 0.95 percent (50 percent
less growth), and zero percent growth.
Investment requirements under the Maintain
Conditions and Performance scenario would be
20 percent larger under the higher growth rate,
18 percent smaller using the lower growth rate,
and 35 percent smaller under zero passenger
mile growth. Investment requirements under the
Improve Conditions and Performance scenario
are somewhat less sensitive to the growth rate
than they are under the Maintain scenario.

The most significant improvements made to
TERM for this report were in the way it relates
asset age to asset condition. Data on urban buses
and urban bus maintenance facilities were
obtained during the National Bus Condition
Assessment, an effort aimed primarily at
providing data to improve the statistical
specification of asset deterioration over time.
The new deterioration curves imply a more rapid
decrease in bus condition in the early years of
use, and a more gradual decline in condition
over the remainder of the useful life of the

1987 1991 1995 1999 2003 2007 2011 2015 2019
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EXECUTIVE SUMMARY

Sensitivity Analysis:
Highway and Bridge

The accuracy of the investment requirements in

this report depends on the validity of the unde
lying assumptions used to develop the analysi
Changing these assumptions would reduce or
increase the Cost to Maintain Highways and
Bridges and the Cost to Improve Highways an
Bridges.

The HERS model assumes that the travel
baseline forecasts for each highway section in
the model represent not what future travél

be, but what itvould be, if investment rose to
the level required to keep highway user costs
constantlf the State-supplied baseline HPMS
projection of 2.16 percent average annual
growth were increased to the 2.84 annual rate
observed over the last 20 years, the Cost to
Maintain and Cost to Improve Highways and
Bridges would increase by 15.5 and 14.1 per-
cent respectively.

If the baseline HPMS projection for large
urbanized areas were reduced by 10 percent
(0.18 percentage points) from 1.86 percent to
1.68 percent, the Cost to Maintain and Cost to
Improve would fall by 1.6 percent and

1.1 percent respectivelyReducing the large
urbanized area baseline growth rate to zero
would reduce the Cost to Maintain and Cost tg
Improve by 11.0 percent and 8.6 percent
respectively.

Impact of Reducing Baseline VMT Growth

Projections in Urbanized Areas > 1,000,000 on
Average Annual Investment Requirements

[ Cost to Maintain Il Cost to Improve |

_
_
_
—

I
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Baseline (1.86%
average annual)

Decreased 10%
(to 1.68%)

Decreased 20%
(to 1.49%)

Decreased 50%
(to 0.93%)

Decreased 100%
(to 0%)

I~

Impact of Other Alternate Assumptions on Average
Annual Investment Requirements in 1998-2017
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In previous reports, the HERS model was
allowed to consider adding “high cost” lanes to a
section, even if widening wouldn’t ordinarily be
feasible. High cost lanes represent the cost
required to double-deck a freeway, build a
parallel route, or purchase expensive right-of-
way. This feature was turned off for this report.
Allowing HERS to consider high cost lanes
would increase the Cost to Maintain and Cost
to Improve by 28.7 percent and 38.0 percent
respectively.

The HERS travel demand elasticity values were
increased in this report, and the HERS emissions
module was turned on. Reducing the elasticity
values to the levels used in the 1997 C&P report
would increase the Cost to Maintain by

4.9 percent but reduce the Cost to Improve by
0.8 percent. Turning off the HERS emissions
module would increase the Cost to Maintain and
Cost to Improve by 0.1 percent and 1.1 percent
respectively.

Doubling the value of time or value of life in
HERS would increase the Cost to Improve by
4.9 percent or 0.5 percent respectively.
Cutting them by half would reduce the Cost to
Improve by 3.8 percent or 0.2 percent
respectively.
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Personal Mobility

Introduction

By most measures, the United States is the most mobile nation, accommodating over 4 trillion miles
of passenger travel and 3.7 trillion ton-miles of freight annually in the late 1990s. A vast system of
transportation infrastructure makes this possible: 4 million miles of road, 200,000 miles of rail track,
580,000 bridges, 350 commercial ports, 5,500 airports. Every day, the U.S. maintains, patrols, and
moves goods the length of enough commercially navigable waterways to span the globe—25,000

miles if stretched end-to-end.

A mobile society is an open society, where seamless access to diverse economic, social, and cultural
marketplaces fosters the opportunities, competition, and choices that fuel the economy and enrich the
daily lives of millions. Transportation investment choices contribute to such an open society by
increasing access to new activity centers, reducing bottlenecks in existing facilities, and extending
mobility to the least advantaged members of society.

Our transportation system is constantly in flux, adapting to the changing frontiers of the U.S.
economy and its people. Once principally geographic and geological, the frontiers of transportation
have become increasingly technological, economic, demographic, and geopolitical. Exhibit 1-1

illustrates the combined forces that
interact in determining the way that
people travel.

A comprehensive treatment of all
issues related to mobility is beyond
the scope of this chapter. However,
evidence has accumulated that not
all segments of U.S. society share in
the high quality mobility that most
Americans have come to expect.
Significant barriers to mobility
persist for people with disabilities,
elderly people, low-income
households, recent immigrants and
people of color. The system for
distributing goods and services fails
to reach into some places where

Factors Affecting U.S. Travel Patterns: Economic, Social,
Technological, Land Use and Housing, Demographic,
Transportation Policy
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Economic ,“ Factors

Factors ,
I

. Technological
Land-Use and ,."\\

N l Factors
\.

Housing ¢ Sl TEL
Factors  * AN N '
'.‘ l. I\ . ,\-_ L. 7/ \ Transportation
! .\ ) / Policy Factors
S0 S N /
Social ‘\ \.I__ -~
Factors . ’
NSt

1-1




millions of Americans live and work. Without a concentrated effort to address the mobility problems
of these groups, and their access to goods and services, the participation and success of these groups
in the larger economy will continue to be limited.

Today'’s transportation decisions will create the infrastructure for decades to come. In response to
new challenges, the Transportation Efficiency Act for tieCdntury (TEA-21) calls for new
approaches to shaping the U.S. transportation infrastructure to the economy. There is increased
emphasis on market principles.

The purpose of this chapter is to place in context the profile of unmet transportation needs in the
midst of transportation “plenty.” The qualities of the U.S. surface transportation systems are reported
throughout the succeeding chapters.

The data from the Nationwide Personal Transportation Survey (NPTS) is the source of the figures and
analysis in this chapter. The periodic survey provides a snapshot of travel by Americans and allows us
to view differences in transportation patterns by income, age, gender and race, and to understand how
travel changes over time. The reports and data analyses of the following people were used as source
material: Sandra Rosenbloom of University of Arizona, Patricia S. Hu and Jennifer Young of Oak
Ridge National Laboratory, Daphne Spain of University of Virginia, William Mallett of the Bureau of
Transportation Statistics, U.S. Department of Transportation, John Pucher, Tim Evans, and Jeff
Wenger of Rutgers University, Steven Polzin of University of South Florida, and Nancy McGuckin,
Travel Behavior Consultant. Patricia Hendren of University of California at Davis and Nancy

McGuckin provided considerable support in reviewing, restructuring and editing the material.

Measuring Mobility

Technological advances, government policies, and public acceptance of safety initiatives have
accomplished much over the 1969 to 1995 period. Exhibit 1-2 shows key 1995 demographic, travel,
safety and air quality indicators indexed to 1969. There were substantial increases in personal travel

over this time, yet there were

El.g?]lflcar}t del.c.reasesdmh Demographics, Personal Travel, Safety and Air Quality,
Ighway fatalities and the mos Percent Change from 1969 to 1995

crucial emissions indicators.

Persons —|
The most commonly discussed Households
inequity is the failure of W‘_‘
transportation systems to Workers |
connect under-employed Vehicles
workers who reside in central Person Trips |
cities to growing entry level Person Miles of Travel |
suburban jobs. Also, as a Household Vehicle Trips |
matter of civil rights, Household Vehicle Miles of Travel |
transportation is the key for | Fatalities per 100,000 Population
people with disabilities who Fatalities per 100 Million VMT |
are denied the same access ta VOC Emissions
opportunities as is available to NOx Emissions ;
the majority of Americans. CO Emissions
Another current issue
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involves single-parent households who have unique logistical challenges and need flexible and
sensible transportation options.

Mobility appears to decrease sharply with retirement. In 1995, annual average vehicle miles for
drivers of all ages was 13,476, while for drivers 65 to 69 the average was 9,054. This trend is
reflected in the average trip length, which drops by about one quarter after 65 years of age. Most of
this change represents the elimination of commute trips by retired workers. However, since 1969 the
average annual miles driven by people 65 to 69 has increased by 50 percent, reflecting the aging of
cohorts with a higher ratio of drivers to non-drivers. As the baby boom begins to retire around the
year 2010, the total ratio of seniors to working age people on the road is likely to increase rather
sharply. Is the infrastructure in place to maintain safety standards when older drivers become the rule
rather than the exception?

Converting these aggregate

j[rerjc!s into specific impacts on Average Daily Miles Traveled per Person in Different Groups
individuals and households (All Modes)

reflects much about our

changing society. Exhibit 1-3 |

shows the very different levels People Over 75 Years |

of travel within various sub- Non-drivers |

groups, and raises the issue of People Over Age 65 |

the dimensions of geography Households With Income Under $25,000

and personal choice. Real- Asians

world complexities make Blacks |
Women |

untangling this issue difficult:
for example, densely developed
neighborhoods may have
shopping and employment
opportunities within short

Hispanics |
Households With 1 Adult, Youngest Child Under 6 |
U.S. Average (mean)

Households Between $25,000 and $49,999

: . . Whites
distances of residential areas Men |
Iowermg a person’s daily travel Households With 2 Adults, No Children |
mlle§. Oh th_e Oth.er hand, People Aged 30-49 Years Old |
families in _C'ty neighborhoods Households With Income Over $50,000 |
may pay higher costs at Households With 2 Adults and at Least 1 Child |
neighborhood shops compared | |
to suburban super-stores. 0 0 0 20 20 0

The remainder of this chapter
attempts to filter through some of today’s complexities relative to their influence on travel patterns.

The Role of Income

Household income is the most important influence on mobility. African-Americans, Hispanic-
Americans, newly arrived immigrants, the elderly, and people with disabilities all travel fewer miles
and take fewer trips than the U.S. average. Part of the explanation for these differences in travel is
related to income class. Residential location and auto ownership influence travel patterns, but house-
hold income heavily influences housing choices and auto purchases. Similarly, the logistical
hardships on a single parent are severe, but these hardships are ameliorated with disposable income.
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According to 1995 data, individuals in low-income households, earning less than $15,000 per year,
make 19 percent fewer trips annually and travel nearly 40 percent fewer miles annually (9,060 com-
pared to 14,924) than the average American household (see Exhibit 1-4). Income differences are
even more dramatic on the household level. VMT per household in low-income households is
approximately half that in other households (11,594 miles compared to 23,427).

Exhibit 1-4

Per Capita Trips and Miles by Income (Percent Above or Below U.S. Average)

2216.4%
$80,000 and above :

5%
$50 - $79,999

$30 - $49,999

$15 - $29,999 Il Person Miles

Traveled Per Day

-39.2%

Less than $15,000 Persorzl Trips per Day

When compared with the highest earning households (those making $80,000 a year), households with
less than $15,000 income make 1.2 fewer trips per day. The difference in person miles traveled is
even more striking—low-income households travel 15.9 fewer miles (almost 50 percent less) than
high-income households. One reason for these differences, especially the disparity of person miles
traveled, is the lower vehicle ownership rates in low-income households.

A personal vehicle enables a driver to choose departure time and route. However, the high cost of
acquiring, registering, insuring and maintaining a vehicle places vehicle ownership out of range for
many low-income households. Twenty-six percent of low-income households do not have a car,
compared to 4 percent of other households.

Without a vehicle many low-income households obtain a level of mobility through trips in vehicles
owned by others, walking and mass transit. Approximately 8 percent of trips in low-income
households are made in vehicles owned by others compared to 1 percent in other income groups.
People in low-income households are more than twice as likely to make a walk trip as those in other
income groups. Regarding transit use, households with income less than $15,000 represent 11.7 per-
cent of the population, yet make 27 percent of all transit trips. The 8 percent of households without a
vehicle account for 47 percent of all transit trips.

Exhibit 1-5 helps illustrate the link between income and travel-mode choice. The difference in the use
of walk and transit is especially clear between single parent/low-income households compared to
middle and high-income households.

In addition to the significant effects of racial and ethnic preferences in housing and jobs, the concen-

tration of many low-income households is also influenced by the opportunity to pay lower housing
costs. Due to the fact that a larger share of trips made in cars owned by others, walking, and public
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Exhibit 1-5 transit, the area in which

low-income people travel
_ is geographically confined.
and Walking For all other households,

Annual Person Miles of Travel per Person by Public Transit

Single Parent/ # | | | | about 50 percent of their
Low Income \ trips are within three miles
h of home. For low-income,
Low Income | this rises to 60 percent,
Middle and P and for low-income single-
High Income | Bl walk _ parent households, it
= Public Transit reaches 66 percent.
Total ‘ ‘ |
| I I I

0 100 200 300 400 500 600 | The difference in the travel
radius, or area that one can
access, expands geometrically. A 3-mile radius gives you access to 28 square miles, while a 10-mile
radius allows access to 300 square miles. Traveling over a larger radius opens opportunities for
employment, shopping, and services. For example, when a supermarket closes in a lower-income
neighborhood, residents are left with fewer options for basic needs.

Transportation limitations are especially critical for work trips. The growth in employment
opportunities in the past two decades has largely been in the suburbs of major metropolitan areas.
This points to the “spatial mismatch” of having large groups of low-skilled workers in the inner city
or close-in suburbs, while the growth in jobs is occurring in the suburbs or exurbs.

With high residential density and low auto ownership, areas with low housing costs create natural
markets for public transit, taxi and jitney services, and neighborhood retail and commercial services.
If these services are effective, the concentration of the poor and their relative “immobility” need not
worsen their condition or constrain their life activities. The public sector can play a key role in
enhancing these opportunities by providing resources for transportation investments and encouraging
private sector involvement in these areas.

Role of Age

Mobility can help cure isolation. All the disadvantaged groups experience a multifaceted isolation

from American life. But this isolation is most severe, debilitating, and progressive for senior citizens.
As the proportion of Americans who are elderly begins to increase, and as expected medical advances
improve longevity and continue capabilities, the senior population is expected to make new demands
on the transportation infrastructure. They will prolong their involvement in the mainstream of society
and, what is more, they will have the economic power and votes to enforce accommaodation in the
infrastructure.

The American society is aging rapidly. The median age of America’s population rose from 28 to 34
between 1970 and 1995. One reason for this increase is the proportion of those age 75 and older is
increasing. By 2030 the proportion of the population over the age of 75 is projected to rise from

6 percent to 9 percent. The fastest growing segment of the elderly, the population aged 85 and over is
expected to double (to 7 million) by 2020.

Different mobility issues face the elderly because they typically drive less, have lower incomes, have
health problems and may require special services and facilities. The majority of older people age in
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the places they lived while working. Increasingly these are suburban or rural communities where it is
difficult to access services or facilities without a car, and where it has generally been difficult to
provide transit services.

Exhibit 1-6 shows how annual miles driven decreases as age increases. It also shows annual miles
driven by the elderly has steadily increased since 1969, which correlates with the growing number of
elderly with driver’s licenses.
According to 1995 NPTS data, 55

percent of women and 84 percent Average Annual Miles by Driver Age, 1969-1995

of men aged 75 and over have

licenses. More importantly, almost 1969 1977 1983 1990 1995
100 percent of men and 90 percent All Ages 8,685 | 10,006 | 10,588 | 13,181 | 13,476
of women who will be over the ag 60-64 8,112 8,002 8,568 | 10,314 | 11,354
of 70 in 2012 are currently licenseq  65-69 5,850 6,277 6,804 8,347 9,054
drivers. As a result we can expect| 70+ 4644 | 4828 | 4348 | 6,138 | 6,779

the elderly will be driving more in
the future than at present.

The expected increases in driving by the elderly pose some serious highway safety issues. Currently,
the elderly are second only to teens in their crash involvement rate and have the highest fatality rate of
any group on the road. An increasingly mobile elderly population will be sharing the road with non-
elderly drivers who may be more aggressive in their driving. Intelligent transportation systems
technology may offer some solutions to making this mix of drivers work.

Finally, the cultural composition of the elderly is changing. In 1995, approximately 87 percent of the
elderly were White. By the middle of the next century, the Census Bureau predicts that 20 percent of
older Americans will be African-American and 19 percent will be of races other than African-
American or White. Over 15 percent will be of Hispanic origin. Currently, African-Americans and
Hispanics travel less than Whites. As the older population becomes more diverse, will the trend
toward increased travel by the elderly continue to hold?

Meeting the mobility needs of the elderly is especially complicated because many may not be able to
drive. A 1990 study found that almost one in five men and one in three women older than age

75 required assistance to conduct some of their daily activities, such as bathing, dressing or eating.
Between 80 and 90 percent of this kind of personal care, as well as help with household tasks—
including transportation—are provided to the elderly by family members, often daughters and
daughters-in-law. With the high levels of women working, there is a growing need for elderly service
providers, including special transportation services designed to meet their unique needs. How our
multimodal transportation system will meet the mobility needs of our expanding elderly population is
a question of growing importance.

Role of Gender

Women'’s roles have and are continuing to change in all aspects of their lives—at home, at work, and
in society at large. Changing gender roles represent the most significant influence on changes in travel
behavior over the past quarter century.

Both men’s and women'’s lives are becoming more complex as we try to balance work and family
responsibilities. Women have made great strides and accomplishments in the last 20 years, but remain
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primarily responsible for family and shopping trips. These responsibilities stem from our attitudes
toward how family needs are met. As Martin Wachs stated “travel patterns are among the most clearly
‘gendered’ aspects of American life.”

Working mothers make more trips, more often in a car, and cover more miles than at any time in the
past 25 years. Dual career households buy services, such as day care, that were formerly conducted i
the home. Mothers still serve as the primary “taxi” service for their children, and as they increase the
number of hours worked, women link more and more stops on to the trip to and from work. This
phenomenon is called “trip chaining.” It is important to consider the impact of this complex travel
pattern because trip chaining may increase congestion at the peak periods, and people who must link
trips together have a limited ability to shift commute trips to transit or car pools.

Whereas travel by single adults of both sexes, and by men and women in households without children
is rather similar, travel by men and women in households with smaller children is starkly different.
Women have always made trips for sustaining the household such as shopping trips and family
errands—the increase in women'’s participation in the labor force has pushed these trips into the non-
work time periods. In addition, many employed women with children drop children at school or day-
care on the way to work. Therefore, non-work related trips are being chained together between home
and work. This trip-chaining behavior is especially prevalent by women in households with children
under 5 years of age.

When we look at the 1995 NPTS, working adult women traveling on weekdays are more likely than
men to make stops on the way to or from work, as shown in Exhibit 1-7. The majority of women

(61.2 percent) make at least one stop after work, and almost thirty percent (28.3 percent) make two
stops or more. Just under half (46.4 percent) of men stop on the way home from work, and only about
one out of six (17.7 percent) make two stops or more. The job of running errands to support a home is
exacerbated for low-income single mothers who are least likely to own or have access to an
automobile.

Exhibit 1-7

Percent of Working Men and Women Who Trip Chain on the Way to or from Work
Home to Work Trips I one or More Stops Work to Home Trips
| [ ] No Stops
Women ‘ Women
Men ‘ Men
0% 20% 40% 60% 80% 100% 0% 10% 20% 30% 40% 50% 60% 70%

The effect of women’s employment on their travel is clear. Between 1983 and 1995, the population of
women 16 and older grew by 12 percent, the incidence of women in the workforce grew by 36 per-
cent, and the average woman increased her daily person miles of travel by 49 percent. Perhaps in
future years, with more women completing college, and entering more varied occupations, differences
in jobs and salaries between men and women will translate into child care patterns and family respon-
sibilities which are more evenly divided and the gap between men’s and women'’s travel will close
somewhat.
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Role of Race and Hispanic Status

The influence of race, income and geography adds another dimension to the discussion of mobility.

As Steven Polzin (University of South Florida) notes, African-Americans and Hispanics have
historically spent more time at lower levels of comfort, reliability, security and safety to achieve the
same level of mobility as Whites. Among Whites, 88 percent of travel is via automobile. The com-
parable share for Hispanics in 1995 was 83 percent and for African-Americans 76 percent. We've
looked at these differences in terms of the ability to access a wide range of goods and services, and to
be able to take advantage of job opportunities in a wider radius from home. How much of these
differences are due to race and how much are due to the lower average household income of the
African-American population?

When controlling for income, the differences are still very apparent by race as shown in Exhibit 1-8.
African-Americans travel less and in a smaller area around their homes than Whites in the same
income group—overall taking 15 percent fewer trips and traveling almost a quarter fewer miles per
person per day.

African-Americans average 1,421 annual trips per person, or 3.9 trips a day, compared to 1,602
annual and 4.4 daily trips for Whites. As compared to Whites, African-Americans make six times the
number of annual transit trips (95 vs.15) and almost twice the number of annual walk trips (131 vs.
72).

Travel Differences by African-Americans and Whites in the Same Income Class

Annual Miles per Person

[ <$15,000

B $15,000 - $30,000
[ ] $30,000 - $50,000
Hl $50,000 and over

African
American

White

Similar patterns are shown in the comparison of travel by Hispanics and non-Hispanics. Hispanics are
twice as likely to use transit as non-Hispanics (48 annual trips vs. 25), and Hispanics make 50 percent
more walking trips than non-Hispanics (126 vs. 80). The differences in private vehicle use are slight,
with Hispanics making 83 percent of their trips by private vehicle, versus 88 percent for non-
Hispanics.

The incidence of households without a vehicle is lower for Hispanics than non-Hispanics, and much
lower for African-Americans than the general population (see Exhibit 1-9). While 14.9 percent of all
low-income households (below $15,000) do not own a vehicle, this increases to 30.4 percent of low-
income Hispanic households and 46.5 percent of low-income African-American households.

In terms of travel mode, 44 percent of transit trips are made by African-Americans, although they
represent only 12.4 percent of the population. Clearly, race, income, and household location are

1-8



intertwined to form a pattern

of travel and mode use. Percent of Households Without a Vehicle
Further research and data

analysis may yield information| All U.S. households without a vehicle 8.1%
that would allow for more Households with income below $15,000 14.9%
effectively addressing the Hispanic households without a vehicle 12.2%
mobility needs of low-income Hispanic households with income below $15,000 30.4%
and minority populations. African-American households without a vehicle 24.1%

African-American households with income below $15,000 46.5%

Summary

Although all elements of the population have increased their mobility over time, many challenges still
exist. A transportation system that provides accessibility, efficiency and flexibility must meet mobility
challenges through traditional as well as innovative means.

There is clearly a larger market for transit that has not yet been tapped. Currently, 84 percent of transit
riders are frequent users, i.e., people who use transit two or more times a week. Demand-responsive
programs to transport people to subways, trolleys and bus transfer points may increase the scope of
people who consider transit as an option. Given the projected growth in the elderly population,
customer oriented para-transit designed to meet the needs of older Americans may play a significant
role in allowing this group to maintain their mobility.

There are a number of initiatives to promote the development of neo-traditional neighborhoods,
which includes a return to higher density and mixed land use neighborhoods in which transit and
walking would be viable options. The benefits of such development are found in improved air quality,
residents having a full range of viable mode choices, improved health of those who walk and bike,
and a greater sense of community.

Older Americans need responses that may come from new technology to insure their continued
mobility and resolve some of the serious safety issues they present to themselves and others. Highwa
and vehicle technology can play an integral role in decreasing travel times and mitigating the impact
of highway congestion.

Some researchers suggest that greater use of telecommunications and telecommuting may decrease
work travel, while other researchers claim that Internet use will expand the need for geographic
mobility. It is fairly certain that technology has and will continue to change travel patterns, and may
result in more home-based trips and more deliveries to the home. More research is needed to help
identify the major trends and assess their impact in the changing world of transportation,
telecommunications and personal travel.

Having a private vehicle increases the range of goods and services available to the traveler by simply
expanding the area accessible. In some areas where transit is not available, programs that provide
autos may help make work viable for women on welfare. For some urban dwellers, however, an auto
may be more of a liability than an asset. Innovative approaches to providing transportation services
can help increase all of our ability to participate fully in our society.
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CHAPTER 2

System and Use Characteristics

Introduction

This chapter describes system and use characteristics for most elements of the American surface
transportation system. This network includes roads, bridges, and public transit infrastructure. As
such, it provides the backbone for an economy that is increasingly hemispheric and dependent on the
rapid, integrated movement of people and goods.

The chapter begins with a summary of the key points that are addressed in greater detail later in the
chapter. This section includes a summary table comparing key highway and transit statistics with the
values shown in the last report. This combined summary is followed by separate sections on
highways, bridges, and transit characteristics and system usage.

Both vehicle miles and passenger miles of travel are distributed across functional systems, and travel
by passenger vehicles, single-unit trucks, and combination trucks is shown by major highway
category.

The transit section of this chapter begins with an overview of transit system operations, followed by
information on the transit fleet and infrastructure. A discussion follows of transit route miles (the
number of miles covered by a transit route), capacity, passenger miles of travel, and transit vehicle
occupancy.



Summary

Exhibit 2-1 compares the system and use characteristics data in this report with the values shown in
the 1997 C&P report. The first column shows the values from the 1997 C&P report, which were
based on 1995 data. Some of the 1995 data have subsequently been revised, and this is reflected in
the second column as applicable. The third column contains comparable values, based on 1997 data.

Exhibit 2-1

Comparison of System and Use Characteristics with Those in the 1997 C&P Report
1 t
. 99 data__ 1997 data
Statistic 1997 report Revised

Percentage of Total Highway Miles Controlled by
Local Governments 75.1% 75.3%
Percentage of Total Highway Miles Controlled by
State Governments 20.5% 20.4%
Percentage of Total Highway Miles Controlled by
the Federal Government 4.4% 4.3%
Local Public Transit Operators in Urbanized Areas 537 542
Rural and Specialized Transit Services Providers 5,010 4,920
Total Rural Highway Miles (Population < 5,000) 3.09 million 3.10 million 3.11 million
Total Urban Highway Miles (Population >=5,000) 0.82 million 0.82 million 0.84 million
Total Highway Miles 3.91 million 3.93 million 3.95 million
Transit Route Miles (Rail) 8,206 8,206 8,602
Transit Route Miles (Non-Rail) 158,078 158,076 156,733
Total Transit Route Miles 166,284 166,282 165,355
Total Rural Highway Lane Miles (Population <
5,000) 6.32 million 6.33 million 6.37 million
Total Urban Highway Lane Miles (Population >=
5,000) 1.84 million 1.85 million 1.89 million
Total Highway Lane Miles 8.16 million 8.19 million 8.26 million
Urban Transit Capacity-Equivalent Miles (Rail) 1.65 million 1.72 million
Urban Transit Capacity-Equivalent Miles (Non-
Rail) 1.69 million 1.72 million
Urban Transit Capacity-Equivalent Miles (Total) 3.34 million 3.54 million
Vehicle Miles Traveled on Rural Highways
(Population < 5,000) 0.93 trillion 0.94 trillion 1.00 trillion
Vehicle Miles Traveled on Urban Highways
(Population >= 5,000) 1.49 trillion 1.50 trillion 1.56 trillion
Vehicle Miles Traveled on All Highways 2.42 trillion 2.44 trillion 2.57 trillion
Transit Passenger Miles (Rail) 19.7 billion 21.1 billion
Transit Passenger Miles (Non-Rail) 18.3 billion - 19.0 billion
Transit Passenger Miles (Total) 38.0 billion 40.2 billion
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Public road length as distinguished from lane-miles reached 3.95 million miles in 1997. This mileage
is overwhelminglyrural andlocal (i.e., under local government jurisdiction). About 3.11 million

miles were in rural areas in 1997, or 78.7 percent of total length on all American roads. At the same
time, 2.97 million miles were under local jurisdiction in 1997, about 75.3 percent of the national road
system. However, the percentage of roads owned by local governments has steadily increased since
1987, by an average of 0.4 percent annually, while the share of rural miles consistently decreased, by
about 0.2 percent annually. (As defined in this report, rural areas include only those with a population
under 5,000. Some areas that were formerly rural have been reclassified as urban, as their population
has grown.)

Transit route miles represent the number of miles covered by a transit route. Transit route mileage fell
slightly between 1995 and 1997 due to a decline in non-rail transit mileage. This largely reflects a
shift from fixed route systems (such as scheduled buses) to non-fixed route modes (such as demand
response and vanpools).

Total highway lane-mileage was 8.3 million in 1997, as described by Exhibit 2-7. Lane-mileage
increased by an average of 0.3 percent annually between 1987 and 1997, most of which was on urbar
highways. Urban highway lane-miles grew by an average of 2.1 percent annually. Transit capacity-
equivalent miles increased by an average of 1.8 percent annually over this 10-year period. Rail
capacity-equivalent miles grew by an average of 2.0 percent annually, while non-rail capacity-
equivalent miles grew by an average of 1.6 percent annually.

The number of vehicle-miles traveled (VMT) between 1987 and 1997 has actually been comparable
among rural and urban communities. This is shown in Exhibit 2-11. The VMT increased annually by
an average of 2.6 percent each year on rural highways and by 3.2 percent annually on urban roads.
Traffic has increased in metropolitan areas, but it has also grown in rural areas where there is
increased truck traffic and growing tourist travel in recreation areas.

Urban transit passenger miles grew at an average annual rate of 1.0 percent from 1987 to 1997.
Passenger travel grew on rail modes more than three times faster than on non-rail modes (1.5 percent
versus 0.4 percent annually). Passenger mile growth was especially pronounced between 1995 and
1997, as rail modes grew by 7.4 percent and non-rail modes by 4.1 percent. It should be noted that
over 80 percent of the growth in rail PMT came from the heavy rail system of the New York City
Transit Authority, which instituted a new fare structure during this period.
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Highway and Bridge System and Use Characteristics

Ownership and Extent

Highways are essential to our way of life. They provide access to where we live, work, and shop.
They provide a way to travel to distant places, for business or pleasure. And they provide the means
for much of the goods and services we consume to be within our grasp. This chapter contains
information on the ownership and extent of the highway systems that play such a large role in our
lives.

Roads are commonly classified in one of two wéysownershir by purpose This section

describes highway and bridge system characteristics with this distinction. Jurisdictional responsibility
refers to ownership of a particular road, while functional classification identifies the road by the level
of service it provides. For example, arterial
highways generally serve long trips; collectors
disperse traffic between the arterials and lowe Q What constitutes highway jurisdiction?
level roads; and local roads connect

neighborhoods and businesses at the most A'. HIENERTON (2 (10 MM Enl =l @mEr
ship, not necessarily responsibility. For example,

elementary level. Although this chapter presen| - 0ads owned by the Federal Government

highway miles by jurisdiction, system and use |  are maintained by State highway authorities.
characteristics are examined by Highway Additionally, the designation of a public road as a
Functional Classification. Federal-aid highway does not alter its ownership
or jurisdiction as a State or local road—only that
its service value and importance have made that
road eligible for Federal-aid construction and
rehabilitation funds.

Ownership is divided among the Federal, Staté
and local governments. States own over

20 percent of the national road network. The
Federal Government has responsibility for
about 5 percent, primarily in national parks, forests, and Indian reservations. Over 75 percent of the
road system is locally controlled, although some intergovernmental agreements may authorize States
to construct and maintain locally controlled highways.

As Exhibit 2-2 demonstrates, the share of locally owned routes has grown steadily over the past
decade. Public road mileage controlled by local governments increased by 1.4 percent between 1987
and 1997, or an average annual

change of 0.2 percent. At the

Highway Mileage by Owner, 1987 and 1997 same time, St_ate owners_hip of
public road mileage declined

slightly, by 0.2 percent annually,
while miles of Federally owned
Federal roads declined by about

4.3% 2.3 percent annually. The
decline in Federal ownership of
public roads is largely a result of
Federal agencies reclassification
of some of their mileage from
public road to non-public road
Total Mileage: 3,873,992 Total Mileage: 3,952,502 status.

1987 1997

Federal
5.5%
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Exhibit 2-3

Highway Mileage by Owner, Selected Years 1987-1997 Annual
Change

1987 1989 1991 1993 1995 1997 1987-97

Rural Miles

(population < 5000)

Federal 211,202 177,575 176,771 179,604 170,568 167,368 -2.3%

State 703,753 707,161 702,600 690,853 692,866 694,713 -0.1%

Local 2,248,872 | 2,238,330 | 2,254,687 | 2,228,877 | 2,236,865 | 2,246,801 0.0%

Subtotal Rural 3,163,827 | 3,123,066 | 3,134,058 | 3,099,334 | 3,100,299 | 3,108,882 -0.2%

Urban Miles

(population >=5000)

Federal 1,045 1,027 1,030 1,268 1,509 1,462 3.4%

State 95,414 96,872 95,836 109,260 113,090 113,565 1.8%

Local 613,706 655,900 652,996 695,349 711,820 728,593 1.7%

Subtotal Urban 710,165 753,799 749,862 805,877 826,419 843,620 1.7%

Total Highway Miles

Federal 212,247 178,602 177,801 180,872 172,077 168,830 -2.3%

State 799,167 804,033 798,436 800,113 805,956 808,278 0.1%

Local 2,862,578 | 2,894,230 | 2,907,683 | 2,924,226 | 2,948,685 | 2,975,394 0.4%

Total 3,873,992 | 3,876,865 | 3,883,920 | 3,905,211 | 3,926,718 | 3,952,502 0.2%

Percent of Total

Highway Miles

Federal 5.5% 4.6% 4.6% 4.6% 4.4% 4.3% -2.5%

State 20.6% 20.7% 20.6% 20.5% 20.5% 20.4% -0.1%

Local 73.9% 74.7% 74.9% 74.9% 75.1% 75.3% 0.2%

Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

Source: Highway Statistics Summary to 1995; June 1999 HPMS.

Another noticeable trend is the increase in urban highway miles. As urban areas grow throughout the
United States, FHWA has expanded Federal-aid urban and urbanized area boundaries. This has led tc
a sharp decrease in rural miles, which dropped by an average of 0.2 percent annually between 1987
and 1997. During that same period, urban highway miles grew by an average of 1.7 percent each year

Functional Classification

Another useful means of classifying roads is by the Highway Functional Classification System, which
distinguishes among public roads by the service they provide. This is the basic organization used for

the majority of this

report. Exhibit 2-4
describes the hierarchy pf Highway Functional Classification System

the Highway Functional AllU.S. Roads |
Classification System '
(HFCS).

I [ | ]
Arterials provide the |Co||ectors| | Local I | Arterials I |Co||ectors| | Local I
highest level of mobility, —— —
at the highest speed, fol [ Principal] [_minor | {_Major | |_minor ] [ Principai] |_minor |

long, uninterrupted travd

l. Interstate
Other Principal Arterial

Interstate
Other Freeway and Expressway
Other Principal Arterial




The Interstate Highway System is an arterial network. Arterials generally have higher design
standards than other roads, often with multiple lanes and some degree of access control.

The rural arterial network provides interstate and intercounty service so that all developed areas are
within a reasonable distance of an arterial highway. This network is broken down into principal and
minor routes. The rural principal arterial network is more significant. It serves virtually all urban

areas with populations greater than 50,000 people. Additionally, most urban areas larger than 25,000
people are served by rural principal arterial highways. Rural principal arterial highways provide an
integrated network without stub connections except where needed because of unusual geographic or
traffic conditions (for example, connections to international borders, coastal cities, waterports and
airports). The rural principal arterial network is divided into two subsystems, Interstate highways and
other principal arterials.

In 1997, the rural principal arterial system accounted for about 3.3 percent of total miles in the United
States. This small portion of highways carried 46.8 percent of rural traffic and 18.3 percent of total
travel in the United States. The other element of the rural arterial system, minor arterials, represented
3.5 percent of total U.S. miles, carrying 16.5 percent of rural traffic and 6.4 percent of total travel in
the United States.

Similarly, in urban areas, the arterial system is divided into principal and minor arterials. The urban
principal arterial system is the most important group; it 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 urban areas, and it provides continuity for all rural arterials
that intercept urban boundaries. In 1997, the urban principal arterial system accounted for 1.9 percent
of total miles in the United States. However, this network carried 57.8 percent of urban traffic and
35.5 percent of total travel in the United States.

Urban minor arterial roads provide service for trips of moderate length and at a lower level of
mobility. They connect with urban principal arterial roads and rural collector routes. In 1997, the
urban minor arterial network represented 2.3 percent of total U.S. mileage. This system carried
19.5 percent of urban traffic and 12.0 percent of total travel in the United States.

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

The rural collector system is stratified into two subsystems: major and minor collectors. Major
collectors provide service to any county seat not on an arterial route. They also serve larger towns not
accessed by higher order roads, and important industrial or agricultural centers that generate
significant traffic (but are avoided by arterials). Rural major collectors accounted for 10.9 percent of
total U.S. miles in 1997. They carried 20.2 percent of rural traffic and 7.9 percent of total travel in the
United States.

Rural minor collectors are spaced at intervals, consistent with population density, to collect traffic
from local roads and to insure that all urbanized areas are within a reasonable distance of a collector
road. The rural minor collector system accounted for 6.9 percent of total U.S. mileage in 1997. These
roads carried 5.3 percent of rural traffic and 2.1 percent of total travel in the United States.
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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. In 1997, the urban
collector network accounted for 2.2 percent of U.S. road mileage. It carried 8.04 percent of urban
traffic and 4.9 percent of total U.S. travel.

Local roads represent the largest element in the American public road network in terms of mileage.
For rural and urban areas, all public road mileage below the collector system is considered local.
Local roads provide basic access between residential and commercial properties, connecting with
higher order highways. In 1997, rural local roads represented 54.1 percent of total U.S. road mileage.
Local roads carried only 11.5 percent of rural traffic and 4.5 percent of total travel in the United
States. Urban local roads, meanwhile, accounted for 14.9 percent of total U.S. road mileage,

14.3 percent of urban traffic, and 8.7 percent of total U.S. travel.

Exhibit 2-5 summarizes theercentagef highway miles by functional classification. Like the
jurisdictional information in Exhibit 2-2, Exhibit 2-6 shows a decrease in the percentage of miles in
rural areas. However, the proportion of VMT on rural highways increased slightly between 1995 and
1997, from 38.5 percent to 39.1 percent. Accordingly, the percentage of urban highway VMT
dropped slightly from 61.5 percent to 60.9 percent. Despite this slight decrease, the overwhelming
majority of travel is still on urban highways in metropolitan communities.

In 1997, total public road length in the United States reached over 3.9 million route miles. About
78.7 percent of this was in rural areas, or approximately 3.1 million route miles. The remaining
21.3 percent of route mileage, or about 844,000 miles, was in urban communities. Overall route miles

Exhibit 2-5

Percentage of Highway Miles, Lane-Miles, and Vehicle-Miles Traveled by
Functional System, 1997

Vehicle-Miles

Functional System Miles Lane-Miles Traveled
Rural Highways
Interstate 0.8% 1.6% 9.4%
Other Principal Arterials 2.5% 3.0% 8.9%
Minor Arterial 3.5% 3.5% 6.4%
Major Collector 10.9% 10.6% 7.9%
Minor Collector 6.9% 6.6% 2.1%
Local 54.1% 51.8% 4.5%
Subtotal Rural 78.7% 77.1% 39.1%
Urban Highways
Interstate 0.3% 0.9% 14.2%
Other Freeway & Expressway 0.2% 0.5% 6.3%
Other Principal Arterial 1.4% 2.2% 15.1%
Minor Arterial 2.3% 2.8% 11.6%
Collector 2.2% 2.3% 4.9%
Local 14.9% 14.3% 8.7%
Subtotal Urban 21.3% 22.9% 60.9%
Total Highway 100.0% 100.0% 100.0%

Source: June 1999 HPMS.
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increased by an average annual rate of 0.2 percent between 1987 and 1997, decreasing by 0.1 percent
in rural communities and increasing nearly 1.7 percent annually in urban areas. These statistics are
described in Exhibit 2-6.

Exhibit 2-7 describes the number of highway lane-miles by functional system. Total highway lane-
mileage was 8.3 million in 1997. Lane-mileage increased by an average of 0.3 percent annually

Exhibit 2-6 Anmual

Highway Route Miles by Functional System, Selected Years 1987-1997 Rate of
Change
Functional System 1987 1989 1991 1993 1995 1997 1987-97

Rural Highway Route-Miles
(population < 5000)

Interstate 33,107 33,378 33,677 32,631 32,680 32,919 -0.1%
Other Principal Arterial 80,722 80,951 86,747 96,770 98,046 98,358 2.0%
Minor Arterial 147,252 147,327 141,795 137,577 137,444 137,791 -0.7%
Major Collector 435,409 436,184 436,746 432,222 432,482 433,500 0.0%
Minor Collector 294,793 294,424 293,511 282,182 274,764 273,042 -0.8%
Local 2,172,544 2,130,802 | 2,141,582 | 2,117,952 | 2,124,885 | 2,141,111 -0.1%
Subtotal Rural 3,163,827 3,123,066 | 3,134,058 | 3,099,334 | 3,100,301 | 3,116,721 -0.1%

Urban Highway Route-Miles
(population >= 5000)

Interstate 11,211 11,471 11,602 12,877 13,307 13,395 1.8%
Other Freeway & Expressway 7,390 7,582 7,709 8,841 9,022 9,116 2.1%
Other Principal Arterial 50,470 51,493 52,515 52,708 53,044 53,469 0.6%
Minor Arterial 74,984 74,746 74,795 86,821 89,013 89,684 1.8%
Collector 76,863 78,473 77,102 84,854 87,918 88,650 1.4%
Local 489,247 530,034 526,139 559,776 574,119 589,463 1.9%
Subtotal Urban 710,165 753,799 749,862 805,877 826,423 843,777 1.7%
Total Highway Route-Miles 3,873,992 | 3,876,865 | 3,883,920 | 3,905,211 | 3,926,724 | 3,960,498 0.2%

Source: Highway Statistics 1985-1995, Highway Statistics, 1997.

Exhibit 2-7 T

Highway Lane-Miles by Functional System, Selected Years 1987-1997 Rate of
Change
Functional System 1987 1989 1991 1993 1995 1997 1987-97

Rural Highway Lane-Miles
(population < 5000)

Interstate 133,452 134,960 136,503 132,138 132,344 133,574 0.1%
Other Principal Arterial 203,535 205,654 220,796 240,574 245,095 248,921 2.1%
Minor Arterial 308,939 308,308 297,017 285,332 286,433 288,742 -0.6%
Major Collector 878,187 880,182 880,539 870,109 870,855 874,969 0.0%
Minor Collector 589,586 588,848 587,022 564,364 549,528 546,084 -0.8%
Local 4,345,088 4,261,604 4,283,164 4,235,904 4,249,770 4,282,222 -0.2%
Subtotal Rural 6,458,787 6,379,556 6,405,041 6,328,421 6,334,025 6,374,512 -0.1%

Urban Highway Lane-Miles
(population >= 5000)

Interstate 59,835 61,786 62,826 69,184 72,078 72,967 2.4%
Other Freeway & Expressway 32,546 33,460 34,736 39,588 40,533 41,402 2.7%
Other Principal Arterial 166,762 170,423 176,536 176,261 180,637 184,203 1.5%
Minor Arterial 190,230 189,113 191,088 219,537 226,737 229,631 2.4%
Collector 164,361 168,546 165,288 179,653 186,317 189,476 1.6%
Local 978,494 1,060,068 1,052,278 1,119,552 1,148,234 1,178,926 2.2%
Subtotal Urban 1,592,228 1,683,396 1,682,752 1,803,775 1,854,536 1,896,605 2.1%
Total Highway Lane-Miles 8,051,015 8,062,952 8,087,793 8,132,196 8,188,561 8,271,117 0.3%

Source: Highway Statistics 1985-1995, updated as of 10/97. June 1999 HPMS.
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between 1987 and 1997, most of which was on urban highways. Urban highway lane-miles grew by
an average of 2.1 percent annually, while rural highway lane-miles dropped by about 0.1 percent each
year.

Bridges

Exhibit 2-8 describes bridges by jurisdiction. The number of privately-owned bridges and those in
rural communities declined from 1996 to 1998, but there was an increase in bridges on Federal and
state property. Exhibit 2-9 relates bridge data by functional classification. The number of urban
bridges—and those on arterial systems—increased between 1996 and 1998. This resulted from more

Exhibit 2-8 Exhibit 2-9

Bridges by Owner, 1996 and 1998 Bridges by Functional System, 1996 and 1998
Number of Bridges Number of Bridges
Owner 1996 1998 Functional System 1996 1998
Federal 6,171 7,448 Rural Bridge
State 273,198 273,897 Interstate 28,638 27,530
Local 299,078 208,222 Other Arterial 72,970 73,324
Private 2378 | 2278 Eo"elcmr ;‘1“1"(2):2 ;‘;g’é‘;’g
. oca , ,
Unknown/Unclassified 1,037 1,131 Subtotal Rural 456,913 | 454664
581,862 | 582,976
Source: National Bridge Inventory, 1999. Urban Bridge
. _ ) _ Interstate 26,596 27,480
aggressive reporting efforts for the National Bridge Other Arterial 50,064 60.901
Inventory (NBI). It also occurred because many | ~,jector 14,848 14,962
roads that included bridges were reclassified frqm | ;. 24,441 24,969
rural to urban. Exhibit 2-10 illustrates the Subtotal Urban 124,949 | 128312
functional system data presented in Exhibit 2-9. Bridge Total s8L862 | 582976

Exhibit 2-10 Source: National Bridge Inventory, 1999.

Distribution of Bridges
by Function, 1998

Interstate Use Characteristics

9.4%

This section describes highway infrastructure use. Highway use is
Other defined by VMT. Total highway VMT grew to 2.6 trillion in 1997.
Aierial While Exhibit 2-11 shows increases for both urban and rural
systems, perhaps the most interesting change is the growth in VMT
on rural highways. Rural highway VMT climbed from 937 billion

in 1995 to over 1.0 trillion in 1997, a 7.2 percent increase. During
this time, urban highway vehicle-miles increased by 4.1 percent,

from 1.50 trillion to about 1.56 trillion.

Collector
27.1%

Exhibits 2-12 and 2-13 describe highway travel by functional classification and vehicle type,
expanding on the information in Exhibit 2-11. In these exhibits there are three types of vehicles.
Passenger vehicles (PV) include buses and 2-axle, 4-tire vehicles; single unit trucks (SU) have 6 or
more tires; and combination trucks (Combo) include trailers and semi-trailers.

As Exhibits 2-12 and 2-13 show, travel grew the fastest on rural and urban interstates, particularly
among combination trucks. For example, the average annual growth rate between 1987 and 1997 wa
4.4 percent for combination trucks on rural interstates and 3.9 percent on urban interstates. Overall,
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passenger vehicle travel grew by an average of 2.8 percent annually between 1987 and 1997. Single
unit truck travel grew by about 3.4 percent each year, and combination truck travel increased by an
average of 3.8 percent annually.

Exhibit 2-11

Highway Vehicle (VMT) and Passenger Miles of Travel (PMT), 1987-1997 Annual
(Millions of Miles) Rate of
Change
Functional System 1987 1989 1993 1995 1997 1987-97
Rural Highway Vehicle-Miles
(population < 5000)
Interstate 170,493| 191,085| 208,308| 224,435| 241,451| 3.5%
Other Principal Arterial 155,446 165,859 203,113| 215,941| 229,133| 4.0%
Minor Arterial 146,543| 156,646 146,454| 153,824| 163,999| 1.1%
Major Collector 174,301 187,195| 178,170| 186,904 201,926| 1.5%
Minor Collector 44,535 48,714 48,126 50,389 53,076 1.8%
Local 89,132 97,7261 102,535| 105,826 115,058| 2.6%
Subtotal Rural 780,450 847,225| 886,706 937,319| 1,004,643| 2.6%
Urban Highway Vehicle-Miles
(population >= 5000)
Interstate 244836| 270,735| 317,399| 344,602| 364,769 4.1%
Other Freeway & Expressway 109,961 122,024| 142,063 152,377| 160,482| 3.9%
Other Principal Arterial 304,684| 327,173| 354,976| 372,995| 387,808| 2.4%
Minor Arterial 224,144 234,769 276,939| 295,355| 298,954 2.9%
Collector 95,970 101,871| 117,887| 128,362| 126,718 2.8%
Local 161,159| 192,690 200,408| 207,361| 223,584| 3.3%
Subtotal Urban 1,140,754 1,249,262 1,409,672] 1,501,052] 1,562,315| 3.2%
Total Highway Vehicle Miles 1,921,204 2,096,487 | 2,296,378 2,438,371 | 2,566,958 | 2.9%
Total Highway Passenger Miles| 3,088,227 | 3,231,369 | 3,825,052| 4,017,442 4,087,217 2.8%

Source: Highway Statistics, Summary to 1995, Tables VM-202 and VM-201, June 1997 HPMS. June 1999 HPMS.

Exhibit 2-12

Highway Travel by Vehicle Type, 1987-1997
Trillions of Miles Traveled
2.5 I
- ] [ Passenger Vehicles
20 — 1 (including buses and
I 2-axle, 4-tire
vehicles)
1.5 [ — Il Single Unit Trucks
(6 tires or more)
[] Combination Trucks
1.0 K - (trailers and semi-
trailers)
0.5 [
- - — | - | - | o |
1987 1989 1991 1993 1995 1997

Source: Highway Statistics, Summary to 1995, Table VM-201; Highway Statistics, 1997, Table VM-1.
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Exhibit 2-13

Highway Travel by System and Vehicle Type, 1987-1997
(Millions of Vehicle-Miles Traveled)
Rate of
Functional System Change
Vehicle Type 1987 1989 1991 1993 1995 1997 |1987-97
Rural Interstate
PV 138,323 156,503 168,361 169,500 180,031 188,969 3.2%
SuU 5,060 5,485 5,822 5,982 6,708 7,667 4.2%
Combo 27,110 29,097 30,829 32,826 36,644 41,642 4.4%
Other Arterials
PV 272,816 291,874 302,889 314,469 331,539 349,555 2.5%
SuU 10,078 10,549 10,866 11,374 12,980 13,668 3.1%
Combo 19,095 20,082 21,000 23,724 24,076 25,467 2.9%
Other Rural
PV 287,100 311,532 320,913 304,389 315,687 338,590 1.7%
SuU 11,154 11,690 11,960 12,505 12,948 13,671 2.1%
Combo 9,714 10,413 10,914 11,936 12,676 12,447 2.5%
Total Rural
PV 698,239 759,909 792,163 788,358 827,257 877,114 2.3%
SuU 26,292 27,724 28,648 29,861 32,636 35,006 2.9%
Combo 55,919 59,592 62,743 68,486 73,396 79,556 3.6%
Urban Interstate
PV 225,307 249,144 262,400 294,703 315,888 330,668 3.9%
SuU 5,395 5,970 6,384 6,513 7,148 7,906 3.9%
Combo 14,135 15,622 16,540 16,183 18,492 20,641 3.9%
Other Urban
PV 864,141 944,685 967,945 |1,053,429 |1,101,516 (1,144,334 2.8%
SuU 16,335 17,176 17,866 20,398 22,923 23,933 3.9%
Combo 15,442 16,665 17,361 18,446 23,567 24,303 4.6%
Total Urban
PV 1,089,448 1,193,829 |1,230,345 |1,348,132 1,417,404 |1,475,002 3.1%
SuU 21,730 23,146 24,250 26,911 30,071 31,839 3.9%
Combo 29,577 32,287 33,901 34,629 42,059 44,944 4.3%
Total
PV 1,787,687 1,953,738 |2,022,508 2,136,490 |2,244,661 |2,352,116 2.8%
SuU 48,022 50,870 52,898 56,772 62,707 66,845 3.4%
Combo 85,496 91,879 96,644 103,115 115,455 124,500 3.8%
PV=Passenger Vehicles (including buses and 2-axle, 4-tire vehicles),
SU=Single Unit Trucks (6 tires or more),
Combo=Combination Trucks (trailers and semi-trailers).

Source: Highway Statistics, Summary to 1995, Table VM-201; Highway Statistics, 1997, Table VM-1.

2-11



Transit System Characteristics

The Role of Mass Transit

Public transit in the United States performs several services for transit passengers and local taxpayers.
These can be summarized by three public policy functions:

m Transit providedbasic mobilityfor those who cannot operate a motor vehicle because of low
income, disability, youth, old age, or other reasons. These users benefit from a transit system
that provides regular access to multiple destinations at a low cost.

m Transit encourages househtddation efficiencyA well-developed transit system encourages
dense, multiple-purpose, pedestrian-oriented urban development in the vicinity of transit
corridors and stations. This pattern of development allows households to reduce their
ownership and use of motor vehicles while continuing to enjoy the benefits of accessibility to
activity destinations.

m Transit assists inongestion relieflf transit service consistently provides door-to-door travel
times that are competitive with those of private automobile trips, then transit will provide a
meaningful substitute for autos as the travel mode of choice. In doing so, transit can
effectively reduce roadway congestion. This function is especially important for commuting
trips, which are often made during times of peak-period congestion on the urban road system.
This function is best served by transit modes with a separate right-of-way and grade from the
highway system, such as bus rapid transit and heavy rail systems.

These three public policy functions, while distinct in purpose, will obviously overlap with and
support each other. For example, a transit vehicle may primarily serve as a congestion relief tool
during peak travel periods while supporting basic mobility in off-peak hours. An individual may
choose a housing location near a transit station in order to both avoid rush-hour congestion and to
access diverse shopping and entertainment activities in the evening. For illustration purposes,

Exhibit 2-14 however, it is often useful to

Classification of Transit Trips by Public Policy Function aSS|_gn transit tl_‘IpS toa
particular functional category.
Poverty| Vehicle Ownership Age Exhibit 2-14 describes such a
Basic Mobility Below None or More Not 16 - 74 classification system for transit
Location Efficiency | Above | No Autos Owned 16 to 74 trips in the 1995 Nationwide
Congestion Relief | Above One or More 16 to 74 Passenger Transportation
Survey.

Source: 1995 NPTS.

Using these definitions, Exhibit 2-15 indicates that basic : _ _
mobility accounted for 40.1 percent of total transit passengerijzzsgger Trips by Public Policy
in 1995. Location efficiency accounted for 25.3 percent of Percent
total patronage, while congestion relief represented Basic Mobility 40.1%
34.7 percent of transit patronage. Location Efficiency 25.3%

Congestion Relief 34.7%
Exhibit 2-16 illustrates the distinct market niche that each ¢f Totq 100.0%
the three policy functions serves. Only 20 percent of the

transit trips made by the basic mobility group were for worl?®"es" 1995 NFTS
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trips, compared with 38.8 percent of
the trips made by the location

: efficient group and 58.6 percent for
Percent | Average Trip | Percent | the congestion relief group. For basic
Work Trips| Distance (miles)| by Bus | mygpjjity, transit serves a wide variety

Trip Characteristics of Transit’'s Primary Market Niches

Basic Mobility 20.0% 10.2 82.9% | of purposes, as users in this niche

Location Efficiency 38.8% 6.9 60.1% depend on transit for most of their

Congestion Relief 58.6% 21.0 57.3% mobility needs. Transit usage in the
Source: 1995 NPTS. location efficiency niche serves fewer

mobility purposes, as more of these
purposes are served by neighborhood walking trips. Work trips dominate for congestion relief, when
non-discretionary travel needs during peak congestion periods make rapid transit an appealing
alternative to the private automobile.

The average trip distance for basic mobility, 10.2 miles, is similar to the average automobile trip
distance in the United States. The average trip distance for those wishing to bypass congestion is
twice as long, reflecting the particular appeal of rapid transit for lengthy, congested work trips. Transit
trips are shortest for those interested in location efficiency, reflecting transit’s role in distributing
passengers across central neighborhoods and commercial centers.

The relatively high share of basic mobility trips (82.9 percent) on buses as compared to location
efficiency and congestion relief (60.1 and 57.3 percent, respectively) reflects two important
characteristics of mass transit and its ridership. First, it reflects the preference of transit users in these
two latter niches (who generally have higher incomes than those of basic mobility users) for faster
modes of transportation, such as rail transit. Second, the greater dependence of the basic mobility
group on bus transit also reflects the greater coverage provided by bus routes relative to rail routes, ar
especially important feature to individuals with limited mobility, such as the elderly and disabled.

Exhibit 2-17 shows how transit usage by the three market niches varies by time of day. Trips made by
the location efficient groumbove-poverty households without gaesnd to be evenly distributed
throughout the day, with a very mild peaking in the morning and afternoon. Trips made by people
from below poverty households tend to be slightly more peaked during the commuting hours. Transit
use by above poverty households with cars contributes the most to the peaking of travel demand.

Exhibit 2-17

Transit Trips by Function and Time of Day, 1995
600
500
34.7%\
400 / Congestion
0 Relief
300 40.1% o N
200 Basic Mobiliy G )
25.3%
(o)o) EEm—————————S—G—C AR 0000 e 200 AR |
Location Efficiency
0= -
0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23
Time of Day

2-13



System Operations and Infrastructure

While State and Federal governments provide much of the funding for public transit in the United
States, actual operations remain primarily a local responsibility. As local governments come to realize
the regional nature of transportation problems, metropolitan planning organizations are playing an
increasing role in formulating transit policy. Regional planning allows local officials to consider the
effects of the transportation system on other characteristics of the urban environment as well,
including land use, employment creation and location, and accessibility.

While most mass transit usage continues to occur in major metropolitan areas, it is becoming
increasingly important in small urban areas and rural areas. In 1997 there were 556 local public
transit operators serving 319 urbanized areas. There were also 1,260 operators providing service in
rural areas, and 3,660 providers of specialized service to the elderly and disabled.

The urban transit system continues to grow in the United States. In 1997, transit systems in the U.S.
operated 149,468 vehicles (Exhibit 2-18). Rail operators controlled over 9,922 miles of track and
served 2,681 stations. There were also 1,179 maintenance facilities for transit vehicles in use.
Between 1995 and 1997, the number of vehicles increased by 10.3 percent, track mileage grew by
3.6 percent, the number of stations increased by 2.3 percent, and the number of maintenance facilities
grew by 1.2 percent.

Route Miles

Another indicator of the extent of transit service is route mileage. This represents the mileage

covered by a transit route, independent of the number of vehicles that serve that route. The routes may
be along fixed guideways (as in the case of rail modes) or may share city streets with other vehicles
(as for most bus routes). When routes overlap, the mileage is counted separately for each route. Route
miles are also called directional route miles, meaning that they are counted for vehicles traveling in a
particular direction. This accounts for such transit route features as one-way loops.

Exhibit 2-19 shows transit route mileage from 1987 to 1997. In 1997, there were 8,602 rail route

miles and 156,733 non-rail route miles operated by mass transit systems. While overall mileage
increased at an annual rate of 1.1 percent during that period, it actually fell slightly between 1995 and
1997. This was due to a decline in non-rail transit mileage, reflecting a shift from fixed route systems
(such as scheduled buses) to non-fixed route modes (such as demand response and vanpools). While
rail systems continue to represent only 5.0 percent of transit route mileage, they are growing
significantly. Rail route miles have increased at an annual rate of 3.7 percent since 1987, reflecting

the new-start rail systems and extensions that have come online during that period.

System Capacity

Transit service capacity is measured by vehicle revenue miles (VRM), which incorporate the distance
traveled by a transit vehicle (e.g., a bus or train car) in passenger-carrying revenue service. Vehicle
revenue miles can be adjusted to reflect differences in the carrying capacity of different kinds of
transit vehicles, using the typical bus as the reference point. The resulting measure, Transit Capacity-
Equivalent Miles, is shown in Exhibit 2-20.

In 1997, transit operators supplied 3.44 billion capacity-equivalent miles of service in the United
States. Of this total, 1.72 billion capacity-equivalent miles came from rail modes, a 2.0 percent annual
increase since 1987, and 1.72 billion came from non-rail modes, representing an annual rate of
increase of 1.6 percent over the same time period.
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Exhibit 2-18

Urban Mass Transit Active Fleet and Infrastructure, 1997

Urbanized Areas

Urbanized Areas

over 1 million under 1 million Total
Vehicles
Buses 43,169 20,088 63,257
Heavy Rail 10,273 0 10,273
Light Rail 1,216 46 1,262
Self-Propelled Commuter Rail 2,520 0 2,520
Commuter Rail Trailers 2,757 0 2,757
Commuter Rail Locomotives 624 0 624
Vans 12,620 8,662 21,282
Other (including Ferryboats) 145 138 283
Rural Service Vehicles 0 17,879 17,879
Special Service Vehicles 4,400 24,931 29,331
Total Active Vehicles 77,723 71,745 149,468
Infrastructure
Track Mileage
Heavy Rail 2,148 0 2,148
Commuter Rail 6,845 104 6,949
Light Rall 780 23 803
Other Raill 21 2 23
Total Track Mileage 9,794 129 9,922
Stations
Heavy Rail 997 0 997
Commuter Rail 1,103 8 1,111
Light Rail 493 37 530
Other Raill 36 7 43
Total Transit Rail Stations 2,629 52 2,681
Maintenance Facilities
Heavy Rail 53 0 53
Light Rall 23 3 26
Commuter Rail 41 0 41
Ferryboat 6 1 7
Buses 272 235 507
Demand Response 28 55 83
Other 9 3 12
Rural Transit Maintenance Facilities 0 450 450
Total Maintenance Facilities 433 746 1,179




Exhibit 2-19
Urban Transit Route Miles, 1987-1997
Annual Rate
1987 1989 1991 1993 1995 1997 of Change
Ralil 5,966 6,754 7,003 7,334 8,206 8,602 3.7%
Non-Ralil 141,915 146,589 149,332 158,779 158,076 156,733 1.0%
Total 149,868 155,332 158,326 168,106 168,277 167,332 1.1%
Percent Rail 4.0% 4.3% 4.4% 4.4% 4.9% 5.1%
Source: National Transit Database.
Exhibit 2-20
Transit Capacity, 1987-1997
(Millions of Urban Transit Capacity-Equivalent Vehicle Revenue Miles)
Annual Rate
1987 1989 1991 1993 1995 1997 of Change
Ralil 1,406 1,539 1,558 1,564 1,646 1,722 2.0%
Non-Rail 1,468 1,562 1,619 1,659 1,689 1,718 1.6%
Total 2,873 3,100 3,178 3,223 3,335 3,440 1.8%
Percent Rail 48.9% 49.6% 49.0% 48.5% 49.4% 50.0%

Source: National Transit Database.

Passenger Travel

Transit travel is measured by passenger miles traveled (PMT), the total number of miles traveled by
passengers in transit vehicles. Transit PMT is described in Exhibit 2-21. Urban transit passenger
miles grew at an annual rate of 1.0 percent from 1987 to 1997. Passenger travel growth on rail modes
was more than three times higher than on non-rail modes (1.5 percent versus 0.4 percent annually).

In 1997, rail travel was 21.1 billion PMT, which accounted for nearly 53.0 percent of transit

passenger miles (while serving just 5.1 percent of route miles, as noted above). Passenger mile
growth was especially significant between 1995 and 1997, as rail modes grew by 7.4 percent and non-

rail modes by 4.1 percent during that two-year span. This difference again reflects the recent
expansion of rail transit in the U.S.

Exhibit 2-21

Urban Transit Passenger Miles, 1987-1997 (Millions of Miles)

Annual Rate
1987 1989 1991 1993 1995 1997 of Change
Rail 18,131 19,766 18,551 17,867 19,682 21,138 1.5%
Non-Rail 18,241 18,455 18,921 18,353 18,289 19,043 0.4%
Total 36,372 38,221 37,472 36,220 37,971 40,180 1.0%
Percent Rail 49.8% 51.7% 49.5% 49.3% 51.8% 52.6%

Source: National Transit Database.
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Vehicle Occupancy

Transit vehicle occupancy is calculated as passenger miles traveled divided by capacity-equivalent
vehicle revenue miles. This measure relates transit service consumed by passengers to the transit
service supplied by the operators of vehicles. |
1997, vehicle occupancy was 11.7 passengers Q Are there any major changes that might
for all transit services, 12.3 passengers per explain the recent growth in rail passenger
capacity-equivalent vehicle for rail modes, and| mileage?

11.1 passengers per vehicle for non-rail mode
(Exhibit 2-22). While these figures reflect a A. overso percent of the nationwide growth in
decline relative to 1987 for both rail and non- :ﬁg E(';"arl b?;‘i’;";egtériggf?;‘g ;zar%cri“gi?d on
rall mOdeS’.they have been mcrelasmg since Transit A¥Jth0rit¥l. Much of the increase in){hat city
1993 for rail and 1995 for non-rail modes. can be attributed to the change in fare structure

that occurred with the introduction of the
Metrocard system.

Exhibit 2-22

Transit Vehicle Occupancy (Passengers per Capacity-Equivalent Vehicle)

1987 1989 1991 1993 1995 1997
Rail 12.9 12.8 11.9 114 12.0 12.3
Non-Rail 12.4 11.8 11.7 111 10.8 111
Total 12.7 12.3 11.8 11.2 114 11.7

Source: National Transit Database.
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CHAPTER 3

System Conditions

Introduction

The surface transportation system consists of a highway component and transit component. The
condition of these two components is addressed in this chapter. The highway system assessment includes
the status of roads and bridges. The transit system condition is based on the status of transit vehicles and
facilities. Each element presented influences the overall condition of our transportation system. The data
in this chapter will not only provide an evaluation of the transportation system, but can also help identify
the future rehabilitation and replacement needs.

This chapter begins with a summary table comparing key highway and transit statistics with the values
shown in the last report. This table is followed by a summary of the key points addressed in more depth
later in the chapter.

The road conditions section of this chapter reviews pavement condition, alignment adequacy and lane
widths. The pavement condition segment describes the measurement used, presents the overall pavement
condition, and breaks down pavement conditions by location (rural/urban) and functional system. The
alignment segment explains horizontal and vertical alignment, presents the rating system and evaluates
the alignment adequacy in rural areas by functional system. The lane width segment describes current
Interstate lane width requirements and presents lane widths by location and functional system. Where
possible historical trends are illustrated.

The section of this chapter dealing with bridges includes bridge ratings and number of deficient bridges.
Next, the number of deficient bridges is broken down by jurisdiction, location and functional system.
The section concludes with a historical view of bridges on Interstates, other arterials, collectors and local
functional systems.

The transit conditions section begins with a brief discussion of how transit conditions are measured; a
more detailed discussion of the methodology is found in Appendix I. The section is broken down into
three segments: urban bus conditions, rail conditions, and rural and specialized transit conditions. In the
bus segment, information on the condition of bus vehicles is presented for different types of buses. Urban
bus maintenance facility ages and conditions are also shown. In the rail segment, conditions for different
types of vehicles are presented, followed by the conditions of different types of rail infrastructure. The
rural and specialized transit segment contains information that is carried over from the previous report.

The data sources for the condition analysis include the Highway Performance Monitoring System
(HPMS), the Nationwide Personal Travel Survey (NPTS), the National Bridge Inventory (NBI), the
Transit Economic Requirements Model (TERM), the National Transit Database (NTD), the National
Bus Condition Assessment (NBCA), and data provided by the Community Transportation Association of
America (CTAA). The NBI covers all bridges on public roads and is collected biannually.
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Summary

Exhibit 3-1 highlights the key highway and transit statistics discussed in this chapter, and compares
them with the values from the last report. The first data column contains the values reported in the
1997 C&P report, which were based on 1995 data. Where the 1995 data have been revised, updated
values are shown in the second column. The third column contains comparable values, based on 1997
data.

Comparison of the System Conditions Statistics with
Those in the 1997 C&P Report
1995 Data 1997 Data
Statistic 1997 Report Revised
Pavement in Good or Very Good Condition 42.2% --- 41.3%
Pavement in Fair Condition 38.9% 39.0% 41.6%
Pavement in Poor Condition 6.4% 6.6%
Poor Pavement on Rural Interstates 5.3% 3.7%
Poor Pavement on Urban Interstates 9.8% 9.2%
Deficient Bridges 31.4% 29.6%
Deficient Bridges on Interstates 24.7% 21.6%
Deficient Bridges on Other Arterials 27.6% 25.8%
Average urban bus condition rating 3.8 3.0 3.1
Average rail vehicle condition rating 4.2 4.0
Poor/substandard urban bus maintenance facilities 19% 23%
Good/excellent rail track mileage 73% 73%
Good/excellent rail maintenance facilities 64% - 60%
Average small rural bus age 4.9 yrs 4.9 yrs

The pavement conditions reported in this chapter include all functional systems except rural minor
collectors and local roads. The overall pavement conditions are presented based on the qualitative
condition terms “very good,” “good,” “fair,” “mediocre” and “poor.” These ratings are derived from

one of two measures: International Roughness Index (IRI) or Present Serviceability Rating (PSR).
The definitions for IRl and PSR and the relationship between these two measures are discussed later
in the chapter.

In 1997, 41.3 percent of measured roads were in “very good” or “good” condition, 52.1 percent were
in “fair” or “mediocre” condition and 6.6 percent were in “poor” condition. Since 1995, there was a
slight decrease in the percentage of miles rated “very good” or “good” and a slight increase in the
percentage of miles rated “fair” or “mediocre” and “poor.” Pavement condition on the Interstate
system improved since 1995. The percentage of “poor” pavement on rural and urban Interstates
decreased while the percentage of “very good” or “good” pavement on both rural and urban
Interstates increased. Based on the NHS “acceptable ride quality” standard, Interstate pavement
condition improved in both rural and urban areas.



The common indicator used to evaluate the condition of our Nation’s bridges is the number of
deficient bridges. There are two types of deficient bridges: structurally deficient and functionally
obsolete. In 1998, 29.6 percent of our Nation’s bridges were deficient. Of the total number of bridges,
16.0 percent were structurally deficient while 13.6 percent were functionally obsolete. In urban areas,
32.5 percent of bridges were deficient, while in rural areas 28.8 percent were deficient. Over half of
the deficient bridges are owned by local governments.

The number of deficient bridges on our highway system has been steadily declining. Since 1995, the
percentage of deficient bridges decreased from 31.4 percent to 29.6 percent. The percentage of
deficient bridges on the Interstate system decreased from 24.7 percent to 21.6 percent while the
percentage of deficient bridges on other arterials decreased from 27.6 percent to 25.8 percent.
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Road Conditions

Pavement Terminology & Measurements

Pavement condition affects travel cost including vehicle operation, delay and crash expenses. Poor
road surfaces cause additional wear or even damage to vehicle suspensions, wheels, and tires. Delay
occurs when vehicles slow for potholes or very rough pavement. In heavy traffic, such slowing can
create significant queuing and subsequent delay. Unexpected changes in the surface condition can
lead to crashes and inadequate road surfaces may reduce road friction, which affects the stopping
ability and maneuverability of vehicles.

The pavement condition ratings in this section are derived from one of two measures: International
Roughness Index (IRI), and 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 1 to 5. Prior to 1993, all pavement conditions were evaluated using PSR values. Exhibit 3-2
contains a description of the PSR system.

Exhibit 3-2

Present Serviceability Rating (PSR)

PSR Description

Only new (or nearly new) superior pavements are likely to be smooth enough and distress
4.0-5.0 free (sufficiently free of cracks and patches) to qualify for this category. Most pavements
constructed or resurfaced during the data year would normally be rated in this category.

Pavements in this category, although not quite as smooth as those described above, give a
first-class ride and exhibit few, if any, visible signs of surface deterioration. Flexible
3.0-4.0 pavements may be beginning to show evidence of rutting and fine random cracks. Rigid
pavements may be beginning to show evidence of slight surface deterioration, such as
minor cracks and spalling.

The riding qualities of pavements in this category are noticeably inferior to those of new
pavements and may be barely tolerable for high-speed traffic. Surface defects of flexible
pavements may include rutting, map cracking, and extensive patching. Rigid pavements in
this group may have a few joint fractures, faulting and/or cracking and some pumping.

2.0-3.0

Pavements have deteriorated to such an extent that they affect the speed of free-flow
traffic. Flexible pavement may have large potholes and deep cracks. Distress includes
1.0-20 raveling, cracking, and rutting and occurs over 50 percent or more of the surface. Rigid
pavement distress includes joint spalling, faulting, patching, cracking, and scaling and may
include pumping and faulting.

Pavements are in extremely deteriorated conditions. The facility is passable only at reduced
0.0-1.0 speeds and considerable ride discomfort. Large potholes and deep cracks exist. Distress
occurs over 75 percent or more of the surface.

States are now expected to report IRI data for the Interstate system, other principal arterials, and rural
minor arterials. IRl reporting is recommended for all other functional systems, but the majority of the
data reported on rural major collectors, urban minor arterials, and urban collectors still uses PSR
ratings. The FHWA adopted the IRI for the higher functional systems because this index uses a
standardized procedure, is consistent across jurisdictions, is an objective measurement, and is
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accepted as a worldwide pavement roughness measurement. The IRl system results in more
consistent data for trend analyses and across jurisdictions.

Exhibit 3-3 contains a qualitative pavement condition term and corresponding quantitative PSR and
IRI values. Interstate mileage has stricter guidelines than all other functional systems under both PSR
and IRI. The translation between PSR and IRI is not exact. The IRI values are based on objective
measurements of pavement roughness, while PSR is a more subjective evaluation of a broader range
of pavement characteristics. For example, a given Interstate pavement section could have an IRI
rating of 165, but might be rated a 2.5 on the PSR scale. Such a section would be rated as
“Mediocre” based on its IRI, but would have been rated as “Poor” had PSR been used. Thus, the
mileage of any given pavement condition category may differ depending on the rating methodology.
The historic pavement data in this report only go back to 1993, when IRI data began to be collected.
Caution should be used when making comparisons with older data from earlier editions of this report.

Relationship Between IRl and PSR

Condition Term PSR Rating IRl Rating (inches/mile) Interstate & NHS

Categories Interstate Other Interstate Other Ride Quality

Very Good >4.0 >4.0 <60 <60

Good 35-39 35-39 60 - 94 60 - 94 Acceptable 0 - 170
Fair 3.1-34 26-34 95-119 95-170

Mediocre 26-30 21-25 120 - 170 171 - 220 Less than Acceptable
Poor <25 <2.0 > 170 > 220 >170

TheFederal Highway Administration 1998 National Strategic Plainoduced a new descriptive

term for pavement condition, “acceptable ride quality.” Btrategic Plarstated that by 2008,

93 percent of the National Highway System (NHS) mileage should meet pavement standards for
“acceptable ride quality.” This goal is discussed in greater detail in Appendix B. In order to be rated
“acceptable” pavement performance must have an IRI value of less than or equal to 170 inches per
mile. The FHWA Strategic Plan applies the same ride quality standard to all NHS routes, including
those off the Interstate system. IRI is required to be reported for all NHS routes, so the PSR data are
not used to determine “acceptable ride quality” inSkrategic Plaror related annual reports. This

report uses the term “less than acceptable” (< Acceptable) to describe mileage that does not meet the
“acceptable” threshold on the Interstate system.

In this chapter, overall pavement condition is
presented based on the qualltanve co_ndltlon Q Do other measures of pavement
terms “very good,” “good,” “fair,” “mediocre” condition exist?

and “poor” associated with the IRI or PSR
system. Pavement conditions specific to the A\ other principal measures of pavement condi-

NHS are discussed in Appendix B tion or distress such as rutting, cracking and
' faulting are not reported in HPMS. States vary in

. the inventories of these distress measures for
Overall Pavement Condition their highway system. In order to continue to

: : : improve our pavement evaluation, FHWA has
The highway systems covered in this chapter been working with AASHTO and the States to

includes all mileage except rural minor establish standards for measuring roughness,
collectors and local functional systems. cracking, rutting and faulting.

Currently, 16.0 percent of our roads are in “very
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good” condition and 25.3 percent are in “good” condition. Since 1995, the percentage of mileage in
“very good” condition fell 3.4 percentage points while the percentage of mileage in “good” condition
rose 3.0 percentage points. The percentage of “fair” pavement and “mediocre” pavement had a

similar up and down trend.
The percentage of “fair”

pavement increased from
39.0 percent to 40.5 percent
while the percentage of
“mediocre” pavement
decreased from 12.4 percent
to 11.6 percent. Finally, the
percentage of “poor”
pavement increased from
6.4 percent to 6.6 percent
since 1995 %ee Exhibit 34

1995

Poor
6.4%

Very Good
19.4%

Good
22.8%

Pavement Condition, by Total Percent Miles, 1995 and 1997

1997

Poor

Very Good 6.6%

16.0%

Mediocre
11.6%

Mediocre
12.4%

Good
. 25.3%
Fair
39.0%

Fair
40.5%

Rural and Urban Pavement Conditions

When discussing pavement conditions, it is important to note the different travel characteristics
between rural and urban areas. As mentioned in Chapter 2, rural areas contain 78.7 percent of road
miles, but only 39.1 percent of annual VMT. In other words, although rural areas have a larger

Exhibit 3-5

Rural & Urban Pavement Conditions, 1997

Urban

45%

30%

15%

0%

Source: June 1999 HPMS.

Exhibit 3-6

Poor Pavement - Percent Miles, 1993-1997

12%
;10.5 8.9 ﬂ
9% p Urban

~ -
8.0 = -
6% I il + Rural
3% 5.5 5.5
0% ‘ ‘ ‘
1993 1994 1995 1996 1997

Source: June 1999 HPMS.

percentage of road miles, the majority of travel
is occurring in the urban areas. According to
1997 data, pavement conditions in rural areas
are slightly better than in urban areas. Only

5.5 percent of road miles in rural areas are rated
“poor,” while 9.3 percent of road miles in

urban areas are rated “poor.” Rural areas also
have a larger percentage of “very good” and
“good” roads. $ee Exhibit 3-b When

evaluating these percentages, please note that
rural minor collectors and local functional
system mileage are not included.

Pavement conditions in both rural and urban
areas have generally been improving over time.
Since 1993, the percentage of road miles in poor
condition has decreased from 8.0 percent to
5.5 percent in rural areas and from 10.5 percent
to 9.3 percent in urban areas. However, since
1995, the percent of urban miles in poor
condition has increasedsée Exhibit 36



Pavement Condition by

Functional System Rural Pavement Condition, by Functional System, 1997

As was mentioned in Chapter 2, o 3\7

the functional system for
approximately 68.9 percent of Interstate
total mileage is “local.”
Nevertheless, roads classified as
“Interstate” have the largest
percentage of VMT, followed by
minor arterials and major Arterials
collectors. Therefore, ride
guality on Interstate routes
affects more users than ride Minor
guality on lower functional Arterials
systems. Interstate mileage in

Other

F=

Principal F=46.6

49.2

rural areas is 57.0 percent “very
good” or “good,” 39.2 percent

“mediocre” or “fair” and Major
3.7 percent “poor.” In urban Collector VG

p
M
=
G

= Poor

= Mediocre
= Fair

= Good

= Very Good

areas on the other hand, |

Interstate mileage is 0%  10%  20%  30%  40%  50%

40.5 percent “very good” or
“good,” 50.3 percent

Source: June 1999 HPMS.

“mediocre” or “fair” and Exhibit 3-8

9.2 percent “poor. Urban Pavement Condition, by Functional System, 1997

Regarding minor arterials,
rural areas have a slightly
lower percentage of Interstate
“poor” roads and a slightly G=313
higher percentage of

“mediocre” or “fair” roads

compared to urban areas.| Other

|F=575

Freeway &
Th(_e urban areas also have gy, essway
a higher percentage of
collector roads in “poor”
condition and a lower Other
Principal
percentage of collector Arterials
roads in “very good” or
“good” condition
compared to rural areas. Minor
Exhibits 3-7 & 3-8 contain|  arterials

F=477

F=38.2

the portion of rural and
urban pavement in the
various condition

categories, respectively. Collector

<OMZ T

|F=39.4
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Poor
Mediocre
Fair

Good
Very Good

L . VG =16.1
A historical view helps |
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improvements are Source: June 1999 HPMS.



occurring and at what rate. Exhibits 3-9 and 3-10 list the pavement condition by category, functional
system and location from 1993 to 1997. The data table and graphs illustrate that pavement conditions

Exhibit 3-9 Exhibit 3-10

Rural Pavement Condition by Functional Urban Pavement Condition by Functional
System, 1993-1997 System, 1993-1997
Rural Interstate Urban Interstate
60% . X 60% [
Good & VeryGood . .=-=""
50% X --------- 7\ 500/0
I,(Good & Very Good
40% Tree~l o,
0 e ) — i X
30% .
Mediocre 30% | Mediocre
e — =A== = =y . —— 4 ————1
Fair 20% _——
10%
L ¥ SR Poor N
Poor T, 9 04X O S AR T )
0%
1993 1994 1995 1996 1997
0%
Rural 1993 1994 1995 1996 1997
1993 1995 1997 Urban
Interstate 1993 | 1995 | 1997
(Acceptable)* 93.1% | 94.7% | 96.2% Interstate
Good & Very Good 50.7%| 51.3%| 57.0% (Acceptable)* 90.5% 190.2% | 90.8%
0, 0, 0,
Fair 18.4%| 22.8%| 20.2% Ggod & Very Good 45.30A) 40.00/0 40.50A)
Mediocre 24.0%| 20.6%]| 19.0% Fair 20.3% | 23.7% | 23.6%
Poor 6.9% 530 3.7% Mediocre 24.9% | 26.5% 26.7%
— - ' ' ' Poor 9.5% | 9.8% 9.2%
Other Principal Arterials Other Freeway &
Good & Very Good 40.3%]| 37.9%]| 47.0% Expressway
Fair 23.8%| 53.2%| 46.6% Good & Very Good 37.9% | 31.6% | 30.4%
Mediocre 26.5% 7.0%| 4.7% Fair 21.9% | 54.8% 57.5%
Poor 9.3% 1.9% 1.6% Mediocre 30.2% 9.2% 8.7%
Minor Arterials Poor 9.9% 4.3% 3.3%
Good & Very Good 37.9%| 35.3%| 42.0% Other Principal
Fair 29.1%| 53.3%| 49.2% Arterials
Mediocre 22.0%| 89%| 6.6% Good & Very Good 35-22/" 25-9‘;" 26-4‘;/0
Poor 11.0% 2 6% 2 204 Falr. 23.5% | 47.8% 47.7%
Collectors Mediocre 26.4% | 14.5% 14.1%
Poor 15.0% | 11.8% 11.7%
Good & Very Good 32.2%| 48.2%| 42.0% Minor Arterials
i 0, 0 0
Fair 37.7%)| 31.9%) 37.9% Good & Very Good 37.8% | 43.3% | 41.3%
i 0, 0, 0,
Mediocre 12.4%| 12.7%| 12.3% Eair 20.2% | 36.3% 38.2%
Poor 6.8%[ 7.3%| 7.8% Mediocre 13.8% | 13.6% | 13.2%
*Acceptable: IRI<=170 Poor 79% | 6.7% 7.3%
Collectors
Good & Very Good 31.6% | 34.8% 34.1%
Fair 40.0% | 38.6% 39.4%
Mediocre 16.8% | 16.8% 16.0%
Poor 10.6% 9.7% 10.6%

*Acceptable: IRI<=170
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have changed in a variety of ways. For example, since 1993, the percentage of Interstate miles in rura
areas characterized as “very good” and “good” has increased from 50.7 percent to 57.0 percent while
the percentage characterized as “poor” has decreased from 6.9 percent to 3.7 percent. On the other
hand, the percentage of Interstate miles in urban areas characterized as “very good” and “good” has
decreased from 45.3 percent to 40.5 percent while the percentage characterized as “poor” has only
slightly decreased from 9.5 percent to 9.2 percent. One consistent trend is the faster rate of pavement
condition improvement in rural areas versus urban areas. For example, since 1993, the percentage of
minor arterial miles in rural areas characterized as “poor” fell from 11.0 percent to 2.2 percent while
the percentage in urban areas only fell from 7.9 percent to 7.3 percent. Exhibits 3-9 and 3-10 also
identify the portion of Interstate pavements that meet the FHWA Strategic Plan standard for

“acceptable ride quality” on the

NHS.
Percentage of Interstate Miles with Acceptable
Ride Quality, 1997

93.0%

Combining the rural and urban
Interstate data illustrates that
overall our Interstate pavement
performance has improved
since 1993. Exhibit 3-11 traces
the percentage of Interstate
miles in “acceptable ride
quality.” The percentage of all
Interstate mileage with
“acceptable ride quality”
increased from 91.2 percent in

92.5%

/

92.0%

91.5%

91.0% |

1993 to 92.4 percent in 1997. 1993 1995 1997
Roadway Alignment

Alignment agjequacy affects the Exhibit 3.12

level of service and safety of . _

the highway system. There are| AllgnmentRating

two types: horizontal and Rating Description

vertical. Horizontal alignment Code 1 All curves and grades meet appropriate design
affects speed and sight standards.

distance, while vertical Some curves or grades are below design standards for
alignment affects principally Code2 | MeW construction, but curves can be negotiated safely
sight distance. Inadequate at prevailing speed limits. Truck speed is not
alignment may result in speed substantially affected.

reductions (especially for Infrequent curves or grades occur that impair sight
trucks) as well as impaired Code 3 | distance or severely affect truck speeds. May have
sight distance. Alignment reduced speed limits.

adequacy is evaluated on a Frequent grades occur that impair sight distance or
scale from Code 1 (best) to severely affect truck speeds. Generally, curves are
Code 4 (worst). Exhibit 3-12 Code 4 unsafe or uncomfortable at prevailing speed limit, or the
explains the alignment rating speed limit is severely restricted due to the design
system speeds of the curves.

Adequate alignment is more important on roads with higher travel speeds and/or higher volumes (e.g.
Interstates). Alignment is normally not an issue in urban areas, therefore this section only presents
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rural data. Exhibits 3-13 and 3-14
illustrate that more than 90 percent
of the rural Interstate miles are

Exhibit 3-13

Rural Horizontal Alignment Adequacy, 1997

classified as Code 1 for both = |95.5
vertical and horizontal alignment. Interstate 5’7
A small portion of all roads is rated 14
Code 4 (9.1 percent for horizontal |  other == |77.5
alignment and 4.6 percent for Z””C_ipla' 39
vertical alignment). Roadway rena >0
alignment continues to improve Minor — |73.1
gradually as sections with poor Arterial 66
alignment are reconstructed. 9.4 []Code1
_ | 56.1 [ ] cCode2
Major 19.9
Collector 13.4 - Code 3
106 Il code 4
| 64.6
16.3
Total 10.0
9.1
0% 20% 40% 60% 80%  100%
Exhibit 3-14
Rural Vertical Alignment Adequacy, 1997
| 93.0
Interstate |64
0.2
0.4
Other a3 |71.1
Principal 17 :
Arterial 28
59.3 Code 1
Minor 313 | |:| oae
Arterial 4.5 [ ] Code2
4.9
Il code 3
54.6
Major 598 ! - Code 4
Collector 10.3
5.3
]59.8
28.2
Total 7.4
4.6
0% 20% 40% 60% 80%  100%

Lane Width

Lane width affects capacity and safety. For example, narrow lanes prevent a road from operating at
capacity. As with roadway alignment, lane width is more crucial on functional systems with the

higher travel volumes. Currently, high-type facilities (e.g. Interstates) are expected to have 12-foot
lanes. Exhibits 3-15 and 3-16 illustrate that over 99 percent of the all Interstate miles meet the 12-foot
standard. The percentage of 12+ foot lane widths decreases as the travel volume decreases. This
relationship is seen on urban collectors and major rural collectors which have 51 percent and

36.8 percent respectively of 12+ foot lanes. The lanes that are less than 9 feet are mainly concentrated

on the collector roads.
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Interstate

Other
Principal
Arterials

Minor
Arterials

Major
Collector

Total

Exhibit 3-15

Rural Lane Width, by Functional System, 1997

<9=0.0

9=0.0
10=0.0
11=0.2

N 12 = 0.8

<9=0.2

12+ =88.4

12+ =67.6

12+ =36.8

12+ =53.0
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Interstate

Other
Freeway &
Expressway

Other
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Arterials

Minor

Arterials

Collector

Total

Exhibit 3-16

Urban Lane Width, by Functional System, 1997

<9=0.0
9=0.0
10=0.1
11 =0.5
12+=99.4
<9=0.0
9=0.2
10=0.7
11 =3.3
12+ =95.8
<9=0.3
9=0.5
12+=79.4
12+ =65.5
12+=51.0
12+ =166.2
0% 20% 40% 60% 80% 100%
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Lanes have been widened over time through new— RNl &Nk,
construction, reconstruction, and. W|den|n.g 12+ Foot Lanes, Rural and Urban,
projects. Since 1993, the rural mileage with lane| 1993 and 1997

width greater than or equal to 12 feet increased

from 51.8 percent to 53.0 percent while the urban

. . . 1993 1997
mileage with 12 foot+ lanes increased from 1993 1997 6410  66.2%
64.1 percent to 66.2 percesep Exhibit 3-1J7 51.8% _53.0%

Rural Urban
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Bridge Conditions

This section uses two measures of bridge conditions: bridge component ratings, and the number of
deficient bridges. The bridge component ratings provide a broader perspective on conditions, but the
guantity of deficient bridges is a more widely used indicator. The bridge investment requirement
analysis described later in this report focuses on bridge deficiencies. In additibed#nal Highway
Administration 1998 National Strategic Plamcludes two goals related to percentage of deficient
bridge. The target for NHS bridges is discussed in Appendix B. The target for all bridges is discussed
later in this chapter.

Bridge Component Ratings

The National Bridge Inventory (NBI) contains ratings on the conditions of three major bridge
components: deck, superstructure, and substructure. Exhibit 3-18 contains a description of this rating
system.

Exhibit 3-18

Bridge Component Ratings

Rating Category Description
9 Excellent Condition
8 Very Good Condition
7 Good Condition No problems noted.
6 Satisfactory Condition Some minor problems.
5 Fair Condition All primary structural elements are sound but may have minor
section loss, cracking, spalling or scour.
4 Poor Condition Advanced section loss, deterioration, spalling or scour.
3 Serious Condition Loss of section, deterioration, spalling or scour have seriously

affected primary structural components. Local failures are
possible. Fatigue cracks in steel or shear cracks in concrete
may be present.

2 Critical Condition Advanced deterioration of primary structural elements.
Fatique cracks in steel or shear cracks in concrete may be
present or scour may have removed substructure support.
Unless closely monitored it may be necessary to close the
bridge until corrective action is taken.

1 Imminent Failure Condition Major deterioration or section loss present in critical structural
components, or obvious loss present in critical structural
components, or obvious vertical or horizontal movement
affecting structure stability. Bridge is closed to traffic but
corrective action may put back in light service.

0 Failed Condition Out of service; beyond corrective action.

Exhibit 3-19 illustrates the distribution of bridge component ratings. The majority of bridge
components are rated 7 or higher, indicating that they are in good, very good, or excellent condition.
Approximately one-third are rated 5 or 6, indicating that they are considered fair or satisfactory. The
remainder of bridge components are rated 4 or lower, indicating that they are in poor or worse
condition. A component rating does not translate directly into an overall rating of a bridge’s
condition.
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Exhibit 3-19

Bridge Component Conditions, 1998
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Bridge Deficiencies

The more common indicator used to evaluate
the condition of our Nation’s bridges is the
number of deficient bridges. There are two
types of deficient bridges: structurally deficient
and functionally obsolete.

Exhibit 3-20 shows that in 1998 29.6 percent 0
our Nation’s bridges were deficient. Of these
deficient bridges, 16.0 percent of bridges were
structurally deficient while 13.6 percent were
functionally obsolete.

Q . How are “structurally deficient” and
“functionally obsolete” bridges defined?

A. Bridges are structurally deficient if they have
been restricted to light vehicles, require immedi-
ate rehabilitation to remain open, or are closed.

Bridges are functionally obsolete if they have
deck geometry, load carrying capacity, clearance
or approach roadway alignment that no longer
meet the criteria for the system of which the
bridge is a part.

Exhibit 3-20

Deficiencies, All Bridges, 1998

Functionally
Obsolete
13.6%

Structurally

Deficient
16.0%
Not
Deficient
70.4%

Q . Are all deficient bridges unsafe to cross?

A. No. A deficient bridge is not necessarily
unsafe or one that requires special posting for
speed or weight limitations. It does require
significant maintenance, rehabilitation, or some-
times replacement. Some of these bridges are
posted and may require trucks over a certain
weight to take a longer route. For further informa-
tion on the status of bridges, please refer to The
Status of the Nation’s Highway Bridges: Highway
Bridge Replacement and Rehabilitation Program
and National Bridge Inventory, Report to Congress
dated May 1997.
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detail in Appendix B.

Q. How do recent deficient bridge data
compare with the FHWA Strategic Plan
target for deficient bridges in 2008?

A. The Federal Highway Administration 1998
Strategic Plan stated that by 2008, less than
25 percent of our bridges should be classi-
fied as deficient. As Exhibit 3-21 illustrates,
the percent of deficient bridges has been
declining in recent years, from 34.6 percent
in 1992 to 29.6 percent in 1998. The Strate-
gic Plan also established a target for bridges
on the NHS which is discussed in further

Exhibit 3-21

Percentage of Deficient Bridges, 1992-1998
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Bridge Deficiencies by Jurisdiction

As Chapter 2 explained, ownership of bridges is divided among Federal, State, and local governments
and private companies (including railroads). State and local governments own the majority of

bridges, 46.9 percent and 51.2 percent respectively. The remaining 1.9 percent includes bridges
owned by the Federal Government or private companies, and bridges for which ownership is

unknown or not coded in the NBI.

Exhibit 3-22 shows there are significant differences in bridge deficiencies by level of government. Of
the 298,222 bridges owned by local governments, 99,503 (33.4 percent) are deficient. This represents
57.7 percent of the total number of deficient bridges, 172,572. Although private companies own only

Exhibit 3-22

Bridges: Percent Defi-
cient, by Ownership, 1998
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Federal State Local Private Unknown Total
Federal State Local Private | Unknown Total
Total Bridges 7,448 273,897 | 298,222 2,278 1,131 582,976
Total Deficient 1,774 69,762 99,503 1,227 306 172,572
Structurally Deficient 555 27,196 64,519 667 135 93,072
Functionally Obsolete 1,219 42,566 34,984 560 171 79,500
Percent Deficent 23.8% 25.5% 33.4% 53.9% 27.1% 29.6%
Percent Structurally Deficent 7.5% 9.9% 21.6% 29.3% 11.9% 16.0%
Percent Functionally Obsolete 16.4% 15.5% 11.7% 24.6% 15.1% 13.6%

Source: National Bridge Inventory.
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2,278 bridges, 0.4 percent of the total, 53.9 percent of these bridges are deficient. Of federally owned
bridges, only 23.8 percent are deficient.

Exhibit 3-22 also shows that the majority of deficiencies on bridges owned by local governments are
structural. However, for State and federally owned bridges, the majority of the deficiencies are
functional. Exhibits 3-23 and 3-24 clarify this difference. Local governments own 69.3 percent of
structurally deficient bridges, but only 44.0 percent of functionally obsolete bridges. State
governments own the majority (53.6 percent) of functionally obsolete bridges.

Exhibit 3-23 Exhibit 3-24

Ownership of Structurally Ownership of Functionally
Deficient Bridges, 1998 Obsolete Bridges, 1998
Other Other
1.5% 2.4%

Local State

44.0% 53.6%

Rural and Urban Bridges

As indicated in Chapter 2, 78.0 percent of all bridges are located in rural areas. In 1998, 130,911 of
the total 454,664 rural bridges (28.8 percent) were deficient. Bridges in urban areas are more likely to
be deficient than those in rural areas. In 1998, 41,661 of the total 128,312 urban bridges

(32.5 percent) were deficient. Exhibit 3-25 shows that deficient rural bridges are more likely to be
structurally deficient, while deficient urban bridges are more likely to be functionally obsolete.

Bridge condition in both urban and rural areas has been improving in recent years. Exhibit 3-25
shows that the number of deficient rural bridges has declined from 156,863 (34.1 percent of the total)
in 1992 to 130,911 (28.8 percent). The number of deficient urban bridges has declined from 42,489
(36.8 percent) in 1992 to 41,661 (32.5 percent) in 1998. The percentage of rural bridges that are
structurally deficient has declined from 22.2 percent in 1992, to 17.4 percent in 1998, while the
percentage of urban bridges that are structurally deficient declined from 14.1 percent to 11.0 percent
over the same period. The number of urban bridges that are functionally obsolete grew from 26,228 to
27,588 over this 6-year period, though this represented a decline in percentage terms, from

22.7 percent to 21.5 percent. In summary, since 1992, the reduction in the number of structurally
deficient bridges has been much more pronounced (20.6 percent to 16.0 percent) than the reduction in
functionally obsolete bridges (14.0 percent to 13.6 percent).

Bridges by Functional System

The general trend described in the previous section, where bridges in urban areas are more likely to
be deficient, can also be seen in Exhibit 3-26. Bridges found on urban Interstates, urban other
principal arterials and urban minor arterials have a higher percentage of deficient bridges than those
on comparable rural functional systems. However, a larger percentage of bridges on local roads in
rural areas are deficient (36.5 percent) compared to those in urban areas (32.6 percent).
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Exhibit 3-25

Rural and Urban Bridge Deficiencies, 1992-1998

Rural Deficient Bridges Urban Deficient Bridges
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¢ Total Deficient B Structurally Deficient A Functionally Obsolete

1992 1994 1996 1998

Number | Percent | Number | Percent | Number | Percent | Number | Percent
Rural Bridges 460,219 455,319 456,913 454,664
Deficient Bridges 156,863 | 34.1% | 144,799 | 31.8% | 139,545 | 30.5% | 130,911 | 28.8%
Structural 102,292 | 22.2% 91,991 | 20.2% 86,424 | 18.9% 78,999 | 17.4%
Functional 54571 | 11.9% 52,808 | 11.6% 53,121 | 11.6% 51,912 | 11.4%
Urban Bridges 115,364 121,141 124,949 128,312
Deficient Bridges 42,489 | 36.8% 42,716 | 35.3% 43,181 | 34.6% 41,661 | 32.5%
Structural 16,261 | 14.1% 15,692 | 13.0% 15,094 | 12.1% 14,073 | 11.0%
Functional 26,228 | 22.7% 27,024 | 22.3% 28,087 | 22.5% 27,588 | 21.5%
Total Bridges 575,583 576,460 581,862 582,976
Deficient Bridges 199,352 | 34.6% | 187,515 | 32.5% | 182,726 | 31.4% | 172,572 | 29.6%
Structural 118,553 | 20.6% | 107,683 | 18.7% | 101,518 | 17.4% 93,072 | 16.0%
Functional 80,799 | 14.0% 79,832 | 13.8% 81,208 | 14.0% 79,500 | 13.6%

Source: National Bridge Inventory.

The proportion of structurally deficient and functionally obsolete bridges varies by functional system.
Exhibit 3-26 highlights some of these differences. For the most part, the percentage of bridges that are
deficient increases on lower functional systems. Bridges on the Interstate have the lowest percentage
of deficient bridges (16.4 percent in rural areas and 26.8 percent in urban areas). The rural Interstate
bridges also have the lowest percentage of structurally deficient bridges, 4.1 percent, of all functional
systems in both areas. Other principal arterials, which like Interstates account for a large share of
VMT, have a relatively small percentage of deficient bridges (17.0 percent in rural areas and

33.3 percent in urban areas).

Minor arterials have a larger percentage of deficient bridges than the higher functional systems. In
urban areas, minor arterials are tied with collector roads for the highest percentage of deficient
bridges (38.2 percent). This is the highest percentage of deficient bridges among all functional
systems. Functionally obsolete bridges make up the largest portion of this percentage.
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Exhibit 3-26

Bridges: Percent Deficient by Functional System, 1998 |:| Structurally
Deficient

- Functionally ]
Obsolete

Rural Interstate

Urban Interstate 26.8

Urban Other Freeway

& Expressway 21.2

Rural Other
L . : 17.0
Principal Arterial

Principal Arterial
Rural Minor Arterial 10.0 21.6
Rural Major Collector 13_0 235
Rural Minor Collector 15.8 27.2

0% 10% 20% 30% 40%
Total Bridge Deficiencies Percent Deficient

Functional Class Bridges | Structural | Functional Total Structural | Functional Total
Rural
Interstate 27,530 1,135 3,369 4,504 4.1% 12.2% 16.4%
Other Principal Arterial 35,302 2,252 3,765 6,017 6.4% 10.7% 17.0%
Minor Arterial 38,022 3,808 4,391 8,199 | 10.0% 11.5% 21.6%
Major Collector 95,830 12,426 10,097 22,523 | 13.0% 10.5% 23.5%
Minor Collector 47,310 7,493 5,352 12,845 | 15.8% 11.3% 27.2%
Local 210,670 51,885 24,938 76,823 | 24.6% 11.8% 36.5%
Total Rural 454,664 78,999 51,912 | 130,911 | 17.4% 11.4% 28.8%
Urban
Interstate 27,480 1,850 5,526 7,376 6.7% 20.1% 26.8%
Other Freeway & Expressway 15,221 960 3,177 4,137 6.3% 20.9% 27.2%
Other Principal Arterial 23,463 2,699 5,113 7,812 11.5% 21.8% 33.3%
Minor Arterial 22,217 2,808 5,678 8,486 | 12.6% 25.6% 38.2%
Collector 14,962 2,158 3,560 5718 | 14.4% 23.8% 38.2%
Local 24,969 3,598 4,534 8,132 | 14.4% 18.2% 32.6%
Total Urban 128,312 14,073 27,588 41,661 11.0% 21.5% 32.5%
Total, Rural and Urban 582,976 93,072 79,500 | 172,572 16.0% 13.6% 29.6%

Source: National Bridge Inventory.
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A high percentage of bridges functionally classified as local are deficient. In urban areas the
percentage is 32.6 percent and in rural areas the percentage is 36.5 percent. The high percentage in
rural areas is particularly significant because 36.1 percent of all bridges are on local rural roads. In
addition, a large portion of the deficient bridges are structurally deficient.

Exhibit 3-27 through Exhibit 3-30 provide a historical perspective on bridge improvements. Since
1992, the percentage of deficient bridges on Interstates, other principal arterials, collectors and local
roads have decreased in both rural and urban areas. However, there was an increase in the percentag
of functionally deficient bridges from 1994 to 1996. This occurred on Interstates, other arterials and
collectors in both rural and urban areas. In most cases, the increase was very small. The history of
local functional system roads is mixed. Even though the percentage of total deficient bridges has
decreased since 1992 there was a slight increase (up .4 percentage points) between 1996 and 1998.

Exhibit 3-27

Interstate Bridge Deficiencies, 1992-1998
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¢ Total Deficient B Structurally Deficient 4 Functionally Obsolete I

1992 1994 1996 1998

Number |Percent | Number |Percent | Number |Percent | Number |Percent
Rural Bridges 29,148 28,865 28,638 27,530
Deficient Bridges 5,659 | 19.4% 5,342 | 18.5% 5479 | 19.1% 4,504 | 16.4%
Structural 1,330 | 4.6% 1,162 | 4.0% 1,249 | 4.4% 1,135 | 4.1%
Functional 4,329 | 14.9% 4,180 | 14.5% 4,230 | 14.8% 3,369 | 12.2%
Urban Bridges 25,013 25,861 26,596 27,480
Deficient Bridges 8,066 | 32.2% 7,920 | 30.6% 8,181 | 30.8% 7,376 | 26.8%
Structural 2,367 | 9.5% 2,141 | 8.3% 2,070 | 7.8% 1,850 | 6.7%
Functional 5,699 | 22.8% 5779 | 22.3% 6,111 | 23.0% 5,526 | 20.1%
Total Bridges 54,161 54,726 55,234 55,010
Deficient Bridges 13,725 | 25.3% | 13,262 | 24.2% | 13,660 | 24.7% | 11,880 | 21.6%
Structural 3,697 | 6.8% 3,303 | 6.0% 3,319 | 6.0% 2,985 | 5.4%
Functional 10,028 | 18.5% 9,959 | 18.2% | 10,341 | 18.7% 8,895 | 16.2%

Source: National Bridge Inventory.

3-19



Exhibit 3-28

Other Arterial Bridge Deficiencies, 1992-1998

Rural Deficient Bridges Urban Deficient Bridges
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Number |Percent | Number |Percent | Number |Percent | Number |Percent
Rural Bridges 78,123 72,453 72,970 73,324
Deficient Bridges 19,884 | 25.5% | 15,693 | 21.7% | 15,693 | 21.5% | 14,216 | 19.4%
Structural 9,965 | 12.8% 6,914 | 9.5% 6,622 | 9.1% 6,060 | 8.3%
Functional 9,919 | 12.7% 8,779 | 12.1% 9,071 | 12.4% 8,156 | 11.1%
Urban Bridges 54,589 57,012 59,064 60,901
Deficient Bridges 20,481 | 37.5% | 20,506 | 36.0% | 20,710 | 35.1% | 20,435 | 33.6%
Structural 7,544 | 13.8% 7,247 | 12.7% 6,902 | 11.7% 6,467 | 10.6%
Functional 12,937 | 23.7% | 13,259 | 23.3% | 13,808 | 23.4% | 13,968 | 22.9%
Total Bridges 132,712 129,465 132,034 134,225
Deficient Bridges 40,365 | 30.4% | 36,199 | 28.0% | 36,403 | 27.6% | 34,651 | 25.8%
Structural 17,509 | 13.2% | 14,161 | 10.9% | 13,524 | 10.2% | 12,527 | 9.3%
Functional 22,856 | 17.2% | 22,038 | 17.0% | 22,879 | 17.3% | 22,124 | 16.5%

Source: National Bridge Inventory.
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Exhibit 3-29
Collector Bridge Deficiencies, 1992-1998
Rural Deficient Bridges Urban Deficient Bridges
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1992 1994 1996 1998
Number | Percent| Number | Percent| Number | Percent| Number | Percent

Rural Bridges 147,148 147,612 144,246 143,140
Deficient Bridges 42,270 | 28.7% 39,398 | 26.7% 37,158 | 25.8% 35,368 | 24.7%
Structural 25,933 | 17.6% 23,645 | 16.0% 21,375 | 14.8% 19,919 | 13.9%
Functional 16,337 | 11.1% 15,753 | 10.7% 15,783 | 10.9% 15,449 | 10.8%
Urban Bridges 13,647 14,702 14,848 14,962
Deficient Bridges 5,847 | 42.8% 5,932 | 40.3% 5,976 | 40.2% 5,718 | 38.2%
Structural 2,440 | 17.9% 2,415 | 16.4% 2,337 | 15.7% 2,158 | 14.4%
Functional 3,407 | 25.0% 3,517 | 23.9% 3,639 | 24.5% 3,560 | 23.8%
Total Bridges 160,795 162,314 159,094 158,102
Deficient Bridges 48,117 | 29.9% 45,330 | 27.9% 43,134 | 27.1% | 41,086 | 26.0%
Structural 28,373 | 17.6% 26,060 | 16.1% 23,712 | 14.9% 22,077 | 14.0%
Functional 19,744 | 12.3% 19,270 | 11.9% 19,422 | 12.2% 19,009 | 12.0%

Source: National Bridge Inventory.
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Exhibit 3-30

Local Bridge Deficiencies, 1992-1998

Rural Deficient Bridges

Urban Deficient Bridges
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¢ Total Deficient B Structurally Deficient A Functionally Obsolete
1992 1994 1996 1998
Number | Percent| Number | Percent| Number | Percent| Number | Percent
Rural Bridges 205,800 206,389 211,059 210,670
Deficient Bridges 89,050 | 43.3% | 84,366 | 40.9% | 81,215 | 38.5% | 76,823 | 36.5%
Structural 65,064 | 31.6% | 60,270 | 29.2% | 57,178 | 27.1% | 51,885 | 24.6%
Functional 23,986 | 11.7% | 24,096 | 11.7% | 24,037 | 11.4% | 24,938 | 11.8%
Urban Bridges 22,115 23,566 24,441 24,969
Deficient Bridges 8,095 | 36.6% 8,358 | 35.5% 8,314 | 34.0% 8,132 | 32.6%
Structural 3,910 | 17.7% 3,889 | 16.5% 3,785 | 15.5% 3,598 | 14.4%
Functional 4,185 | 18.9% 4,469 | 19.0% 4,529 | 18.5% 4534 | 18.2%
Total Bridges 227,915 229,955 235,500 235,639
Deficient Bridges 97,145 | 42.6% | 92,724 | 40.3% | 89,529 | 38.0% | 84,955 | 36.1%
Structural 68,974 | 30.3% | 64,159 | 27.9% | 60,963 | 25.9% | 55,483 | 23.5%
Functional 28,171 | 12.4% | 28,565 | 12.4% | 28,566 | 12.1% | 29,472 | 12.5%

Source: National Bridge Inventory.
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Transit System Conditions

This report represents another step in a series of improvements that have been made in recent years 1
the calculation of public transit asset conditions, particularly in relating the age of assets to their

actual physical condition. In particular, the data presented here on bus vehicle and maintenance
facility conditions have been improved by input from the 1999 National Bus Condition Assessment.
Such improvements are expected to continue in the future, as more data on conditions is collected anc
analyzed. For more information on the National Bus Condition Assessment and the methodology
used to calculate conditions, see Appendix I.

Urban Bus Fleet

Vehicle condition ratings are based on a scale from 1 (po
to 5 (excellent) (Exhibit 3-31). The aging of the fleet can he

described both by the average vehicle age and by the
percentage of vehicles which are considered “overage,”

Bus Fleet Condition
Ratings Description

meaning that the vehicle’s age exceeds FTA's minimum Rating | Condition Definition
useful-life guidelines (Exhibit 3-32). Exhibit 3-33 shows 5.0 Excellent
the average ratings on this scale for different sizes of bus 4.0 Good
and demand response vehicles, as well as the average afje 3.0 Adequate
and the overage percentage for each type of vehicle. 20 Substandard
1.0 Poor
The ratings shown here differ from those found in the 1997
Report in two S|gn|flcant ways: (S_ro;;c'\%.Transn Economic Requirements Model

m Estimated conditions are uniformly lower than

reported in prior reports Exhibit 3-32

m Average conditions for each asset type do not FTA Minimum-Useful
change as significantly over time Life Guidelines
Vehicle Type Age (years)
Both of these features are primarily due to the updated Full-Size Bus 12
relationship between bus vehicle condition and age Medium-Size Bus 10
determined by the National Bus Condition Assessment Small Bus 7
(Appendix I). The lower ratings result from the more rapiq  Rail Vehicles 25

decline in asset condition that is exhibited by the new
curves, and the more stable time series reflects in part the
long period of slow decay.

The estimated average condition of the urban bus fleet in 1997 is 3.1, or adequate. This represents a
slight improvement over the level of 3.0, which was attained in each of the previous 9 years.
Conditions for large, articulated buses have declined over the previous decade, from 3.1 to 2.7, while
conditions of vans have increased from 3.2 to 3.5.

This improvement in conditions reflects the slight change in average vehicle age over the decade
from 7.5 years to 6.6 years. Decreases in the average ages of vans and small and mid-sized buses ha
been partially offset by the significant aging of the articulated bus fleet, where the average age has
increased from 4.9 to 11.8 years, and over 60 percent of these vehicles can be considered overage.
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Exhibit 3-33

Urban Transit Bus Fleet Count, Age and Condition, 1987-1997

Year 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
Articulated Buses
Total Fleet 1,712 1,751| 1,730| 1,717| 1,764| 1,698| 1,807| 1,613| 1,716 1,652 | 1,523
Percent Overage Vehicles 0% 0% 0% 0% 13% 18% 16% 17% 33% 47% 61%
Average Age 4.9 5.9 6.7 7.6 8.2 9.1 9.5 10.1 10.7 10.6 11.8
Average Condition 3.1 3.1 3.1 3.0 3.0 2.9 2.9 2.8 2.8 2.8 2.7
Full-Size Buses
Total Fleet 46,231 | 46,164 | 46,446 | 46,553 | 46,660 | 46,757 | 46,824 | 46,987 | 46,335 | 47,898 | 47,149
Percent Overage Vehicles 21% 23% 22% 19% 17% 18% 20% 24% 23% 23% 25%
Average Age 8.2 8.2 8.4 8.2 8.0 8.3 8.5 8.7 8.6 8.3 8.2
Average Condition 3.0 3.0 2.9 3.0 3.0 2.9 2.9 2.9 2.9 2.9 3.0
Mid-Size Buses
Total Fleet 2,821 | 3,002| 2,928 3,106 | 3,268| 3,204 3,598| 3,693| 3,879 4,434| 5,328
Percent Overage Vehicles 10% 14% 14% 18% 23% 26% 24% 24% 23% 20% 18%
Average Age 5.9 6.5 6.5 6.6 6.7 6.8 6.4 6.9 6.8 6.0 5.6
Average Condition 3.0 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9 3.0 3.0
Small Buses
Total Fleet 2,127 2,116 2,428 2,684 3,415 3,716 4,064 4,738 5,447 6,261 7,081
Percent Overage Vehicles 11% 14% 15% 11% 14% 14% 13% 15% 13% 13% 13%
Average Age 3.9 4.2 4.1 3.9 4.0 4.1 4.0 4.1 4.0 3.8 3.7
Average Condition 3.3 3.0 3.0 3.3 3.0 3.0 3.0 3.0 3.0 3.3 3.4
Vans
Total Fleet 3,241 | 3,243| 3,288 3,778| 6,261 | 7,028 8,353| 10,785 | 11,969 | 12,317 | 13,796
Percent Overage Vehicles 30% 29% 21% 22% 22% 15% 22% 19% 21% 23% 22%
Average Age 3.1 3.6 2.9 2.8 3.0 3.1 3.1 3.0 3.2 2.9 2.3
Average Condition 3.2 2.9 3.2 3.3 3.2 3.2 3.2 3.2 3.1 3.2 35
Weighted Average Condition 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.1
Weighted Average Age 7.5 7.6 7.7 7.5 7.2 7.4 7.4 7.4 7.3 6.9 6.6

Source: Transit Economic Requirements Model, National Transit Database.

Note that the corresponding decay has not been nearly as dramatic, however, due to the relatively flat
decay curve in the range from 5 to 12 years.

The average age of full-size buses, by far the
most numerous bus type, is the same as it wag
in 1987 (8.2 years), but has decreased since
1994. A_ccordingly, the gverage condition of thi A The revision reflects the improvement in the
predominant type remains at 3.0. modeling of bus conditions that resulted from the
1999 National Bus Condition Assessment. See

Appendix | for a description of this change in
modeling procedure.

Q . Why was the average bus condition level
for 1995 and prior years revised downward?
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Urban Bus Maintenance Facilities

Estimates of the condition of urban bus maintenance

facilities come from the National Bus Condition Age (vears) | Number borcent
Assessment. Exhibit 3-34 shows the age range of these 510 73 14%
facilities. Fifty-six percent of bus maintenance facilitigs ;5 212 42%
are less than 20 years old, with most of these in the 21-30 53 11%
older half of that range. Nearly one-third of the 31+ 165 33%
facilities are over 30 years old. Total 503 100%

Exhibit 3-34

Age of Urban Bus Facilities, 1997

Exhibit 3-35 shows the condition of bus maintenanceSource: National Bus Condition Assessment.

Exhibit 3-35

slightly higher percentage of facilities are substandarg/ ondition of Urban Bus Maintenance

facilities. A majority of the facilities (57 percent) are
found to be in adequate, middle-range condition. A

poor (23 percent) than are good/excellent (20 percent)

range (poor or excellent). Definitions of these
condition levels are found in Exhibit 3-36.

Facilities, 1997

Less than 8 percent of facilities are in either extreme Age (years) Number Percent
Excellent 13 3%
Good 86 17%
Adequate 285 57%
Substandard 93 18%
Poor 26 5%
Total 503 100%

Source: National Bus Condition Assessment.

Exhibit 3-36

Definitions of Urban Bus Maintenance Facility Conditions
Condition Description

Excellent The facility meets or exceeds most reasonable requirements of a transit bus
maintenance program.

Good The facility meets most reasonable requirements of a transit bus maintenance program
but may have some less than optimum characteristics.
The facility has shortcomings in its ability to support a transit bus maintenance program.

Adequate While these shortcomings hinder the department's effectiveness or efficiency, they are
not deemed to significantly impact performance.
The facility has shortcomings in its ability to support a transit bus maintenance program,

Substandard and these shortcomings are deemed to be below industry standards. The deficiencies
adversely affect the efficiency and/or effectiveness of the operation.

Poor The facility has significant shortcomings in its ability to support a transit bus
maintenance program.

Source: Transit Economic Requirements Model (TERM).
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Rail Vehicles

Conditions of the Nation’s rail vehicle fleet are shown in Exhibit 3-37. While the ratings are based on
the same 1 to 5 scale as was used for buses, the decay curves used to estimate conditions are of the
logistic form discussed above, rather than the updated form used for buses.

Exhibit 3-37

Rail Transit Vehicle Fleet Count, Age and Condition, 1987-1997

Year 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
Locomotives

Total Fleet 491 564 451 472 467 479 556 554 570 582 586
Percent Overage 30% 23% 19% 20% 17% 17% 17% 28% 21% 22% 22%
Average Age 16.9 14.9 14.6 15.7 15.3 15.8 15.6 17.3 15.6 15.7 16.5
Average Condition 4.5 4.7 4.7 4.6 4.7 4.6 4.6 4.5 4.5 4.6 4.5
Unpowered

Commuter Rail Cars

Total Fleet 2,137 | 2,266 | 2,138 | 2,154 | 2,226 | 2,240 | 2,402 | 2,401 | 2,402 | 2,487 | 2,470
Percent Overage 41% 32% 32% 29% 29% 35% 29% 35% 36% 35% 33%
Average Age 19.6 17.3 18.0 17.6 17.3 19.3 18.6 195 20.1 19.9 19.8
Average Condition 4.2 4.5 4.4 4.4 4.5 4.2 4.3 4.2 4.1 4.1 4.2
Powered Commuter

Rail Cars

Total Fleet 2563 | 2,552 | 2,421 | 2,492 | 2529 | 2,541 | 2,526 | 2,570 | 2,645 | 2,529 | 2,681
Percent Overage 2% 4% 5% 5% 5% 5% 6% 7% 24% 25% 25%
Average Age 13.3 14.3 15.0 15.9 16.5 17.6 18.2 19.0 19.7 21.0 22.0
Average Condition 4.8 4.7 4.7 4.6 4.6 4.4 4.4 4.3 4.2 3.9 3.7
Heavy Rail Cars

Total Fleet 10,344 | 10,419 | 10,246 | 10,325 | 10,170 | 10,161 | 10,074 | 10,153 | 10,157 | 10,154 | 10,173
Percent Overage 15% 19% 17% 28% 29% 30% 27% 32% 37% 36% 36%
Average Age 15.2 15.2 154 16.2 16.9 17.7 17.8 18.7 19.3 19.9 21.0
Average Condition 4.7 4.7 4.6 4.6 4.5 4.4 4.4 4.3 4.2 4.1 3.9
Light Rail Vehicles

Total Fleet 879 890 917 903 954 977 943 969 955 1,099 1,132
Percent Overage 27% 30% 20% 18% 19% 19% 10% 10% 12% 10% 10%
Average Age 17.2 18.9 15.6 15.2 16.6 17.0 14.9 14.8 14.8 14.2 14.6
Average Condition 4.5 4.3 4.6 4.7 45 4.5 47 4.7 4.5 4.7 4.6
Weighted Average

Condition 4.6 4.7 4.6 4.6 4.5 4.4 4.4 4.3 4.2 4.1 4.0
Weighted Average

Age 15.6 155 15.7 16.3 16.8 17.8 17.7 18.6 19.1 19.5 20.4

Source: Transit Economic Requirements Model, National Transit Database.

The average condition of the rail vehicle fleet in 1997 was 4.0. While this corresponds to a condition
rating of “good,” it is significantly lower than the average condition of 4.6 for the fleet in 1987. This
corresponds to an increase in the average age of the rail fleet from 15.6 to 20.4 years.

The decrease in condition is due primarily to the aging and declining condition of the heavy rail fleet,
the most numerous rail vehicle type, which fell from 4.7 to 3.9, as the average age increased from
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15.2 years to 21.0. Powered commuter rail cars also posted significant deterioration in average
condition over the period, while other commuter rail vehicles were unchanged. Light rail vehicles
improved slightly in condition, and their average age decreased from 17.2 to 14.6. This improvement
resulted from the many new light rail systems that have come on line during the past decade.
Definitions of rail vehicle condition ratings are found in Exhibit 3-38.

Exhibit 3-38

Definitions of Rail Vehicle Condition

Condition Description

Excellent Brand new, no major problems exist, only routine preventive maintenance.

Elements are in good working order, requiring only nominal or infrequent

Good . . . . .
minor repairs (greater than six months between minor repairs).
Requires frequent minor repairs (less than six months between repairs) or
Adequate . . . . :
infrequent major repairs (more than six months between repairs).
Substandard Rquwes frequent major repairs (less than six months between major
repairs).
Poor In sufficiently poor condition that continued use presents potential problems.

Source: Transit Economic Requirements Model (TERM).

Rail Infrastructure and Maintenance Facilities

Data on the conditions of rail infrastructure and facilities are presented in Exhibit 3-39. Data from
1984 and 1992 are derived from the Rail Modernization Study, while 1997 conditions data are
calculated by TERM using unique decay curves for each asset type. It should be noted that the two
approaches, while similar, are not perfectly comparable to one another.

Exhibit 3-39

Physical Condition of U.S. Transit Rail Infrastructure, Selected Years, 1984-1997
Condition
Poor Substandard Adequate Good Excellent

1984 1992 1997 1984 1992 1997 |1984 1992 1997 [1984 1992 1997 |1984 1992 1997
Track 0% 0% 7% 7% 5% 10% [49% 32% 10% |31% 49% 49% |12% 14% 24%
Power Systems
Substations 6% 2% 12% [23% 19% 6% 5% 17% 10% |43% 56% 57% |23% 6% 15%
Overhead 20% 0% 5% [12% 33% 11% |27% 10% 18% |36% 52% 34% | 5% 5% 32%
Third Rail 13% 0% 14% |26% 21% 11% |19% 20% 15% |36% 53% 43% 6% 6% 17%
Stations 0% 0% 15% |15% 5% 13% |56% 29% 15% |23% 63% 46% 6% 3% 11%
Structures
Elevated Structure na na 1% na na 29% na na 12% na na 59% na na 0%
Bridges 1% 0% na |16% 11% na |51% 28% na |28% 54% na | 4% 7% na
Elevated Sections 0% 0% na| 1% 1% na |[80% 72% na | 3% 15% na |16% 12% na
Underground 0% 0% 9% 5% 5% 19% |49% 34% 18% |35% 51% 47% | 11% 10% 7%
Maintenance
Facilities 4% 2% 6% |54% 34% 17% |14% 12% 17% |24% 35% 53% 4% 17% 7%
Yards 4% 2% 2% |53% 7% 12% |26% 26% 7% |16% 55% 30% 1% 9% 49%
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The data show that most rail asset types have significantly improved in condition over the past

13 years, as much of the aging infrastructure has been rehabilitated and replaced. As a result, over
half of the ralil infrastructure is now in good or excellent condition for every asset type, whereas the
same was true for only one asset type (power substations) in 1984. Among the asset types, track has
shown the most significant improvement in condition. In 1984, just 43 percent of track mileage was

in good or excellent condition; in 1997, the comparable figure was 73 percent.

Rural and Specialized Transit Vehicles and Facilities

The available data on the condition of transit vehicles and facilities in non-urbanized areas has not
been updated since the last report, though an effort to do so is currently under way. This older data is
presented in Exhibits 3-40 (vehicles) and 3-41 (maintenance facilities).

Exhibit 3-40

Number of Overage Vehicles and Average Vehicle Age in
Rural and Special Service Transit, 1994

Rural Operators Special Service Operators
Percent Percent
Total Fleet |Average Age| Overage Total Fleet | Average Age| Overage
Medium-Size Buses 740 10.4 51% 310 8.4 19%
Small Buses 3,660 4.9 24% 5,250 4.5 18%
Vans and Other 8,050 4.5 44% 23,770 4.4 43%

Source: Community Transportation Association of America.

Condition of Rural Bus Mainte-
nance Facilities, 1992

Condition Percent
Excellent 30%
Good 52%
Poor 14%
Very Poor 4%
Total 100%

Source: Community Transportation Associa-
tion of America.
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CHAPTER 4

Operational Performance

Introduction

This chapter describes operational performance of the highway and transit infrastructure.
Operational performance reflects the quality of service provided by transportation systems. It shows
how well each system accommodates travel demand.

The chapter begins with a Summary section highlighting the key highway and transit statistics
discussed later in this chapter, and comparing them with the values from the last report. Where the
1995 data have been revised, this is reflected in the summary table.

The highway section of this chapter begins by briefly discussing the costs of congestion. It examines
the impact of congestion on highway users and on the entire American economy. The section then
describes how congestion, an easy concept to understand, is actually problematic to measure.
Because there is no single indicator for congestion, Chapter 4 looks at three measures: daily delay;
and Daily Vehicle-Miles Traveled per lane; and Volume Service Flow (V/SF).

The highway section concludes by examining statistics from the Texas Transportation Institute’s
annual report on urban roadway congestion. These provide a good snapshot of congestion problems

in 70 metropolitan areas throughout the United States.

The transit section of this chapter describes how to measure transit operational performance. It
describes characteristics from the National Transit Database and passenger survey information.
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Summary

Exhibit 4-1 highlights the key highway and transit statistics discussed in this chapter, and compares
them with the values from the last report. The first data column contains the values reported in the
1997 C&P report, which were based on 1995 data. Where the 1995 data have been revised, updated
values are shown in the second column. The third column contains comparable values, based on
1997 data.

Exhibit 4-1

Comparison of Operational Performance Statistics with those in the 1997 C&P Report
1995 Data

Statistic 1997 Report Revised 1997 Data
Daily Vehicle-Miles Traveled (DVMT) per Lane-Mile
on Rural Interstates 4,640 4,952
Daily Vehicle-Miles Traveled (DVMT) per Lane-Mile
on Rural Other Principal Arterials 2,410 2,522
Daily Vehicle-Miles Traveled (DVMT) per Lane-Mile
on Urban Interstates 13,110 13,696
Daily Vehicle-Miles Traveled (DVMT) per Lane-Mile
on Urban Other Freeways and Expressways 10,300 10,620
Daily Vehicle-Miles Traveled (DVMT) per Lane-Mile
on Urban Other Principal Arterials 5,650 5,768
Percent of Congested Travel on Urban Principal
Arterial Highways (V/ISF>=.8) 41.1% 40.9% 40.2%
Daily Delay (Hours per Thousand Vehicle Miles
Traveled) on all Highways not reported 9.348 8.973
Passenger-Mile Weighted Average Speed by Rail
(miles per hour) 26.6 26.1
Passenger-Mile Weighted Average Speed by Non-
Rail (miles per hour) 13.7 13.8

To examine highway operational performance, this chapter looks at daily travel per lane-mile, peak-
hour volume/service flow ratio, and daily delay.

DVMT per lane-mile is the most basic measure, since it is a count-based metric. This measure
increased at a faster annual rate on the Interstates than any other segments of the highway system
between 1987 and 1997. DVMT per lane-mile increased at an annual rate of 3.40 percent on rural
Interstates and by 2.00 percent on urban Interstates. Increased travel has not yet saturated rural
highways to the degree it has impacted urban highways, so it has not resulted in similar congestion
patterns.



Another way to examine highway congestion is to determine the percentage of peak-hour urban
traffic that operates at a volume service flow (V/SF) threshold of 0.80 or higher. Between 1993 and
1997, congestion increased somewhat on urban Interstates while decreasing on other freeways and
expressways and other principal arterials. The proportion of peak-hour travel exceeding the 0.80
threshold on urban Interstates increased slightly from 52.6 to 53.3 percent. On all urban principal
arterials, it was 40.2 percent in 1997, down from 40.9 percent in 1995. Overall the congestion trends
seem to have flattened over the past several years.

Daily delay is a more recently adopted measure of congestion, and is an attempt to use a measure tha
is readily observed by the traveling public. However, the delay values used in this report are modeled
values, not directly observed values. Delay is expressed in terms of hours per thousand vehicle-miles
traveled. Between 1993 and 1997, the greatest delay has been on “other principal arterial” highways
in urbanized areas with more than 200,000 residents. These are higher-level roads that are accom-
modating significant metropolitan growth; the delay on these roads includes that caused by stop signs
and traffic signals.

There are essentially two ways to examine transit performance. One approach is to use operating dat
from the National Transit Database to derive average operating speeds and vehicle utilization. For
example, passenger-mile weighted average speed decreased slightly between 1995 and 1997, from
20.4 to 20.3 miles per hour. Another approach is to use passenger survey data that identifies travel
times, waiting times, and seating conditions upon boarding. For exampbasibaenobility group is

more dependent on transit and has a higher tolerance for delay (12.1 minutes) and unreliability

(13.6 minutes) than the other two groups. People with an automobile alternative, using transit to
avoid traffic congestion, have average wait times of 7.3 minutes, with 9.3 minutes in variation.
Similarly, above povertyhiouseholds without cars experience wait times that are a little longer than
those experienced by households with cars. They also experience a similar reliability factor.
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Highway Operational Performance

Operational performance is defined by how well highways accommodate travel demand. Congestion,
therefore, is an indicator of poor operational performance. Recent newspaper stories about “road
rage” highlight the escalating problem of congestion in the United States. Congestion may contribute
to a sense of frustration and hostility on highways, but it also has more specific measurable costs for
American drivers. The Texas Transportation Institute’s (T899 Urban Roadway Congestion

Annual Reporestimates that in the 68 urban areas studied in 1997, drivers experienced 4.3 billion
hours of delay and wasted 6.7 billion gallons of fuel. Total congestion cost for these areas, including
wasted fuel and time, was estimated to be about $72 billion in 1997. Almost 60 percent of that cost
was experienced in the 10 metropolitan areas with the most congestion. Exhibit 4-2 shows the 20
urban areas with the highest congestion costs, according to TTI.

Exhibit 4-2

Total Congestion Costs by Urban Area, 1997
Annual Cost Due to Congestion ($ Millions)
Urban Area Delay Fuel Total Rank

Los Angeles, CA 10,855 1,550 12,405 1
New York, NY-Northeastern NJ 7,835 1,050 8,885 2
Chicago, IL-Northwestern IN 3,915 485 4,400 3
Washington, DC-MD-VA 3,190 370 3,560 4
Detroit, MI 2,820 325 3,145 5
San Francisco-Oakland, CA 2,670 395 3,065 6
Boston, MA 2,330 305 2,635 7
Atlanta, GA 2,050 220 2,270 8
Houston, TX 1,980 230 2,210 9
Philadelphia, PA-NJ 1,630 195 1,825 10
Seattle-Everett, WA 1,585 220 1,805 11
Dallas, TX 1,535 180 1,715 12
Miami-Hialeah, FL 1,355 160 1,515 13
Baltimore, MD 1,185 145 1,330 14
St. Louis, MO-IL 1,180 130 1,310 15
San Diego, CA 1,100 165 1,265 16
Denver, CO 930 120 1,050 17
Phoenix, AZ 925 125 1,050 18
Minneapolis-St. Paul, MN 915 115 1,030 19
San Jose, CA 835 120 955 20

Source: Texas Transportation Institute, 1999 Annual Mobility Report.

Congestion has an adverse impact on the American economy, which values speed, reliability, and
efficiency. Transportation is a critical link in the production process for many businesses, and firms
are forced to spend money on wasted fuel and drivers’ salaries that might otherwise be invested in
research and development, firm expansion, and other activities. The problem is of particular concern
to firms involved in logistics and distribution. As just-in-time delivery increases, firms need an



integrated transportation network that allow
for tge re(llable’ Ft).redl(t:rt]able. Shlpm?nt r(])f dl view of the reports produced by the Texas
goods. . Onges_lon’ en, 1s a_major uraie Transportation Institute on Urban Roadway
for businesses in the developing economy.|  congestion?

Q - What is the Federal Highway Administration

A. The Texas Transportation Institute has studied
congestion in a number of cities in the Nation

While congestion is conceptually easy to annually since 1982. This is the most significant

. . continuing study being done on congestion in the
understand, it has no widely accepted United States. In order to attain the substantial

definition. This is because the perception of achievements of this study, TTI has used a straight-

Measuring Traffic Congestion

what constitutes congestion varies from forward, simple procedure to define congestion and
place to place. What may be considered to estimate the costs of congestion to the public. The
congestion in a city of 300,000 may be TTI studies have provided usable measures of
greatly different than perceived traffic congestion in a large number of metropolitan areas

g . . . s in the Nation, combining measures of congestion
conditions in a city with 3 million people, delay, incident delay, and fuel consumption. FHWA

based on varying history an_d expectatlpns. commends TTI for its contribution to the knowledge
Because of this, transportation professionall  base of congestion and believes that the results are

examine congestion from several useful as measures of the trends of congestion and
perspectives. its costs in the metropolitan areas. Future research
may provide the means to further refine this type of

Three key aspects of congestion are its study.

severity, extent, and duration. Téeverity

of congestion refers to the magnitude of the problem, as measured by the average overall travel speec
travel time delay, or the length of queues behind bottlenecksextbet of congestion is defined by

the geographic area (the portion of the population or portion of total travel affectedjuratien of
congestion is the lenth of time that the traffic flow is congested, often referred to as the “peak period”
of traffic flow.

Daily vehicle-miles of travel (DVMT) per lane-mile is the most basic measure of how much travel is
being accommodated on our highway systems since it is a count-based metric. It is based on actual
counts of traffic, not on calculations which are in turn based on actual data. The traditional con-
gestion measure in this report has been volume service flow (V/SF), the ratio of the volume of traffic
using a road in the peak travel hour to the capacity or service flow of that road. V/SF is limited
because it only addresses peak-hour and disregards the duration of congestion. As travel volume
grows on a given highway section, after a certain point peak-hour congestion tends to stabilize even
as total hours of congestion continue to increase. Focusing only on the V/SF measure alone can lead
to erroneous conclusions about highway operating performance. This report adds a new indicator of
congestion, delay. Delay incorporates the effects of congestion throughout the day, not only during
the peak hour of travel.

DVMT per Lane-Mile

The volume of travel per lane-mile has increased over the past 10 years on every functional highway
system for which data are collected . For urban Interstate the rate of increase from 1987 to 1997 is
2.0 percent, and for rural Interstate the rate of increase is 3.4 percent. DVMT per Lane-Mile for each
system is shown in Exhibit 4-3. Whatever other measure is used to estimate congestion or its effects,
there is no doubt that the density of traffic is increasing, especially on the higher functional systems.
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DVMT per Lane-Mile, 1987-1997

16,000

14,000 Urban Interstate

12,000

Urban Other

Expressway & Freewa
10,000 P y y

8,000

6,000 Urban Other Principal Arterial

Rural Interstate

4,000

Urban Minor Arterial

Rural Other Principal Arterial
Urban Collector
Rural Minor Arterial

2,000

Rural Major Collector

0
1987 1997
Annual Rate
of Change
Jurisdiction 1987 1989 1991 1993 1995 1997 | 1987-1997
Rural
Interstate 3,530 3,880 4,120 | 4,310 4,640 | 4,952 3.40%
Other Principal Arterial 2,090 2,210 2,220 | 2,310 2,410 2,522 1.90%
Minor Arterial 1,300 1,390 1,440 | 1,390 1,470 1,556 1.80%
Major Collector 540 580 600 560 590 632 1.60%
Urban
Interstate 11,230 | 11,990 | 12,420 | 12,520 | 13,110 | 13,696 2.00%
Other Expressway & Freeway 9,240 9,910 | 10,140 9,770 | 10,300 | 10,620 1.40%
Other Principal Arterial 5,010 5,240 5,280 | 5,540 5,650 5,768 1.40%
Minor Arterial 3,220 3,420 3,460 | 3,490 3,560 3,567 1.00%
Collector 1,600 1,650 1,780 | 1,830 1,880 1,832 1.40%

Source: June 1999 HPMS.

V/SF Ratio

Volume/service flow (also known as the volume/capacity ratio) is a measure of the severity of
congestion. The V/SF is the ratio between the volume of traffic actually using a highway during the
peak hour and the theoretical capacity of the highway to accommodate traffic. The higher the ratio,
the more congested the facility.
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Congestion reported in this chapter is based on a threshold value of 0.80. This typically represents
Level of Service (LOS) D, as described in Exhibit 4-4. This volume of traffic is 80 percent of the
maximum that can be accommodated on a highway, but freedom to maneuver is noticeably limited
and incidents result in substantial delays. Higher V/SF ratios represent more severe congestion,
escalating into a breakdown in traffic flow at LOS F. Procedures for calculating the V/SF ratio are
described in the Transportation Research Bo&tdjaway Capacity ManugHCM). It should be

noted that this measure of congestion is still a subjective issue, even with engineering standards.

Exhibit 4-4

Description of Levels of Service

Level of
Service Description
LOS A generally describes free-flow operations. Average operating speeds at the free-
A flow level generally prevail. Vehicles are almost completely unimpeded in their ability

to maneuver within the traffic stream. The effects of incidents are easily absorbed.

LOS B also represents reasonably free flow, and speeds at the free-flow level are
generally maintained. The ability to maneuver within the traffic stream is only slightly
B restricted, and the general level of physical and psychological comfort provided to
drivers is still high. The effects of minor incidents are still easily absorbed, although
local deterioration in service may be more severe than for LOS A.

LOS C provides for flow with speeds still at or near the free-flow speed of the freeway.
Freedom to maneuver within the traffic stream is noticeably restricted at LOS C.

C Minor incidents may still be absorbed, but the local deterioration in service will be
substantial. The driver experiences a noticeable increase in tension.
LOS D is the level at which speeds begin to decline slightly with increasing flows.
b Freedom to maneuver within the traffic stream is more noticeably limited, and the

driver experiences reduced physical and psychological comfort levels. Even minor
incidents can be expected to create queuing.

LOS E describes operation at or near capacity. Operations are volatile, because
there are virtually no usable gaps in the traffic stream. Any disruption can cause the
following vehicles to give way, which can establish a disruption wave that propogates
E throughout the upstream traffic flow. The traffic stream has no ability to dissipate even
the most minor disruptions, and any incident can be expected to produce a serious
breakdown with extensive queuing. The level of physical and psychological comfort
afforded the driver is extremely poor.

LOS F describes breakdowns in vehicular flow. Such conditions generally exist with
gueues forming breakdown points. Such breakdowns occur because of traffic
incidents, recurring points of congestion, or peak-hour flow demand exceeding the
capacity of the location.

Source: Highway Capacity Manual, 1994.

Exhibit 4-5 describes the percentage of peak-hour urban traffic that operates at a V/SF threshold of
0.80 or higher. The severity of congestion was somewhat greater on urban Interstates in 1997 than in
1993, increasing from 52.6 to 53.3 percent of all peak-hour traffic operating under congested condi-
tions. For the same period peak-hour congestion was declining on other freeways and expressways
until 1997, when it increased to 45.7 percent. Meanwhile, congestion severity decreased on other
urban principal arterials between 1993 and 1997. Further years of estimating congestion may provide
a clearer picture of the long-term trends in congestion.
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Exhibit 4-5

Percent of Congested Travel on Urban Principal Arterial Highways, 1993-1997
Peak-hour travel with V/SF >= 0.80 based on 1994 Highway Capacity Manual

Urban Other
All Urban Principal| Urban Interstate Freeways and Urban Other
Year Arterial Highways Highways Expressways Principal Arterials
1993 42.4% 52.6% 48.3% 31.4%
1994 41.0% 51.5% 46.3% 29.9%
1995 40.9% 51.6% 44.7% 30.1%
1996 40.3% 54.0% 44.8% 26.6%
1997 40.2% 53.3% 45.7% 26.5%

Source: June 1999 HPMS.

Delay

TheFederal Highway Administration 1998 National Strategic Péstablished a target of reducing
delays on Federal-aid highways by 20 percent in 10 years, in terms of hours of delay per 1000 VMT.
The delay values used in this report are modeled rather than measured. Currently we have no
efficient way to measure delay directly. (See “Future Research,” on page 4-12.) Delay is calculated
as the difference between estimated actual travel speed and free-flow travel speed. Note that the
delay calculations are in terms of vehicle-hours of delay, so that one hour of delay affects the same
number of vehicles in one location as another. To the extent that vehicle occupancy differs from
place to place, the number of people affected by one vehicle hour of delay may differ.

Delay is a new measure relative to the other two measures used in this report. How well it tracks
perceived congestion remains to be seen. Several more years of use will be needed to determine the
validity of the procedures used to calculate the value and the credibility of the results.

Exhibit 4-6 shows trends in delay since 19%&r each of the four types of areas shown, delay in

1997 was greater than in 1993Delay increased from 8.27 to 9.35 hours between 1993 and 1995,
but declined to 8.97 hours in 1997. Most urban highways have experienced less delay since 1995.
Delay on Urban Interstates has fallen below 1993 levels. As shown in Exhibit 4-7, there is far more
delay on Urban Interstates in the areas with more than 200,000 population than in the smaller urban
areas or in rural areas.

The greatest delay occurs on urban other principal arterials, in urbanized areas with more than
200,000 residents. These are higher-level roads that are accommodating metropolitan growth. As
shown in Exhibit 4-8, delay on these routes was 50 percent greater than delay on the same functional
system in small urban areas under 50,000 population.

Despite the overall decline in delay observed since 1995, rural delay continues to increase. Every
rural functional system had higher average delay in 1997 than in 1995.

Congestion in Metropolitan Areas

The Texas Transportation Institute (TTI) annually estimates congestion costs for travelers in many
urbanized areas. The latest TTI study evaluates travel conditions and operations of arterial networks
in 68 urbanized areas from 1982 to 1997. The TTI estimates are not directly based on HCM
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Exhibit 4-6

Daily Delay, 1993-1997 (Hours per Thousand Vehicle Miles Traveled)

16

14
10 W ¢ Average Rural
8

B Average Small Urban
A Average Urbanized <200,000

® X Average Urbanized >200,000

4 X Average Rural and Urban

2 . —e- >~— * *

| \ \ |
1993 1994 1995 1996 1997
1993 1994 1995 1996 1997
Rural
Interstate 0.537 0.591 0.412 0.418 0.463
Other Principal Arterial 1.921 2.094 2.235 2.228 2.259
Minor Arterial 2.548 2.553 2.681 2.926 3.004
Major Collector 3.389 3.694 3.491 3.581 3.666
Average Rural 2.074 2.186 2.204 2.249 2.313
Small Urban
Interstate 0.613 0.588 0.473 0.471 0.496
Other Freeways & Expressways 2.579 2.585 2.705 3.129 2.751
Other Principal Arterial 9.548 9.891 11.023 11.025 10.717
Minor Arterial 11.708 11.733 12.654 13.517 12.827
Collector 13.159 12.404 13.419 13.319 12.721
Average Small Urban 10.268 10.160 11.020 11.316 10.772
Urbanized <200,000
Interstate 1.394 1.534 0.962 0.913 0.909
Other Freeways & Expressways 3.481 3.341 2.790 3.062 2.949
Other Principal Arterial 14.630 14.756 16.914 16.588 15.987
Minor Arterial 13.423 13.283 15.304 15.909 14.555
Collector 12.484 12.776 14.075 13.419 13.355
Average Urbanized <200,000 11.891 12.062 13.720 13.614 13.027
Urbanized >200,000

Interstate 3.175 3.051 2.213 2.413 2.533
Other Freeways & Expressways 4.277 4.408 3.929 3.963 3.833
Other Principal Arterial 15.963 16.047 17.648 16.387 16.091
Minor Arterial 14.449 14.338 16.734 15.755 15.576
Collector 12.702 12.621 14.628 14.657 14.210
Average Urbanized >200,000 11.593 11.694 12.938 12.329 12.176
Average Rural and Urban 8.268 8.517 9.348 9.223 8.973




procedures, but assume that a given Exhibit 4-7
traffic vo!ume per Iane, ,everyday . Daily Delay on Interstate Highways in 1997
(depending on the facility type) define$  (Hours per Thousand Vehicle Miles Traveled)

the threshold of congestion. TTI then 30

incorporates an estimate of the cost o ot 2.533
delay caused by incidents and an

allowance for increased fuel o 20

consumption. Unlike methodology in| 3 1 0,905

the HCM, TTI reports do not account 1.0 :

for changes in driver behavior over 0.5 0.463 0496

time. Continuing research supports 0 | | | | | | |
changes in the HCM procedures which Rural Small Urbanized  Urbanized
recognizes that drivers today are Urban <200,000  >200,000

willing to drive closer together with
less space between vehicles and at XD
higher speeds than was the case 15 Daily Delay on Other Principal Arterials in 1997
years ago. Thus, a highway facility (Hours per Thousand Vehicle Miles Traveled)

with the same traffic volume that it 20

accommodated 15 years ago will be s 15.987 16.091

reported as having less congestion . 10717

today than formerly, using the latest 5 10 '

HCM procedures. HCM procedures, T

however, do not account for delay 5 5 259

caused by incidents, which in many |—| | | |

cities may be a large portion of the 0 ) _

total delay to traffic. Rural Small Urbanized Urbanized
Urban <200,000  >200,000

According to TTI, the percentage of

travel in congested conditions (moderate to extreme) almost doubled, rising from 35 percent in 1982
to 64 percent in 1997. Looking at this from another perspective, about two-thirds of urban travel in
1982 was in uncongested conditions. This has dropped to about one-third of travel by 1997. These
statistics are described in Exhibit 4-9.

Exhibit 4-9

Growth of Congested Travel, 1982-1997

1982 1990 1997
E = 6% E =16% E =18%
S =8%
= Q0
H=9% S =14%
S =18%
M = 12%

H=12%

iy M =14% H =14%
= (]

E = Extreme S=Severe H=Heavy M = Moderate U = Uncongested
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The heart of the TTI mobility report is a travel rate index (TRI). Urban mobility levels are estimated
using a ratio of travel time during the peak period to that experienced during free-flow travel. The
estimates are developed from travel information on freeways and arterial highways. The travel time
ratios on each system are combined into a single value using the amount of travel on each portion of
the system. This variable weighting factor allows comparisons between cities like Phoenix, AZ,
where principal arterials carry about 50 percent more traffic than freeways, and Portland, OR, where
the ratio is reversed.

The estimated peak-period travel rate—in
minutes per mile—is divided by the travel rate Q. How many metropolitan areas have experi-
at the speed limit to identify the time penalty enced increased congestion since 19967

due to congestion. A travel rate index of 1.3 | A. According to the Texas Transportation
indicates a 30 percent time penalty during the | Institute, 46 of 68 urban areas studied showed
peak—a 20-minute trip becomes a 26-minute d_ecreased mobility petween 1996 _a_nd 1997.
trip. The average travel rate index for the 69 =Ngri EnE Snerne mfErevEe el

urban areas studied by TTl is 1.29. Of the 68
areas, 34 have TRI values in excess of 1.2 and 8
more are within 0.03 of exceeding this level.

TTI has estimated the cost of congestion from 1982 to 1997, normalizing the values to the same
number of metropolitan areas and to 1997 dollars. This cost, by their estimation, has risen from
$21 billion to $72 billion for this 16-year period. This trend is shown is Exhibit 4-10.

Exhibit 4-10

Cost of Congestion 1982-1997 in Constant 1997 Dollars
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$10

1982 1985 1988 1991 1994 1997

Source: Texas Transportation Institute, 1999 Annual Mobility Report.

4-11



Reducing Congestion

The U.S. Department of Transportation is committed to improving the highway system’s operational
performance. However, solving the congestion problem requires more than adding capacity. The
U.S. Department of Transportation is involved with its State and local partners on a variety of
techniques to reduce congestion. These include:

Adding capacity through new and expanded highways;
Reducing the number of vehicles by promoting transit;
Increasing the number of passengers in each vehicle through incentive programs;

Changing when vehicles use the highway, which reduces the load on the highway system at
peak-travel time;

Using the Intelligent Transportation System (ITS) to more efficiently direct traffic; and

Providing better land use patterns by more efficiently locating employment centers, shopping,
and residential neighborhoods.

Future Research

Measurement of congestion is still a difficult problem. Substantial research has supported the use of
delay as the definitive measure of congestion, and delay is certainly important. It exacts a substantial
cost from the traveler and consequently from the consumer. However, it does not tell the complete
story. Moreover, we currently have no direct measure of delay that is inexpensive and reliable to
collect. Reliability is another important characteristic of any transportation system, one that industry
in particular requires for efficient production. If a given trip requires one hour on day one and one
and a half hours on day two, an industry that is increasingly relying on “just in time” delivery suffers.
It cannot plan effectively for variable trip times. Additional research is needed to determine what
measures should be used to describe congestion and what data will be required to supply these
measures.
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Transit Operational Performance

Transit system performance can be measured in a variety of ways. One approach is to use operating
data from the National Transit Database (NTD). Two nationwide performance measures that can be
calculated from the NTD are average operating speeds and vehicle utilization rates, which are used as
inputs to the Performance Enhancement Module of the Transit Economic Requirements Model
(TERM). Where operating speeds are especially low or vehicle utilization rates are especially high,
TERM calls for new investment in those areas to improve nationwide performance. The TERM is
discussed in greater detail in Appendix I.

Another approach is to use passenger survey data describing the characteristics of a particular trip.
The data source for this approach is the 1995 Nationwide Passenger Transportation Survey (NPTS).
Survey observations are for individual transit trips, and include data on travel times, waiting times,

and seating conditions upon boarding. These performance measures can be calculated for transit trips
by public policy function (See Chapter 2).

Operating Speeds
. Q . Why did average rail speeds fall between
Average speeds for transit systems are 1995 and 19977

presented for both rail and non-rail modes in
Exhibit 4-11. Vehicle speeds are calculated by A Much of the decrease in weighted-average
dividing vehicle revenue miles by vehicle speeds during that period can be attributed to the
revenue hours, yielding a measure of miles pef  Substantial rise in passenger miles in the New

York City subway system, which has a lower
hour. These are calculated for each opera}tor ahd operating speed (18.3 mph) than the average for
mode. The average speeds are then obtained by aj| rail systems (which include commuter rail).
weighting operator-mode speeds by passenge
miles. This weighting allows for a better
measure of the speed at which the average trapSINEEEIN
passenger in the U.S. travels. Passenger-Mile Weighted Average Speed by
Transit Mode, 1987-1997

The average speed for transit passengers was , ,
20.3 miles per hour (mph) in 1997. This Toa7 ;Sai Nolnéza" Tlgtzl
represents an increase of 1.0 mph since 1987, 1988 24'4 13'8 19'1
but it is down slightly since 1995. Rail speeds, 1089 24'3 13'5 19'1
which are substantially higher than non-rail 1990 24.8 13.4 10.
speeds, were also higher in 1997 (at 26.1 mph 1991 276 134 204
than they were a decade prior, but have 1992 270 13.5 20.3
decreased slightly since 1995. Non-rail speeds 1993 26.3 13.7 19.9
showed a slight increase to 13.8 mph since 1994 26.7 13.8 204
1987, but have remained virtually unchanged for 1995 26.6 13.7 20.4
the last nine years. 1996 26.0 13.8 20.4
1997 26.1 13.8 20.3
Vehicle Utilization

. . . . Source: National Transit Database.
Vehicle utilization is measured as annual

passenger miles of travel per capacity-equivalent
vehicle operated in maximum service. It incorporates both vehicle operating intensity (the number of
miles a vehicle is driven per year) and passenger usage intensity (the number of passengers per
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vehicle). Exhibit 4-12 shows vehicle utilization for the five highest-PMT modes for 1987 through
1997. Rail modes (heavy rail, light rail, and commuter rail) show much higher utilization rates than
do the non-rail modes (bus and demand response), with annual utilization rates over 600,000
passenger miles per vehicle for each of the rail modes.

The trend shows that bus utilization was lower in 1997 than in the late 1980s, but rose slightly in the
last two years. Heavy rail utilization fell in the early 1990s, but has now recovered and surpassed the
level of 1987. Commuter rail and demand response modes have seen their utilization rates increase
over the last decade. Light rail has shown by far the largest increase in vehicle utilization, up

6.8 percent annually since 1987.

Exhibit 4-12

Vehicle Utilization
Annual Percentage Miles Per Capacity-Equivalent Vehicle by Mode (Thousands)
Bus Heavy Rail | Commuter Rail| Light Rail | Demand Response
1987 415.8 689.7 741.9 330.9 156.6
1988 432.2 657.7 766.1 415.9 162.1
1989 421.9 689.7 796.8 474.8 164.4
1990 421.5 654.6 773.3 427.8 163.9
1991 421.4 616.1 841.4 408.1 162.4
1992 398.9 625.0 842.6 438.6 170.9
1993 394.3 595.1 745.6 455.4 172.7
1994 393.3 613.7 835.7 540.3 146.9
1995 390.7 630.6 849.1 575.7 154.8
1996 3924 675.4 863.6 607.5 152.6
1997 400.6 696.3 814.7 637.6 170.1
Annual Rate of
Change 1987-97 -0.4% 0.1% 0.9% 6.8% 0.8%

Source: National Transit Database.

Waiting Times and Reliability

Two important measures of transit performance to the user are the length of time that the user must
wait at a transit stop for a transit vehicle to arrive, and the reliability of those waiting times. Studies of
travel behavior have found that transit passengers find waiting time to be even more onerous than in-
vehicle travel time. Thus, an important measure of transit service is the amount of time that
passengers must spend waiting to continue on their journey. Reliability, as measured by the variation
in waiting times, is also an important measure of performance. As expected waiting times become
more uncertain, transit passengers

are less able to rely on transit to
dell_ver them o t.helr _destlnatlons G Waiting Times and Reliability
their desired arrival time.

—

Average Waiting Variation in
Exhibit 4-13 shows the difference _ Time (minutes) | Waiting Time*
in wait times and reliability across|  Basic Mobility 121 136
the three niches. The basic mobility -ocation Efficiency 8.9 8.8
Congestion Relief 7.3 9.3

group is more “dependent” on
transit and has a higher tolerance *standard deviation in waiting time.
for delay (12.1 minutes) and

Source: FTA analysis of 1995 NPTS Database.
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unreliability (13.6 minutes) than the other two groups. People with an automobile alternative, using
transit to avoid traffic congestion, have average wait times of 7.3 minutes, with 9.3 minutes in varia-
tion. Similarly,above-povertyouseholds without cars experience wait times that are slightly longer
than those experienced by households with cars. They also experience a similar degree of reliability.
These observations are consistent with the professional literature, which indicates that higher-income
individuals generally place a greater value on their time, as their opportunity cost of not being at work
is higher. Thus, passengers who use transit for its location benefits or to avoid traffic congestion are
more likely than others to use it only if the system is reliable and minimizes schedule delay.

Seating Conditions

Exhibit 4-14 shows the degree of crowding in transit
vehicles, according to the function transit is

performing, as measured by the proportion of

Seating Conditions

passengers who are unable to find a seat upon Seat Unavailable
boarding. Transit vehicles are crowded (i.e., transit Upon Boarding
seating capacity is periodically insufficient) in all threqg ~ Basic Mobility 29.7%
market niches for more than ¥ of riders. Basic Location Efficiency 26.3%
mobility passengers experience slightly more crowdirlg ©ongestion Relief 25.0%

than others, while passengers who look to transit as @g),.ce: 1995 NPTS Database.

alternative to their cars experience the least. This

relative “equality” of crowding reflects transit’'s

perennial need to serve each of its three constituencies in a balanced way with the limited resources it
has available, in this case by allocating capacity such that similar proportions of passengers in each
niche are forced to stand at the beginning of their trip.
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Introduction

This chapter describes safety statistics for the Nation’s highway and transit systems. It begins by
summarizing safety characteristics, including the national fatality and injury rates; fatalities by
functional class; and fatalities from single vehicle run-oft-the-road crashes, pedestrian crashes,
speed-related crashes, and large truck crashes. The high incidence of fatal crashes among young and
older Americans is noted. The highway portion of this chapter concludes with a discussion of some
of the contributing factors that have made the Nation’s highways safer. The transit portion discusses
the general safety trends by transit mode: Bus, Heavy Rail, Commuter Rail, Light Rail, and Demand
Response.

5-1



Summary

This section summarizes the trends in both highway and transit related fatality and injury information.
In Exhibit 5-1 highway data are represented in “vehicle-miles-traveled” (VMT) and transit data are
represented in “passenger-miles-traveled” (PMT).

Highway fatalities rose slightly from 1995 to 1997, from 41,817 to 42,013. Despite this increase, both
the number of fatalities and the fatality rate have sharply declined since 1966. In 1966 the fatality rate
was 25.9 per 100,000 people. By 1997, that rate had declined to 15.7 per 100,000 people. This
plummeting fatality rate occurred even as the number of licensed drivers grew by nearly 80 percent.
Similarly, the number of injuries and injury rate have diminished, although not as dramatically as
fatalities.

A number of factors have contributed to these improvements in highway safety, including increased
safety belt use, reduced alcohol-impaired driving, and infrastructure-related safety improvements (e.g.
roadway and roadside improvements and improvements at highway-rail grade crossings) at locations
with known or potential crash problems. Surveys showed that 69 percent of vehicle occupants used
seat belts by 1997. An aggressive education and law enforcement campaign had reduced the per-
centage of fatalities attributable to alcohol to 39 percent by 1997. Among the infrastructure-related
improvements which have helped contribute to improved highway safety include the installation and
upgrading of traffic signs and pavement markings, traffic signals, guardrails, median barriers, impact
attenuators, and roadway lighting; improvements to pavement skid resistance; and the installation of
lights, gates and other warning devices at highway-rail grade crossings. While safety advocates can
take comfort in an improved driving environment, there are several disturbing trends on the Nation’s
highways, including the increasing numbers of young and older Americans involved in fatalities.

Transit related fatalities remained nearly the same with 274 in 1995 and 275 in 1997. Among the
transit modes, Commuter Rail Service has one of the highest fatality rates, reflecting the higher speeds
at which these vehicles operate. Discussion on the general transit-related safety trends are addressed
in the Transit Safety section.

Exhibit 5-1

Comparison of Safety Statistics
with Those in the 1997 C&P Report 1995 Data
Highway Safety 1997 Report Revised 1997 Data
Fatalities N/A 41,817 42,013
Fatality Rate per 100,000 People N/A 15.91 15.69
Fatality Rate per 100 million VMT N/A 1.7 1.6
Injuries N/A 3,465,000 3,348,000
Injury Rate per 100,000 People N/A 1,319 1,250
Injury Rate per 100 million VMT N/A 143 131
Percent of Fatalities on Rural Highways 58% N/A 57%
Percent of Fatalities on Urban Highways 41% N/A 43%
Percent of Fatalities Attributed to Alcohol N/A 41.2 38.6
Transit Safety
Transit-Related Fatalities N/A 274 275
Fatality rate per 100 million PMT (by mode)
Bus N/A 0.50 0.65
Heaw Rail N/A 0.75 0.64
Commuter Rail N/A 1.21 1.13
Light Rail N/A 1.75 0.29
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Highway Safety

The U.S. Department of Transportation has long made safety one of its highest priorities. Over

90 percent of all transportation-related deaths and injuries are highway-related, and the economic cost
of highway-related crashes exceeds $150 billion annually. The Department has aggressively worked
with other Federal agencies, business leaders, and its state and local partners to reduce highway
fatalities and injuries. Through such measures as education programs, aggressive law enforcement,
and the implementation of infrastructure-related safety improvements, fatalities on the Nation’s
highway system have been sharply reduced. This is one of the most important transportation “success
stories” of the 1990s.

Exhibit 5-2 describes the considerable improvement in highway safety since Federal legislation first
addressed this issue in 1966. That year, the fatality rate was 25.9 per 100,000 people. By 1997, the
fatality rate was 15.7 per 100,000 peopleis plummeting fatality rate occurred even as the

number of licensed drivers grew by nearly 80 percentSome of the contributing factors for this
reduced rate will be discussed later in this chapter.

While the fatality rate has sharply dropped, the number of traffic deaths also decreased between 1966
and 1997—despite the increase in motor vehicle traffic on the nation’s highways. As Exhibits 5-3
and 5-4 describe, the reduction in the number of fatalities has not been as consistent as the fatality
rate. In 1972 and 1973, the number exceeded 54,000. In 1974, following the implementation of a
national maximum speed limit, the number of fatalities declined by 16 percent to 45,196. Fatalities
began to increase in 1976 and exceeded 51,000 in both 1979 and 1980 before declining significantly
in the early 1980s. The number of fatalities generally increased from 1984-1988. Between 1989 and
1992, the number of fatalities declined each year, achieving a 30-year low of 39,250 in 1992. How-
ever, the number of fatalities increased steadily from 1993 through 1996 before declining slightly in
1997. The Federal Highway Administration’s Strategic Plan targets a 20 percent reduction in
highway-related fatalities and injuries by 2008. Appendix F describes the motor carrier safety plan in
greater detail. In addition to the agency’s safety goal, the Department of Transportation has
specifically identified a 50 percent reduction in the number of truck fatalities over the next ten years.
FHWA has identified four focus areas: single vehicle run-off-the-road crashes; pedestrian crashes;
speed-related crashes; and large truck crashes. Many States have identified similar priorities.

Single vehicle run-off-the-road crashes account for 36 percent of all highway-related fatalities. This
represents about 15,000 fatalities each year. To reduce these crashes, FHWA is promoting devices to
keep vehicles on the road (rumble strips to alert fatigued and distracted drivers, pavement markings,
signs and delineation) and devices to reduce crash severity if the vehicle does leave the roadway
(guardrails, breakaway devices, and crash cushions). These crashes occur on all types of roadways.
[See Exhibit 5-5].

Pedestrian crashes represent 13 percent of all highway-related fatalities. About 5,300 pedestrians are
killed and approximately 77,000 pedestrians are injured each year. The number of pedestrian fatalities
exceeds the combined total of fatalities related to air, sea, and train crashes each year. Crashes can b
reduced by implementing available countermeasures, such as far side bus stops and pedestrian
barriers. These accidents can also be reduced by better accommodating pedestrians through
sidewalks, clearly-marked crosswalks, and grade separd&aesExhibit 5-6].
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Summary of Fatality and Injury Rates, 1966-1997
Fatality
Fatality Rate per
Resident Rate per 100 Injury Rate Injury Rate
Population 100,000 | Licensed Drivers| Million per 100,000 | per100 Million
Year | Eatalities (Thousands) | Population| (Thousands) VMT Injured Population VMT
1966 50,894 196,560 25.89 100,998 5.5
1967 50,724 198,712 25.53 103,172 5.3
1968 52,725 200,706 26.27 105,410 5.2
1969 53,543 202,677 26.42 108,306 5.0
1970 52,627 205,052 25.67 111,543 4.7
1971 52,542 207,661 25.30 114,426 4.5
1972 54,589 209,896 26.01 118,414 4.3
1973 54,052 211,909 25.51 121,546 4.1
1974 45,196 213,854 21.13 125,427 3.5
1975 44,525 215,973 20.62 129,791 3.4
1976 45,523 218,035 20.88 134,036 3.2
1977 47,878 220,239 21.74 138,121 3.3
1978 50,331 222,585 22.61 140,844 3.3
1979 51,093 225,055 22.70 143,284 3.3
1980 51,091 227,225 22.48 145,295 3.3
1981 49,301 229,466 21.49 147,075 3.2
1982 43,945 231,664 18.97 150,234 2.8
1983 42,589 233,792 18.22 154,389 2.6
1984 44,257 235,825 18.77 155,424 2.6
1985 43,825 237,924 18.42 156,868 2.5
1986 46,087 240,133 19.19 159,486 2.5
1987 46,390 242,289 19.15 161,816 2.4
1988 47,087 244,499 19.26 162,854 2.3 3,416,000 1,397 169
1989 45,582 246,819 18.47 165,554 2.2 3,284,000 1,330 157
1990 44,599 249,439 17.88 167,015 2.1 3,231,000 1,295 151
1991 41,508 252,127 16.46 168,995 1.9 3,097,000 1,228 143
1992 39,250 254,995 15.39 173,125 1.7 3,070,000 1,204 137
1993 40,150 257,746 15.58 173,149 1.7 3,149,000 1,222 137
1994 40,716 260,289 15.64 175,403 1.7 3,266,000 1,255 139
1995 41,817 262,765 15.91 176,628 1.7 3,465,000 1,319 143
1996 42,065 265,190 15.86 179,539 1.7 3,483,000 1,314 140
1997 42,013 267,744 15.69 182,709 1.6 3,348,000 1,250 131

Source: National Highway Traffic Safety Administration, Fatality Analysis Report System, 1997.

Pedestrian fatalities have been decreasing since 1984; however, this may just mean that more people
are driving because they consider walking inconvenient or dangerous. TEA-21 has increased funding
for pedestrian and bicycle safety, and it requires that bicyclists and pedestrians be given due con-
sideration in the long-range transportation plans for states and metropolitan planning organizations.

Speeding is a contributing factor in a third of all fatal crashes. This represents about 13,000 fatalities
and 742,000 injuries annually. The 1995 National Highway System Designation Act ended Federal
involvement in setting maximum speed limits for States; however, FHWA provides research and
guidance to its State and local partners. For example, FHWA has supported the development of new
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Exhibit 5-3

Fatalities, 1977-1997
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Source: National Highway Traffic Safety Administration, Fatality Analysis Report System, 1997.

Exhibit 5-4

Fatality Rate, 1977-1997
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Exhibit 5-5
Single Vehicle Run-Off-The-Road Fatalities, 1977-1997
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Exhibit 5-6

Pedestrian Fatalities, 1977-1997
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Source: National Highway Traffic Safety Administration, Fatality Analysis Report System, 1997.

speed management techniques. The concept of variable speed limits—moving away from a posted
speed limit with its “one size fits all” approach—is a promising concept for the future. lowa,

Colorado, and Washington all have VSL tests that adjust speed to weather conditions. Additionally,
FHWA is also examining the use of advanced technologies to combat speeders, red light runners, and
other aggressive drivers.

Large truck crashes resulted in about 5,350 fatalities and 133,000 injuries in 1997. This represents a
20 percent increase since 1992, which might be explained by a growth in motor carrier traffic. The
deployment of Intelligent Transportation System (ITS) technologies represents one possible solution
to this problem. ITS will also probably first be tested on trucks before being made available for use
on passenger cars. There are two reasons for this

First, many trucking fleets are committed to Q What has contributed to the decline in
safety and believe that safety is good business the fatality rate for truck drivers?
Second, the cost of installing ITS technology o
trucks is proportionally much smaller than it

A. This decline is not a result of any single
factor, but may be a result of a combination of

would be for cars. Though the number of factors including an increase in seat belt usage,
crashes has risen, the fatality rate per drivers § a shifting of truck travel from other arterials to the
occupants of large trucks has dropped Interstate, a decrease in alcohol-related truck
significantly, from 3.7 fatalities per 100 million | crashes, and an increase in an overall truck
VMT in 1988 to 2.6 fatalities per 100 million U

VMT in 1997.

When driver fatality rates are calculated on the basis of estimated annual travel, the highest rates are
found among the youngest and oldest driving drivers. Compared with the fatality rate for drivers aged
25 through 69 years old, the rate for teenagers is about 4 times as high and the rate for the oldest
group (70 years and older) is almost 9 times as high. State officials are trying to reduce the teenage
crash rates through changes in driver licensing. Currently, 20 States have enacted legislation in this
area and another 9 have partial graduated licensing systems. Additionally, States are trying to combat
drunken driving, a major cause of teenage death on the highways.

On the other side of the age spectrum, the solutions for older driver safety are not as obvious.
Americans older than 85 years have the highest fatality rate—approximately 7.9 persons killed per
100 million vehicle miles traveled. Men aged 85 and older have a rate of 9.9, while the rate for
women in this demographic group is 5.5. Older drivers have a relatively low crash rate, but their
fatality rate is twice that of teenagers. As the “baby boom” generation ages, older driver safety will
become an even greater concern.

5-6



Safety Belt Use

The public’s acceptance of safety belts and ch . _ _
safety seats represents one of the great succe Q Have air bags been a factor in reducing
stories of government policy in past two fatalities and saving lives?
decades. This resulted from a two-pronged A. Yes. Seat belt usage in conjunction with
effort of education and enforcement. Prompted  vehicular air bag systems provide additional
by an intense public service campaign, survey protection in potentially fa}tal cras_hes. In general,
showed that 69 percent of vehicle occupants air bags can red_uce the risk of driver fatality by
used seat belts by 1997. Additionally, 49 State 31 percent for direct frontal crashes.and 11 per-
had mandatory safety belt laws by 1997, and 1 cent for all ypes of crashes. According to the
J National Highway Traffic Safety Administration, it
States and the District of Columbia had primar| s estimated that air bags have saved 2,263 lives
enforcement laws that allow police to stop a cd from 1987 through 1997, including 842 lives in
when they observe a safety belt violation. Safe] 1997 alone.
belt use is 79 percent in those jurisdictions wit
primary enforcement, compared to 62 percent in the 36 States that only allow police to issue citations
if a vehicle is stopped for another offense.

The 1995 National Personal Transportation Survey provides information about the frequency of
safety belt use. Exhibit 5-7 shows that overall 73 percent of respondents said that they “always” wear
a seat belt, but that those less likely to wear one are men, teenagers, and respondents with a high
school education or lower.

Exhibit 5-7

Frequency of Safety Belt Use by Selected Variables, 1995
How Often Do You Wear a Seat Belt? (%)
Most of the
Always Time Sometimes Never
Overall 73.3 14.8 7.9 3.9
By Gender
Men 68.1 16.8 9.9 5.1
Women 78.1 12.9 6.1 2.9
By Age Group

5-15 75.8 15.8 6.7 1.7
16-19 68.2 17.1 10.0 4.8
20-29 70.1 15.7 9.5 4.7
30-49 73.2 14.2 8.4 4.2
50-64 73.4 14.5 7.4 4.7
65-74 74.9 14.0 6.9 4.2
75+ 77.0 12.1 5.4 5.3
Education Level of Respondent
Some high school or

high school grad 68.0 16.2 10.0 5.7
Some college or

college grad 76.1 135 7.0 3.3
Graduate school 824 14.8 7.9 3.9

Source: National Personal Transportation Survey, 1995.
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Alcohol Involvement in Crashes

Alcohol-impaired driving is a serious public safety problem in the United States. The National
Highway Traffic Safety Administration estimates that alcohol was involved in 39 percent of fatal
crashes and in 7 percent of all crashes in 1997. There are three main groups involved in alcohol-
impaired driving:

m The largest grou®1 to 34-year-old young adultsis responsible for approximately
50 percent of all crashes. Recent studies also indicate these drivers tend to have much higher
levels of intoxication than other age groups.

m  While chronic drunk drivers represent only 1 percent of all drivers on weekend nights, they
represent nearly 50 percent of fatal crashes at that time.

m Underage drinkersare disproportionately overrepresented in impaired driving statistics. Not
only are they inexperienced new drivers, but they are inexperienced drinkers.

In addition to the problems caused by alcohol-impaired drivers, alcohol is also a significant factor in
pedestrian-related fatalities. In nearly 30 percent of pedestrian fatalities, the victims were alcohol-
impaired.

Since the 1980s, officials at every level of government have worked with the private sector to
aggressively reduce alcohol-impaired driving. Like the safety belt campaign, this effort has used a
combination of education and law enforcement to curtail the problem. Additionally, all States and the
District of Columbia now have 21-year-old minimum drinking age laws. NHTSA estimates that these
laws have reduced traffic fatalities involving drivers 18 to 20 years old by 13 percent, and that these
statutes have saved over 17,000 lives since 1975.

While the campaign against

impaired driving continues, Fatalities Attributed to Alcohol, 1982-1997
evidence suggests that this has 70
profoundly reduced fatalities in 60

the United States. The number o 50
40 v\—*—L

alcohol-impaired fatalities has
plummeted in the United States,

Percent of Total Fatalities

from 25,165 in 1982 to 16,189 in 30
1997. The proportion of fatalities 20
attributable to alcohol dropped 10

from about 57 percent in 1982 to ol b L L
39 percent in 1997. Exhibit 5-8 O 082 1084 1986 1988 1990 1902 1994 1996
describes this trend.

Source: National Highway Traffic Safety Administration, Fatality Analysis Report
System, 1997.

Conclusion

Safety has long been a high priority for the Department of Transportation. The fatality rate has
declined over the past 30 years even though the number of drivers and the miles driven has increased
substantially over the same period. The FHWA Strategic Plan targets a 20 percent further reduction in
highway-related fatalities and injuries by the year 2008. Many factors contribute to highway crashes
and injuries, such as driver behavior, driving while intoxicated, vehicle condition, roadway

geometrics and clearances, and weather conditions. Vehicle safety features such as seat belts and air
bags and the proper use of child safety seats help to reduce the severity of injuries. With emphasis on
all of these factors, serious injuries and fatalities can be further reduced.
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Transit Safety

National data on public transit safety are reported in the National Transit Database. This data includes
the total number of incidents, fatalities, and injuries reported by transit operators. The figures here are
for directly operated service only; reporting of safety data for purchased transportation services has
only recently begun. Comparable data on transit safety are available since the 1990 reporting year.

Reportable transit safety incidents include all incidents involving injuries, deaths, fire, or property
damage over $1,000. Property damage includes both damage to transit vehicles and facilities and
other vehicles that may be involved. Injuries and fatalities include those suffelbethbyders and
non-riders Injuries and fatalities to riders may be sustained while boarding, alighting, or waiting for
transit vehicles, as well as traveling inside transit vehicles. Non-rider injuries and fatalities include
those sustained by pedestrians, trespassers, bicyclists, and the occupants of other motorized vehicles
involved in a collision with a transit vehicle.

Exhibit 5-9 shows annual transit incidents, injuries, and fatalities for the period 1990 to 1997,
expressed both as annual totals and as rates per 100 million passenger miles. The data show that
safety incidents involving transit have declined considerably since 1990, falling from 251 per

100 million PMT to 165. Injuries sustained in transit incidents, however, have remained relatively
stable over the same time period, at roughly 150 per 100 million PMT. Fatality rates have also
declined considerably over the 7-year period, from .89 per 100 million PMT to .73.

Exhibit 5-9

Annual Transit-Related Incidents, Injuries, and Fatalities, 1990-1997
Directly Operated Service
Incidents Injuries Fatalities
Per 100 Per 100 Per 100

Year Total  million PMT|  Total million PMT Total million PMT
1990 91773 251 53844 148 325 0.89
1991 87346 245 51625 145 296 0.83
1992 73795 210 54518 155 277 0.79
1993 66233 192 53057 154 270 0.78
1994 71429 200 58794 164 318 0.89
1995 62938 176 57589 161 274 0.77
1996 59709 165 55643 154 265 0.73
1997 62009 165 56535 151 275 0.73

Source: National Transit Database.

Exhibit 5-10 shows incident, injury, and fatality rates for the five largest transit modes. Incident and
injury rates have consistently been highest for demand response services. Commuter rail service has
the lowest injury and incident rates, but has one of the highest fatality rates, reflecting the higher
speeds at which these vehicles operate. Buses, on the other hand, have consistently had above-
average injury and incident rates coupled with below-average fatality rates. Fatality rates for light rail
have shown considerable year-to-year variation over the period, while heavy rail fatality rates have
been consistently decreasing.
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Exhibit 5-10

Transit Incidents, Injuries, and Fatalities
Annual Rates Per 100 Million Passenger Miles by Mode, 1990-1997
Directly Operated Service

Incidents 1990 1991 1992 1993 1994 1995 1996 1997

Bus 409 378 314 277 296 264 252 242
Heavy Rail 114 142 144 147 150 136 119 126
Commuter Rail 51 47 47 33 42 38 34 44
Light Rall 282 257 217 168 170 148 141 115
Demand Response 1790 1435 946 766 801 785 964 627
Injuries 1990 1991 1992 1993 1994 1995 1996 1997

Bus 224 218 237 233 257 254 248 234
Heavy Rail 89 89 97 103 109 106 96 102
Commuter Rail 34 33 37 24 32 31 27 34
Light Rall 221 189 181 139 142 152 168 106
Demand Response 709 611 581 511 549 627 662 482
Fatalities 1990 1991 1992 1993 1994 1995 1996 1997

Bus 0.63 0.50 0.59 0.51 0.65 0.50 0.63 0.65
Heavy Rail 0.98 0.95 0.85 0.81 0.80 0.75 0.64 0.64
Commuter Rail 1.44 1.34 1.17 1.35 1.52 1.21 1.01 1.13
Light Rall 0.88 1.97 1.00 2.13 1.56 1.75 0.63 0.29
Demand Response 0.00 2.95 0.00 1.57 1.52 4.04 8.26 3.00

Source: National Transit Database.
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CHAPTER 7

Future Capital Investment
Requirements

Introduction

This chapter provides general investment benchmarks as a basis for the development and evaluation
of transportation policy and program options. The 20-year investment requirement estimates reflect
the total capital investment required from all sources to achieve certain levels of performance. This
chapter does not directly address which revenue sources might be used to finance the investment
required by each scenario. It also does not identify how much might be contributed by each level of
government.

The Maximum Economic Investment scenario for highways, the Eliminate Deficiencies scenario
for bridges, and the Cost to Improve scenario for transit are intended to define the upper limit of
appropriate national investment based on engineering and economic criteria. The lower highway,
bridge, and transit scenarios are designed to show the level of performance that might be attained at
different funding levels. The benchmarks included in this chapter are intended to be illustrative, and
do not represent comprehensive alternative transportation policies.

The investment requirement projections in this report are developed using models which evaluate
current system condition and operational performance, and make 20-year projections based on
certain assumptions about the life spans of system elements, and future travel growth. The accuracy
of these projections depends in large part on the underlying assumptions used in the analysis.
For example, the highway travel growth forecasts included in previous versions of this report have
traditionally been understated. If the highway VMT projections included in this chapter turn out to be
too low, then the investment requirements may be understated. Chapter 10 explores the impacts that
varying travel growth and some other key assumptions would have on the investment requirements.

The chapter begins with a summary comparing key highway, bridge and transit statistics with the
values shown in the last report. The investment requirements for 1996-2015 for bridges and transit
used in the last C&P report were based on 1995 data (and stated in constant 1995 dollars). In the
second column of this table, these values have been indexed up to constant 1997 dollars, to make
them more directly comparable to the new investment requirement projections for 1998-2017, which
are based on 1997 data and shown in the third column. The highway investment requirements for
1996-2015 have been revised much more significantly, to incorporate new analytical procedures
introduced in this report, and to correct some errors that were inadvertently introduced into the
highway database during the preparation of the last report.



The next section contains a general discussion of the economics-based approach to analyzing
transportation investments. The procedures for developing the investment requirements have evolved
over time, to incorporate new research, new data sources, and improved estimation techniques. This
transition to economic analysis is consistent with continued emphasis within transportation agencies
toward asset management, value engineering, and greater cost-effectiveness in decision making.

Highway Investment Requirements

The highway section of this chapter begins with a discussion of the Highway Economic Requirements
System (HERS), and describes how the model is used to develop future highway investment
scenarios. While HERS was primarily designed to analyze highway segments, and the HERS outputs
are described as “highway” investment requirements in this report, the model also factors in the costs
of expanding bridges and other structures when deciding whether to add lanes to a highway segment.
All highway and bridge investment requirements related to capacity are modeled in HERS; the
separate bridge models consider only investment requirements related to bridge preservation and
bridge replacement.

The highway investment requirements section of the report has changed significantly from prior
years. Since the release of the “1997 Status of the Nation’s Surface Transportation System—
Condition and Performance” report to Congress (C&P report), the FHWA has conducted a series of
outreach meetings with members of the academic community and other transportation professionals
on the report and the HERS model. As a result of this process, the FHWA has reevaluated several of
the procedures used in the development of previous reports. For example, in earlier reports the
analytical model outputs were adjusted using external procedures in an attempt to estimate
investment requirements for some types of capital improvements that were not modeled. Some other
types of capital improvements, such as system enhancements, were not included in the investment
requirements at all. In this version of the report, the external adjustment process has been simplified,
and expanded to include all types of highway capital outlay. Therefore, the investment requirements
shown reflect the realistic size of the total highway capital investment program that would be required
in order to meet the performance goals specified in the scenarios. The scenarios now attempt to
include all elements of system preservation, system expansion, and system enhancement.

The TEA-21 required that this report include information on the investment requirement backlog; it
also required that this report provide greater comparability with previous versions of the C&P report.
To meet these requirements, HERS has been modified to calculate backlog figures, a new scenario
has been added to roughly correspond to th€okt to Maintain scenario in the 1995 C&P report,

and the Highway Performance Monitoring System (HPMS) data used to develop the 1995 and 1997
C&P reports have been rerun through the current version of HERS.

This report defines the highway investment backlog as all highway improvements that could be
economically justified to be implemented immediately, based on the current condition and operational
performance of the highway system. An improvement is considered economically justified when it
corrects an existing deficiency, and its benefit/cost ratio (BCR) is greater than or equal to 1.0; i.e., the
benefits of making the improvement are greater than or equal to the cost of the improvement.

Two main highway investment requirement scenarios are developed fully in this report, the

Maximum Economic Investmentscenario and thiglaintain Conditions scenario. To facilitate
comparisons between reports, Maintain User Costsscenario introduced in the 1997 C&P report
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has been retained, but it is described as a “benchmark” in this report, and is not developed in as much
detail as the two major scenarios. The investment requitdditttain Travel Time Costs is also

identified as a separate benchmark, in response to suggestions received during the outreach meetings
on the C&P report and HERS.

TheMaximum Economic Investmentscenario would correct all highway deficiencies when it is
economically justified. This scenario would address the existing highway investment backlog, as
well as other deficiencies that will develop over the next 20 years due to pavement deterioration and
travel growth. This scenario implements all improvements with a BCR greater than or equal to 1.0.
At this level of investment, key indicators such as pavement condition, total highway user costs, and
travel time would all improve.

TheMaintain Conditions scenario, thaintain User Cost benchmark, and thdaintain Travel

Time benchmark were developed by progressively increasing the minimum BCR cutoff point above
1.0 so that fewer highway improvements would be implemented, until the point where these key
indicators would be maintained at current levels, rather than improving. Rdiath&in Condi-

tions scenario, the minimum BCR cutoff point was raised until the point where the projected average
pavement condition at the end of the 20-year analysis period matched the current 1997 values. Under
this investment strategy, existing and accruing system deficiencies would be selectively corrected.
Some highway sections would improve, some would deteriorate; overall, average pavement condition
in 2017 would match that observed in 1997. Mantain User Costsbenchmark shows the level

of investment required so that highway user costs (travel time costs, vehicle operating costs, and
crash costs) in 2017 would match the baseline highway user costs calculated from the 1997 data. The
Maintain Travel Time benchmark shows the level of investment to maintain only the travel time

costs component of tidaintain User Costsbenchmark.

Bridge Investment Requirements

The bridge section of this chapter discusses the current investment backlog and two future investment
requirement scenarios. As noted earlier, the amounts reported in this section relate only to bridge
preservation and replacement. All investment requirements related to highway and bridge capacity are
estimated using the HERS model, and are shown as highway investment requirements.

The investment backlog for bridges is calculated as the total investment required to correct all bridges
currently determined to be structurally deficient or functionally obsolete. UndElithi@ate
Deficienciesscenario, all existing bridge deficiencies and all new deficiencies expected to develop by
2017 would be eliminated through bridge replacement, rehabilitation or widening. Under the

Maintain Backlog scenario, existing deficiencies and newly accruing deficiencies would be

selectively corrected. At the end of the 20-year analysis period, the total investment required to
correct all structurally deficient and functionally obsolete bridges would remain the same as the
current amount.

This section also contains a brief discussion of the Bridge Needs and Investment Process (BNIP) usec
to develop the investment requirements for this report, as well as the National Bridge Investment
Analysis System (BIAS) which is currently under development. BIAS will incorporate benefit cost
analysis into the bridge investment requirement evaluation in future C&P reports.
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Combined Highway and Bridge Investment Requirements

The separate highway and bridge sections of this chapter are followed by a combined highway and
bridge section. This portion of the chapter breaks down investment requirements by functional class.
It contains an analysis of investment requirements for system preservation, system expansion, and
system enhancements.

TheCost to Maintain Highways and Bridges combines fdaintain Conditions scenario for
highways, and th#aintain Backlog scenario for bridges. Theost to Improve Highways and
Bridges combines thidaximum Economic Investmentscenario for highways, and tBéiminate
Deficienciesscenario for bridges.

TheMaintain User Costsbenchmark for Highways was not combined with a bridge scenario,
because BNIP is not capable of developing a comparable user-oriented investment requirement
projection.

Transit Investment Requirements

The transit section begins with a discussion of the Transit Economic Requirements Model (TERM),
which was used to develop two investment requirement scenarios for this report. TERM uses separate
modules to analyze different types of investments; those that maintain and improve the physical
condition of existing assets, those that maintain current operating performance, and those that would
improve operating performance. All investments identified by TERM are subject to a benefit-cost

test, and only those with a BCR greater than 1.0 are implemented. Greater detail on the TERM
methodology is presented in Appendix I.

TheCost to Maintain scenario maintains equipment and facilities in the current state of repair, and
maintains current operating performance while accommodating future transit growth. These invest-
ments are modeled at the transit agency level and on a mode-by-mode baSisstitbdmprove

scenario makes additional improvements to improve the condition of transit assets to a “good” rating,
and improve the performance of transit operations. Investments in performance enhancements are
evaluated on an urbanized area basis for TERM forecast investments. The intermediate scenarios of
Maintain Conditions/Improve Performance and Improve Conditions/Maintain Performance are also
presented.

Breakdowns of transit investment requirements by type of improvement and type of asset are also
presented for both th@ost to Maintain and theCost to Improve scenarios.
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Summary

Exhibit 7-1 compares the 20-year investment requirements in this report with those in the 1997 C&P
report. The first column shows the projection for 1996-2015, as shown in the 1997 C&P report, stated
in constant dollars. (Note the 1997 C&P report did not contain a comparable scenario to the Highway
Maintain Conditions scenario in this report.) The second column restates the bridge and transit
values in 1997 dollars, to offset the effect of inflation. The highway values shown in this column

have been recalculated using the current analytical procedures. The third column shows new average
annual investment requirement projections for 1998-2017.

Comparison of Highway, Bridge and Transit Investment Requirement Projections with
those in the 1997 C&P Report
1996—20151I;r;éel§g(t);1 Based on 1998'2917
- Projection
Rew_sed and/or Based on 1997
1997 Report | Adjusted for Data
Statistic Inflation
Average Annual Investment Requirements 1995 Dollars 1997 Dollars 1997 Dollars
Cost to Improve Highways, Bridges and Transit
Highway Maximum Economic Investment scenario $70.2 bil $82.6 hil $83.4 hil
Bridge Eliminate Deficiencies scenario $ 9.3 bil $10.0 bil $10.6 bil
Highway plus Bridge $79.6 bil $92.6 bil $94.0 bil
Transit Cost to Improve scenario $14.2 bil $14.8 bil $16.0 bil
Cost to Maintain Highways, Bridges and Transit
Highway Maintain Conditions scenario N/A N/A $50.8 bil
Bridge Maintain Backlog scenario $5.6 bil $6.0 bil $5.8 bil
Highway plus Bridge N/A N/A $56.6 bil
Transit Cost to Maintain scenario $9.7 bil $10.1 bil $10.8 bil

Transit

The projected average annual transit investment requirements for 1998-2017 are higher than those
estimated for 1996—-2015 in the 1997 report. While some of this increase is due to inflation, most of
the difference is accounted for by the increasing backlog of existing deficiencies, and to certain
improvements made to the methodology employed by TERM. Adjusting for inflatio@ostdo

Maintain increased by 6.9 percent to $10.8 billion, andGbst to Improve scenario increased by

8.1 percent to $16.0 billion.

Bridges

The projected average annual bridge investment requirements for 1998-2017 are higher than those
estimated for 1996-2015 from the 1997 C&P report. However, much of this increase is the result of
inflation. Converting the values from the last C&P report from 1995 dollars to 1997 dollars reveals
that in constant dollar terms, the Bridgkminate Deficienciesscenario increased by 6.6 percent to
$10.6 billion. The Bridgéaintain Backlog scenario declined by 3.3 percent in constant dollar terms
to $5.8 billion.
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Highways

The projected average annual highway investment requirements shown for 1998-2017 are not
directly comparable to those shown for 1996-2015 in the 1997 C&P report. The scope of the reported
investment requirements has also been expanded to include all types of capital improvements, making
it easier to relate them to actual highway capital program levels. Also, during the preparation of the
last report, some errors were inadvertently introduced into the highway database that had an impact
on the results for thelaximum Economic Investmentscenario. When these data issues were

resolved, it became apparent that they had been masking some undesirable interactions between the
new travel demand elasticity features in HERS, and some HERS settings and external adjustment
procedures that had previously been in place. To address these problems, a number of changes have
been made to the analytical procedures used to develop the investment requirements in this report.
These changes are explained in more detail in Appendix G of this report. To facilitate direct compari-
sons, the 1995 data used to develop the last report have been corrected and reprocessed through the
current version of HERS, with the results restated in 1997 dollars.

Under the highwaaximum Economic Investmentscenario, the projected average annual invest-
ment requirements based on 1997 data of $83.4 billion are 1.0 percent higher in constant dollar terms
than the restated average investment requirements based on 1995 data. This increase is largely
attributable to the growth in highway travel between 1995 and 1997.

The 1997 C&P report did not contain a scenario directly comparable to the hilytairagin

Conditions scenario in this report. The 1995 C&P report based on 1993 data projected average
annual investment requirements of $49.7 billion in 1993 dollars as the Cost to Maintain highways.
Reprocessing this 1993 information through the latest analytical procedures results in an estimate of
$47.6 billion in 1997 dollars for the highwdjaintain Conditions scenario. This decline is mainly

the result of incorporating the procedures contained in the most recent Highway Capacity Manual
(Special Report 209 of the Transportation Research Board) as discussed on page 61 of the 1997 C&P
report. The projected average annual investment requirements fdaihtain Conditions scenario

based on 1997 data are $50.8 billion, 6.7 percent higher than the restated projections based on the
1993 HPMS data, keeping all other factors constant. This is partially the result of the improvement in
pavement conditions since 1993, which makes “Maintaining Conditions” at 1997 levels a more
stringent standard than maintaining them at 1993 levels was.

Highways and Bridges

TheCost to Improve highways and bridges was $94.0 billion in 1997, combining the highway
Maximum Economic Investmentscenario with the bridgeliminate Deficienciesscenario. The
Cost to Maintain highways and bridges was $56.6 billion in 1997, combining the higMeaytain
Conditions scenario and the briddéaintain Backlog scenario.

Based on the conditions and performance of the highway system as of 1997, the backlog of cost-

beneficial highway investments is estimated to be $166.7 billion. The backlog of bridge investments
is estimated to be $87.3 billion in 1997.
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Economics-Based Approach to Transportation Investments

Background

The methods and assumptions used to estimate future highway, bridge and transit investment
requirements are continuously evolving. Since the beginning of the highway report series in 1968,
innovations in analytical techniques, new empirical evidence and changes in transportation planning
objectives have combined to encourage the development of improved data and analytical techniques.
Estimates of future highway investment requirements, as reported in thdla®&&al Highway

Needs Report to Congredsegan as a “wish list” of State highway “needs.” Early in the 1970s the

focus changed from system expansion to management of the existing system. National engineering
standards were defined and applied in the identification of system deficiencies. By the end of the
decade, a comprehensive database, the HPMS, had been developed to monitor system conditions an
performance.

By the early 1980s a sophisticated simulation model, the HPMS Analytical Process (AP), was
available to evaluate the impact of alternative investment strategies on system conditions and
performance. This procedure is founded on engineering principles: engineering standards define
which system attributes are considered deficient and the improvement option “packages” assigned to
potentially correct given deficiencies are based on standard engineering practice.

In 1988, the FHWA embarked on a long-term research, development, testing and critical review effort
to produce an alternative, economic-based simulation procedure. The culmination of this effort was
the development of the Highway Economic Requirements System (HERS). HERS was first utilized

in the 1995 C&P report to develop one of the two highway investment requirement scenarios. In
subsequent reports, HERS has been used to develop all of the highway scenarios.

Executive Order 12893, “Principles for Federal Infrastructure Investments,” issued January 26, 1994,
directs that Federal infrastructure investment be based on a systematic analysis of expected benefits
and costs. This order provided additional momentum for the shift toward developing investment
requirement analytical tools that would perform economic analysis.

In the 1997 C&P report, FTA introduced the Transit Economic Requirements Model (TERM), which
was used to develop both of the transit investment requirement scenarios. TERM incorporates benefit
cost analysis into its improvement selection procedures.

The FHWA is currently developing the National Bridge Investment Analysis System (BIAS), which
will incorporate economic analysis into the bridge investment requirements in future C&P reports.

Economic Focus Versus Engineering Focus

Traditional engineering-based analytical tools focus mainly on transportation agency costs and the
resources required to maintain or improve the condition and performance of infrastructure. This type
of analytical approach can provide valuable information about the cost effectiveness of transportation
system investment from the agency perspective, predicting the optimal pattern of investment to
minimize life-cycle costs. However, this approach does not fully consider the needs of the consumers
of transportation services.
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The HERS, TERM and BIAS models have a broader focus than traditional engineering-based models,
looking at the service that the transportation system provides to its users. The goal of this economic
analysis is generally to maximize benefits, and to minimize the combined costs incurred by transpor-
tation agencies, transportation system users, and third parties that are affected by the operation of the
transportation system.

One way to conceptualize the goal of the HERS, TERM, and BIAS models is presented in
Exhibit 7-2. The lines marked “user cost” and “capital investment” indicate that as transportation
investment increases, user costs decline. However, at some point the additional increment of
investment will fail to result in -

user cost reductions sufficient to
warrant the additional Economic-Based Approach to Transportation

investment. This point is Investments Schematic
indicated on the “total cost” line

as the Minimum Total Cost. Minimum Total Cost
‘ Total Cost

Using an economics-based ——
approach to transportation
investment may result in different
decisions about potential
improvements than would occur Capital Investment
using a purely engineering-based | e
approach. Forexample, if @ | |

highway segment, bridge, or

transit S_V,Stem IS gre'atly Note: This diagram is a general representation that does not fully reflect specific
underutilized, benefit-cost cost and benefits considered by each of the individual models. The lines are not

analysis might suggest that it drawn to scale.
would not be worthwhile to fully
preserve its condition, or address its deficiencies. Conversely, an economics-based model might
recommend additional investments to improve system conditions above and beyond the levels
dictated by an engineering life-cycle cost analysis, if doing so would provide substantial benefits to
the users of the system.

User Cost

The economic-based approach also provides a more sophisticated method for prioritizing potential
improvement options when funding is constrained. This helps ensure that limited transportation
capital investment resources are directed to the areas that will provide the most benefits to
transportation system users.

Multimodal Analysis

HERS, TERM, and BIAS all use a consistent approach for determining the value of travel time and
the value of life, which are key variables in any economic analysis of transportation investment.
However, while HERS, TERM, and BIAS all utilize benefit-cost analysis, their methods for imple-
menting this analysis are very different. The highway, transit, and bridge models build off 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 would be
possible. For example, HERS assumes that when lanes are added to a highway, this causes highway
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user costs to fall, resulting in additional highway travel. Some of this would be newly generated
travel, some would be the result of travel shifting from transit to highways. However, HERS does not
distinguish between these different sources of additional highway travel. At present, there is no direct
way to analyze the impact that a given level of highway investment would have on transit investment
requirements. As HERS, TERM, and BIAS continue to evolve, it should become easier to integrate
their separate approaches.
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Highway Investment Requirements

The highway investment requirements shown in this report are developed primarily from the High-
way Economic Requirements System (HERS), a simulation model that employs incremental benefit/
cost analysis to evaluate highway improvements. The HERS analysis relies on the Highway Perfor-
mance Monitoring System (HPMS) to provide information on the current conditions and performance
and anticipated future travel growth for a nation-wide sample of more than 120,000 highway sections.
While HERS analyzes these sample sections individually, the model is designed to provide results
valid at the national level, and does not provide definitive improvement recommendations for

individual highway segments.

The HERS results are supplemented by externa
adjustments to account for functional classes ng
included in the HPMS database, and for types o
capital investment that are not currently
modeled. This procedure has been streamlined
for this report, replacing some old procedures
originally developed to supplement the HPMS
Analytical Process, that are not fully compatible
with the new HERS approach. The external
adjustment process has also been expanded to
account for all types of highway capital
investment. In previous reports, some types of
improvements were not included in the reported
investment requirements. These amounts derivg
from these external adjustments are identified
separately in this report, since they would be
expected to be less reliable than those derived
from HERS.

While HERS was primarily designed to analyze
highway segments, and the HERS outputs are
described as “highway” investment requirement
in this report, the model also factors in the costg
of expanding bridges and other structures, wher
deciding whether to add lanes to a highway
segment. All highway and bridge investment
requirements related to capacity are modeled in

HERS; the separate bridge models consider onl

Q. What is the reliability of the highway
investment requirement projections made in
this report?

A. The HERS model is deterministic, rather
than probabilistic, meaning that it provides a
single predicted value rather than a range of
likely values. Therefore, we can not make
specific statements about confidence intervals.
However, we can make some general statements
about the limitations of the projections, based on
the characteristics of the process used to
develop them.

As in any modeling process, simplifying assump-
tions have been made to make analysis practical,
and to meet the limitations of available data.
Potential highway improvements are evaluated
based on a benefit/cost analysis. However, this
analysis does not include all external costs, such
as noise pollution, or external benefits, such as
the favorable impacts of highway improvements
on system reliability, and on the economy. To
some extent, such external effects cancel each
other out, but to the extent that they don't the
“true” investment requirements may be either
higher or lower than those predicted by the
model. Some projects that HERS views as
economically justifiable may not be in reality.
Other projects that HERS would reject might
actually be justifiable, if all factors were
considered.

investment requirements related to bridge
preservation.

Highway Economic Requirements System (HERS)

HERS initiates the investment requirement analysis by evaluating the current state of the highway
system using information on pavements, geometry, traffic volumes, vehicle mix, and other charac-
teristics from the HPMS sample dataset. Using section-specific traffic growth projections, HERS

forecasts future conditions and performance for four 5-year periods. At the end of each period, the
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model checks for deficiencies in eight highway section
characteristics: pavement condition, surface type,
volume/capacity (V/C) ratio, lane width, right shoulder
width, shoulder type, horizontal alignment (curves), an
vertical alignment (grades).

When HERS determines a section’s pavement or
capacity is deficient, it will identify potential
improvements to correct some or all of the section’s
deficient characteristics. HERS evaluates seven kinds
improvements: reconstruction with more lanes,
reconstruction to wider lanes, pavement reconstruction
major widening, minor widening, resurfacing with
shoulder improvements, and resurfacing. For each of
these seven kinds of improvements, HERS evaluates
four alignment alternatives: improve curves and grade
improve curves only, improve grades only, or no chang
Thus, HERS has 28 distinct types of improvements to
choose from. When analyzing a particular section HER
actively considers no more than six alternative
improvement types at a time; one or two aggressive
improvements that would address all of the section’s
deficiencies, and three or four less aggressive
improvements that would address only some of the
section’s deficiencies.

When evaluating which potential improvement, if any,
should be implemented on a particular highway sectior
HERS employs incremental benefit/cost analysis. HER

Q - How closely does the HERS
model simulate the actual project
selection processes of State and
local highway agencies?

A. The HERS model is intended to
approximate, rather than replicate, the
decision processes used by State and
local governments. HERS does not
have access to the full array of informa-
tion that local governments would use in
making investment decisions. This
means that the models may recom-
mend making some highway and bridge
improvements that simply are not
practical due to factors the model
doesn’t consider. Excluding such
projects would result in reducing the
“true” level of investment that is eco-
nomically justifiable. Conversely, the
highway model assumes that State and
local project selection will be economi-
cally “optimal” and doesn’t consider
external factors such as whether this
will result in an “equitable” distribution of
projects among the States or within
each State. In actual practice, there are
other important factors included in the
project selection process aside from
economic considerations, so that the
“true” level of investment required to
achieve the outcome desired under the
scenarios could be higher than that
shown in this report.

defines benefits as reductions in direct highway user

costs, agency costs, and societal costs. Highway user
benefits are defined as reductions in travel time costs,
crashes, and vehicle operating costs. Agency benefits
include reduced maintenance costs and the residual
(salvage) value of the projects. Societal benefits includ
reduced vehicle emissions. These benefits are divided
the costs of implementing the improvement to arrive af
benefit/cost ratio (BCR) that is used to rank potential
projects on different sections. The HERS model
implements improvements with the highest BCR first.
Thus, as each additional project is implemented, the
marginal BCR and the average BCR of all projects
implemented declines. However, up until the point
where the marginal BCR falls below 1.0 (i.e., costs
exceed benefits), total benefits will continue to increas
as additional projects are implemented. Investment
beyond this point would not be economically justified,

since it would result in a decline in total benefits.

Q. Does HERS identify a single
“correct” level of highway
investment?

A. No. HERS is a tool for estimating
what the consequences may be of
various levels of spending on highway
condition and performance. If funding
were unlimited, it might make sense to
implement all projects identified by
HERS as cost-beneficial. In reality
however, funding is constrained, and
highways must compete for funding
with other public sector priorities. The
investment requirement scenarios in
this chapter estimate the resources
that would be required to attain certain
levels of performance, but are not
intended to endorse any specific level
of funding as “correct”.
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Travel Demand Elasticity

The States furnish projected travel for each
sample highway section in the HPMS dataset.
The HERS model uses these projections as af
initial baseline, but alters them in response to
changes in highway user costs on each sectiot
over time. Travel demand elasticity procedures
have been added to HERS to recognize that a
highway becomes more congested, travel
volume on the facility is constrained, and that
when lanes are added to a facility, the volume
of travel may increase.

The basic principal behind demand elasticity is
that as the price of a product increases, con-
sumers will be inclined to consume less of it,

Q- What assumptions does the HERS

model make about the travel forecasts in
the HPMS dataset?

A. HERS assumes that the forecasts for each
sample highway segment represent the travel
that will occur if the level of service remains
constant on that section. This implies that
travel will only occur at this level if pavement
and capacity improvements made on the
segment during the next 20 years are suffi-
cient to maintain highway-user costs at current
levels. Note that at current funding levels,
HERS assumes that VMT will grow more
slowly than the HPMS baseline forecasts,
particularly in large urbanized areas.

and either consume more of a substitute produec

or simply do without. Conversely, if the price of

a product decreases, consumers will be inclin
to consume more of it, either in place of some
other product or in addition to their current
overall consumption.

The travel demand elasticity procedures in
HERS treat the cost of traveling a facility as its
price. As a highway becomes more congested
the cost of traveling the facility (i.e., travel time
costs) increases, which tends to constrain the
volume of traffic growth. Conversely, when
lanes are added and the highway user costs
decreases, the volume of travel will tend to
increase.

The travel demand elasticity values used in thi
report are higher than the values used in the
1997 C&P report. This increase further con-
strains travel growth in congested urbanized
areas. This change was made partly to capture
some of the effects of Travel Demand Manage
ment (TDM) programs that were previously
simulated by reducing the HPMS baseline
forecasts. The rationale for this change is

explained in Appendix G.

Q » What are some examples of the types of

behavior that the travel demand elasticity
features in HERS represent?

A. If highway congestion worsens in an area,
this increases travel time costs. This might
cause highway users to shift to mass transit,
or it might cause some people living in that
area to forgo some personal trips they might
ordinarily make. For example, they might be
more likely to combine multiple errands into a
single trip, because the time spent in traffic on
every trip discourages them from making trips
unless it is absolutely necessary.

In the longer term, people might make addi-
tional adjustments to their life-styles in re-
sponse to changes in user costs that would
impact their travel demand. For example, if
travel time in an area is reduced substantially
for an extended period of time, some people
may make different choices about where to
purchase a home. If congestion is reduced,
purchasing a home far out in the suburbs
might become more attractive, since commut-
ers would be able to travel further in a shorter
period of time.
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The particular values of
elasticity used in this report
are within the ranges of the
available literature on this
subject, and are intended to
reflect that the majority of
the impact on travel
demand will occur in the
short term, within 5 years.

For short term elasticity,
HERS now uses a value

of -1.0. An additional -0.6
(total, -1.6) is used for long-
term elasticity. The short-
term elasticity is used
within the 5-year period
being analyzed and long-
term elasticity is used in the
remainder of the overall
analysis period.

For example, if highway-
user costs on a given
highway facility increased
by 10 percent, the model
predicts that travel on the
facility would decline by
10 percent below the
baseline forecast within

5 years, and by an
additional 6 percent within
20 years. Conversely, a
reduction of user costs
would cause a
corresponding increase in
highway travel on the
facility.

As a result of travel demand
elasticity, the overall level

of highway investment has
an impact on the projected
travel growth. For any
highway investment
requirement scenario that
results in a decline in

Q « How do the travel demand elasticity features in HERS reflect
the effects of Transportation Demand Management (TDM)
programs?

A. To some extent, the HERS elasticity features mimic the effect that
transportation demand management programs would be expected to
have on the level and location of future travel growth. The elasticity
features suppress highway travel growth in areas where widening is not
feasible, or congestion is increasing. The model assumes that individual
highway users will change their driving patterns and lifestyle choices in
response to these factors, which will slow the rate of highway travel
growth in large urbanized areas. However, these shifts will not occur at
the assumed rate unless these drivers have viable alternatives.

Federal, State and local TDM programs serve to provide these alterna-
tives. The 1990 Clean Air Act Amendments require States and localities
to reduce vehicular emissions by implementing transportation control
measures to manage travel demand and improve traffic flow. These
measures include TDM programs that provide alternatives to single-
occupant-vehicle travel such as options for carpooling, transit, and
bicycling. These include:

m  Bicycle/pedestrian facilities - provision of paths, special lanes,
lockers, showers, or other facilities.

®  Area-wide ridesharing - a program that provides carpool match-
ing and information services.

m  HOV lanes - highway lanes reserved for high-occupancy
vehicles, i.e., buses, vanpools, and carpools.

m  Park & ride facilities - parking lots or facilities located to provide
access to a transit station, HOV lane, bus service, or to encour-
age carpooling.

B Transit improvements - transit service expansion or
improvements.

In addition, the following TDM measures are available for implementa-
tion by employers:
B Compressed workweeks - extension of the typical workday in
order to reduce the number of days worked, thereby reducing
the number of work trips.

B Telecommuting - arrangements allowing employees to work at
home or at satellite offices close to home.

m  Employer trip reduction - a State or local government regulated
program requiring employers, usually above a certain size, to
implement plans that encourage employees to reduce vehicle
travel to work.

The HERS elasticity values are set at a relatively high level. If the TDM
programs listed above are less than fully successful in providing viable
transportation alternatives, VMT growth will probably exceed the levels
predicted by HERS. If TDM programs are more successful than the
elasticity values in HERS imply, then VMT growth could be lower than
the level projected by HERS. Chapter 10 explores the effects that
different travel growth assumptions would have on the investment
requirement projections.

average highway user costs,

7-13




the effective VMT growth rate will tend to be higher than the baseline rate. For scenarios in which
high-way user costs increase, the effective VMT growth rate will tend to be lower than the baseline

rate. This effect is discussed in more detail in Chapter 9.

applications?

elasticity values.

Q . Are the travel demand elasticity values used in HERS appropriate for use in other types of

A- Since HERS analyzes individual highway segments in isolation, rather than corridors, or the highway
network as a whole, the elasticity values need to account for trips that might shift to or from a parallel
highway route, as well as trips that might shift to or from other modes of transportation, or that might be
induced or suppressed entirely. For network analysis, it would be more appropriate to use lower

Highway Investment Backlog

As defined in this report, the highway
investment backlog represents all highway
improvements that could be economically
justified to be implemented now, based on the
current conditions and operational performancs
of the highway system. To calculate the
backlog, HERS has been modified to evaluate
the current state of each highway section befo
projecting the effects of future travel growth on
congestion and pavement deterioration. Any
potential improvement that would correct an
existing pavement or capacity deficiency, and
that has a benefit/cost ratio greater than or
equal to 1.0 would be considered to be part of
the current highway investment backlog. Base(
on this “Year 0” analysis, HERS estimates that
a total of $166.7 billion of investment could be
justified based solely on the current conditions
and operational performance of the highway
system. Note that the backlog represents a ong
time cost, rather than an annual value. Note
also that this figure does not include rural
minor collectors, or rural and urban local roads
and streets, since HPMS does not contain
sample section data for these functional

systems.

Q » How does the highway backlog cited in this

report compare with the value included in the
1993 C&P report?

A. The backlog cited in this report is lower,

primarily due to a change in assumptions about
widening. In earlier versions of the C&P report, it
was assumed that if a State coded that widening
was “infeasible” for a certain HPMS sample
section, that any new lanes added to that section
would be very expensive. For this report, if a
State has indicated that widening is “infeasible”
for a section, HERS will not add lanes to the
section under any circumstances. [See the dis-
cussion of “High-Cost Lanes” in Appendix G.]
The implication of this change in assumptions is
that some projects involving high-cost lane
additions that were included in the backlog in the
1993 C&P report are not included in this report.

The values included in the 1993 C&P report were
derived from the HPMS Analytical Process (AP)
model. Using the same assumptions about
widening feasibility, the AP produces estimates of
highway backlog that are similar to the HERS-
derived values shown in this report.

Approximately 72 percent of the backlog is in urban areas, with the remainder in rural areas. About

42 percent of the backlog relates to capacity deficiencies on existing highways; the remainder are
pavement deficiencies. The backlog figure does not contain any estimate for system enhancements or
for the construction of new roads and bridges.
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Highway Investment Requirement Scenarios and Benchmarks

The investment requirement scenarios and benchmarks in this report project total investment
requirements for period 1998-2017. TWaximum Economic Investmentscenario would

implement all improvements with a BCR greater than or equal t@hi®scenario would eliminate

the existing highway investment backlog, and address other deficiencies that will develop over the
next 20 years due to pavement deterioration and travel growth.

TheMaximum Economic Investmentscenario is of interest mainly because it defines the upper
limit of highway investment that could be economically justified. This scenario does not target any
particular level of desired system performance. However, by varying the minimum BCR cutoff,
HERS can identify the impact that different levels of investment have on certain key indicators.
Exhibit 7-3 demonstrates how this approach was used.

The graph shows the impact that varying the minimum BCR cutoff has on the level of investment
recommended by HERS. The table shows the impact that the various levels of investment have on
average IRI, average total user costs, and average travel time costs. (See Chapter 9 for other impacts
of different levels of investment.) Each row in the table represents a different minimum BCR cutoff
point, shown in the first column.

The top row in the table in Exhibit 7-3 represents a minimum BCR of 1.00, and is defined as the
Maximum Economic Investmentscenario, as indicated in the far-right hand column of the table.

As shown in the third column, the average annual investment required under this scenario is

$83.4 billion. The fifth, sixth, and seventh columns of the table reflect that at this level of investment,
average pavement roughness, highway user costs and travel time costs would all improve. Average
IRl would decline (improve) 18.3 percent compared to the baseline 1997 level. Average total highway
user costs (including travel time costs, vehicle operating costs, and crash costs) would decline by

1.8 percent below the baseline 1997 level in constant dollar terms. The travel time costs component
of highway user costs would decline by 0.9 percent below the 1997 baseline. As shown in the second
column, at the average investment level required under the Maximum Economic Investment scenario,
the average BCR would be 3.67, since many of the projects implemented would have a BCR that is
much higher than the minimum BCR cutoff of 1.0. This indicates that an average of $3.67 dollars of
benefits would be obtained from every dollar of expenditure.

Although the graph in Exhibit 7-3 has been drawn to include the total highway investment
requirements shown in the third column of the table, the minimum and average BCRs reported in
Exhibit 7-3 are actually based only on the “Directly Modeled” amounts shown in the fourth column
of the table. The total investment requirements shown in the third column include both amounts
derived from HERS, and additional amounts added to account for functional classes not included in
the HPMS database, and for types of capital investment that are not currently modeled. These addi-
tional investment requirements have not been subjected to the same sort of benefit cost analysis as
those developed in the HERS model. The external adjustments are discussed in more detail in
Appendix G.

The remaining rows in Exhibit 7-3 show the effect of varying the minimum BCR cutoff point. As
shown in the fourth row of the table, raising the minimum BCR cutoff to 1.50 would reduce the level
of recommended investment to the level required to keep travel time costs constant at 1997 levels.
Setting the minimum BCR cutoff to 2.15 (eighth row) would reduce the level of recommended
investment to the level required to maintain user costs at 1997 levels. Raising the minimum BCR
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cutoff point to 2.33 (tenth row) would reduce the level of recommended investment to the level
required to maintain average pavement roughness at 1997 levels. The level of total investment shown
for the bottom row of the table (minimum BCR = 3.00) approximates actual spending in 1997 for
types of improvements that are modeled in HERS.

Investment Requirements at Different Minimum BCRs
5.0
.5 \
4.0
Current
o 35 Spending
= Maintain
©
04 3.0 Conditions
8 2.5 _
o \4;\< Maintain User Costs Maximum
£ 20 2= Maintain Travel Time ~ Economic™
(]
S 15 Investment
m
E 10
E
= 0.5
. 0 | | | | | |
20 30 40 50 60 70 80 90
Average Annual Capital Expenditure (Excluding Bridge Preservation) (Billions $)
] ) Average Annual Percent Change In
Benefit Cost Ratios Investment Required
($ billions) Average | Average
Total Travel
Directly | Average User Time
Minimum | Average Total Modeled IRI Costs Costs Funding Level Description
1.00 3.67 83.4 47.9 -18.3% -1.8% -0.9% Maximum Economic Investment
1.20 3.98 76.5 44.0 -15.7% -1.6% -0.7%
1.40 4.31 70.7 40.6 -13.0% -1.3% -0.2%
1.50 4.49 67.9 39.1 -12.2% -1.1% 0.0% | Maintain Travel Time
1.60 4.66 65.4 37.6 -10.4% -1.0% 0.2%
1.80 5.02 60.8 35.0 -7.8% -0.6% 0.7%
2.00 5.40 56.6 32.7 -5.2% -0.3% 1.1%
2.15 5.70 53.9 31.1 -2.6% 0.0% 1.5% | Maintain User Costs
2.20 5.80 52.9 30.6 -1.7% 0.1% 1.8%
2.33 6.08 50.8 29.4 0.0% 0.4% 2.0% | Maintain Conditions
2.40 6.21 49.8 28.8 1.7% 0.5% 2.2%
2.60 6.62 46.9 27.2 4.3% 0.9% 2.6%
2.80 7.07 44.2 25.6 7.0% 1.3% 3.1%
3.00 7.48 41.8 24.3 9.6% 1.6% 3.5%
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Maximum Economic Investment Scenario

As indicated above, based on HERS results and the external adjustment procedures for types of
capital improvements not modeled in HERS, the maximum level of highway investment that could be
economically justified is $83.4 billion. At this level of investment, average pavement roughness, total
highway user costs, and travel time costs would all improve. Additional impacts of investing at the
Maximum Economic Investment scenario are discussed in Chapter 9.

Exhibit 7-4 shows the 20-year total and Exhibit 7-4
aviragtﬁ.annual Inveztmkent :jequwebments Highway Investment Requirements 1998-2017
under this scenario, broken down by Maximum Economic Investment Scenario

functional class. These totals are further Billions of Dollars (1997 Dollars)
broken down into their system preservation,
system expansion, and system enhancemegnt

20-Year | Average

. . . Functional Class Total Annual
components later in this chapter in the .

Combined Hiah d Bridge | t t Rural Arterials & Collectors
om .Ine 9 Wa)_/ an ridge Investmen Interstate $103.1 $5.2
Requirements section. Other Principal Arterial $167.0 $8.4
o . ) Minor Arterial $95.3 $4.8
Maintain Conditions Scenario Major Collector $142.6 $7.1
The second major highway investment Minor Collector $29.6 | $1.5

Subtotal $537.6 $26.9

requirement scenario in this report is the
Maintain Conditions scenario. As shown in|  Urban Arterials & Collectors

Exhibit 7-3, raising the minimum BCR Interstate $254.3 | $12.7
cutoff point to 2.33 results in fewer Other Freeway & Expwy $102.3 $5.1
improvements being implemented, so that Other Principal Arterial $2225 | $11.1
the average pavement condition at the end|of Minor Arterial $141.2 $7.1
the 20-year analysis period is the same as jn Collector $77.4 $3.9
1997. The average annual investment Subtotal $797.7 | $39.9
required under this scenario is $50.8 billion. g hiotal Rural and Urban 513353 | $66.8
Rural and Urban Local $332.5 $16.6

=

Under this investment strategy, existing an(
accruing system deficiencies would be
selectively corrected; some highway sectiori&"ce: Highway Economic Requirements System.

would improve, some would deteriorate, but overall, average pavement condition in 2017 would
match that observed in 1997. This scenario is roughly equivalent to the Cost-to-Maintain scenario in
the 1995 C&P report. The major differences are that the Cost-to-Maintain scenario was not based on
economic criteria, and attempted to maintain an index of pavement condition and operational
performance for four 5-year intervals. This Maintain Conditions scenario attempts to maintain
pavement condition on a 20-year interval; operational performance may improve or decline
depending on the mix of improvements implemented at this particular minimum BCR level.

Total $1,667.8 $83.4

The average BCR under this scenario is 6.08, indicating that an average of $6.08 of benefits would be
obtained from every dollar of expenditure. This average is higher than the average under the Maxi-
mum Economic Investment scenario, since the Maintain Conditions scenario omits all projects with a
minimum BCR between 1.00 and 2.33.

Average highway user costs would rise by 0.4 percent above baseline levels in constant dollar terms
under this scenario. The travel time cost component of user costs would grow by 2.0 percent in
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constant dollar terms. Additional impacts 01

investing at the Maintain Conditions

Highway Investment Requirements 1998-2017

scenario level are identified in Chapter 9. Maintain Current Conditions Scenario

Exhibit 7-5 shows the 20-year total and
average annual investment requirements

Billions of Dollars (1997 Dollars)

20-Year | Average
Functional Class Total Annual

under this scenario, broken down by
functional class. These totals are further

Rural Arterials & Collectors

X - ) Interstate $73.7 $3.7
broken down |n_to their system preservation, oiner Principal Arterial $115.8 $5.8
system expansion, and system enhancement yinor Arterial $61.5 $3.1
components later in this chapter in the Major Collector $81.8 $4.1
Combined Highway and Bridge Investments winor Collector $17.9 $0.9
Requirements section. Subtotal $350.6 | $17.5

Note that this scenario assumes that

Urban Arterials & Collectors

. . . Interstate $161.5 $8.1
investment in system enhancements will
) .| Other Freeway & Expwy $59.4 $3.0
continue to occur, and that system expansipn - .
. . . L Other Principal Arterial $133.0 $6.7
will continue where economically justified, ) :
it d i t the absolut Minor Arterial $76.1 $3.8
SO. I. 0€s no represer! € absolute Collector $35.2 $1.8
minimum amount required to preserve the | g piotal $465.2 | $23.3
existing system.
Subtotal, Rural and Urban $815.8 [$40.8
Maintain User Costs Benchmark Rural and Urban Local $200.4 | $10.0
Total $1,016.2 | $50.8

As shown in Exhibit 7-3, setting the

minimum BCR cutoff point to 2.15 results ir?ource: Highway Economic Requirements System.

a level of investment sufficient to allow total

highway user costs per VMT at the end of the 2
year analysis period match the baseline levels.
Highway user costs include travel time costs,
vehicle operating costs, and crash costs. The
average annual investment required to attain th
benchmark is estimated to be $53.9 billion.

TheMaintain User Costsconcept was
introduced in the 1997 C&P report to provide a
new highway system performance benchmark
based on economic criteria and focusing on
highway users, rather than the traditional
engineering-based criteria, which are oriented
more toward highway agencies. THaintain
User Costsbenchmark is an important technica
point that provides insight into the operation of
HERS, since the VMT growth rates in the mods
are partly dependent on changes in user costs,
to the operation of the travel demand elasticity
feature. The investment required to maintain ug

costs is identified as a “benchmark” rather than

Q .Why is the investment required to
Maintain User Costs treated as a “bench-
mark” rather than a full-fledged “scenario”?

A- Recent C&P reports have emphasized two
scenarios to illustrate future investment re-
quirements. During outreach meetings follow-
ing the release of the 1997 C&P report, read-
ers indicated that it would be more useful to
have a scenario oriented around maintaining
physical conditions rather than maintaining
user costs. Also, the current bridge model
does not evaluate user costs, so the highway
Maintain Conditions scenario is more appropri-
ate for the joint highway/bridge analysis that
appears later in this chapter, and in subsequent
parts of the report.

Limited information on the investment required
to maintain user costs was retained in the
report to preserve continuity with the 1997 C&P
report.
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“scenario” in this report, and is not
discussed in as much detail as the two ma
highway scenarios.

Q - What are the strengths and weaknesses of the
Maintain User Costs Benchmark?

A_ The strength of this benchmark is that it provides a
broad way to measure changes that will impact

The average BCR for this benchmark is highway users, the consumers of the highway system.
5.70 indicating that an average of $5.70 of |  This benchmark is more encompassing than a simple
benefits would be obtained from every measure of pavement conditions, and less arbitrary

dollar of expenditure. Pavement condition | than a pre-determined index of the value of capacity,
would improve at this level of investment, pavement, and safety improvements that has been

as average IRl would decrease by used in some previous reports.
2.6 percent. The main drawback with this benchmark is that it is

somewhat abstract and hard to visualize. Pavement

. . . condition, congestion, and the number of crashes can
While average highway user costs in 2017 all be directly observed. User costs, on the other

would match baseline levels in constant hand, are calculated values. This benchmark may
dollar terms, individual highway user cost also be more sensitive than others to changes in
components would vary. Travel time costs some of the underlying assumptions of the analysis.
would increase 1.5 percent, vehicle For example, while changing the assumed value of

operating costs would decrease 1.2 percer] [ime or value of life would have an effect on the
. . benefit/cost analysis for any of the scenarios, it would
while crash costs would decline

= . also change the performance target under this sce-
1.6 percent. This indicates that at this nario, since these values are used to calculate the

investment level, HERS predicts there baseline highway user costs that the scenario
would be a relatively greater rate of return | attempts to maintain.

on improvements aimed at reducing

crashes, rather than those aimed at

reducing congestion or improving pavement condition.

The Maintain User Costs benchmark in this report is calculated slightly differently than its equivalent
in the 1997 report, maintaining user costs over a 20-year interval rather than four 5-year intervals.

Maintain Travel Time Benchmark

Another point of interest on the curve shown in Exhibit 7-3 is the investment required to maintain
travel time. Changes in average travel time per VMT are an indicator of the operational performance
of the highway system. This benchmark focuses on one aspect of the Maintain User Costs bench-
mark, travel time costs. Since travel time costs happen to rise at the investment requirement level for
the Maintain User Costs benchmark based on the 1997 data, the average annual investment require-
ments for the Maintain Travel Time benchmark are higher at $67.9 billion. This would not neces-
sarily always be the case; this benchmark could theoretically be lower in certain circumstances.
Maintaining travel time costs requires the minimum BCR cutoff point be set at 1.50, below the level
used for the Maintain User Costs benchmark.

Comparison with Previous Reports

The projected average annual investment requirements shown for 1998-2017 in this report are not
directly comparable to those shown for 1996—-2015 in the 1997 C&P report, due to inflation, data
corrections, model enhancements, and changes in the methodology used to develop the estimates. Tt
facilitate direct comparisons between the two reports, the 1995 data used to develop the last report
have been corrected and reprocessed through the current version of HERS, with the results restated ii
1997 dollars. The adjustments to the 1995 data are discussed in Appendix G.
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Exhibit 7-6 compares the investment requirement projection in this report with the original projec-
tions reported in the 1995 and 1997 C&P reports, as well as with the values obtained by re-analyzing

the older data using the latest analytical procedures.

Exhibit 7-6

Comparison of Highway Investment Requirements 1995, 1997 and 1999 C&P Reports

(Billions of Dollars)
As Reported Re-analyzed and
Converted to 1997 Dollars
Maximum Maintain Maintain Maximum Maintain Maintain
Economic o User Costs | Dollar | Economic o
Conditions Conditions | User Costs
Investment . Benchmark Year Investment .
. Scenario (2) : Scenario | Benchmark
Report Year Scenario (1) (3) Scenario
1995 (Avg. Annual 1994-
2013) $65.1 $49.7 N/A 1993 $83.1 $47.6 N/A
1997 (Avg. Annual 1996-
2015) $70.0 N/A $40.5 1995 $82.6 N/A $48.2
1999 (Avg. Annual 1998-
2017) $83.4 $50.8 $53.9 1997 $83.4 $50.8 $53.9

(1) Identified as the Economic Efficiency Scenario in the 1995 C&P Report.
(2) Roughly corresponds to the Cost-to-Maintain Highways Scenario in the 1995 C&P Report.
(3) Corresponds to the Maintain User Cost Scenario in the 1997 C&P Report.

Source: Highway Economic Requirements System.

Comparison with 1995 Data Used in the 1997 C&P Report

Keeping all other factors constant, highway investment requirements for the Maximum Economic
Investment Scenario based on the 1997 HPMS data are 0.9 percent higher than the restated highway
investment requirements based on the 1995 HPMS data. The small increase is largely the result of
changes in the composition of highway spending between 1995 and 1997, which affects the external
adjustment procedures for non-modeled expenditures as described earlier.

Highway investment requirements for the Maintain User Costs scenario based on the 1997 HPMS
data are 11.8 percent higher than those based on the 1995 HPMS data, keeping all other factors
constant. Part of this is attributable to the decline in delay discussed in Chapter 4. Travel time costs
and total highway user costs are lower in 1997 than in 1995. Therefore “Maintaining User Costs” at
their 1997 levels for 20 years is actually a more stringent standard that maintaining them at their 1995
levels for 20 years, and is therefore more expensive to achieve. This is an inherent shortcoming in any
of the scenarios that “Maintain” a conditions or performance characteristic, that makes comparisons
between reports difficult. As pavement conditions, highway-user costs, and travel time costs change
over time, the targets for the Maintain Conditions scenario, the Maintain User Costs benchmark, and
the Maintain Travel Time benchmark also change.

Appendix G includes a discussion of the source of the differences between the original investment

requirement projections reported in the 1997 C&P report using 1995 HPMS data, and the updated
values using the latest analytical approach.
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Comparison with 1993 Data Used in the 1995 C&P Report

Keeping all other factors constant, highway investment requirements for the Maximum Economic
Investment Scenario based on the 1997 HPMS data are only 0.4 percent higher than the restated
highwayinvestment requirements based on the 1993 HPMS data. Highway investment requirements
for the Maintain Conditions scenario based on the 1997 HPMS data are 6.7 percent higher than those
based on the 1993 HPMS data, keeping all other factors constant. This is partially the result in the
improvement in pavement condition since 1993, which makes “Maintaining Conditions” at their 1997
level a more stringent standard. The increase is also influenced by changes in the composition of
highway spending between 1995 and 1997, which affects the external adjustment procedures for non-
modeled expenditures as described earlier.

The Maintain Conditions projection using the re-analyzed 1993 HPMS data, $47.6 billion in 1997
dollars, is lower than the original projection of $49.7 billion in 1993 dollars for the Cost-to-Maintain
scenario in the 1993 C&P Report. This is partially the result of changes in the scenario definition, but
mainly the differences are the result of incorporating the procedures contained in the most recent
Highway Capacity Manual994 (Special Report 209 of the Transportation Research Board), as
discussed on page 61 of the 1997 C&P report. These reductions more than offset the effects of
inflation on the projections.
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Bridge Investment Requirements

The bridge investment requirements shown in this report are developed primarily from the Bridge
Needs and Investment Process (BNIP). Using the National Bridge Inventory, the process identifies
bridge deficiencies, selects improvements, and simulates the costs of these improvements. An
engineering ranking scheme is used to prioritize potential actions.

Bridge Investment Backlog

As defined in this report, the bridge investment backlog represents the cost of improving all bridges
that are currently deficient. BNIP estimates that $87.3 billion of investment would be required to
repair or replace all functionally obsolete or structurally deficient bridges.

More than half of all existing bridge deficiencies are structural deficiencies. If these types of
deficiencies are not corrected in a timely manner, further deterioration could require major
rehabilitation or bridge replacement. These actions cost significantly more than highway pavement
repair on a unit cost basis. In addition, deferred investments on deficient bridges may impose public

safety hazards more dangerous than the risks of deferred pavement improvements.

Bridge Investment Requirement Scenarios

The investment requirements scenarios in th'

report project total investment requirements
for the period 1998-2017. THgiminate
Deficienciesscenario is the equivalent of the
Cost to Improve Bridge Conditionsshown

in previous reports. Thiglaintain Backlog
scenario is the equivalent of tGest to
Maintain Bridge Conditions shown in
previous reports. The scenarios were renam
to clarify their intent, and to emphasize that
the bridge investment requirements analyse
focus on bridge deficiencies, rather than
average bridge conditions.

Eliminate Deficiencies Scenario

This scenario would eliminate the existing
bridge investment backlog, and correct othe
deficiencies that are expected to develop ov
the next 20 years. The average annual
investment required under this scenario is
$10.6 billion. Exhibit 7-7 shows the 20-year
total and average investment requirements f
each functional class under this scenario. Th
table also contains the number of bridges th
would be rehabilitated or replaced during the

analysis period.

Q. HERS is used as an economic tool for

roadway investment analysis. Is there a
similar tool for bridge analysis?

A- The national Bridge Investment Analysis

System (BIAS) is currently being developed to
add an economic component to the bridge
analysis. BIAS is based on the optimization
procedures of Pontis, a bridge management
system developed initially with input from
FHWA, several States, the Transportation
Research Board, and other interests. Pontis is
now supported by the American Association of
State Highway and Transportation Officials and
is being further enhanced at the suggestion of
the States for use as their bridge management
system.

Pontis was developed to analyze individual
bridges, using data on the condition of a variety
of bridge elements. BIAS takes a similar
approach to bridge analysis, but relies on the
National Bridge Inventory which is less detailed.
BIAS can not analyze individual bridges, but can
provide information on a more aggregate,
national level basis, without requiring all the
detailed information that Pontis needs.
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Exhibit 7-7

Bridge Investment
Requirements 1998-2017
EIir?winate Deficiencies Scenario Number of 20_—Year Average Annual
Repaired or R.e_quwements Regwrements
. (Billions of 1997 | (Billions of 1997
i Replaced Bridges
Functional System Dollars) Dollars)
Rural Arterials and Collectors
Interstate 30,301 $16.8 $0.8
Other Principal Arterial 25,101 $14.5 $0.7
Minor Arterial 24,476 $9.6 $0.5
Major Collector 59,488 $11.5 $0.6
Minor Collector 31,914 $3.7 $0.2
Subtotal 171,281 $56.0 $2.8
Urban Arterials and Collectors
Interstate 53,832 $71.6 $3.6
Other Freeway & Expressway 24,020 $22.7 $1.1
Other Principal Arterial 25,554 $25.9 $1.3
Minor Arterial 19,612 $12.5 $0.6
Collector 12,436 $4.9 $0.2
Subtotal 135,454 $137.7 $6.9
Total Non-Local 306,735 $193.7 $9.7
Rural Local 140,906 $12.2 $0.6
Urban Local 16,868 $5.6 $0.3
Total Local 157,774 $17.8 $0.9
Total 464,508 $211.5 $10.6

Source: Bridge Needs and Investment Process.

Maintain Backlog Scenario

Under theMaintain Backlog scenario, the bridge investment backlog would be maintained at its
current level. Under this scenario, existing deficiencies and newly accruing deficiencies would be
selectively corrected, to minimize the investment required to maintain the same backlog of deficient
bridges in 2018 that exists in 1998. The average annual investment required under this scenario is
estimated at $5.8 billion. Exhibit 7-8 shows the 20-year total and average investment requirements
under this scenario, by functional class, as well as the number of bridges that would be rehabilitated
or replaced during the analysis period.

It should be noted that tiMaintain Backlog scenario focuses on deficient bridges, rather than on
average bridge conditions. Average bridge conditions would not necessarily be maintained under this
scenario.

Comparison with Previous Reports

Exhibit 7-9 contains a comparison of the bridge investment requirements for this report and the
previous three reports. The values reported have grown over time for both scenarios, but this is
largely due to inflation. In constant dollar terms, the investment required for Maintain Backlog
scenario (Cost to Maintain in the 1993, 1995, and 1997 reports) has declined over this time. This is
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because the number of deficient bridges has declined. The investment required for the Eliminate
Deficiencies scenario (Cost to Improve in the 1993, 1995, and 1997 reports) has fluctuated, but
remained between $10 and $11 billion annually in constant dollars.

Exhibit 7-8

Bridge Investment 20-Year Average Annual
Requirements 1998-2017 Number of Requirements Requirements
Maintain Backlog Scenario Repaired or (Billions of 1997 | (Billions of 1997
Functional System Replaced Bridges Dollars) Dollars)
Rural Arterials and Collectors
Interstate 10,330 $8.1 $0.4
Other Principal Arterial 7,130 $6.1 $0.3
Minor Arterial 1,991 $1.6 $0.1
Major Collector 1,314 $0.6 $0.0
Minor Collector 22,459 $2.9 $0.1
Subtotal 43,224 $19.3 $1.0
Urban Arterials and Collectors
Interstate 30,853 $50.9 $2.5
Other Freeway & Expressway 8,173 $11.8 $0.6
Other Principal Arterial 9,646 $15.0 $0.7
Minor Arterial 3,560 $3.8 $0.2
Collector 737 $0.6 $0.0
Subtotal 52,969 $82.1 $4.1
Total Non-Local 96,193 $101.4 $5.1
Rural Local 105,948 $9.9 $0.5
Urban Local 15,024 $5.3 $0.3
Total Local 120,972 $15.2 $0.8
Total 217,165 $116.6 $5.8

Source: Bridge Needs and Investment Process.

Exhibit 7-9

Comparison of Bridge Investment Requirements 1993, 1995, 1997 and 1999
C&P Reports (Billions of Dollars)
As Reported Converted to 1997 Dollars
Maximum Eliminate Maintain Eliminate
Backlog | Deficiencies | Dollar Backlog Deficiencies
Report Year Scenario Scenario Year Scenario Scenario
1993 (Average Annual 1992-2011) $5.2 $8.2 1991 $6.3 10.0
1995 (Average Annual 1994-2013) $5.1 $8.9 1993 $6.2 10.7
1997 (Average Annual 1996-2015) $5.6 $9.3 1995 $6.0 10.0
1999 (Average Annual 1998-2017) $5.8 $10.6 1997 $5.8 10.6
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Q « Are any preliminary results available from the BIAS model?

A. The National Bridge Investment Analysis System (BIAS) is an analytical system being developed as a
bridge investment/performance tool to supplement the Bridge Needs and Investment Process (BNIP) that
has been used for a decade to estimate bridge capital investment requirements. BIAS adds economic
analysis to this estimation process. This box contains provisional results of BIAS so the reader may
become aware of the model and its possible future use to project bridge investment requirements. Please
note that future results may differ from the interim results presented here.

BIAS estimates that an annual bridge investment from all levels of government of $6.4 billion for the
20-year period 1999 to 2018 would maintain the same overall backlog amount in 2018 as in 1999.
However, this figure cannot be directly compared to BNIP results because the BIAS figure includes some
amount of maintenance or minor rehabilitation not included in BNIP. It is estimated that the average
benefit cost ratio for the predicted improvements over the 20-year period would be about 4.0, meaning
that an average of $4 dollars of benefits would be obtained from every dollar invested. Much of these
benefits would derive from trucks not having to detour over a longer route because of deficient bridge
load carrying capacity.

An annual investment of $10.7 billion for the same 20-year period is projected to eliminate the backlog for
major improvements such as replacement and functional improvements. It would not eliminate the
requirement for continued rehabilitation and maintenance. The average benefit cost ratio for this sce-
nario is estimated to be about 2.7. Again, this should be taken as a provisional result.

These BIAS results are tentative and should not be taken as directly comparable to the BNIP results
contained elsewhere in this report. Future enhancements to BIAS may incorporate further refinements to
relationships contained in the model and information not currently included, such as the benefits to the
user of various types of bridge improvements. Such further enhancements may modify the results.
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Combined Highway and Bridge
Investment Requirements

The highway investment requirement scenarios and the bridge investment requirement scenarios are
defined differently, due to the different natures of the models used to develop them. However, it is
frequently useful to combine these separate scenarios, to show combined investment requirements for
highways and bridges. This is particularly helpful when trying to compare these scenarios to current

or projected investment levels, since amounts commonly referred to as “total highway spending” or
“total highway capital outlay,” include expenditures for both highways and bridges. Chapter 8
compares current highway and bridge spending and the investment requirements outlined in this
section.

Of the four highway investment requirements and scenarios laid out earlier in this chapter, the
Highway Maintain Conditions scenario corresponds most closely to the Bridge Maintain Backlog
scenario. The Highway Maximum Economic Investment scenario corresponds most closely to the
Bridge Eliminate Deficiencies scenario.

Backlog

Combining the $188.7 billion highway investment backlog estimated by HERS with the $87.3 billion
bridge investment backlog estimated by BNIP results in a combined backlog of $266.0 billion.
However, as indicated earlier in the chapter, the two components of backlog are defined differently,
and are not fully comparable.

Cost to Maintain Highways and Bridges

Combining the Highway Maintain Conditions
scenario with the Bridge Maintain Backlog
scenario results in a combined average annual
Cost to Maintain Highways and Bridges of
$56.6 billion. This total is broken down by
functional class in Exhibit 7-10. The investmen
requirements are classified into three categorie
system preservation, system expansion, and
system enhancement. System Preservation
consists of the investment required to preserve
and maintain the pavement and bridge infra-
structure. This includes the costs of resurfacing
rehabilitation, and reconstruction. System
Expansion includes the costs related to adding
lanes to existing facilities, or adding new roads
and bridges. System Enhancements include

Q - How were the investment requirements
identified by HERS split between system
preservation and system expansion?

A. All improvements selected by HERS that did
not add lanes to a facility were classified as
system preservation. For improvements that
added lanes, the total cost of the improvement
was split between these two categories, since
widening projects typically improve the existing
lanes of a facility to some degree when adding
new ones. Also, adding new lanes to a facility
tends to reduce the amount of traffic carried by
each of the old lanes, which may extend their
pavement life.

To classify these improvements, the HERS
analysis for this scenario was rerun with a con-

safety enhancements, traffic operations
improvements, and environmental
improvements.

The investment requirements for urban arterial

straint added to prevent the model from adding
any lanes. The difference between these two
runs was taken to be the amount attributable
solely to system expansion.

HERS does not currently identify investment
requirements for system enhancements.

and collectors total $27.4 billion or 48.3 perce
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Exhibit 7-10

Average Annual Investment Required to Maintain Highways and Bridges

(Billions of 1997 Dollars)

System Preservation
System System
Functional Class Highway | Bridge Total | Expansion | Enhancements Total

Rural Arterials & Collectors

Interstate $2.1 $0.4 $2.5 $1.3 $0.3 $4.1
Other Principal Arterial $2.7 $0.3 $3.0 $2.8 $0.3 $6.1
Minor Arterial $2.2 $0.1 $2.3 $0.6 $0.3 $3.2
Major Collector $3.5 $0.0 $3.5 $0.4 $0.2 $4.1
Minor Collector $0.4 $0.1 $0.6 $0.4 $0.1 $1.0
Subtotal $10.9 $1.0 $11.9 $5.5 $1.1 $18.5
Urban Arterials & Collectors

Interstate $2.9 $2.5 $5.4 $4.3 $0.8 $10.6
Other Freeway & Expressway $1.2 $0.6 $1.8 $1.4 $0.4 $3.6
Other Principal Arterial $3.4 $0.8 $4.1 $2.7 $0.6 $7.4
Minor Arterial $2.3 $0.2 $2.5 $1.0 $0.5 $4.0
Collector $1.2 $0.0 $1.2 $0.3 $0.2 $1.8
Subtotal $11.0 $4.1 $15.1 $9.8 $2.5 $27.4
Subtotal Rural and Urban $21.9 $5.1 $27.0 $15.2 $3.6 $45.9
Rural and Urban Local $4.0 $0.8 $4.8 $5.1 $0.9 $10.8
Total $26.0 $5.8 $31.8 $20.3 $4.5 $56.6

of the average annual Cost to Maintain High-
ways and Bridges. Investment requirements for;

rural arterials and collectors total $18.5 billion
(32.7 percent), while the investment require-

ments for rural and urban local roads and stree
total $10.8 billion (19.0 percent).

System Preservation

Average annual system preservation investmer
requirements total $31.8 billion, comprising
56.1 percent of the total Cost to Maintain High-
ways and Bridges. As shown in Exhibit 7-11,
system preservation makes up a much larger
share of total investment requirements in rural
areas than in urban areas.

The system preservation investment
requirements are derived primarily from the
HERS and BNIP models. An adjustment was
made to the highway figures, to account for
rural minor collectors and local functional class
roads which are not included in the HPMS
sample section database on which HERS relies

Q . Would it be necessary to invest the full
amount identified as the Cost to Maintain
Highways and Bridges, in order to maintain
average pavement condition and the backlog
of bridge deficiencies?

A. No. The $56.6 billion average annual amount
specified includes a mix of improvements
designed to attain the highest possible level of
benefits, including some improvements that do
not address the physical conditions of highways
and bridges. If all investment requirements for
system expansion and system enhancements
were ignored, an average annual investment of
$31.8 billion of system preservation investment
would be sufficient to maintain physical condi-
tions. However, if total highway and bridge capital
investment were limited to $31.8 billion annually,
the analytical procedures used in this report
would suggest that it would be more cost
beneficial to split this amount among system
preservation, system expansion, and system
enhancements, rather than use it all for system
preservation.
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Exhibit 7-11

1998-2017 Cost to Maintain Highways and Bridges, Distribution
By Improvement Type

Rural Arterials & Urban Arterials & Total All Functional
Collectors Collectors Systems

29.9% 35.7% 35.9%
6.2% 9.0% 8.0%
64.3% 55.2% 56.1%

[_]system Preservation [__] System Expansion [l System Enhancement

System Expansion

o . Q Can highway capacity be expanded without
The $20.3 billion in average annual investment ", qqing new lanes or new roads and bridges?

requirements for system expansion represents
35.9 percent of the total Cost to Maintain . i A S
improving the utilization of the existing infrastruc-

Highways and Bridges. This includes ture. In many cases, increased investment in
investment requirements derived from HERS | jnteliigent transportation systems may be more cost

A. Yes. Highway capacity can be increased by

for widening existing highways and bridges. beneficial than building new roads, double decking
External adjustments were applied to cover roads, or adding new lanes in high cost urban
types of investment that HERS does not areas. (See the discussion of High-cost lanes in

consider, the widening of rural minor collectors| APPENdix G). Some of the investment require-
ments identified as for “System Expansion” could

and local _functlonal class roads, _and the also be met through increased investment in types
construction of new roads and bridges. of “System Enhancements” that also increase
capacity.

System Enhancements

The $4.5 billion in average annual investment requirements for system enhancements represents
8.0 percent of the total Cost to Maintain Highways and Bridges. Investment requirements for safety
enhancements, traffic operation facilities, and environmental enhancements are not directly modeled,
so this amount was derived solely from the external adjustment procedures described earlier. Long
range plans for the HERS model include expanding its scope to consider some of the ITS and safety
improvements included under system enhancements.

Cost to Improve Highways and Bridges

Combining the Highway Maximum Economic Investment scenario with the Bridge Eliminate
Deficiency Backlog scenario results in a combined average annual Cost to Improve Highways and
Bridges of $94.0 billion. This total is broken down by type of improvement and functional class in
Exhibit 7-12.

The investment requirements for urban arterials and collectors total $46.8 billion, or 49.8 percent of

the total average annual Cost to Improve Highways and Bridges. Investment requirements on rural
arterials and collectors are $29.7 billion or 31.6 percent of the total.
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System Preservation, System Expansion, and System Enhancement make up 51.2 percent, 40.8 per-
cent, and 8.0 percent respectively of the Cost to Improve Highways and Bridges. As shown in Exhibit
7-13, system preservation makes up a much larger share of total investment requirements in rural
areas than in urban areas.

Exhibit 7-12

Average Annual Investment Required to Improve Highways and Bridges
(Billions of 1997 Dollars)
System Preservation
System System

Functional Class Highway | Bridge Total | Expansion | Enhancements Total
Rural Arterials & Collectors
Interstate $2.5 $0.8 $3.3 $2.1 $0.6 $6.0
Other Principal Arterial $3.3 $0.7 $4.0 $4.6 $0.4 $9.1
Minor Arterial $3.1 $0.5 $3.6 $1.2 $0.5 $5.2
Major Collector $6.1 $0.6 $6.7 $0.7 $0.3 $7.7
Minor Collector $0.7 $0.2 $0.9 $0.6 $0.1 $1.7
Subtotal $15.7 $2.8 $18.5 $9.3 $1.9 $29.7
Urban Arterials & Collectors
Interstate $3.4 $3.6 $7.0 $7.9 $1.4 $16.3
Other Freeway & Expressway $1.4 $1.1 $2.6 $3.1 $0.6 $6.2
Other Principal Arterial $4.3 $1.3 $5.6 $5.9 $0.9 $12.4
Minor Arterial $3.7 $0.6 $4.3 $2.6 $0.7 $7.7
Collector $2.4 $0.2 $2.7 $1.1 $0.4 $4.1
Subtotal $15.2 $6.9 $22.1 $20.6 $4.1 $46.8
Subtotal Rural and Urban $30.9 $9.7 $40.6 $29.9 $6.0 $76.5
Rural and Urban Local $6.7 $0.9 $7.6 $8.4 $1.5 $17.5
Total $37.6 $10.6 $48.1 $38.3 $7.5 $94.0

Exhibit 7-13

1998-2017 Cost to Improve Highways and Bridges, Distribution
By Improvement Type

Rural Arterials & Urban Arterials & Total All Functional
Collectors Collectors Systems
29.9% 44.0% 40.8%
6.4% 8.8% 8.0%
62.2% 47.3% 51.2%

[_]system Preservation [__] System Expansion Il System Enhancement
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Transit Investment Requirements

The Transit Economic Requirements Model (TERM) (see Appendix | for a technical description)

generates estimates of future transit investment requirements. TERM uses inputs on the existing transit

asset base, transit system operating statistics, and projections of future transit ridership growth to

forecast the amount of capital investment which would be required from 1998-2017 in order to meet

various asset condition and operational performance goals. These goals are:

m  Maintain Conditions

Transit assets are replaced and rehabilitated over the 20-year period such that the average
condition of assets present at the beginning of the period remains the same at the end of the
period.

Maintain Performance

New transit vehicles and infrastructure are deployed in order to maintain vehicle utilization

rates (one of the system performance measures discussed in Chapter 4) at a constant rate even
as transit passenger miles increase over time. Estimates of future growth in transit passenger
miles are obtained from forecasts made by Metropolitan Planning Organizations (MPOS).

Improve Conditions

Transit asset rehabilitation and replacement is accelerated in order to improve the average
condition of each asset type in the existing asset base to at least a “good” level (see Chapter 3)
by 2017.

Improve Performance

The performance of the Nation’s transit system are improved as additional investments are
made in the urbanized areas with the most crowded vehicles and the slowest systems, reducing
average vehicle utilization rates and increasing average transit operating speeds. Service would
be improved by reducing headways and/or increasing coverage. Vehicle crowding would also

be reduced.

Investment Requirements

Exhibit 7-14 shows the necessary levels of anntial summary of Transit Average Annual
capital investment that would be necessary to meetvestment Requirements 1998-2017
the goals described above. The annual costto | (Billions of Dollars)

Maintain Conditions and Performanceis

Average
$10.8 billion. Improving performance while Conditions Performance | Annual gost
maintaining current conditions would require an|  “yaintain Maintain 10.8
investment of $14.4 billion, while improving Maintain Improve 14.4
conditions at the current level of performance Improve Maintain 111
would cost $11._1 billion annually. The_cost to Improve Improve 16.0
Improve Conditions and Performanceis

$16.0 billion each year. Source: Transit Economic Requirements Model.

Transit investment requirements by type of improvement are displayed in Exhibit 7-15. The replace-

ment and rehabilitation of the existing transit capital stock would cost $7.0 billion annually if con-
ditions are to be maintained, and $8.6 billion if conditions are to be improved. Asset expansion to
accommodate transit PMT growth requires $3.7 billion under maintained conditions ($3.8 billion if

conditions are also improved). Enhancements to raise the overall performance of the Nation’s transit
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system carries an annual price tag— =l FALs

of $f3'6, billion When (,:Ondltlons al®|  Annual Transit Investment Requirements by Type of
maintained ($3_-7 billion when Improvement (Billions of 1997 Dollars)
conditions are improved). The —

Is in each column in Exhibit 7- aitain | Improve
totals In eac Type of Improvement Conditions | Conditions
15 reflect the total amounts for the| Replacement and Rehabilitation $7.0 $8.6
Maintain Conditions/Improve Asset Expansion $3.7 $3.8
Performance and the Improve Performance Improvements $3.6 $3.7
Conditions/Improve Performance Total $14.4 $16.0

scenarios, respectively.

Source: Transit Economic Requirements Model.

Exhibits 7-16 and 7-17 show the costs to maintain conditions and to make incremental improvements
in performance and conditions. The exhibits disaggregate the forecast investments in transit capital by

Exhibit 7-16

Annual Average Cost to Maintain and
. .. Incremental Incremental

Improve Transit Conditions and Performance Cost to Cost to Cost to
1998-2017 (Millions of 1997 Dollars) Maintain Maintain Improve

Mode, Purpose, & Asset Type Conditions | Performance | Performance Total

Areas Over 1 Million in Population
Bus
Replacement & Rehabilitation (Vehicles) 966 966
Replacement & Rehabilitation (Non-Vehicles) 350 350
Fleet Expansion (Vehicles) 311 311
Fleet Expansion (Non-Vehicles) 466 466
New Bus (Vehicles & Non-Vehicles) 375 375
Elderly and Disabled (Vehicles & Non-Vehicles) 24 24
Subtotal Bus 1,339 777 375 2,492
Rail
Replacement & Rehabilitation (Vehicles) 1,360 1,360
Replacement & Rehabilitation (Non-Vehicles) 3,549 3,549
Fleet Expansion (Vehicles) 273 273
Fleet Expansion (Non-Vehicles) 2,501 2,501
New Rail (Vehicles & Non-Vehicles) 3,151 3,151
Subtotal Rail 4,909 2,774 3,151 10,835
Total Areas Over 1 Million 6,248 3,551 3,527 13,327
Areas Under 1 Million in Population

Bus
Replacement & Rehabilitation (Vehicles) 352 352
Replacement & Rehabilitation (Non-Vehicles) 164 164
Fleet Expansion (Vehicles) 94 94
Fleet Expansion (Non-Vehicles) 102 102
New Bus (Vehicles & Non-Vehicles) 121 121
Elderly and Disabled (Vehicles & Non-Vehicles) 135 135
Nonurbanized Area (Vehicles & Non-Vehicles) 110 110
Subtotal Bus 761 196 121 1,078
Rail
Replacement & Rehabilitation (Vehicles) 2 2
Replacement & Rehabilitation (Non-Vehicles) 5 5
Fleet Expansion (Vehicles) 0 0
Fleet Expansion (Non-Vehicles) 0 0
Subtotal Rail 7 0 8
Total Areas Under 1 Million 769 196 121 1,086
Total 7,017 3,748 3,648 14,413

Source: Transit Economic Requirements Model (TERM).
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urbanized area population (over and under 1 million), mode (bus and rail), improvement purpose, and
asset type (vehicles and non-vehicles). Investment requirements are greatest in major urbanized areas,
reflecting the fact that 90 percent of the Nation’s transit passenger miles are on transit systems in
these 33 areas. The most expensive investments for replacement, expansion, and performance
improvements are in non-vehicle rail infrastructure. Replacement of the bus fleet, with its relatively
short useful life (approximately 12 years), is also a major expense.

Exhibit 7-17

Annual Average Cost to Maintain and Improve Transit Conditions and Performance 1998-2017
(Millions of 1997 Dollars)
Incremental | Incremental | Incremental
Cost to Cost to Cost to Cost to
Maintain Improve Maintain Improve
Mode, Purpose, & Asset Type Conditions | Conditions | Performance | Performance| Total
Areas Over 1 Million in Population
Bus
Replacement & Rehabilitation (Vehicles) 966 1 966
Replacement & Rehabilitation (Non-Vehicles) 350 344 693
Fleet Expansion (Vehicles) 333 333
Fleet Expansion (Non-Vehicles) 466 466
New Bus (Vehicles & Non-Vehicles) 405 405
Elderly and Disabled (Vehicles & Non- 24 21 45
Subtotal Bus 1,339 365 799 405 2,909
Ralil
Replacement & Rehabilitation (Vehicles) 1,360 301 1,661
Replacement & Rehabilitation (Non-Vehicles) 3,549 419 3,968
Fleet Expansion (Vehicles) 272 272
Fleet Expansion (Non-Vehicles) 2,493 2,493
New Rail (Vehicles & Non-Vehicles) 3,151 3,151
Subtotal Rail 4,909 720 2,765 3,151 11,546
Total Areas Over 1 Million 6,248 1,085 3,564 3,556 14,454
Areas Under 1 Million in Population

Bus
Replacement & Rehabilitation (Vehicles) 352 0 352
Replacement & Rehabilitation (Non-Vehicles) 164 268 432
Fleet Expansion (Vehicles) 101 101
Fleet Expansion (Non-Vehicles) 102 102
New Bus (Vehicles & Non-Vehicles) 141 141
Elderly and Disabled (Vehicles & Non- 135 118 253
Nonurbanized Area (Vehicles & Non-Vehicles) 110 93 203
Subtotal Bus 203 141 1,584
Rail
Replacement & Rehabilitation (Vehicles) 2 2 4
Replacement & Rehabilitation (Non-Vehicles) 5 1 7
Fleet Expansion (Vehicles) 0 0
Fleet Expansion (Non-Vehicles) 0 0
Subtotal Rail 7 3 0 10
Total Areas Under 1 Million 7 3 203 141 1,595
Total 6,256 1,088 3,767 3,698 16,049

Source: Transit Economic Requirements Model (TERM).

7-32



Exhibit 7-18 provides a more detailed description of investment requirements by asset type. Annual
costs are shown for each of the five major transit asset categories used in TERM (guideways,
facilities, systems, stations, and vehicles), as well as other project costs. The largest expenditures on
rehab and replacement are for vehicles, followed by guideway elements (new busways, track, road-
beds, bridges, and tunnels). Guideway elements are the largest expense for system expansion and
performance improvements, as fixed-guideway systems (both new and expansions of existing
systems) are constructed to accommodate increased passenger growth and to increase operating
speeds.

Exhibit 7-18

Average Annual Investment Requirements by Asset Type and Type of Improvement
(Billions of 1997 Dollars)

Maintain Conditions

Replacement/ Performance

Asset Type Rehabilitation Asset Expansion Improvements Total
Guideway Elements 2,268 1,113 9241 4,323
Facilities 654 594 259 1,507
Systems 958 191 154 1,304
Stations 277 393 325 995
Vehicles 2,860 678 298 3,836
Other Costs 0 777 1,672 2,448
Total 7,017 3,748 3,648 14,413

Improve Conditions

Replacement/ Performance

Asset Type Rehabilitation Asset Expansion Improvements Total
Guideway Elements 2,480 1,109 9241 4,531
Facilities 1,492 594 259 2,344
Systems 1,039 190 154 1,383
Stations 257 393 325 975
Vehicles 3,317 706 347 4,370
Other Costs 0 775 1,672 2,447
Total 8,584 3,767 3,698 16,049

Source: Transit Economic Requirements Model.

Existing Deficiencies

In addition to projecting annual investment requirements for future years, TERM also calculates the
amount of investment that would be required to correct existing deficiencies in the nation’s transit
system. This is similar to the highway needs backlog calculated by HERS. TERM does this by
immediately replacing assets whose condition is below the specified replacement level (see
Appendix I). These corrective expenditures in the first year then become part of the 20-year
investment totals. Eliminating the 1997 deficiencies under the Maintain Conditions scenario would
cost $15.1 billion, while eliminating deficiencies under the Improve Conditions scenario totals
$25.1 billion.
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CHAPTER 8

Comparison of Spending
and Investment Requirements

Introduction

This chapter compares the current spending for capital improvements described in Chapter 6 with the
future investment requirement scenarios outlined in Chapter 7. These comparisons are intended to be
illustrative, rather than to endorse a specific level of future investment. While the analysis identifies
“gaps” between investment requirements and current spending levels, it does not take a position as to
whether or not these gaps should be closed. The impacts of different levels of investment are
discussed in Chapter 9.

The size of the gaps between the investment requirement scenarios and current spending is
dependent on the investment requirement analysis, and the underlying assumptions used to develop
that analysis. Chapter 10 explores the impacts that varying some assumptions would have on the
investment requirements.

The chapter begins with a brief summary, contrasting the investment requirements versus spending
comparisons in this report with those included in the 1997 C&P report.

The highway and bridge portion of this chapter starts by comparing average annual investment
requirements for the Cost to Maintain Highways and Bridges and the Cost to Improve Highways and
Bridges with 1997 capital expenditure data. This includes an analysis of the current and recom-
mended mix of improvement types. The section continues by making a projection of capital
spending for 1998-2003, and comparing these with the investment requirement scenarios. This is
followed by a year-by-year analysis of investment requirements. The section concludes with a
comparison of the results with those shown in previous C&P reports.

The transit portion of this chapter follows the approach used in the highway and bridge section.
Average annual investment requirements are first compared to 1997 transit capital expenditures, both
in total and by spending on vehicles versus non-vehicles. Investment requirements are then
contrasted with the projected capital spending for 1998-2003 given the funding levels authorized by
TEA-21. Forecast capital expenditures by 5-year segments are noted, and the funding gap between
actual expenditures and estimated investment requirements in previous reports is compared to the
current estimates of the gap.



Summary

Exhibit 8-1 compares the difference between investment requirements and spending in this report,
with the corresponding difference based on the data reported in the 1997 C&P report. The first
column contains values shown in the 1997 C&P report, which compared 1995 spending with
estimated investment requirements for 1996. The second column restates these values, comparing
1995 spending with the average annual investment requirements reported in the 1997 C&P report.
These restated values are comparable to the latest values based on 1997 data, shown in the third
column.

Exhibit 8-1

Highway, Bridge and Transit Spending Versus Investment Requirements, Compared with Data
from the 1997 C&P Report
Based on 1995 Data Based on
Statistic 1997 Report Restated 1997 Data
Percent by Which Investment Requirements Exceed
Current Spending:
Cost to Improve Highways, Bridges and Transit
Highway Maximum Economic Investment scenario N/A 95.6%
Bridge Eliminate Deficiencies scenario N/A 73.8%
Highway plus Bridge 93% 108.9% 92.9%
Transit Cost to Improve scenario 103% 110.2%
Cost to Maintain Highway, Bridges and Transit
Highway Maintain Conditions scenario N/A 19.2%
Bridge Maintain Backlog scenario N/A -4.2%
Highway plus Bridge 13% 21.0% 16.3%
Transit Cost to Maintain scenario 38% 41.0%
Percent by Which Investment Requirements Exceed
Projected 1998-2003 Spending:
Cost to Improve Highways and Bridges N/A 75.3%
Transit Cost to Improve Scenario N/A 68.3%
Cost to Maintain Highways and Bridges N/A 5.7%
Transit Cost to Maintain Scenario N/A 12.9%

This chapter compares current highway and bridge spending with average annual investment
requirements, while the 1997 C&P report cited figures based on a comparison of current spending
with estimated “Year 1” (1996) investment requirements. The procedure for estimating the distribu-
tion of the investment requirements within the 20-year period was changed in this report. The 1997
C&P report used a process called “ramping,” in which it was assumed that investment requirements
for capacity expansion would grow in proportion to average annual VMT growth. In this report, the
distribution of highway, bridge, and transit investment requirements is based more directly on the
outputs of the Highway Economic Requirements System (HERS), the Bridge Needs and Investment
Process (BNIP), and the Transit Economic Requirements Model (TERM).

When measured using the comparable procedures, the gaps between highway and bridge spending
and the investment requirement scenarios have declined since the last report, and are expected to
decline further in the future, as a result of increased funding for highways, bridges, and transit under
TEA-21. While this comparison was not shown in the 1997 C&P report, the average investment
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requirements for the Maintain User Costs scenario developed using 1995 data were 21.0 percent
higher than 1995 report-related capital expenditures. The comparable difference using 1997 data for
the Cost to Maintain Highways and Bridges and 1997 spending is 16.3 percent ($7.9 billion), and is
expected to decline to an average of 5.7 percent ($3.0 billion) annually over the six-year period 1998
through 2003.

Average annual transit investment requirements for the Cost to Maintain Transit in the 1997 C&P
report were 38.6 percent higher than actual 1995 capital expenditures. The comparable difference
using the most recent data increased to 41.0 percent ($3.2 billion), but is expected to decline to an
average of 12.9 percent ($1.2 billion) annually from 1998 through 2003.

The average investment requirements for the Maximum Economic Investment scenario in the 1997
C&P report were 108.9 percent higher than the 1995 report-related capital expenditures. This differ-
ence declined to 92.9 percent ($45.3 billion) based on the most recent data, and is projected to decline
to an average of 75.3 percent ($40.4 billion) annually from 1998 through 2003. For the Transit Cost

to Improve scenario, the difference has increased from 102.9 percent to 110.2 percent ($8.4 billion)
since the 1997 C&P report, but is expected to decline to an average of 68.3 percent ($6.5 billion)
annually from 1998 through 2003.
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Highway and Bridge
Spending Versus Investment Requirements

This section starts by comparing the average Q _ B
annual investment requirements identified in I' DIOP%S_ this :eportt?fecommend any specific
Chapter 7 with the 1997 highway and bridge S O ARG

capital spending outlined in Chapter 6. A A. No.The analysis of investment requirements
second analysis compares average annual in this report is intended to estimate what the
investment requirements with projected consequences may be of various levels of

spending for 1998—-2003, since highway capita spending on highway system performance. The

investment is expected to rise sharplv durin comparisons in this chapter between current
P Ply 9 spending and the highway and bridge investment

this period, as a result of the higher funding requirement scenarios are intended to be illus-

levels under TEA-21. trative only. They are not intended to endorse
any of the investment requirement scenarios as

Previous C&P reports utilized a technique the “correct” level of transportation investment.

called “ramping” to turn the average annual
investment requirement projections into
estimates for individual years. The investment requirements required for system preservation were
assumed to be approximately the same for each year, while the amount for capacity improvement was
assumed to grow at the same rate as average annual growth in highway travel. This technique has
been criticized, because the values for individual years that it produces are not consistent with the
results of the HERS and BNIP analyses. Investments at the annual levels developed using the
ramping technique might not have the effect on conditions and performance that would be expected,
since the timing of the investments would be different than those specified by the models. In this
report, the “ramping” technique has not been utilized.

One significant change in this report is that the concept of “Reported-Related Capital Outlay” has
been eliminated. As discussed in Chapter 7, the investment requirements have been expanded in this
report to include all types of highway capital improvements. Therefore, there is no need to make
adjustments to the 1997 capital expenditure data when making comparisons, as was done in previous
C&P reports.

Average Annual Investment Requirements Versus 1997 Spending

Exhibit 8-2 compares the average annual investment requirements to maintain highways and bridges
with 1997 capital expenditures. Chapter 7 identifies the Cost to Maintain Highways and Bridges as
the combination of the Highway Maintain Conditions scenario and the Bridge Maintain Backlog
scenario. As indicated in Chapter 7, investment requirements for bridge expansion are included in the
highway investment requirement scenarios. Therefore, the $1.0 billion expended for new bridges in
1997 is included as part of the $42.6 billion of “highway” expenditures, rather than as part of the

$6.1 billion of “bridge” expenditures.

The average annual Cost to Maintain Highways and Bridges for the 1998-2017 period is $7.9 billion
(16.3 percent) higher than 1997 capital expenditures. The gap is larger for highways ($8.2 billion),
because 1997 bridge preservation expenditures were $0.3 billion higher than the average annual
investment required under the Bridge Maintain Backlog scenario.
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Exhibit 8-2

AVera.ge Annua! |n\{95tment Investment Requirements 99

Required to Maintain Highways (Billions of 1997 Dollars) 1997

and Bridges Versus 1997 System System %ai’l'ta' Df’ﬁercent
Capital Outla System utiay - Litierence

p y Preser- | Eypansion | Enhance- Total [ (ggillions)
vation ments

Highway Maintain Conditions Scenario 26.0 20.3 45 50.8 42.6 19.2%
Bridge Maintain Backlog Scenario 5.8 AN AN 5.8 6.1 -4.2%
Cost to Maintain Highways and Bridges 31.8 20.3 45 56.6 48.7 16.3%

Exhibit 8-3 compares the average annual investment requirements to improve highways and bridges
with 1997 capital expenditures. Chapter 7 identifies the Cost to Improve Highways and Bridges as
the combination of the Highway Maximum Economic Investment scenario and the Bridge Eliminate

Deficiencies scenario.

The average annual Cost to Improve Highways and Bridges for the 1998—-2017 period is $45.3 billion
(92.9 percent) higher than 1997 capital expenditures. The relative difference is larger for highways

(95.6 percent), and smaller for bridges (73.8 percent).

Exhibit 8-3

Average Annual Investment Investment Requirements
Required to Improve Highways Billions of 1997 Dollars) 1997
and Bridges Versus 1997 Capital Capital | Percent
Outlay System System System | Outlay | Difference
Preser- | Expansion | Enhance- Total | (gBillions)
vation ments
Highway Maximum Economic Investment
Scenario 37.6 38.3 7.5 83.4 42.6 95.6%
Bridge Eliminate Deficiencies Scenario 10.6 AN AN 10.6 6.1 74.2%
Cost to Improve Highways and Bridges 48.1 38.3 7.5 94.0 48.7 92.9%

Q . To what extent is the “gap” between current funding levels and the investment requirement
scenarios the result of assumptions made about future VMT growth?

A_ The specific impacts that changing the VMT growth projections would have on the investment require-
ment projections is discussed in Chapter 10. In general terms, the projections in the HPMS database
assume that VMT will grow more slowly in the future than in the past. The travel demand elasticity features
in HERS serve to channel growth away from urbanized areas with rising highway user costs, diverting traffic
to other areas or to other modes of transportation. (To some extent, the HERS elasticity features mimic the
effect that transportation demand management programs would be expected to have on the level and
location of future travel growth. Elasticity is discussed in more detail in Appendix G.) If VMT growth is
higher than predicted in HPMS as modified by the HERS elasticity features , then the investment require-
ments would be higher, and the gap between current funding and the investment requirement scenarios
would be larger.

Conversely, the rate of VMT growth has declined in recent years. If VMT increases more slowly than
expected due to demographic changes, or if TDM programs are more successful in affecting future travel
growth than the travel demand elasticity values in HERS assume, then future highway investment require-
ments would be lower. In this case, the gap between current funding and the investment requirements
would be smaller (and could close entirely).

Note that HERS assumes the future VMT projections for individual highway segments in HPMS are accu-
rate only at the level of investment required to maintain a constant level of service. At lower levels of
investment, HERS assumes future VMT will be lower than the projections in the HPMS database.




Types of Improvements

Exhibit 8-4 compares the distribution of highway and bridge capital outlay by improvement type for
the Cost to Improve Highways and Bridges and the Cost to Maintain Highways and Bridges with the
actual pattern of capital expenditures in 1997. In 1997, 47.6 percent of highway capital outlays went
for highway and bridge preservation. The investment requirement scenarios developed using the
Highway Economic Requirements System (HERS), and the Bridge Needs and Investment Process
(BNIP) suggest that a greater percentage of capital investment should be devoted to system
preservation in the future. For the Cost to Maintain Highways and Bridges, 56.1 percent of the
projected 20-year investment requirements are for system preservation. If funding increases above
this level, the models recommend increasing system expansion expenditures more quickly, so that for
the Cost to Improve Highways and Bridges, 51.2 percent of the total investment requirements are for
system preservation.

Highway and Bridge Investment Requirements and 1997 Capital Outlay, Percentage by
Improvement Type

System Preservation System
System |Enhance-
Highway| Bridge Total | Expansion]| ments Total
Cost to Improve Highways and Bridges | 40.0% | 11.3% 51.2% 40.8% 8.0% | 100.0%
Cost to Maintain Highways and Bridges | 45.8% | 10.3% 56.1% 35.9% 8.0% | 100.0%
1997 Capital Outlay 35.1% | 125% | 47.6% 44.4% 8.0% | 100.0%

As discussed in Chapter 7, investment requirements for non-modeled items were determined by
assuming that future increasing in this type of investment would be proportional to increases in total
capital spending. For system enhancements, the percentage for the Cost to Improve Highways and
Bridges and for the Cost to Maintain Highways and Bridges was set at 8.0 percent, to match the
percentage of expenditures in 1997.

Investment Requirements Versus Projected 1998-2003 Spending

The passage of the TEA-21 will result in significant increases in Federal highway funding. This will
help to close the gap between the investment requirement scenarios and current spending levels
identified earlier in this chapter. As indicated in Chapter 6, due to the nature of the Federal-aid High-
way program as a multiple year reimbursable program, the impact of increases in obligation levels
phases in gradually over a number of years. The largest percentage increases in cash outlays for
highways by the Federal Government are expected to occur in 1999, 2000, and 2001. Federal cash
outlays are projected to increase in 2002 and 2003 as well, but are expected to grow more slowly than
inflation.

State and Local Funding

State and local funding for highway capital outlay has increased in every year since 1981, and has
grown in constant dollar terms over time. In 1996, the FHWA commissioned the development of two
State Highway Funding Models to forecast future State highway funding levels. These models are
used in the development of supporting materials for the annual FHWA budget submission. State
Highway Funding Model | predicts that annual increases in State highway funding will range from
4.5 percent to 5.1 percent during the period from 1997 to 2003. This report assumes that State and
local government funding for highway capital expenditures will increase by approximately the same
rates.
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Q » What factors do the State Highway Funding Models use in their projections?

A. State Highway Funding Model | forecasts total State receipts for highways based on estimates of future
fuel consumption, State general fund revenues and nominal Gross Domestic Product (GDP). State
Highway Funding Model || makes more detailed forecasts of each major State revenue source. Model Il
bases its projections for individual revenue components on estimates of future VMT, nominal GDP,
licensed drivers, State general fund revenues, State general fund expenditures, commuter railway miles
and Treasury Bill Yields. The future funding levels projected by the two models are fairly consistent with
each other.

Model | was utilized in this report, since the detailed revenue component projections provided by Model Il
were not needed.

Projected Federal, State and Local Capital Expenditures

Exhibit 8-5 shows projected expenditures by all levels of government for highway capital projects in
current dollars and constant 1997 dollars. As indicated in Chapter 6, historical capital expenditures
are converted to constant dollars using the FHWA Construction Bid Price Index. However, there are
no projections available for future values for this index, so the expenditure projections were
converted to constant dollars using forecasts of the Consumer Price Index (CPI) instead.

Stated in constant 1997 dollars, highway capital expenditures are expected to rise from $48.7 billion
in 1997 to $56.5 billion in 2003, a 16 percent increase. The growth in capital spending is expected to
outpace inflation in each year during this period, with the largest increases occurring between 1999
and 2001.

Projected Highway Capital Expenditures 1998-2003, All Levels of Government
Projected Capital Expenditures Projected Capital Expenditures
Stated in Billions Projected Stated in Billions
of Nominal Dollars Annual Rate of of Constant 1997 Dollars
Increase Over Inflation* Increase Over

Year Amount Prior Year Amount Prior Year
1997 48.7 48.7
1998 49.6 1.9% 1.6% 48.8 0.2%
1999 53.2 7.1% 2.1% 51.2 4.9%
2000 57.3 7.7% 2.4% 53.9 5.2%
2001 60.3 5.2% 2.4% 55.4 2.7%
2002 62.3 3.4% 2.5% 55.9 0.9%
2003 64.6 3.6% 2.5% 56.5 1.1%

* CPI projections are from the Mid-Session Review of the Fiscal Year 2000 Budget.

Comparison of Investment Requirements and Projected 1998—-2003 Spending

When making multi-year comparisons of spending and investment requirements, it is important to
note that the investment requirements shown in this report are cumulative. To achieve a given per-
formance target at the end of 20 years, cumulative spending over the 20-year period would need to
match the cumulative investment requirements specified for that target. For example, if spending in
2017 matched the average annual investment requirements identified as the Cost to Maintain High-
ways and Bridges, but spending in 1998 through 2016 fell below this threshold, highway and bridge
conditions would be expected to decline. Highway and bridge conditions would only be maintained
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under this scenario if the cumulative average annual spending for the 1998-2017 period reached
$56.6 billion, the average annual Cost to Maintain Highways and Bridges.

Exhibit 8-6 compares the Cost to Maintain Highways and Bridges and the Cost to Improve Highways
and Bridges with projected spending for the years 1998 through 2003. The row for 1997 is included
to relate the table to Exhibits 8-2 and 8-3, but the 1997 values are not included in the cumulative
capital expenditure figures shown. The “Average Annual” column shows the average annual capital
expenditures corresponding to the years included in the “Cumulative” column, i.e., the $51.3 billion
average annual expenditures shown for the year 2000 represent the average expenditures for the
three-year period 1998 to 2000.

Exhibit 8-6

Average Annual Investment 100
Required to Maintain and g 80¢ ¢ ¢ ¢ ¢ 1K ICOSt to
Improve Highways and Bridges g . énprove
Versus Projected 1998-2003 ~ 60m = 3 ost to
Capital Outlay 8 10 & 1 =1 Vaintain
%5 A Average
o 20 Annual
S Spending
= 0 L L L L
@ 1998 1999 2000 2001 2002 2003
Projected Capital Expenditures Cost to Maintain Cost to Improve
Stated in Billions Highways and Bridges Highways and Bridges
of Constant 1997 Dollars Percent Percent
Above Above
Average Average Projected Average Projected
Year Annual Cumulative Annual Annual Spending Annual Spending
1997 48.7 56.6 16.3% 94.0 92.9%
1998 48.8 48.8 48.8 56.6 16.1% 94.0 92.6%
1999 51.2 100.1 50.0 56.6 13.3% 94.0 87.9%
2000 53.9 153.9 51.3 56.6 10.4% 94.0 83.2%
2001 55.4 209.3 52.3 56.6 8.3% 94.0 79.7%
2002 55.9 265.2 53.0 56.6 6.9% 94.0 77.3%
2003 56.5 321.6 53.6 56.6 5.7% 94.0 75.3%

If State and local government spending increases at the predicted rates, then combined highway
capital spending by all levels of government is projected to reach $56.5 billion in 2003. This is
virtually identical to the $56.6 billion average annual Cost to Maintain Highways and Bridges.
However, the “gap” between cumulative average annual spending and the average annual investment
requirement for this scenario would not be eliminated at this point, since spending from 1998 through
2002 is projected to be below the Cost to Maintain threshold. Average annual capital expenditures
from 1998 through 2003 are expected to reach $53.6 billion, $3.0 billion below the average annual
Cost to Maintain Highways and Bridges. Spending would need to increase an additional 5.7 percent
to reach the Cost to Maintain level.

Exhibit 8-6 shows the gap between cumulative average annual spending and the average annual
investment requirements closing steadily between 1997 and 2003. If highway capital expenditures by
all levels of government continue to grow faster than inflation beyond 2003, capital expenditures
might exceed the Cost to Maintain Highways and Bridges within the 20-year period covered by the
investment requirement projections.
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Timing of the Investment Requirements

While the investment requirement analysis in this report centers around the average annual invest-
ment requirements for the 20-year period 1998 through 2017, the HERS and BNIP models do provide
information on how investment requirements would vary within this period. Each model reports
investment requirements for four 5-year funding periods.

Effect of Backlog on Early Year Investment Requirements

For the Cost to Improve Highways and Bridges, the pattern of investment is heavily influenced by the
existence of a backlog of highway and bridge investments. As indicated in Chapter 7, HERS esti-
mates that a total of $166.7 billion of investment could be justified based solely on the current con-
ditions and operational performance of the highway system. The BNIP estimates that $87.3 billion of
investment would be required to repair or replace all bridges that are currently functionally obsolete
or structurally deficient. For the highway Maximum Economic Investment scenario and the Bridge
Eliminate Deficiencies scenario that are included in the Cost to Improve Highways, the models
assume that the backlog will be addressed as quickly as possible, within the first 5-year funding
period.

The existence of a backlog means that HERS and BNIP have a wide variety of potential improve-
ments to choose from, when selecting investments included as part of the Cost to Maintain Highways
and Bridges for the first 5-year funding period. This would tend to reduce investment requirements in
this period, as the models would tend to implement the improvements with the greatest returns first.
However, for highways this reduction is more than offset by another effect of the backlog, which
tends to increase investment requirements in the early years. Some of the highway deficiencies that
currently exist could be addressed relatively inexpensively in the short term, but will become much
more expensive to correct if they are deferred. HERS recognizes this, and incorporates the potential
costs of delaying improvements into its analysis process.

Investment Requirements by Funding Period

Exhibit 8-7 shows the distribution of investment requirements among the four 5-year analysis periods
in HERS and BNIP. For the Cost to Improve Highways and Bridges, 36.6 percent of the investment
requirements are for the first five years. This investment would eliminate the existing highway and
bridge investment backlog, as well as correct new deficiencies that are expected to arise during this
period. Investment requirements for the years 6 to 10 are sharply lower than for years 1 to 5. Invest-
ment requirements for years 11 to 20 are higher than for the preceding five years, but are still well
below those for years 1 to 5.

Exhibit 8-7

Distribution of Investment Requirements by Five-Year Periods

Cost to Maintain Highways and Bridges Cost to Improve Highways and Bridges
(Billions of 1997 Dollars) (Billions of 1997 Dollars)
Highways | Bridges Total Percent | Highways| Bridges Total Percent
Cumulative
1998-2002 283.1 225 301.6 26.6% 585.7 102.4 688.1 36.6%
2003-2007 228.7 29.0 257.6 22.7% 359.8 25.1 384.8 20.5%
2008-2012 243.2 31.4 275.9 24.4% 363.1 40.0 403.2 21.5%
2013-2017 261.2 33.7 297.8 26.3% 359.1 44.0 403.2 21.5%
Total 1,016.2 116.6 1,132.8 | 100.0% 1,667.8 2115 | 1,879.3 | 100.0%
Average Annual 50.8 5.8 56.6 83.4 10.6 94.0
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For the Cost to Maintain Highways and
Bridges, the differences in investment
requirements between the funding periods i

Q - How would the “gap” between current fund-
ing levels and the investment requirement
scenarios be affected if spending was compared

lower. _For the Cost to Maint?in Highways with investment requirements for the first 5-year
and Bridges 26.6 percent of investment funding period rather than the average annual
requirements are for the first five years. investment requirements over 20 years?

Investment requirements for years 6 to 10 a A Since the combined highway and bridge invest-

lower. During the final 10 years the invest- | ment requirements projected by HERS and BNIP are
ment requirements increase, but not quite tq highest in the early years of the analysis, the “gap”

the level for the initial 5-year funding period| would be larger.

Comparison with Previous Reports

The comparison between spending and investment requirements is presented differently in this report
than in previous versions. Exhibits 8-2 and 8-3 emphasize the difference between current spending
and average annual investment requirements. Exhibit 8-8 takes the same approach, and applies it to
the spending and investment requirement information in the 1995 and 1997 C&P reports.

The difference between current spending and the Cost to Maintain Highways and Bridges has shrunk
in recent years. While the 1995 C&P report did not directly compare average annual investment
requirements for the Cost to Maintain Highways and Bridges with 1993 report-related capital outlay,
the difference would have been 57.5 percent. As shown in Exhibit 8-8, a comparable analysis of the
data in the 1997 C&P report would have shown a 21.0 percent difference between the average invest-
ment requirements to Maintain User Costs, and 1995 spending. As indicated in Exhibit 8-6, the trend
is expected to continue, as this difference is projected to close from 16.3 percent in 1997 to an
average of 5.7 percent from 1998 through 2003.

Exhibit 8-8

Average Annual Investment Requirements Versus Current Spending: 1995, 1997 and
1999 C&P Reports

Percent Above Current Spending

Cost to Maintain Cost to Improve
Highways & Bridges Highways & Bridges
Report Year Relevant Comparison (Low Scenario *) (High Scenario *)

Average Annual investment
1995 requirements for 1994-2013 57.5% 112.6%
compared to 1993 spending

Average Annual investment
1997 requirements for 1996-2015 21.0% 108.9%
compared to 1995 spending

Average Annual investment
1999 requirements for 1998-2017 16.3% 92.9%
compared to 1997 spending

* The investment requirement scenarios are not fully consistent between reports. See Chapter 7.

Based on the information in the 1995 C&P report, the difference between the Cost to Improve
Highways and Bridges would have been 112.6 percent. This difference would have fallen to

108.9 percent based on the 1997 C&P report. As indicated earlier, the difference is projected to close
further, from 92.9 percent in 1997 to an average of 75.3 percent from 1998 through 2003.
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Transit Capital Spending Versus Investment Requirements

This section compares transit capital spending to the investment requirements estimated by TERM
and presented in Chapter 7. The first point of comparison is the actual total transit capital spending in
1997, which was discussed and reported in Chapter 6. A second point of comparison, to estimated
capital expenditures for the period 1998-2003, is warranted given the dramatic growth in Federal
funding for mass transit that is authorized by TEA-21.

Average Annual Investment Requirements Versus 1997 Capital Spending

Capital expenditures for transit in 1997 totaled $7.636 billion (Exhibit 6-23). This sum is well below
the required investment amounts in each of the scenarios estimated by TERM, with the exception of
the pure rehabilitation and replacement necessary solely to maintain current conditions. This “gap”
between funding and investment requirements is presented in Exhibit 8-9. The estimates from TERM

Exhibit 8-9

Average Annual Transit Investment Requirements Versus 1997 Capital Expenditures

Percent Above Actual
Billions of Dollars Spending
1997 Capital Spending 7.6
Cost to Maintain Conditions & Performance 10.8 41.0%
Cost to Maintain Conditions & Improve Performance 14.4 88.7%
Cost to Improve Conditions & Maintain Performance 111 45.5%
Cost to Improve Conditions & Performance 16.0 110.2%

imply that simply maintaining the current physical condition and operating performance of the
Nation’s transit system over the next 20 years would require expenditures 41 percent above actual
transit capital spending in 1997. The difference

between actual expenditures and the cost of
improvements to conditions and performance isQ_ Why does moving from the Maintain
much greater: improving both conditions and Conditions and Performance scenario to the
performance would cost more than double the| Improve Conditions and Performance sce-

amount actually spent in 1997. nario have a much greater impact on invest-
ment requirements for non-vehicle expendi-

tures than it does on vehicle expenditures?

Exhibit 8-10 disaggregates investment require-
ments and 1997 capital funding into vehicle an A. The larger impact on non-vehicle investment
non-vehicle expenditures. For thintain _requwements is due primarily to the performance
Conditions and Performancescenario, the OB Bt TSR T 8, [ et (9
. . alleviate crowding and improve operating speeds,
percent difference bEtWeen spending and nee_ S TERM will often build new or expand existing rail
is much greater for vehicles (58 percent) than it systems relative to bus system expansion, as rail
is for non-vehicle expenditures (34 percent). For transit generally has a greater capacity and
theImprove Conditions and Performance speed. Since rail investments require relatively
scenario, however, the percent difference for | Mmore non-vehicle capital (such as guideways)
non-vehicle spending (116 percent) is somewHat 2" bus system expansions do, the relative

. ) share of estimated non-vehicle capital investment
larger than for vehicle spending will also increase.

(95 percent).
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Exhibit 8-10

Average Annual Transit Investment Requirements Versus 1997 Capital Spending by Asset Type

Vehicles Non-Vehicles
Percent Percent
Above Actual Above Actual
Billions of $ Spending Billions of $ | Spending
1997 Capital Spending 2.2 5.4
Cost to Maintain Conditions & Performance 35 58% 7.2 34%
Cost to Improve Conditions & Performance 4.4 95% 11.7 116%

Investment Requirements Versus Projected 1998-2003 Spending

As is the case with highway funding, TEA-21 substantially increases the authorized funding levels for
Federal Transit Administration programs relative to the past levels of Federal assistance. It is there-
fore useful to compare the projected transit capital funding levels over the period of the TEA-21
authorization, 1998-2003, to the investment requirements estimated by TERM.

Exhibit 8-11 shows projected transit capital funding levels for 1998-2003 (see sidebar for an explana-
tion of how these levels were computed). Transit capital spending is expected to grow well in excess
of the rate of inflation throughout the period, with an especially large increase in the 1999 fiscal year.
The expected inflation rates are projections of the Consumer Price Index used in the Federal
budgeting process.

Projected Transit Capital Expenditures 1998-2003, All Levels of Government (Billions of Dollars)
Expenditures in
Expenditures in | Increase Over |Projected Rate off] Constant 1997 | Increase Over

Year Nominal Dollars Prior Year Inflation Dollars Prior Year
1997 7.6 7.6

1998 8.1 5.7% 1.6% 7.9 4.1%
1999 9.2 13.6% 2.1% 8.8 11.3%
2000 10.0 8.6% 2.4% 9.4 6.1%
2001 10.8 7.9% 2.4% 9.9 5.4%
2002 11.5 7.3% 2.5% 10.4 4.7%
2003 12.3 6.9% 2.6% 10.8 4.3%

Exhibit 8-12 compares projected cumulative average annual funding levels for 1998-2003 to the
average annual investment requirements for botM#iatain Conditions and Performanceand

Improve Conditions and Performancescenarios. The considerable bump in projected capital
expenditures has a corresponding effect in lowering the investment gap. By 2003, transit capital
spending is projected to reach $10.8 billion in constant 1997 dollars, matching the average annual
investment required to maintain conditions and performance. However, over the full six-year period
1998-2003, projected average annual capital expenditures would rise only to $9.5 billion from

$7.6 billion in 1997. Average annual spending would need to increase an additional 12.9 percent to
reach the level of the average annual investment requirements under the maintain scenario. Six-year
spending would need to increase 68.3 percent above projected levels to reach the level of the improve
scenario.
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Exhibit 8-12

Projected Capital Expendi- 20.0
tures Versus Investment g A Costto
Requirements, 1998-2003 <=Dg 150| A——A—A—A—A—A Improve
~ W Costto
% 10.0 = L L Ly i Maintain
kS & Projected
g 50 Anmual
= 0.0 ‘ | | | | Spending
1998 1999 2000 2001 2002 2003
Projected Capital
Expenditures Cost to Maintain Conditions Cost to Improve Conditions
(Billions of 1997 Dollars) and Performance and Performance
Percent Above Percent Above
Average Average Projected Average| Average Projected Average
Year Annual Annual Annual Annual Spending Annual Annual Spending |
1997 7.6 10.8 41.0% 16.0 110.2%
1998 7.9 7.9 10.8 35.4% 16.0 101.9%
1999 8.8 8.4 10.8 28.2% 16.0 91.1%
2000 9.4 8.7 10.8 23.4% 16.0 84.0%
2001 9.9 9.0 10.8 19.4% 16.0 78.0%
2002 10.4 9.3 10.8 15.9% 16.0 72.9%
2003 10.8 9.5 10.8 12.9% 16.0 68.3%

Q . How were the projected transit capital expenditures for the period 1998-2003 calculated?

A. TEA-21 includes guaranteed funding level caps for all Federal Transit Administration programs.
Three of these programs, the Section 5308 Clean Fuels Formula Grant Program, the Section 5309
Capital program and the Section 5310 Formula Program (Elderly and Individuals With Disabilities) are
exclusively for capital needs (see 49 U.S.C. 5308, 5309, 5310). Two others, the Section 5307 Urban-
ized Area and 5311 Nonurbanized Area Formula Programs, are used for both capital and operating
expenses (see 49 U.S.C. 5307, 5311). To estimate Federal capital funding for each year, the guaran-
teed funding levels for Sections 5308, 5309, and 5310 funding were added to the capital share of the
guaranteed funding levels for Sections 5307 and 5311. These shares were based on the capital
shares of the 1998 obligations made for these two programs. This method provides a reasonable
upper bound on what Federal capital expenditures are expected under TEA-21.

Unlike FHWA, FTA has no model for forecasting State and local transit capital expenditures. In 1997,
the Federal share of capital spending was 54 percent (Exhibit 6-24), which represented an increase
from recent years, when the share was slightly below one-half. While it is possible that State and local
governments may decrease their matching of Federal capital funds as those funds increase substan-
tially, there is no way to clearly predict how much “crowding out” of State and local funds there will be.
Therefore, it was assumed that State and local governments would match the increased Federal
funding levels at a 1:1 ratio, approximating recent experience. These calculations yielded the projected
amounts shown in Exhibits 8-11 and 8-12.

The Timing of Investment

Exhibit 8-13 shows how the investment requirements over the entire 20-year horizon are distributed
among each 5-year period. Investments under the Maintain scenario are relatively backloaded, with
54 percent of investment in the latter 10 years. This largely reflects the need for greater capital
investments in later years to accommodate transit passenger travel growth. Under the improve
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scenario, investments in the initial period are equal in the first and last periods. This is due primarily
to the larger investment under this scenario during the early period that is necessary to eliminate the
initial backlog of deficiencies.

Distribution of Transit Investment Requirements by Five-Year Periods
Cost to Maintain Conditions and Cost to Improve Conditions and
Performance Performance
(Billions of 1997 Dollars) (Billions of 1997 Dollars)
Annual Percent of Annual Percent of
Period 5-Year Total Average | 20-Year Total| 5-Year Total Average | 20-Year Total

1998-2002 52.5 10.5 24.4% 83.4 16.7 26.0%
2003-2007 46.5 9.3 21.6% 72.8 14.6 22.7%
2008-2012 58.1 11.6 27.0% 81.4 16.3 25.4%
2013-2017 58.2 11.6 27.0% 83.4 16.7 26.0%
Total 215.3 10.8 100.0% 321.0 16.0 100.0%

Comparison with Previous Reports

Exhibit 8-14 compares the percent difference between current spending and investment requirements
to the same differences calculated in the 1995 and 1997 Conditions and Performance Reports. Due to
changes in methodology, especially between 1995 and 1997, estimated investment requirements are
not directly comparable. However, the figures here do indicate that the investment requirements
relative to spending have remained relatively constant under both scenarios, with investment needs to
maintain conditions and performance roughly 40 percent above spending, and investment needs to
improve conditions and performance between 100 and 125 percent above actual spending. As noted
above, if the increases in funding authorized by TEA-21 are realized, and states continue to match the
federal transit capital funding, expenditures on transit capital should increase sharply. Thus, it is
expected that future reports will show considerable improvement toward closing the investment gaps.

Average Annual Transit Investment Requirements Versus Current Spending: 1995, 1997
and 1999 Conditions and Performance Reports

Percent Above Current Spending

Investment Requirements

Cost to Maintain
Conditions and

Cost to Improve
Conditions and

Report Year | Spending Year Forecast Years Performance Performance
1995 1993 1994-2013 37.6% 124.4%
1997 1995 1996-2015 38.3% 102.9%
1999 1997 1998-2017 41.0% 110.2%
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CHAPTER 9

Impacts of Investment

Introduction

This chapter serves two major purposes. The first is to discuss the impacts of historic investment,

relating the condition and performance trends reported in Chapters 3 and 4 with the financial trends
reported in Chapter 6. The second purpose is to discuss the impacts of future investment, exploring
the impacts of investing at different levels of funding, building on the analysis in Chapters 7 and 8.

This chapter is a new addition to the C&P report. In this edition, the chapter focuses on a limited
number of topics. Future versions of the report will expand on this analysis, and address other related
topics.

The highway portion of this chapter begins by discussing the impacts that future investment patterns
would be expected to have on future highway travel growth, travel time costs, vehicle operating costs
and crash costs. The section then examines the impacts that recent funding patterns have had on
highway conditions and performance. The section concludes with a discussion of innovative means
to increase future investment.

The transit portion addresses the projected increase in transit travel that would be accommodated by
the estimated investment requirement levels. The recent stability of most condition and performance
measures is discussed, and some possible reasons for this phenomenon in the face of estimates of
current funding gaps are proposed.



Impact of Highway and Bridge Investment
on Conditions and Performance

This section explores some of the impacts that future levels of investment would be expected to have
on future travel growth and on future highway user costs. This analysis moves beyond the investment
requirements and scenarios defined in Chapter 7, to explore a variety of different investment levels.

This chapter also compares recent trends in highway and bridge investments with the changes in
conditions and operational performance described in Chapters 3 and 4. This includes an analysis of
whether the “gap” identified in Chapter 8 between current funding and the Cost to Maintain High-
ways and Bridges is consistent with recent condition and operational performance trends. This section
concludes with a discussion of innovative means to increase the resources available for future
highway and bridge investment.

Impact of Investment Levels on Future Travel Growth

As discussed in Chapter 7, HERS predicts that the level of future investment on highways will have
an impact on future VMT growth. The travel demand elasticity features in HERS assume that high-
way users will respond to increases in the cost of traveling a highway facility by shifting to other
routes, switching to other modes of transportation, or forgoing some trips entirely. The model also
assumes that reducing user costs (travel time costs, vehicle operating costs, and crash costs) on a
facility will induce additional traffic on that route that would not otherwise have occurred. Future
pavement and widening improvements will tend to reduce highway user costs, and induce additional
travel. If a highway section is not improved,
highway user costs on that section will tend to

rise over time due to pavement deterioration

Q . Do the travel demand elasticity features in
HERS differentiate between the components

of user costs based on how accurately and/or increased congestion, which will tend to
highway users perceive them? suppress travel.

A. No. The model assumes that comparable . . C
reductions or increases in travel time costs, One |mpI|c§1t|on of travel qema”d elasticity is
vehicle operating costs, or crash costs would that each different scenario and benchmark
have the same effect on future VMT. The elas- developed using HERS results in a different
ticity values in HERS were developed from projection of future VMT. The higher the overall

;:“‘tjigz re'?tingl?“?ttlua' COS_tOT e ObseTVES behta"ior investment level, the higher the projected travel
_a ' ot expiict y?ons' er perceivec cost will be. Another implication is that any external
Highway users can directly observe some types projection of future VMT growth will only be
of user costs such as travel time and fuel costs. valid for a single level of investment in HERS,
Other types of user costs, such as crash costs, .
Thus, the State-supplied 20-year growth

can only be measured indirectly. In the short run, ] :
directly observed costs may have a greater effect forecasts in HPMS would only be valid under a

on travel choice than costs that are harder to specific set of conditions. HERS assumes the
perceive. However, while highway users may not HPMS forecasts represent the level of travel that
be able to accurately assess the crash risk for a would occur if a constant level of service is

given facility, they can incorporate their general
perceptions of the relative safety of a facility into
their decision-making process. The model

maintained. As indicated in Chapter 7, this
implies that travel will occur at this level only if

assumes that the highway users’ perceptions of pavement and C{ipaCity improvements made on
costs are accurate, in the absence of strong the segment during the next 20 years are
empirical evidence that they are biased. sufficient to maintain highway-user costs at

current levels.
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Projected Average Annual Travel Growth

Exhibit 9-1 shows how the effective VMT growth rates in HERS are influenced by the total amount
invested in highways, and the location of highway improvements. The highway investment levels
shown in the table line up with those in Exhibit 7-3, which defined the highway scenarios and bench-
marks used in this report. Each row represents a different minimum benefit-cost ratio (BCR) cutoff
point in HERS, as discussed in Chapter 7. The italicized bridge values shown in the second column
are interpolated or extrapolated from the $5.8 billion bridge component of the Cost to Maintain
Highways and Bridges, and the $10.6 billion Cost to Improve Highways and Bridges. Only these two
values are directly obtained from the Bridge Needs and Investment Process (BNIP) model. The
remaining bridge values are included in this table to facilitate comparisons with the combined high-
way and bridge spending projections from Chapter 8. As discussed in Chapters 7 and 8, investment
requirements for new bridges are included as “Highway” rather than “Bridge” since BNIP only
considers existing bridges.

Projected Average Annual VMT Growth Rates, 1998-2017, for Different Possible Funding Levels

Average Annual VMT Growth

Average Annual Investment Urbanized
(Billions of 1997 Dollars) Rural Urban | > 1 Million
Highway Bridge Total Population Funding Level Description

$83.4 $10.6 $94.0 3.03% 2.22% 2.06% | Cost to Improve Highways & Bridges
$76.5 $9.6 $86.1 3.01% 2.19% 2.03%
$70.7 $8.7 $79.4 298% 2.15% 2.01%
$67.9 $8.3 $76.3 2.97% 2.13% 1.99% Maintain Travel Time Benchmark
$65.4 $7.9 $73.3 295% 2.11% 1.97%
$60.8 $7.3 $68.1 2.92% 2.06% 1.92%
$56.6 $6.7 $63.3 2.88% 2.01% 1.88%
$53.9 $6.3 $60.1 2.85% 1.97% 1.84% | Maintain User Costs Benchmark
$52.9 $6.1 $59.0 2.85% 1.96% 1.83%
$50.8 $5.8 $56.6 2.82% 1.93% 1.80% | Cost to Maintain Highways & Bridges
$49.8 $5.7 $55.4 2.80% 1.92% 1.79%
$46.9 $5.3 $52.2 2.76% 1.87% 1.74%
$44.2 $4.9 $49.0 2.72% 1.83% 1.70%
$41.8 $4.5 $46.3 2.68% 1.78% 1.66%
2.35% 2.04% 1.86% HPMS Baseline

The weighted average annual growth rate for all HPMS sample sections in rural areas is 2.35 percent.
At all levels of investment shown in the table, the travel demand elasticity features in HERS cause
additional travel to be induced in rural areas. A new safety module has been added to HERS that has
improved the models ability to evaluate the safety impacts of highway improvements, particularly in
rural areas (See Appendix G). The model now recommends a larger number of widening and align-
ment improvements in rural areas to reduce crashes, fatalities, and injuries. By reducing crash costs,
these improvements reduce the overall cost of using rural highways, which has the side effect of
encouraging additional travel.

The weighted average annual growth rate for all HPMS sample sections in urban areas is 2.04 per-
cent. If average annual highway capital outlay rose to $53.9 billion ($60.1 billion for highways and
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bridges combined) in constant 1997 dollars, HERS predicts that overall highway user costs would be
maintained at 1997 levels. However, at this funding level, the improvements recommended by HERS
would reduce user costs on rural highways, while allowing costs on urban highways to rise. The
Maintain User Costs Benchmark derived from HERS attempts to maintain the weighted average user
costs for all highway sections, but user costs can vary on individual functional classes, and on indi-
vidual highway sections. Due to the travel demand elasticity features in HERS, the model projects
that the increase in user costs in urban areas would limit average annual urban VMT growth to

1.97 percent, below the baseline forecasts in HPMS.

In 1997, all levels of government spent $42.6 billion for highway capital outlay (excluding bridge
preservation expenditures), falling between the values in the first column of the last two rows in
Exhibit 9-1. If average annual investment remains at this level in constant dollar terms over the next
20 years, urban VMT would be expected to grow at an average annual rate between 1.78 percent and
1.83 percent.

As indicated in Chapter 8, average annual capital investment on highways and bridges by all levels of
government from 1998-2003 is expected to grow to $53.6 billion in constant 1997 dollars. Reading
down the third column, this amount falls between the $55.4 billion and the $52.2 billion shown in the
third and fourth rows from the bottom. Reading across these rows to the average annual urban VMT
growth rate in the fifth column, Exhibit 9-1 indicates that if this level of investment were sustained

for 20 years, and used in the manner recommended by HERS, the model projects urban VMT growth
would rise at an average annual rate between 1.87 percent and 1.92 percent.

Projected Average Annual Travel Growth in Large Urbanized Areas

Exhibit 9-1 shows that the weighted average annual growth rate for all HPMS sample sections in
urbanized areas with population over 1 million is 1.86 percent. A separate survey of metropolitan
planning organizations (MPOSs) indicates that they are projecting average annual VMT growth of only
1.68 percent. The source of the differences between these two sets of forecasts appear to stem from
their underlying assumptions. The MPO forecasts incorporate the effects of actions the MPOs are
proposing to shape demand in their areas to attain air quality and other development goals. The MPO
plans may include transit expansion, congestion pricing, parking constraints, capacity limits, and
other local policy options. The forecasts in HPMS may not similarly account for these effects.

As discussed in Chapter 7, the travel demand elasticity features in HERS mimic the effects that these
types of Transportation Demand Management (TDM) programs would ($eethe Q&A box on

page 7-13)As shown in Exhibit 9-1, HERS predicts that if current funding levels were sustained,

user costs in large urbanized areas would increase, reducing VMT growth from the 1.86 percent rate
projected in HPMS to an average annual growth rate between 1.66 percent and 1.70 percent. The
1.68 percent growth rate obtained from the MPO survey falls within this range. This appears to be
logical since the MPO forecasts have to factor in funding availability, while HERS assumes HPMS
forecasts are not funding-constrained, and that they represent the level of travel that would occur only
if investment is high enough to maintain a constant level of service.

Prior to the addition of travel demand elasticity features into the HERS, the HPMS forecasts for
sections in large urbanized areas were manually reduced to make them consistent with the MPO
projections. This adjustment was necessary, since the model could not simulate the effects that TDM
policies would be likely to have on future travel growth. Since travel demand elasticity has been
added to HERS, this adjustment is no longer required, and has been discontinued in this report. This
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change is discussed in more detail in Appen-
dix G. Chapter 10 explores the effect that
reducing the projected VMT growth rate in larg
urbanized areas would have on the overall
investment requirements.

Historic Travel Growth

Exhibit 9-2 shows annual VMT growth rates fo
the 20-year period from 1977 to 1997. The

average annual VMT growth rate over this

period was 2.84 percent. Travel growth varied
significantly in individual years, ranging from a
decline of 1.01 percent in 1979 to an increase
5.45 percent in 1988. Highway travel growth is

Q. What are the implications of the higher

VMT growth rates under the Cost to Improve
Highways and Bridges?

A. The HERS analysis suggests that the MPO

travel projections are consistent with current
funding levels. If highway investment were to rise
substantially, VMT growth could be higher than
the MPOs are accounting for in their plans to
meet Clean Air Act requirements. This might
require States and MPOs to invest a greater
share of resources in congestion mitigation and
air quality programs, and/or to take more aggres-
sive measures in regulating emissions from
vehicular and non-vehicular sources with what
would occur If total investment requirements
rose.

typically lower during recessions, or periods of
slow economic growth, and higher during
periods of economic expansion. VMT growth was below average during the 1980, 1981-1982 and
the 1990-1991 recessions. From 1983 through 1989, annual VMT growth was higher than 3 percent
every year. Exhibit 9-2 shows that travel has grown more slowly during the current economic
expansion, than in the 1980s, reflecting a long term trend towards lower VMT growth rates.

VMT Growth Rates, 1977-1997
Growth Growth Growth Growth
Year Rate Year Rate Year Rate Year Rate
1978 5.29% 1983 3.62% 1988 5.45% 1993 2.19%
1979 -1.01% 1984 4.08% 1989 3.48% 1994 2.67%
1980 -0.12% 1985 3.17% 1990 2.28% 1995 3.43%
1981 1.83% 1986 3.38% 1991 1.29% 1996 2.59%
1982 2.55% 1987 4.71% 1992 3.46% 1997 2.61%
avg. annual avg. annual avg. annual avg. annual
1977-1982 1.69% 1982-1987 3.79% 1987-1992 3.18% 1992-1997  2.70%

Overall Projected Travel, Year-by-Year

The future travel growth proj