il

ESEARCH BOARD

Research Counc

Nati

B
O
A

RAN




TRANSPORTATION RESEARCH BOARD
1997 EXECUTIVE COMMITTEE

Chairman: David N. Wormley, Dean of Engineering, Pennsylvania State University, University Park
Vice Chairman: Sharon D. Banks, General Manager, AC Transit, Oakland, California
Executive Director: Robert E. Skinner, Jr., Transportation Research Board

Brian J. L. Berry, Lloyd Viel Berkner Regental Professor, University of Texas at Dallas

Lillian C. Borrone, Director, Port Commerce Department, The Port Authority of New York and New Jersey, New
York City (Past Chairman, 1995)

David G. Burwell, President, Rails-to-Trails Conservancy, Washington, D.C.

E. Dean Carlson, Secretary, Kansas Department of Transportation, Topeka

James N. Denn, Commissioner, Minnesota Department of Transportation, St. Paul

John W. Fisher, Director, ATLSS Engineering Research Center, and Professor of Civil and Environmental
Engineering, Lehigh University, Bethlehem, Pennsylvania

Dennis J. Fitzgerald, Executive Director, Capital District Transportation Authority, Albany, New York

David R. Goode, Chairman, President, and CEO, Norfolk Southern Corporation, Norfolk, Virginia

Delon Hampton, Chairman and CEO, Delon Hampton & Associates, Chartered, Washington, D.C.

Lester A. Hoel, Hamilton Professor, Department of Civil Engineering, University of Virginia, Charlottesville

James L. Lammie, Director, Parsons Brinckerhoff, Inc., New York City

Bradley L. Mallory, Secretary of Transportation, Commonwealth of Pennsylvania, Harrisburg

Robert E. Martinez, Secretary of Transportation, Commonwealth of Virginia, Richmond

Jeffrey J. McCaig, President and CEO, Trimac Corporation, Calgary, Alberta, Canada

Marshall W. Moore, Director, North Dakota Department of Transportation, Bismarck

Craig E. Philip, President, Ingram Barge Company, Nashville, Tennessee

Andrea Riniker, Deputy Executive Director, Port of Seattle, Seattle, Washington

John M. Samuels, Vice President— Operating Assets, Consolidated Rail Corporation, Philadelphia, Pennsylvania

Wayne Shackelford, Commissioner, Georgia Department of Transportation, Atlanta

Les Sterman, Executive Director, East-West Gateway Coordinating Council, St. Louis, Missouri

Joseph M. Sussman, JR East Professor and Professor of Civil and Environmental Engineering, Massachusetts
Institute of Technology, Cambridge (Past Chairman, 1994) ’

James W. van Loben Sels, Director, California Department of Transportation, Sacramento (Past Chairman, 1996)

Martin Wachs, Director, University of California Transportation Center, and Professor of Civil Engineering and
City and Regional Planning, University of California, Berkeley

David L. Winstead, Secretary, Maryland Department of Transportation, Baltimore-Washington International
Airport, Maryland

Mike Acott, President, National Asphalt Pavement Association, Lanham, Maryland (ex officio)

Roy A. Allen, Vice President, Research and Test Department, Association of American Railroads, Pueblo,
Colorado (ex officio)

Joe N. Ballard (Lt. Gen., U.S. Army), Chief of Engineers and Commander, U.S. Army Corps of Engineers,
Washington, D.C. (ex officio)

Andrew H. Card, Jr., President and CEO, American Automobile Manufacturers Association, Washington, D.C.
(ex officio)

Kelley S. Coyner, Acting Administrator, Research and Special Programs Administration, U.S. Department of
Transportation (ex officio)

Mortimer L. Downey, Deputy Secretary, Office of the Secretary, U.S. Department of Transportation (ex officio)

Thomas M. Downs, Chairman and President, National Railroad Passenger Corporation, Washington, D.C.
(ex officio)

Francis B. Francois, Exccutive Director, American Association of State Highway and Transportation Officials,
Washington, D.C. (ex officio)

David Gardiner, Assistant Administrator, Office of Policy, Planning and Evaluation, Environmental Protection
Agency, Washington, D.C. (ex officio)

Jane F. Garvey, Administrator, Federal Aviation Administration, U.S. Department of Transportation (ex officio)

John E. Graykowski, Acting Administrator, Maritime Administration, U.S. Department of Transportation
(ex officio)

Gloria J. Jeff, Acting Administrator, Federal Highway Administration, U.S. Department of Transportation
(ex officio)

T. R. Lakshmanan, Director, Bureau of Transportation Statistics, U.S. Department of Transportation (ex officio)

Gregori Lebedev, Acting President and CEO, American Trucking Associations, Inc., Alexandria, Virginia
(ex officio)

Gordon J. Linton, Administrator, Federal Transit Administration, U.S. Department of Transportation (ex officio)

Ricardo Martinez, Administrator, National Highway Traffic Safety Administration, U.S. Department of
Transportation (ex officio)

William W. Millar, President, American Public Transit Association, Washington, D.C. (ex officio)

Jolene M. Molitoris, Administrator, Federal Railroad Administration, U.S. Department of Transportation
(ex officio)



SPECIAL REPORT 251

TOWARD A
SUSTAINABLE FUTURK

Addressing the Long-Term Effects of

Motor Vehicle Transportation on

Climate and Ecology

Committee for a Study on Transportation and a
Sustainable Environment

TRANSPORTATION RESEARCH BOARD
National Research Council

NATIONAL ACADEMY PRESS
WASHINGTON, D.C. 1997



Transportation Research Board Special Report 251

Subscriber Categories
1A  planning and administration
1B  energy and environment

Transportation Research Board publications are available by ordering individual publications
directly from the TRB Business Office, through the Internet at http://www.nas.edu/trb/
index.html, or by annual subscription through organization or individual affiliation with TRB.
Affiliates and library subscribers are eligible for substantial discounts. For further information, con-
tact the Transportation Research Board Business Office, National Research Council, 2101 Con-
stitution Avenue, N.W., Washington, D.C. 20418 (telephone 202-334-3214; fax 202-334-2519;
or e-mail kpeterse@nas.edu).

Copyright 1997 by the National Academy of Sciences. All rights reserved.
Printed in the United States of America

NOTICE: The project that is the subject of this report was approved by the Governing Board of
the National Research Council, whose members are drawn from the councils of the National Acad-
emy of Sciences, the National Academy of Engineering, and the Institute of Medicine. The mem-
bers of the committee responsible for the report were chosen for their special competence and with
regard for appropriate balance.

This report has been reviewed by a group other than the authors according to procedures
approved by a Report Review Committee consisting of members of the National Academy of
Sciences, the National Academy of Engineering, and the Institute of Medicine.

This report was sponsored by the Energy Foundation; the U.S. Department of Energy; the
Federal Highway Administration and Federal Transit Administration, U.S. Department of
Transportation; and the Cooperative Research Programs and Executive Committee, Transporta-
tion Research Board.

Library of Congress Cataloging-in-Publication Data

Toward a sustainable future: addressing the long-term effects of motor vehicle transportation on
climate and ecology / Committee for a Study of Transportation and a Sustainable Environment.
cm.— (Special report ; 251)
“February 1997.”
“Final draft submitted for review.”
ISBN 0-309-05969-0
1. Transportation— Environmental aspects— United States.
2. Transportation and state— United States. 3. Air— Pollution—
Government policy— United States. 4. Sustainable development—
United States. 1. National Research Council (U.S.).
Transportation Research Board. Committee for a Study of
Transportation and a Sustainable Environment. II. Series: Special
report (National Research Council (U.S.). Transportation Research
Board) ; 251.
HE203.T748 1997
338—dc21 97-19443
CIP

Cover design: Karen White



Committee for a
Study on Transportation
and a Sustainable Environment

James D. EserT, Chairman, Johns Hopkins University, Baltimore,
Maryland, and Marine Biological Laboratory, Woods Hole,
Massachusetts

EpwaRrD J. BLAKELY, University of Southern California, Los Angeles

Davip G. BurweLL, Rails-to-Trails Conservancy, Washington, D.C.

Tromas B. DEEN, Stevensville, Maryland

Ricuarp T. T. Forman, Harvard University, Cambridge,
Massachusetts

Traomas A. GRrIEBEL, Texas Department of Transportation, Austin

Joun B. HEywoob, Massachusetts Institute of Technology,
Cambridge

DanieL J. Jacos, Harvard University, Cambridge, Massachusetts

StepHEN C. Lockwoop, Farradyne Systems, Rockville, Maryland

HeLeN O. PeTrAUSKAS, Ford Motor Company, Dearborn, Michigan

MARGARET S. Rack, University of California, Berkeley

Tuomas C. ScHELLING, University of Maryland, College Park

LEE J. Scuipper, Lawrence Berkeley National Laboratory, Berkeley,
California, and International Energy Agency, Paris, France

RicuarD L. ScHMALENSEE, Massachusetts Institute of Technology,
Cambridge

RoserT H. SocoLow, Princeton University, Princeton, New Jersey

DanieL SperLiNG, University of California, Davis

Stariey L. THoMPsoN, National Center for Atmospheric Research,
Boulder, Colorado

Joun J. Wisg, retired, Mobil Research and Development Corporation,
Princeton, New Jersey

Howarp YerusaLim, KCI Technologies, Mechanicsburg,
Pennsylvania



v TOWARD A SUSTAINABLE FUTURE

Liaison Representatives

STEVEN ANDRLE, Transit Cooperative Research Program,
Transportation Research Board
CuristopHER CLUETT, Battelle Northwest Laboratory, Seattle,
Washington
Jerry Dion, U.S. Department of Energy, Washington, D.C.
RacHEL Finson, Energy Foundation, San Francisco, California
Kevin E. HEanug, Federal Highway Administration,
U.S. Department of Transportation, Washington, D.C.
Crawrorp JENcks, National Cooperative Highway Research
Program, Transportation Research Board
RicHARD STEINMAN, Federal Transit Administration,
U.S. Department of Transportation, Washington, D.C.

National Research Council Staff

Tuomas R. MENziEs, JR., Senior Program Officer, Transportation
Research Board

James ZuccHETTO, Director, Board on Energy and Environmental
Systems, Commission on Engineering and Technical Systems



Preface

Recognition that humans may be influencing environmental systems
and processes on a global and lasting basis has fostered interest in the
concept of sustainable development. The basic premise of this concept
is that each generation should seek to provide for its own needs in ways
that do not compromise the ability of later generations to meet their
needs. The concern is that the global and potentially long-term envi-
ronmental effects of current human activities are endangering the wel-
fare of future generations. International efforts were initiated in the
1980s to control depletion of the stratospheric ozone shield and were
followed by the broader United Nations Earth Summit in Rio de Janei-
ro in 1992. Since these beginnings, many governments, professional
societies, industries, and environmental advocates from around the
world have been working together to gain a better understanding of the
environmental disturbances from human activities that warrant atten-
tion as long-term environmental risks.

During the past several years, many segments of society and sectors
of the economy—from agriculture to manufacturing—have begun
evaluating their activities in light of concerns over these environmental
risks in an effort to achieve a more sustainable form of development.
Because of the integral role of transportation in society and the economy
and its significance as a user of energy and a source of environmental
disturbances, interest in sustainable development has come to influence
research and policy debates in this sector. As has been the experience in
other sectors, it has proved controversial and difficult to apply such a
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broad and complex concept to a single sector. Nevertheless, the basic
trade-off that must be grappled with in the transportation sector—that
of striking a balance between the mobility and access needs of people on
the one hand and environmental and resource imperatives on the other
—is not unlike those that must be addressed in other sectors. Perhaps
the most immediate challenge is to build a broader consensus on the key
environmental issues that need to be addressed and on the range of
options for doing so.

STUDY ORIGIN, MISSION, AND FUNDING

This study had its genesis in discussions initiated by Thomas B. Deen,
former Executive Director of the Transportation Research Board
(TRB), and members of the TRB Executive Committee. The Executive
Committee concluded that the transportation community would be well
served by a study that fosters understanding among the professional and
public policy communities about the long-term environmental distur-
bances contributed by transportation and the various opportunities and
options for improving their recognition and reducing their risks through
research, technological innovation, and changes in transportation prac-
tices and policies. In particular, the Executive Committee believed that
such an effort could play a valuable role in helping to

* Inform the transportation and public policy communities about
the scientific background of several important environmental risks to
which transportation is a contributor;

* Inform the scientific and public policy communities about some
options available for reducing transportation’s contribution to these
risks and the technical, political, and economic challenges that must
be confronted; and

« Identify the kinds of research that are needed to better understand
the risks and inform public policy so that options continue to become
available for addressing them.

The Executive Committee recommended that the National Research
Council appoint a committee to conduct the study, and TRB provided
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initial funding for the project through the Institute for Strategic Trans-
portation Studies, supported by unrestricted grants from the UPS
Foundation, Norfolk Southern Corporation, Consolidated Rail Cor-
poration, Inc., and the Association of American Railroads. Additional
funding (in order of the date funds were contributed) was provided by
the Energy Foundation, Federal Highway Administration, American
Association of State Highway and Transportation Officials (through
the National Cooperative Highway Research Program), transit agencies
(through the Transit Cooperative Research Program), U.S. Depart-
ment of Energy (through Battelle Northwest Laboratories), and Federal
Transit Administration. Each of the sponsors offered informational and
technical assistance to the committee.

STUDY APPROACH AND SCOPE

The National Research Council appointed a study committee of 18
experts under the leadership of James D. Ebert. Committee members
have expertise in environmental sciences, economics, transportation,
and public policy. The committee met eight times to deliberate on the
issues and to prepare this report.

In approaching its task, the committee made a number of decisions
that affected the subsequent analysis and content of the report. Much
of the early deliberations were spent in identifying issues that the com-
mittee could agree on as most relevant to transportation and concerns
over long-term environmental risks and sustainable development. Clari-
fying the study scope in this way proved difficult because there is no
consensus within the transportation community or generally about the
array of environmental risks and other issues germane to the concept of
sustainable development. As a guiding tenet, the committee repeatedly
returned to the fundamental notion that current generations should not
compromise the ability of later generations to meet their needs. On the
basis of this concern—and using a rationale described in Chapter 1—
the committee refrained from conducting a far-ranging assessment of
all of transportation’s environmental effects. Instead, it elected to focus
its attention on transportation’s contribution to those long-term envi-
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ronmental risks that have potentially large and permanent adverse
consequences.

Another way in which the committee narrowed the study scope was
to focus on the U.S. transportation system, particularly on the highway
and motor vehicle component. The committee recognizes that trans-
portation activity is growing worldwide and is best considered within a
global context, especially because technologies and practices are often
interchangeable worldwide and because transportation systems tran-
scend national boundaries. Yet it is important to acknowledge that the
United States is in a position to initiate many important changes on its
own, some having broader influence. The U.S. transportation sector is
by virtually all measures the largest and most technically advanced in the
world, a source of many new transportation services and technologies.
In this leadership capacity, it has the potential to be a role model for
good policy and practice. Hence, the approach taken in this report is to
focus attention on the U.S. transportation sector but to recognize that
actions taken within this sector can have global influence.

The decision to concentrate on motor vehicle transportation was one
of both practicality and reason. The original prospectus for the study
called for an examination of all transportation modes. As a practical
matter, the committee found it difficult in the time available to treat all
modes in detail. Hence, most of the report focuses on motor vehicle
transportation, which accounts for the predominant share of transpor-

tation energy consumption, emissions, expenditures, and activity. This
limit should not be viewed as a finding that other modes of transporta-
tion have minor adverse environmental effects; indeed, the committee
was made aware of ongoing scientific inquiries into the effects of aircraft
on the protective ozone shield and greenhouse gas balance, issues that
another National Research Council panel is presently reviewing.!
Nevertheless, motor vehicle travel is the largest and most pervasive com-
ponent of the transportation system. If serious consideration is to be

"The Panel on the Atmospheric Effects of Aviation of the Board on Atmospheric
Sciences and Climate is reviewing the long-running aviation effects project of the
National Aeronautics and Space Administration, which includes studies of the possible
climatic effects of the current subsonic and potential supersonic fleets. Because of this
parallel project, the committee was dissuaded from further examining environmental
issues related to the U.S. aviation sector.
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given to transportation’s role in sustainable development, this central
component will certainly warrant the most attention.

Finally, in considering transportation trends, environmental effects,
and policy and technology options, the committee believed it appropri-
ate to do so from a vantage point covering the next half century. Such a
long-term outlook is essential given the nature of the issues considered
and because the transportation system itself is not amenable to abrupt
changes in technology and practice. New vehicle technologies, for
instance, can take a decade or more to filter through the fleet, not
including the many years of preceding research and development. Even
more enduring is the transportation infrastructure system, which is
designed and built to last many decades and serves land use patterns that
are equally enduring. Although change in the transportation system is
measured over decades, the committee did not believe that it was capa-
ble of speculating beyond 25 to 50 years. The pace of innovation and
change in transportation is often incremental, but tremendous transfor-
mations accumulate over time. The last half-century—a period that
witnessed the emergence of jet aircraft, the decline and the subsequent
revival of marine and railroad freight sectors, and the advent of the
Interstate highway system—is replete with examples of such change. It
would be presumptuous to assume that equally dramatic changes will
not occur during the next half-century. Yet it is important to take a
longer-term perspective in recognition that tremendous changes will
occur over time and that these changes will offer opportunities to make
the transportation system more compatible with evolving notions of a
healthy and sustainable environment.

The report represents the consensus effort of the committee. One
committee member, David G. Burwell, offers supplemental points for
consideration in Appendix C. Although he endorses the report, he
would have preferred a broader examination of transportation’s role in
ensuring sustainable development.
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Executive Summary

Through the consumption of natural resources, emission of chemicals
into the atmosphere, and other ecological disturbances, humans may be
changing some of the essential biological and physical systems on which
future generations may depend on both a global and lasting basis. Inter-
national concern over these effects has spawned far-ranging debate
about alternative policies and practices that will foster more sustainable
forms of development and reduce the risk of such long-term environ-
mental changes.

Policies, technologies, and practices within the U.S. transportation
sector have become part of this debate. An efficient and flexible trans-
portation system is essential to the nation’s economy and standard of
living. Transportation is also a source of many environmental distur-
bances and risks, some of which are not well understood or recognized
by the public because their most serious consequences may not become
evident for years. Because access and mobility are highly valued by
Americans, reducing these long-term risks will require well-informed
and well-considered public policies.

The influence of U.S. transportation on several critical natural
resources and environmental systems is reviewed in this report along
with several policy and technology options for lessening this influence.
The purpose of the review is to identify some of the challenges that lie
ahead in managing transportation’s long-term environment effects and
the kinds of research and preparations that are needed to inform policy
and meet these challenges. Although the report does not recommend
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specific policies to pursue, it identifies some of the issues and uncertain-
ties that will need to be addressed in evaluating them.

The discussion focuses on motor vehicle transportation, which
accounts for most of the energy consumed, pollutants emitted, and
physical infrastructure used by the U.S. transportation system. Whether
motor vehicles will continue to exert such dominance over the next sev-
eral decades cannot be anticipated. Nevertheless, should motor vehicle
travel grow at even half the rate experienced during the past half-
century, the amount of travel by motor vehicles on the nation’s roadways
will more than double before the middle of the next century. An esca-
lation in motor vehicle travel of this magnitude, or even on a more mod-
est scale, will have important implications for environmental policy.
Whereas the focus of this report is on the large motor vehicle transpor-
tation system, similar assessments of other fast-growing transportation
modes, such as air travel, may be warranted.

LONG-TERM ENVIRONMENTAL RISKS AND
UNCERTAINTIES

A number of environmental disturbances from motor vehicle transpor-
tation were examined during the course of this study. A decision was
made to focus on those posing lasting and adverse environmental con-
sequences that may not become fully manifest for decades. Environ-
mental disturbances that have such delayed consequences are less likely
to attract the public’s attention or be the subject of public policies and
programs to curb them. Left untreated, their adverse consequences
may worsen, causing serious environmental problems for future gen-
erations. The committee members believe it is critical to single out
such environmental risks since they may require special research and
public policy responses.

There is incomplete knowledge and active debate within the scien-
tific and social science fields about the extent to which humans are
changing the natural environment and whether these changes are irrep-
arable and threaten the well-being of future generations. This study
does not attempt to advance this debate by predicting environmental
outcomes and their probabilities. The premise of the study is that a
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significant risk of adverse outcome from environmental disturbances is
undesirable and that, as a minimum, caution warrants early steps to be
taken to better understand and reduce the risk.

Considered in this report are two long-term environmental risks with
such delayed consequences: (a) the risk of global climate change caused
by the long-term buildup of greenhouse gases in the atmosphere,
including carbon dioxide (CO,) and other greenhouse gases emitted
from fuels used in transportation; and (&) the risk of losses in biological
diversity and ecosystem functions from the changes in air, water, and
soil chemistry caused by the chemicals emitted into the atmosphere by
motor vehicles and from the gradual changes in habitats and natural
processes caused by pervasive road systems and other transportation
infrastructure.

Not all of the adverse environmental effects from transportation are
delayed or indiscernible to the public. For example, urban air pollution
is one of the country’s most vexing environmental problems, a highly
visible environmental side effect from motor vehicle use that has
become a public health concern for millions of Americans living in and
around metropolitan areas. Many of its adverse consequences are known
to the public, and it has become the subject of research, regulations, and
public- and private-sector efforts to better understand and manage it.
The committee believes it unlikely that urban air pollution will be
allowed to become a worsening public health and environmental prob-
lem in the future.

A real challenge in addressing climate change and the other long-
term environmental risks examined in this study will be to build the
understanding and attention that can generate such effective responses.

Climate Change Risk from CO, Emissions and Buildup

There is a preponderance of scientific evidence that concentrations of
carbon dioxide (CO,) and other greenhouse gases are increasing in the
atmosphere as a result of human activity. The committee shares the
concern expressed by the Intergovernmental Panel on Climate Change
that the continued emission and buildup of greenhouse gases in the
atmosphere could lead to warming of the earth’s surface during the next
century. Although the effects of such a warming are uncertain, they
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could include marked changes in climate and related natural systems
influencing sea level and ocean currents, the location and composition
of biological communities, and the fertility and productivity of the
world’s agricultural lands.

Emissions of CO,, the most abundant of the greenhouse gases
besides water vapor, are slowly removed from the atmosphere by natural
processes. Because of this lag, growing emissions from human activity
cause atmospheric levels of CO, to rise over time. The transportation
sector worldwide contributes between one-fourth and one-third of such
emissions, most of which are produced by the combustion of petroleum
and other fossil fuels rich in carbon. U.S. motor vehicles—cars, trucks,
and buses—burn more than 140 billion gallons (530 billion liters) of
gasoline and diesel fuel each year, emitting an average of more than 1
pound of CO, for each mile (more than 300 g/km) they travel.

The U.S. transportation sector as a whole accounts for about 5 per-
cent of the CO, emitted by human activities worldwide, although most
transportation emissions are from motor vehicles. Though this percent-
age appears modest, no other energy use sector in the United States or
elsewhere in the world accounts for a significantly larger portion of
global CO, emissions. Changes in U.S. transportation policies, tech-
nologies, and practices may be necessary, therefore, to influence long-
term emission trends.

Risk to Biodiversity and Ecosystems from Transportation
Emissions and Infrastructure

Transportation emissions other than CO, have potentially cumulative
and long-lasting effects on the function and biological composition of
ecosystems. The chemicals emitted from vehicles are dispersed widely
and react in the atmosphere to create ozone and other compounds that
change air, soil, and water chemistry. Naturally occurring ozone in the
higher altitudes of the stratosphere is beneficial, providing a shield
against ultraviolet light penetration. Concentrations of ozone in the
lower altitudes of the troposphere, however, are generally undesirable.
In addition to being a greenhouse gas, tropospheric ozone—formed
from photochemical reactions of the oxides of nitrogen (NO,) and
volatile organic compounds emitted by motor vehicles and other
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sources—may adversely affect mountain and forest ecosystems over
large portions of the country. Likewise, emissions of NO, have been
implicated in the production of acid rain and nutrient enrichment,
which are suspected causes of biological changes occurring in some
important terrestrial and aquatic ecosystems.

Whereas significant progress has been made in understanding the
causes and in reducing the high concentrations of ozone and other types
of air pollution in urban areas, the longer-term ecological effects of
these emissions outside urban areas have not been as extensively moni-
tored or studied. These effects therefore remain poorly understood.

The extensive system of roads and other transportation infrastructure
in the United States also has lasting ecological effects. Crisscrossing the
nation are nearly 4 million miles (about 6.25 million km) of roadway
over which the nation’s 200 million vehicles operate. This system is
accompanied by hundreds of thousands of miles of railroad track, pipe-
line, and other kinds of transportation structures and facilities. Not only
does this physical infrastructure occupy large amounts of land and mod-
ify the specific environments in which it is located, but its ecological
effects can extend across broad geographic areas. For instance, the flow
of water within a regional watershed may be altered or the movement
of species through their natural ranges may be impeded. By interrupting
feeding, dispersal, and breeding patterns, even a single roadway that cuts
across an otherwise pristine wilderness area can affect the population
and types of species found across the landscape.

Emissions from transportation vehicles and the disruption of habitats
and natural processes caused by the extensive transportation infrastruc-
ture system may be leading to gradual changes in biological diversity and
ecosystem functions on a regional or national scale. A more complete
understanding of these risks is needed.

CONFRONTING THE RISKS

These emerging environmental risks are sufficiently well understood to
warrant more research and public policy attention. Some of the broad
policy issues and research topics that will need to be addressed are
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identified next along with some specific examples of research and other
actions that can be undertaken.

Controlling CO, Emissions from Transportation

It appears likely that annual CO, emissions from U.S. motor vehicle
travel will continue to grow—perhaps more than double—in the next
half-century as a result of increasing motor vehicle use and petroleum
consumption. The growth will undoubtedly be accompanied by even
faster growth in transportation activity and emissions elsewhere in the
world as developing nations continue to industrialize and convert to
motorized transportation.

In the United Nations Framework Convention on Climate Change,
signed at the 1992 Earth Summit in Rio de Janeiro, nations around the
world committed themselves to a goal, yet to be well-defined, of stabi-
lizing atmospheric concentrations of greenhouse gases at levels that
would prevent human interference with global climate systems.
Although the efforts to limit emissions under the convention are cur-
rently voluntary, the U.S. government, according to statements made in
1996 by the Undersecretary of State for Global Affairs, has proposed
the adoption of binding international agreements for emission limita-
tions. If such an approach is adopted, the implications for the domestic
transportation sector could be profound. Scenarios presented in this
report indicate that even the achievement of a gradual slowdown in the
rate of growth in CO, emissions from transportation will present sig-
nificant economic, technical, and political challenges. Achieving stabil-
ity or reductions in emissions in the near term (the next 10 to 20 years)
would be still more demanding.

Two general approaches are available for achieving emission limita-
tions over time. One is to encourage changes in travel behavior to reduce
motor vehicle use, and therefore fuel use. The other is to foster changes
in transportation technologies to favor those that use less petroleum and
emit less CO, and other greenhouse gases. These two approaches may
be complementary. As an example, the former might include invest-
ments in transit and policies that encourage changes in land use and
development patterns, both to reduce the demand for motorized travel
and to encourage use of alternative, low-emission vehicles such as
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electric-drive cars. The latter approach might include taxes on carbon-
based fuels to reduce travel demand and encourage consumer demand
for vehicles that emit less CO, and other greenhouse gases.

Both of these general approaches, if seriously pursued, would require
far more public understanding of the climate change risk and transpor-
tation’s role.

Changes in Travel Bebavior

Experience in the United States and other nations has demonstrated
that higher fuel prices—achieved through energy taxes or as a result of
normal market mechanisms—influence both travel behavior and trans-
portation technologies by discouraging motor vehicle use and spurring
demand for fuel-saving vehicles and technologies. Gasoline and diesel
fuel prices in the United States are low compared with prices in other
industrialized nations, primarily because of differences in fuel tax poli-
cies. The public, however, has been generally averse to the use of fuel
taxes for purposes other than paying for transportation infrastructure.
Should market prices for petroleum remain stable or even decline in the
future, fuel taxes would need to be raised to achieve fuel prices that
would have a substantial effect on travel behavior and consumer demand
for fuel-saving technologies. This pricing approach would require broad
and deep public support for the tax increases and a fundamental change
in the current perception of fuel taxes mainly as revenue for the con-
struction, maintenance, and operation of transportation systems.

Several other options—such as land use policies that increase the
density of metropolitan development and expanded transit investments
in some areas—may be pursued to curb motor vehicle travel and result-
ing CO, emissions. Compared with a fuel tax, most of these options
would have narrower and more indirect effects on motor vehicle use,
petroleum consumption, and emissions. None of these options, if pur-
sued by itself, is likely to have a large influence on CO, emissions, but
taken together and over the course of decades they could have an appre-
ciable effect on emission trends.

Most policy options to influence travel demand are fraught with
uncertainties about their effects on emissions of CO, and other green-
house gases, the practicality of their implementation, and their many
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secondary costs and benefits. More research is needed to develop policies
acceptable to the public, to estimate how effective individual policies
might be in influencing CO, emissions, and to quantify the associated
costs and benefits. Also needed are estimates of how various policies in
combination would affect emissions of CO, and other greenhouse gases.

Changes in Technology

Proven oil reserves are large, and additional oil supplies will continue to
be found and extracted for years to come. Yet as recoverable oil supplies
dwindle and petroleum fuel prices rise (the timing of these events
remains uncertain) other energy sources will undoubtedly become more
price competitive. Eventually, spurred by either market forces or gov-
ernment policies, gasoline and diesel fuel could be replaced by other
energy sources. In either instance, ensuring the availability of environ-
mentally acceptable energy alternatives for transportation may prove
critical. The future availability of petroleum and other energy supplies
is not in itself a concern of this study, but the questions of which energy
sources will replace petroleum and when are concerns, since the substi-
tutes may or may not produce less greenhouse gases.

Policy options that would induce changes in transportation and
energy technology involve many uncertainties and research needs. Pol-
icies that promote the development and use of radically different vehicle
technologies and low-emission energy sources form one approach.
Examples of these technologies are electric-drive vehicles powered by
hydrogen-based fuel cells and vehicles with internal combustion engines
run on alcohol fuels derived from renewable biomass sources. Encour-
aging consumers to demand, and manufacturers to supply, far more
fuel-efficient petroleum powered vehicles is another approach to reduc-
ing emissions through technological change.

Both general approaches may be warranted. In either case, greater
progress will be achieved if the approach is accompanied by consumer
demand for new technologies, especially since changes in technologies
could have vehicle performance and cost disadvantages, at least initially.
A tax on the carbon content of energy is one means of shifting consumer
demand toward more fuel-efficient and lower-emitting technologies.
Other options include government assistance and support for technol-
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ogy research and development, consumer subsidies and taxes that
encourage the purchase of fuel-saving or low-emission vehicles, and
supplier-oriented inducements for their development.

The time horizon for the development and introduction of new tech-
nologies that would dramatically reduce greenhouse gas emissions is dif-
ficult to judge. The expectation that new technologies emitting fewer
greenhouse gases will emerge quickly and without special encouragement
may be overly optimistic and could be risky should the concern over
greenhouse gases become more urgent. The development and widespread
introduction of radically different transportation vehicles will take dec-
ades. Significant early support for technology research and development
may prove beneficial in prompting technical progress and enhancing the
prospect that responsive technologies will become available sooner.

Reducing Ecological Effects of Motor Vehicles and
Road Systems

Environmental disturbances from transportation that contribute to
changes in soil and water chemistry and disrupt habitats and natural
flows pose long-term ecological risks. Much more needs to be learned
about these effects to develop and assess options for addressing them.

Chemical emission and deposition monitoring networks, accompa-
nied by studies of ecosystem responses to these pollutants, are important
in gaining a better understanding of the broader environmental reper-
cussions of transportation emissions. Such networks should be oriented
toward the kinds and levels of emissions that affect the natural environ-
ment in addition to emissions that affect public health. Likewise, more
long-term data bases and studies are needed to improve understanding
of the effects of road systems and other physical components of trans-
portation infrastructure on habitats and natural processes.

In addition to strengthening scientific understanding of ecological
effects, it is important to begin developing appropriate responses.
Because many of the ecological effects of transportation are best viewed
or anticipated from a broader geographic perspective and over a long
time horizon, they are often underappreciated in the early planning and
design of transportation systems. Evaluations and mitigative approaches
that focus on site-specific ecological effects are often insufficient. An
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anticipatory approach that has been developed to reduce transporta-
tion’s ecological effects is to plan, site, and design transportation facili-
ties with the aid of regional maps that locate critical ecological features
and natural flows occurring over the landscape. Such innovative
approaches need to be evaluated and more widely recognized.

Efforts to develop more effective emission control technologies for
motor vehicles continue. Some technical barriers to reducing NO, emis-
sions, though still high, are less imposing than those that must be over-
come to reduce CO, emissions. Promising work is under way, for
instance, to develop less expensive and more effective catalytic con-
verters. Such technological advances will undoubtedly be of value in
reducing the ecological effects of motor vehicle emissions. Many other
technological options for reducing NO, and other vehicle emissions are
generally similar to those that would reduce CO,, as are many of the
policy options that would reduce emissions by influencing travel behav-
ior. As discussed in the next section, many of these options warrant
more thorough and sustained research.

NEXT STEPS

A prudent course for reducing the uncertainties and risks associated
with long-range environmental issues is to further understanding and
development of policy and technology options and to improve scientific
and technical understanding of their causes. Such a course might enable
more effective and timely responses to an environmental crisis and will
begin to inform and educate the public about the response options
available. The following are examples of research, educational, and
information-gathering steps that can be taken.

Research on Determinants of Travel Demand

Research is needed to understand the behavioral, demographic, and
social factors that influence transportation demand. Demand for trans-
portation involves many social and behavioral components that are
often too poorly understood to predict the effect of alternative policies,
such as new taxes, land use controls, and transit investments, on travel
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demand. For instance, in evaluating such policy options it is helpful to
have an understanding of how an individual’s choice of travel modes and
frequency of travel are influenced by family responsibilities, stage of life,
and other personal circumstances and preferences. Such information is
also important for evaluating the effect of future demographic changes
on travel trends. Greater insight into how future travel patterns may be
influenced by changing demographics, including an aging population,
will be valuable in devising policies to affect travel behavior.

Long-Range Technology Research and Development

The federal government sponsors a number of research, development,
and demonstration activities on alternative transportation technologies
and fuels. A varied research and development (R&D) program is
important. It is essential, however, that sufficient attention be given to
developing a portfolio of high-risk and potentially high-benefit (e.g.,
low-emission) technological opportunities. Many nonconventional
technologies involve substantial technical and cost challenges that will
take many years of research to understand and overcome. Such oppor-
tunities are unlikely to be pursued by the private sector absent govern-
ment encouragement and support. A detailed analysis of funding across
government agencies is needed to determine whether the focus, scale,
direction, and time horizon of current technology R&D efforts ade-
quately emphasize long-term environmental risks.

A varied and aggressive federal R&D program is one means of
encouraging technological development. Other approaches might
include targeted tax credits for industry or inducements for the private
sector to accelerate development of new technologies, such as Cali-
fornia’s requirement calling for more sales of low- and zero-emission
vehicles. A better understanding of these and other options for encour-
aging long-range technology R&D is needed by policy makers.

Ecological Research

Given the many effects of transportation vehicles and infrastructure on
terrestrial and aquatic ecosystems and the lack of integrated research on
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these effects, an escalation in research on the ecological effects of trans-
portation and the means of controlling them appears warranted. Better
ecological data and fieldwork will be fundamental to improving under-
standing of the multidimensional ecological effects of transportation
systems and to begin reducing them.

The most basic data about these effects are needed, such as infor-
mation on the movement and propagation of motor vehicle emissions
across landscapes and regions and the capacity of forests, soils, and
aquatic systems to assimilate them. At the same time, little is known
about effectiveness of mitigations that are being undertaken by trans-
portation agencies, for instance, how projects to preserve or restore wet-
lands, facilitate animal movements, and control erosion and stream sedi-
mentation are collectively affecting the environment over the longer term.

Over such a large road and transportation infrastructure system—
one that is gradually being added to, renovated, and repaired—many
opportunities exist to undertake small-scale but systematic experiments
with alternative mitigations. Such pilot efforts provide valuable learning
and demonstration opportunities and may warrant federal support,
directly in federal programs and indirectly by the use of federal funds
passed through to state and local governments.

Public Awareness and Understanding

Changes in transportation policies, technologies, and practices, which
can have many ramifications, often require broad and deep public sup-
port. Because the risk of climate change and the other ecological effects
of transportation are at present largely imperceptible to the public, spe-
cial efforts are needed to enhance public awareness and understanding
of these risks in order to spur dialogue and debate about opportunities
for addressing them. These efforts might include informational and
educational activities and the development of statistical indicators that
link motor vehicle travel with ecological changes (ideally, in concert
with other initiatives to support environmental sustainability in areas
such as agriculture, manufacturing, energy production, and forestry).
Absent such effort, maintaining a long-term focus on research and tech-
nology may prove difficult.
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LONG-TERM PERSPECTIVE

The risk of climate change and other cumulative and possibly irreversi-
ble effects of transportation on the environment constitute an unprece-
dented challenge. The consequences of these environmental distur-
bances are not immediately evident or well understood; as a result, there
is a tendency to defer concern and action. Yet if adverse consequences
become manifest, few good response options may be sufficiently
advanced and available. Early and deliberate efforts to develop response
capabilities may prove essential in providing the head start needed to
respond to these environmental challenges.

Should public interest and perceptions change in ways that enable
new policies and practices, a research base will be invaluable. National
support for research that will improve public and scientific understand-
ing of environmental problems and provide guidance to policy makers
on response strategies is essential. The environmental issues discussed
in this report, and the options for addressing them, are complex and will
require much forethought and preparation. Not to take precautions is
to risk passing costly and irreparable environmental problems on to
future generations.






— |
Sustainability and

Transportation

The threat of long-term changes in the earth’s biological and physical
systems resulting from greenhouse gas buildup, acid rain, deforestation,
and loss of habitats and species has led many national and international
organizations to endorse the concept of sustainable development.
Although sustainable development has not been uniformly defined, it is
generally aimed at ensuring that current generations do not deprive
future ones of the essential base of natural resources necessary to meet
their needs. Concern over upward trends in world population, land
development, natural resource consumption, and associated environ-
mental effects has spurred debate about whether the earth’s biosphere
~ and other natural systems—including those essential to providing clean
air, water, food, and many other vital services and products—are being
significantly and irreparably altered. An important issue in the debate is
how best to ensure that such alterations are minimized and managed so
as not to become a serious detriment to future generations.
Transportation has a meaningful role in this debate. The extensive
transportation system in the United States always has had, and con-

15
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tinues to have, important and lasting environmental effects. As early as
the nineteenth century, the network of interconnected waterways and
canals was linked to shifts in fish populations, and the American bison
was brought to the verge of extinction following the westward expan-
sion of railroads. At the turn of the century, when many U.S. cities
were facing formidable refuse and sanitation problems created by
horse-drawn traffic, the clouds of dust raised by the first motor vehicles
were also becoming a source of great public concern and annoyance
(Lay 1992, 132, 173—174). By the 1940s, motor vehicle exhaust was
found to be a source of urban smog and agricultural crop damage
(National Research Council 1991, 21). More recently, wetlands—
once routinely filled to build highways, ports, and airports—have
become highly valued for their habitats and water quality and flood
control functions.

Transportation is a source of environmental disturbances in part
because the transportation system is so pervasive. The United States has
nearly 4 million miles (about 6.2 million km) of public roadway," over
which about 200 million motor vehicles operate. Likewise, there are
hundreds of thousands of miles of railroad track, pipelines, waterways,
and other transport facilities. The importance of this system is indis-
putable, enabling a level of personal mobility that is unmatched any-
where in the world and supporting industry and the national economy
through multiple options for moving goods and services. Thus, efforts
to control the environmental effects of this system must be considered
in light of the vital functions that it serves.

In recent years, efforts have been made to identify, understand, and
control many of the environmental effects of the transportation system.
Some, such as emissions of lead and carbon monoxide from motor
vehicles and leakage of ozone-destroying compounds from vehicle air-
conditioning systems, have been reduced significantly. In other cases,
steps have been taken to lessen or contain environmental influences, for
example by controlling sedimentation and contamination of streams
near road construction sites and adopting protective measures to reduce
the loss of endangered species living near transport corridors. The treat-
ment of environmental disturbances, however, has often been inconsis-
tent and haphazard, and some have gone virtually unnoticed and
untreated for years.
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Rather than examining all of the environmental effects of transpor-
tation, this report focuses on those that are especially prone to being
neglected and poorly managed and have the potential to create serious
and long-lasting environmental problems. The committee believes, for
reasons explained next, that these risks pose particular challenges to the
goal of maintaining a sound environment for future generations.

NOTIONS OF SUSTAINABLE DEVELOPMENT

The terms “sustainable development” and “sustainability” have come
to encompass a wide variety of environmental, economic, and social
concerns. The phrases “sustainable societies” and “sustainable develop-
ment” had their origin in the mid-1970s, when concern over the envi-
ronment and an expanding world population began to grow in many
industrialized nations (Hitchcock 1991). An often-cited definition of
sustainable development is the following, adopted in 1987 by the Unit-
ed Nations World Commission on Environment and Development
(WCED) (Brundtland Commission) (WCED 1987, 43): “A sustaina-
ble condition for this planet is one in which there is stability for both
social and physical systems, achieved through meeting the needs of the
present without compromising the ability of future generations to meet
their own needs.”

The antecedents to contemporary concerns over sustainable devel-
opment extend back more than 200 years to the theories of Thomas R.
Malthus and more recently to concerns raised in the 1960s over “limits
to growth” (see Box 1-1). Although the earlier concerns focused mainly
on the overuse and depletion of tangible natural resources and materials
such as agricultural land, fuel, and minerals, much of the current debate
over sustainable development centers on the mistreatment of more
ubiquitous but intangible natural resources, such as global climates,
the protective ozone shield, and the life support provided by well-
functioning ecosystems and a diversity of plants and animals. Often the
benefits provided by these resources transcend geographic and genera-
tional boundaries; hence their misuse is difficult to regulate by either
market mechanisms or government intervention. Yet, if these irreplace-
able resources are permanently degraded, the harm to future generations
could be significant.
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Box 1-1

v
Malthus, Limits to Growth, and Sustainable Development

The concern over sustainable development is not new, but has roots
that extend back at least to the eighteenth-century economist and
philosopher Thomas R. Malthus. Theorizing that temporary
improvements in human living standards would trigger population
surges, Malthus predicted that human population growth would
outpace technological growth and resource availability, leading to
shortages of agricultural land and food and causing chronic setbacks
in human living conditions. Malthus’ theories were rekindled during
the early 1970s in a report under the title The Limits to Growth
(Meadows et al. 1974). This prominent report concluded that before
the end of the next century, humans would have exhausted the fixed
supply of natural resources on which industrial society depends, which
would lead to severe food shortages, excessive pollution, and other
serious consequences (Meadows et al. 1972; Meadows et al. 1994).

Critics of the Malthusian and Limits to Growth theories, includ-
ing many contemporary economists, have questioned the basic
premises upon which they rest. In particular, they contend that
assumptions about a finite set of resources and fixed rates of resource
consumption do not take into account the continual feedback and
incentives that people receive as these resources are used, causing
them to adjust their consumption patterns and to develop substitute
resources and technologies. These observers tend to be more opti-
mistic about the prospects for a self-sustaining system in which
responses to pricing signals and other feedback—achieved through
markets or public demand for government intervention—prevent
population surges, extreme environmental damage, and resource
exhaustion.!

As discussed in this report, one of the factors that distinguishes
the present debate over sustainable development from earlier debate
over growth limits is the concern over human-caused effects on

1See, for instance, Kahn et al. (1976) and Simon and Kahn (1984).
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intangible and macroenvironmental resources such as the greenhouse
gas balance and climate systems. The perceived danger is that it
may prove far more difficult to accommodate changes in these
resources than to accommodate changes in the supply of specific
materials, fuels, and other natural resources that are more amenable
to substitutes. Adding to this concern is the growing recognition
that humans cannot anticipate and often do not understand all the
current and future functions of the many elements of the natural
environment; hence, their overuse or mistreatment may have rami-
fications that are both costly and unexpected.

Thus, an important aspect of sustainable development is ensuring the
long-term habitability of the earth’s environment, an aim that is not
always reflected in conventional thinking about environmental issues,
which often focuses on short-term and site-specific environmental and
human health effects (Socolow 1994). For instance, an emphasis on the
latter has led to standards for clean air and water using threshold levels
of pollutants based largely on direct and acute human health effects.
Viewed from the broader perspective of maintaining the earth’s habita-
bility, the many scattered and repeated environmental disturbances—
such as local air and water pollution—can be seen as cumulative, grad-
ually modifying physical and biological systems in ways that can be per-
manent. These changes, multiplied over time and space, may jeopardize
the long-term health and well-being of humans. It is in this regard that
Socolow (1994, 8) observes: “In the present period, human beings are
perturbing the planet’s natural processes significantly on a global scale.
We are overwhelming both regional and global environmental systems:
lakes, airsheds, fisheries, forests, the ozone level in the stratosphere,
global climate. Our planet has become uncomfortably small.”

TRANSPORTATION AND SUSTAINABILITY

As notions of sustainable development have evolved and been applied
in recent years they have become associated with a wide array of issues
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and public policy concerns. Although these applications have often been
related in their fundamental emphasis on ensuring a habitable planet,
some have focused more on ecological and natural resource needs for
achieving this goal, whereas others have stressed the social and eco-
nomic dimensions of this goal. In the transportation field, a number of
conferences, papers, and reports have addressed these issues as part of
broad conceptions of “sustainable transportation,” “sustainable com-
munities,” and “sustainable cities” (Replogle 1991; Roseland 1992;
Whitelegg 1993; OECD 1995; Sperling and Shaheen 1995; World
Bank 1996; President’s Council on Sustainable Development 1996a,
1996b). Numerous subject matters have been covered in these activities,
such as the role of transportation in ensuring future availability of petro-
leum and other energy supplies, curbing urban air pollution and traffic
congestion, providing access to jobs and services for the low-income and
elderly population, and creating more inviting and prosperous central
cities.

To illustrate that array of issues encompassed, a recent report by the
World Bank (1996, 4—6) defines sustainable transportation as embody-
ing three main components:

+ The economic and financial component, which includes issues of
adequacy of transportation infrastructure funding, organization, and
scale;

« The environmental and ecological component, which includes
issues of how transportation investments and mode options influence
travel and land use patterns and how these in turn influence energy
consumption, emissions, air and water quality, and habitats; and

* The social component, which emphasizes adequate access to trans-
portation services by all segments of society.

Maintaining that a goal of sustainable transportation is to ensure
progress in each of these areas by making more strategic and deliberate
—rather than incremental and ad hoc—transportation investment and
regulatory decisions, the World Bank report contends (1996, 29) that
“A policy for sustainable transport is one that identifies and implements
the win-win policy instruments and explicitly confronts the tradeoffs so
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that the balance is chosen rather than accidentally arrived at. It is a
policy of informed, conscious choices.”

KEY ISSUES

No attempt is made in this study to address all the issues and concerns
raised by the term “sustainable transportation.” Rather, the committee
made a deliberate choice, as noted earlier, to focus the study on trans-
portation’s contribution to a specific set of long-term environmental
problems: those that are prone to being neglected and have conse-
quences that, accumulated over time, threaten serious and irreparable
harm to the environment. Given the many human needs predicated on
a sound environment, the possibility of a growing transportation sector
contributing to lasting environmental changes is troubling. Thus the
decision to focus on this subset of environmental risks is less a reflection
of their significance relative to other problems and concerns than an
acknowledgment of the unique public policy demands and challenges
that they present.

Several criteria were used in identifying these unique environmental
risks (Box 1-2). Of particular concern—as emphasized in the criteria—
is that some disturbances threaten large and irreversible environmental
consequences, but the consequences appear so gradually and impercep-
tibly that preventive steps are seldom taken. The gradual buildup of
long-lived carbon dioxide (CO,) and other greenhouse gases in the
atmosphere, which brings a risk of climate changes several years hence,
is an obvious example and one to which transportation contributes
through its use of petroleum. A more subtle example is the risk to bio-
logical diversity and ecosystems caused by changes in soil and water
chemistry from air pollution and the disruptions in habitats and natural
flows caused by the transportation network.

Not all environmental effects are either chronically neglected or accu-
mulating and intensifying over time. For instance, the noise created by
transportation activity in urban areas—from the constant drone of
motorized traffic to the recurrent roar of landing jet aircraft near
airports—1is among the most noticeable as well as objectionable of
these effects. Yet traffic noise in urban areas, as evidenced by the many



Box 1-2

v
Criteria Used to Identify Environmental Issues Examined

The following kinds of questions were asked by the committee in
trying to identify environmental disturbances that warrant special
consideration as long-term risks to environmental sustainability.

Irreversibility and Lack of Substitutes

Is the environmental disturbance changing natural resources or
systems in ways that may be permanent? Changes that are
irreversible—for instance, because resource supplies are finite or very
slow to replenish—may pose problems for generations needing the
resource. In cases where there are few good substitutes for the lost
resource, including substitutes created through technological prog-
ress, the loss may be especially costly.

Cumulative and Delayed Consequences

Does the disturbance have effects that accumulate over time and
space, with consequences that are delayed or only gradually notice-
able? Disturbances that are treated as local or site-specific but that
are repeated widely over a region or nation can cause collective or
cumulative environmental changes that are routinely overlooked
even as they intensify over time. Likewise, changes such as CO,
buildup, which accrue and could have serious consequences that will
not become manifest for many years, are prone to being neglected.

Controls and Feedback on Consequences

Are mechanisms in place—either market or nonmarket—to control
the disturbance? Resources providing benefits that transcend geo-
graphic and generational boundaries tend to be especially difficult
to regulate in this manner. The costs involved in misusing the
resource, for instance, may not be appreciated by those responsible
because they will be incurred in the future, possibly by distant gen-
erations. Effects on global resources, ranging from the atmosphere
and oceans to migratory bird and fish populations, are especially
difficult to manage because of the absence of well-defined property
rights (essential for market controls), governmental jurisdiction
(essential for nonmarket controls), or advocates for those who must
ultimately bear the cost.
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efforts to manage it (e.g., highway noise barriers, requirements for
noise-abatement equipment on jet aircraft), is a problem that future
generations can, if they so choose, manage and mitigate further as pri-
orities change. Other ramifications of traffic noise, however, may have
enduring and irreversible effects—for instance, by disturbing and caus-
ing changes in the habitat areas exposed—that are more likely to be
overlooked and underappreciated. .

Table 1-1 gives examples of environmental disturbances from trans-
portation considered for inclusion in this study. For each disturbance,
some of the most immediate and evident environmental risks and con-
sequences are given, as well as the longer-term, cumulative, and more
enduring ones. In the committee’s view, environmental disturbances
that have early and noticeable adverse effects are most likely to be
treated, reducing the probability that they will be allowed to worsen. On
the other hand, disturbances that have few noticeable environmental
effects in the near term are more likely to be neglected and are prone to
intensifying in the longer term. These disturbances are the focus of this
study and are introduced in the following sections.

Risks from Transportation Emissions of Greenhouse Gases

The absence of timely feedback on transportation’s environmental con-
sequences is most conspicuous in the case of the long-lived greenhouse
gas emissions. Though scientists have reliable evidence that greenhouse
gases are building up in the atmosphere and are likely to continue to do
so, the full consequences of this buildup may not become evident or well
understood for many years. Absent more tangible evidence of the long-
term consequences, the ultimate risk from greenhouse gas emissions has
proven especially difficult to evaluate and control.

Most emissions of CO,—the most abundant of the greenhouse
gases that are building in the atmosphere—result from the burning of
carbon-rich fossil fuels, including petroleum, which is the predominant
fuel used in transportation. Transportation’s use of petroleum accounts
for about 30 percent of the CO, emitted in the United States. Although
market prices regulate the near- and longer-term supplies of petroleum
(see Box 2-1 in Chapter 2), they do not reflect the many environmental
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30 TOWARD A SUSTAINABLE FUTURE

costs of its use, including the long-range risks associated with CO,
emissions.

During this century, annual emissions of CO, from human activity
have risen by a factor of 10. Emissions have grown rapidly in recent
years as many developing nations have increased their rate of fossil fuel
consumption (Figure 1-1). Long-range projections suggest that world-
wide emissions of CO, from energy use could be more than twice their
current level before the middle of the next century (Figure 1-2). By
remaining in the atmosphere for centuries, these emissions threaten to
enhance the natural greenhouse effect that influences the earth’s tem-
perature, resulting in warming and climate change. Although the spe-

4 Rest of World

[OWestern Europe and
Japan

mU.S. and Canada

Billions of Metric Tons of Carbon Per Year
w

1900 1910 1920 1930 1940 1950 1960 1970 1980 19890
Year

Figure 1-1 Global energy-related emissions of carbon, 1900 to 1990
(IPCC 1996, 13; Keeling 1994; Marland et al. 1994; Griibler and Naki-
cenovic 1992; Etemad et al. 1990; Fujii 1990; United Nations 1952).
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Figure 1-2 Projected global emissions of carbon from energy use, defor-
estation, and cement production—middle series IPCC scenario 1S92a-b
(IPCC 1996, 23).

cific mix, timing, and magnitude of climate changes remain uncertain,
large and lasting consequences are possible.

Risks to Biological Diversity and Ecosystems from
Transportation Emissions and Infrastructure

The gasoline and diesel fuels burned by motor vehicles produce several
pollutants that are regulated by the federal Clean Air Act. Motor vehi-
cles (on-road), for instance, account for about one-third of the nitrogen
oxides (NO,) and hydrocarbons and other volatile organic compounds
emitted in the United States (EPA 1996). These chemicals combine in
the atmosphere to form ground-level (tropospheric) ozone and other
compounds that degrade air quality and settle to the surface, where they
can alter the chemistry and composition of soils and water. Biological
communities and ecosystems hundreds of miles away can be affected.
Some of the effects are evident, such as a decline in the population of
sensitive trees and measurable changes in the composition and acidity
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of rainfall. However, many of the collective and long-term ecological
effects of these disturbances (from both transportation and nontrans-
portation sources) remain poorly understood. Absent such an under-
standing, mitigation is difficult, increasing the risk that these effects will
intensify over time and cause lasting ecological changes.

As is evident from Table 1-1, road systems and other transportation
infrastructure are also sources of numerous environmental disturbances.
They range from the acute episodes of air and water pollution caused
by hazardous cargo spills to more chronic effects such as the frag-
mentation of habitats resulting from expanding road networks. Miti-
gation efforts have often focused on the more obvious and acute
effects, for instance, by reducing the adverse consequences on nearby
wetlands or streams caused by a project to widen or extend an indi-
vidual road. Viewing individual roads as components of large and per-
manent road networks allows consideration of their contribution to
other, more far-reaching ecological effects. Such networks, for in-
stance, can impede natural flows that take place across a wide land-
scape, affecting the movement of wildlife, water, and nutrients over
large areas. These longer-term ecological changes can be so subtle or
gradual that they are overlooked.

It is primarily with these collective and longer-range consequences in
mind—consequences that have tended to receive little attention in
research and mitigation—that the many individual environmental dis-
turbances from transportation in Table 1-1 are considered in this study.

STUDY PURPOSE AND ANALYTICAL APPROACH

The purpose of this study is to expand recognition of the environmental
issues identified in this chapter and to frame them in a way that fosters
more informed examination and debate. The report is intended as a
primer, rather than as a comprehensive or technical assessment of the
many subjects covered. It does not offer answers or solutions; it aims to
inspire inquiry into the issues and options considered.

In reviewing environmental disturbances and transportation’s role,
the study relies heavily on the assessments and data of scientific and
governmental bodies such as the International Panel on Climate
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Change, the World Meteorological Organization, the U.S. Environ-
mental Protection Agency, and the U.S. Departments of Energy and
Transportation. The report summarizes and synthesizes this informa-
tion, including areas of certainty and uncertainty. No attempt is made
to assess the quality of the science or scientific data.

Likewise, in considering policy options, the report summarizes what
is known about their potential influence, but only in a very limited sense.
After a review of the literature and with the aid of some simple scenar-
ios, several broad policy courses are examined with respect to their
potential effect on CO, emissions from transportation. This is far short
of examining the full array of environmental, technical, political, social,
and economic implications of individual policies; thus, no attempt is
made to recommend policy actions. Nevertheless, the committee
believes that such assessments, however limited, are essential to forming
a clearer picture of the many policy challenges that lie ahead.

Some additional points about the study that are made in the Preface
warrant repeating. First, time constraints made it difficult to give equal
attention to all modes of transportation. The committee therefore
elected to focus on motor vehicle transportation because it accounts for
the largest share of transportation energy consumption, emissions, and
activity. Second, the committee limited its considerations of future
transportation developments to about a 50-year time horizon. This lim-
itation appeared prudent given the historical pace of innovation and
change in transportation technology and demand. Finally, environmen-
tal issues are treated individually, without much attention to their pos-
sible direct or indirect effects on other environmental issues—for
instance, how urban air pollution and traffic noise may contribute to the
migration of people from central cities, which in turn may influence
greenhouse gas emissions by generating additional demand for roads,
motor vehicle travel, and petroleum usage. As these environmental
problems and their effects are better understood individually, integrated
and dynamic evaluations may become more feasible.

ORGANIZATION OF REPORT

In Chapter 2, as background to examining the environmental risks just
mentioned, historical trends in U.S. motor vehicle travel and petroleum
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use are reviewed. Plausible future trends are projected to provide a gen-
eral sense of the related environmental challenges from growth in motor
vehicle travel that may lie ahead. The focus of Chapters 3 and 4 is on
these environmental challenges. Considered in Chapter 3 is the role of
transportation in greenhouse gas buildup and the risk of climate change.
In Chapter 4 the risks from transportation to biological diversity and
ecosystems are considered. Research and policy options for lessening the
risks are examined in each instance. In Chapter 5 the key findings and
points from this discussion are summarized and suggestions for research
to better understand and begin reducing these long-term environmental
risks are offered.

NOTES

1. This figure includes all public roads and bridges under the jurisdiction of federal
(all agencies), state (including toll authorities), and local (county and municipal)
authorities, including Interstate freeways, toll highways, other major and minor
arteries, residential streets, roads in parklands and reservations, and federal forest-
lands. Not included are the many private roads (e.g., on logging land, ranches,
industrial sites), driveways, parking facilities, and other off-road (public and private)
facilities over which motor vehicles operate.

2. The risk to earth’s stratospheric ozone shield from emissions of certain man-made
chemicals has some of the same characteristics as the greenhouse gas risk. Deple-
tion of ozone in the high altitudes of the stratosphere, though observable to sci-
entists, is not apparent to the public, and the most serious consequences of this
disturbance may not become evident for many years. A major difference, however,
is that the human activities that threaten the ozone shield, such as the use of
halocarbons for motor vehicle air-conditioning systems, are not nearly as pervasive,
and therefore difficult to control, as those that produce CO, and several other
greenhouse gases. This difference has enabled international controls on ozone-
depleting chemicals that appear to be working.
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v
Trends and Outlook in Motor
Vehicle Transportation

Transportation has played a major, even legendary, role in shaping the
United States, influencing the location of economic activity, the form
and size of cities, and the style and pace of life in the nation. Its central
role in shaping development, however, is not unique to this country.
The mobility and access provided by transportation have been instru-
mental to economic and social development worldwide and throughout
history. Transportation systems foster economic growth by facilitating
trade, permitting access to resources, and enabling greater economies of
scale and specialization. They also expand cultural and social connec-
tions, increase employment and educational opportunities, and offer
more options for where to live.

What is perhaps most exceptional about the U.S. transportation sys-
tem is the unmatched scale and the extent to which one mode of travel,
the motor vehicle, has become so integrated into the daily lives and
activities of Americans, influencing where and how people reside, work,
shop, and socialize. Americans drive their cars about one hour each day;
both as drivers and as passengers, they travel by car more than 14,000

37
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miles (22,400 km) each year (BTS 1996, 7-9; FHWA 1995, 31).
Trucks are nearly as pervasive, having become the major means of deliv-
ering finished goods and moving raw materials in many segments of the
economy.’

Together, expenditures on cars, buses, and trucks account for nearly
10 percent of the gross domestic product (GDP), by far the largest
source of investment and expenditures in the broader transportation
sector. These vehicles consume three-fourths of the gasoline and diesel
fuel supplied to the transportation sector, accounting for more than half
of the national petroleum demand (Davis 1995, 2-7; BTS 1996, 35—
40). Each year, public roads in the United States cost nearly $100 billion
to build, repair, operate, and maintain. This system of public roads
enables access by people and goods to most other modes of transport,
reaching into even the most remote and sparsely populated areas of the
country.

Because of the ubiquity and vital role of the motor vehicle within the
transportation sector, the emphasis of this chapter is on providing
insight into forces contributing to trends in motor vehicle travel and
how these trends might unfold in the years ahead. The trends that
emerge will have an important bearing on transportation’s environmen-
tal effects and on the actions that may be warranted to manage them.

The chapter begins with a detailed review of how several demo-
graphic, economic, and social developments and public policies and
programs since World War II have exerted powerful influences on
trends in motor vehicle travel and petroleum use in the United States.
These influences range from the emergence of the baby boom genera-
tion and the influx of women into the workforce to the proliferation of
freeways. Understanding these influences, and how they are changing
and being replaced by others over time, is important to anticipating
trends in motor vehicle travel and fuel use and related environmental
challenges that may lie ahead.

Following this background discussion, long-range projections of
trends in motor vehicle travel and petroleum use are developed on the
basis of forecasts by the Census Bureau and U.S. Departments of
Transportation (DOT) and Energy (DOE). These plausible, albeit
rudimentary, projections are described in more detail in Appendix A
and referred to again later in the report when various policy options
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for controlling transportation’s long-term environmental effects are
reviewed.

Reviewed briefly in the third section are developments taking place
in motor vehicle transportation worldwide. An understanding of past
trends in U.S. motor vehicle travel can help illuminate the potential
paths of other countries that are beginning to experience demographic
and economic changes spurring demand for motor vehicles. In many
respects, the rapid motorization occurring in many other regions of the
world resembles trends in the United States earlier in the century.

KEY INFLUENCES ON PAST AND RECENT
U.S. TRENDS

In the more than 50 years since the end of World War 11, the United
States has experienced extraordinary growth in motor vehicle travel.
During this period, the U.S. population has increased by about 75 per-
cent, growing an average of about 1.2 percent per year (Figure 2-1). At
the same time, annual travel by the fleet has grown an average of nearly
4 percent per year, doubling about every 20 years and increasing a total
of fivefold. Meanwhile, the amount of petroleum used each year by the
vehicle fleet has more than tripled.

A number of factors have influenced this extraordinary growth in
vehicle use and petroleum consumption. Although it is not possible to
review all of these influences here, several warrant attention. Most nota-
bly, the economic prosperity that followed World War II and the sub-
sequent influx of baby boomers and of women into the workforce and
the driver population had dramatic and lasting effects on the sharp rate
of growth in motor vehicle use. The postwar shift in population to the
suburbs and the advent of a national freeway system were also important
factors spurring growth. Tempering the upward trend in motor vehicle
travel, and having an even greater effect in slowing the rate of growth in
petroleum consumption, were the oil supply shocks beginning in the
mid-1970s.

Many of the trends and influences discussed in this section began
long before 1950, some dating from before the turn of the century. For
instance, streetcar patronage and private investment in transit began to
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Figure 2-1 Trends in U.S. motor vehicle travel, petroleum motor fuel
use, and population, 1950 to 1994 (FHWA 1985, Table VM-201a;
FHWA 1986—-1994, Table VM-1; Bureau of the Census 1995, Table
2). Note: 1 mile = 1.6 kilometers; 1 gallon = 3.8 liters.

decline in many urban areas during the 1920s, when motorized buses
emerged along with inexpensive, mass-produced automobiles such as
the Ford Model T (Jones 1985; Pushkarev et al. 1982). In 1910, there
was 1 registered car for every 44 houscholds in the United States; by
1930, there were nearly as many registered cars as households (Lay
1992, Table 6.1). Likewise, the tolled turnpikes and federal parkways
built during the 1920s and 1930s made up the nation’s first class of
high-speed motorways; two decades earlier—on the eve of World War
I—only 5 percent of the nation’s roadways was even paved. Arguably,
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the changes and trends that have occurred since these revolutionary ear-
lier developments have been relatively modest.

Postwar Prosperity

The economic prosperity and affluence that followed the end of the
Great Depression and World War II led to a consumer revolution
that not only spurred more motor vehicle travel, but also was itself
fostered by the mobility that motor vehicles provided many Americans.
Rising incomes and affluence enabled more people to buy and operate
motor vehicles and caused them to attach a higher value to time, making
the speed and convenience of motorized travel increasingly valuable.

The United States experienced vibrant economic growth following
World War IL. From 1950 to 1980, the GDP grew at an annual pace of
more than 3 percent (Figure 2-2). During the same 30 years, motor
vehicle registrations grew nearly 4 percent per year, causing the number
of vehicles in the fleet to increase threefold (Figure 2-2). Whereas in
1950 there were not quite 7 motor vehicles for every 10 licensed drivers,
by 1980 this ratio had surpassed 1 to 1 (Figure 2-3). On both a per-
driver and a per-capita basis, vehicle travel nearly tripled during the
period (Figure 2-4).

Growing prosperity not only spawned more vehicle use for passenger
travel, it also fostered growth in the trucking industry. As rising incomes
enabled more people to afford consumer goods, more demand for truck-
ing followed. Increasing freight demand, coupled with the advent of a
national network of freeways and more liberalized truck size and weight
allowances, led to rapid growth in truck travel starting in the 1950s. By
virtually all measures, trucking activity grew phenomenally, especially
among long-haul freight trucks. Between 1965 and 1980, the number
of heavy-duty tractor-trailers in the national fleet nearly doubled, and
their total travel (per year) grew nearly twice as fast as passenger car
travel, which itself was experiencing dynamic growth (FHWA 1985,
Table VM-201a).

There is evidence that some of these trends have stabilized over the
past several years and that growth in the motor vehicle fleet may be less
correlated with growth in the GDP. Since 1980, the annual rate of
growth in the motor vehicle fleet has slowed considerably. Whereas
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Figure 2-2 Trends in U.S. GDP, VMT, and motor vehicle fleet size,
1950 to 1994 (FHWA 1985, Table VM-201a; FHWA 1986-1994,
Table VM-1; Bureau of the Census 1995, Table 699). Note: 1 mile =
1.6 kilometers.

from 1950 to 1980 the fleet grew at about the same rate as the GDP, it
has grown only two-thirds as fast since then (Figure 2-2). The slow-
down in fleet expansion, however, has not translated into a comparable
slowdown in travel by motor vehicles. During the past decade, annual
motor vehicle travel has increased nearly 30 percent. Americans are
apparently driving their vehicles farther and more often than they did in
the past.
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Figure 2-3 Motor vehicles per capita and per driver in the United
States, 1950 to 1994 (FHWA 1950-1995, Tables VM-1 and DL-1).

Note: Data include large trucks and other commercial vehicles.

Increase in Population, Workforce, and Women Drivers

Upon closer examination of the demographic and social changes in the
United States during the past five decades, it is difficult not to appreciate
the profound effect of the large baby boom cohort on vehicle ownership
rates, the driver population, and a number of other factors influencing
motor vehicle travel. Between 1950 and 1965, the U.S. population grew
at an annual rate of 1.6 percent (Bureau of the Census 1960-1995,
Tables 2 and 16). Virtually all of this growth was the result of sharply
higher birth rates, as the number of children grew by 20 million and
accounted for nearly half the gain in population.
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Figure 2-4 Motor vehicle travel per capita and per driver in the United
States, 1950 to 1994 (FHWA 1985, Table VM-201a and DL-201a;
FHWA 1986-1994, Tables VM-1 and DL-1). Note: Data include
travel by trucks and other commercial vehicles. 1 mile = 1.6 kilometers.

As this large cohort started reaching adulthood and driving age dur-
ing the 1960s and 1970s, it had an abrupt and broad influence on many
factors shaping travel trends and patterns. During the mid-1960s, the
leading edge of the baby boom cohort began entering the workforce,
swelling the number of new drivers. During the next 20 years (1965 to
1985), the adult population grew at an annual rate of 1.8 percent, nearly
twice as fast as the general population (Bureau of the Census, 1960—
1995, Tables 2 and 16). As a consequence, the adult population grew
from 64 percent of the total U.S. population in 1965 to nearly 75 per-
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cent when the last of the baby boom generation was reaching adulthood
in 1980 (Bureau of the Census, 1960—1995, Table 16).

More adults led to more drivers. The number of licensed drivers
nearly doubled from 1960 to 1980, growing by nearly 60 million
(FHWA 1985, Table GL-220; FHWA 1986-1994, Table DL-1A).
The growing number of adults also led to a sharp rise in the number of
workers and households, both of which are associated with more driv-
ing. Between 1965 and 1985, the U.S. labor force grew at an annual
pace of 2.1 percent, nearly twice the rate of growth from 1950 to 1965
(Bureau of the Census 1995, Table 628). Meanwhile, the number of
households grew almost three times as fast as the general population
(Bureau of the Census 1995, Table 65).

An equally important and related trend that emerged in the 1960s—
and escalated during the 1970s—was the movement of women into the
labor force. In 1965 only 39 percent of women over 16 years of age were
employed outside the home; by 1985, this figure had risen to more than
55 percent (Bureau of the Census 1995, Table 636). Participation in the
labor force resulted in more driving by women. Thirty years ago, only
55 percent of adult women were licensed to drive; by 1985, nearly 80
percent were, including more than 90 percent of women under age 50
(FHWA 1985, Table DL-220). The number of female drivers grew by
35 million between 1965 and 1985, compared with an increase of only
23 million male drivers (FHWA 1985, Table DL-220). Occurring
together, this surge of maturing baby boomers and women workers led
to tremendous growth in licensed drivers during the 1960s and 1970s.

Although the wave of new drivers was a chief source of growth in
motor vehicle ownership and travel 20 to 30 years ago, its influence has
since been surpassed by that of other factors. More recently, a major
force behind the growth in motor vehicle travel has been the continued
escalation in the amount of travel per driver. Contributing to this devel-
opment has been the movement of baby boomers into middle age, tra-
ditionally the most travel-intensive period of life. Findings from DOT’s
1990 Nationwide Personal Transportation Survey show that motorists
aged 30 to 49 drive 25 to 30 percent more than motorists aged 50 to 64
and about 10 percent more than motorists under age 30 (Figure 2-5).
During the 1980s, the aging of the large baby boom cohort led to a
marked rise in the number of drivers at these peak driving ages. In
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Figure 2-5 Average vehicle miles traveled by driver age group in 1990
(DOT 1994, Table 5.1). Note: Data are for personal travel only. Travel
by large trucks and other commercial vehicles is excluded. 1 mile = 1.6
kilometers.

1983 —when about half of baby boomers were still in their twenties—
drivers aged 30 to 49 accounted for 38 percent of all drivers and 42
percent of all motor vehicle travel (DOT 1993, 3-18; DOT 1994,
5-5). Only 7 years later, when most baby boomers had reached age 30,
the share of drivers aged 30 to 49 had grown to 42 percent and their
share of total motor vehicle travel had risen to nearly 50 percent.

The Census Bureau forecasts continued growth in those aged 30 to
49 during the first decade of the next century, but with declining num-
bers thereafter (Bureau of the Census 1995, Tables 17 and 24). As dis-
cussed later, the expected drop-off in this travel-intensive population
and the attendant growth in the elderly population, who tend to drive
relatively less, are likely to affect motor vehicle travel trends and
patterns.

Rapid Suburbanization and Dispersed Urban Development

In the years since World War II, metropolitan areas in the United
States have expanded swiftly in both population and land area. Urban
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areas—defined by the Census Bureau as having population densities
exceeding 1,000 people per square mile (625 people per km?)—now
contain nearly 80 percent of the nation’s population, compared with
only 55 percent in 1950 (Pisarski 1996, 18). Most of this urban growth
has occurred in the suburbs of older northeastern and midwestern cities
and in the sprawling, lower-density cities now common in the South
and the West. The share of the nation’s metropolitan population living
in higher-density central cities fell dramatically between 1950 and 1980,
from 60 to 42 percent (Pisarski 1996, 18). This drop occurred because
from 1950 through the 1980s the population of the nation’s central cit-
jes grew at an annual pace of 1 percent, whereas the number of people
living in the surrounding suburbs grew by more than 3 percent per year
(Pisarski 1996, 18). As a result of the expanding suburbs and trend
toward low-density urban development, the share of U.S. land area (in
the contiguous states) encompassed within metropolitan areas has
nearly tripled since 1950, growing from 7 to nearly 20 percent (Bureau
of the Census 1995, Table 40).

Although motor vehicles are sometimes cited as the cause of popu-
lation dispersion, there are many earlier examples of lower-density
suburbs forming after the introduction of time-saving transportation
technologies. For instance, suburbs of New York City emerged in the
early 1800s after the introduction of ferry service between Brooklyn and
Manhattan; the subsequent introduction of trams and trolley lines led
to further population dispersion along these lines (Rybczynski 1995;
Pushkarev et al. 1982, 5). A similar pattern occurred in many other cit-
ies; for example, the Los Angeles community of Beverly Hills started in
the early 1900s from a subdivision created near transit tracks along
Santa Monica Boulevard (Lay 1992, 307). It seems that rather than
creating the demand for low-density suburban living, automobiles have
provided a revolutionary means of satisfying this demand by increasing
the amount of land accessible to development. Home ownership pro-
grams, telecommunications advances, increasing affluence, changes in
family structure, and numerous other factors have also undoubtedly
contributed to this change in settlement patterns.

Irrespective of impetus and cause, the trend toward suburbanization
has clearly contributed to still more motor vehicle travel in the United
States. Residents of suburban communities drive more often and over
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longer distances than do residents of center cities. According to DOT’s
1990 Nationwide Personal Transportation Survey, suburban house-
holds—which represent about 40 percent of all households in the
United States—accounted for a disproportionate 47 percent of all
motor vehicle travel (Figure 2-6). In comparison, households in center
cities, which constitute 37 percent of all U.S. households, accounted for
only 29 percent of all motor vehicle travel (Figure 2-6).2
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Figure 2-6 Distribution of U.S. households and motor vehicle travel by
city, suburban, and rural location in 1990 (DOT 1994, Table 5.6). Note:
Data are for personal travel only. Travel by large trucks and other com-
mercial vehicles is excluded.
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The difference in motor vehicle travel between households in center
city and suburban settings is partly because suburban households have,
on average, higher incomes and more cars than households in center
cities, where a larger proportion of the population uses mass transit and
has irregular access to motor vehicles. Another important reason for the
city-suburb difference is that distances between homes, employment,
shopping, and recreation areas tend to be greater in the more sparsely
settled suburbs than in city centers. Hence, not only do suburban house-
holds average 10 percent more vehicle trips per day than households of
center cities (4.6 versus 4.2), but also their average trip is about 25 per-
cent longer (DOT 1994, 5-17).

Although still much more rapid than growth in center-city and rural
populations, suburban population growth slowed from its peak annual
rate of 2.9 percent in the 1950s and 1960s to an annual pace of 1.6
percent during the 1980s (Pisarski 1996, 18). In particular, suburban
growth in northeastern and midwestern metropolitan areas has slowed
substantially over the past three decades because many of these older
urban areas have experienced weak (or negative) population growth and
a large share of the middle-income city residents long ago migrated to
the surrounding suburbs. Most population growth since the 1970s has
been in the cities and suburbs of the South and the West (Bureau of the
Census 1995, Tables 30, 42, and 44).

Further shifts in U.S. population to the lower-density and less-
transit-oriented areas of the South and the West may add to the growth
in motor vehicle travel, though by how much is unclear. In terms of
effect on aggregate travel, the relatively recent shifts in population to
low-density western and southern cities do not represent as dramatic a
change in settlement patterns as the transformation that occurred fol-
lowing World War II, when millions of Americans moved from high-
density center cities to their lower-density suburbs. Indeed, most of the
population growth in the United States since the middle of the century
has been in metropolitan areas with moderate densities of 1,000 to
4,000 people per square mile (625 to 2,500 people per km?), irrespective
of geographic region.* DOT’s 1990 Nationwide Personal Transporta-
tion Survey indicated that people living in areas at the lower end of this
density range had travel patterns that were quite similar to those of
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people living in areas with higher population densities (TRB 1995,
194-197; Dunphy and Fisher 1996).

The already high share of the population living in suburbs and low-
density cities implies that further decentralization will not have the
same stimulative effect on travel trends as it did in years past. Likewise,
because most people now live and work in lower-density cities and
suburbs—a changed pattern that is now several decades old—efforts to
discourage further movement away from the higher-density cities will
have only limited effects on travel trends nationally.

Freeway Building Boom

Undoubtedly an important factor in the trend toward lower-density
metropolitan development in the United States and in the escalation of
motor vehicle travel generally was the advent of a modern national free-
way network in less than three decades. In 1956, when the Interstate
highway program began in earnest, the nation had only about 10,000
miles (16,000 kilometers) of divided multilane highway, of which less
than 15 percent consisted of full-access-control, freeway-type mileage*
(FHWA 1985, Tables SM-211 and HM-265). Less than 20 years later,
more than 70,000 miles (110,000 kilometers) of divided highway criss-
crossed the country, more than half consisting of full-access-control
freeways (FHWA 1994, Table HM-65).

The emergence of such an expansive network of high-speed and
high-capacity freeways has had far-reaching consequences for travel
patterns, affecting travel both within and between population centers.
The newly built freeways most certainly contributed to fast growth in
long-haul trucking as the Interstate system greatly increased travel con-
venience and speeds between many areas of the country that were pre-
viously linked by two-lane roads. Average travel speeds on main rural
routes, the trunk corridors for most long-haul trucking, increased from
47 miles per hour (75 km/hr) in 1950 to 60 miles per hour (96 km/hr)
in 1970 (by which time many main rural roads had been upgraded to
freeways) (FHWA 1985, Table VS-201).

The construction of freeways within and around metropolitan areas
has also transformed intrametropolitan travel patterns. The time savings
provided by the new concentric and radial freeways enabled commercial
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and residential development in areas located farther from city centers
and away from traditional transit and rail lines. Although the trend
toward suburbanization and lower-density development was already
under way before construction of the Interstate system, the new free-
ways undoubtedly hastened this transformation. Whereas in 1950 only
40 percent of motor vehicle travel occurred in urban areas, by 1970 the
proportion was more than 60 percent, and more than one-third of this
travel was on Interstate highways and other major arteries (FHWA
1985, Tables VM-201 and VM-201a).

During the past two decades, the freeway construction boom ended
in the United States. The amount of freeway-quality highway has
grown by approximately 3,000 miles (4,800 kilometers) or 5 percent
since 1985 (FHWA 1985, Tables SM-211 and HM-265; FHWA
1994, Table HM-65). This compares with an increase of more than
12,000 miles (19,200 kilometers) between 1975 and 1985 (FHWA
1975, Table HM-65). Although in 1965 —the peak period of Interstate
highway construction—more than 70 percent of all state highway
expenditures was on capital outlays, such outlays accounted for only 45
percent of those expenditures in 1994 (FHWA 1965; FHWA 1994).
Most capital spending today is on renovation, rehabilitation, and wid-
ening (lane additions) of existing routes rather than on new route con-
struction. Although this trend does not indicate that the freeway system
is becoming less important, it does suggest that freeway building, and
road building in general, may have a less influential role in spurring
future travel activity than in the recent past.

Perhaps the next major development in the highway program—one
that could affect future highway travel as fundamentally as did the Inter-
state highway program in the 1960s—is the development and deploy-
ment of automated highway and vehicle technologies, often referred to
as intelligent transportation systems. As envisioned by some, these sys-
tems, consisting of traveler information, traffic management, and auto-
mated vehicle control systems, may greatly enhance the operational
efficiency of the road network, enabling higher traffic volumes with less
congestion. FHWA has a large research effort under way to explore and
develop these emerging technologies and concepts. At this early stage,
however, it is difficult to do more than speculate on how these systems
will affect motor vehicle travel patterns and trends.
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Aftermath of Oil Supply Shocks

As might be expected, growth travel by the motor vehicle fleet has tra-
ditionally exerted the strongest influence on petroleum fuel usage. This
relationship, however, weakened during the 1970s and 1980s, largely as
a result of gains in motor vehicle fuel economy. Had fuel economy not
risen so sharply, motorists might be using considerably more petroleum
today given the fast pace of growth in motor vehicle travel (absent other
changes). Since the mid-1970s, vehicle travel has risen by 75 percent;
petroleum consumption, on the other hand, has grown a third as fast
(see Figure 2-1).

The gains made in fuel economy starting in the mid-1970s were
driven in large part by the higher petroleum prices that followed the
disruptions in foreign oil supplies during the period. At the beginning
of the 1970s, the U.S. motor vehicle fleet differed very little in fuel-use
characteristics from the fleet that had been on the road 10 to 20 years
earlier. From the 1950s through the mid-1970s, successive generations
of new motor vehicles barely changed in weight, engine size, and other
characteristics that influence fuel economy.® As a consequence, average
fuel economy of the fleet remained relatively flat (Figure 2-7). In
response to sharply higher fuel prices, however, consumers began to
demand smaller and more fuel-efficient vehicles, and automobile man-
ufacturers began to offer them.® The higher fuel prices also prompted
government measures, such as the Corporate Average Fuel Economy
(CAFE) program (discussed further in Chapter 3), to induce manufac-
turers to develop and sell less-fuel-intensive vehicles. In only 5 years,
from 1975 to 1980, the average weight of new passenger cars declined
by nearly 800 pounds (360 kg), or about 22 percent (Davis 1995, 3—
24). During this period, the average fuel economy of the fleet started a
rapid ascent (Figure 2-7).

Figure 2-8 shows the trend in retail gasoline prices (including tax) in
the United States from 1970 to 1993. As the trend line indicates, oil
supply disruptions and resultant price increases lasted for relatively brief
periods during the mid-1970s and early 1980s, but their consequences
for the fuel economy of the fleet were pronounced and longer lasting.”
The more fuel-efficient vehicles purchased in the 1970s and early 1980s
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