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AIRPORT COOPERATIVE RESEARCH PROGRAM

Airports are vital national resources. They serve a key role in 
transportation of people and goods and in regional, national, and 
inter national commerce. They are where the nation’s aviation sys-
tem  connects with other modes of transportation and where federal 
responsibility for managing and regulating air traffic operations 
intersects with the role of state and local governments that own and 
operate most airports. Research is necessary to solve common oper-
ating problems, to adapt appropriate new technologies from other 
industries, and to introduce innovations into the airport industry. 
The Airport Cooperative Research Program (ACRP) serves as one 
of the principal means by which the airport industry can develop 
innovative near-term solutions to meet demands placed on it.

The need for ACRP was identified in TRB Special Report 272: 
Airport Research Needs: Cooperative Solutions in 2003, based on 
a study sponsored by the Federal Aviation Administration (FAA).  
The ACRP carries out applied research on problems that are shared  
by airport operating agencies and are not being adequately 
addressed by existing federal research programs. It is modeled after 
the successful National Cooperative Highway Research Program 
and Transit Cooperative Research Program. The ACRP undertakes 
research and other technical activities in a variety of airport subj ect 
areas, including design, construction, maintenance, operations, 
safety, security, policy, planning, human resources, and administra-
tion. The ACRP provides a forum where airport operators can coop-
eratively address common operational problems.

The ACRP was authorized in December 2003 as part of the Vision 
100-Century of Aviation Reauthorization Act. The primary partici-
pants in the ACRP are (1) an independent governing board, the 
ACRP Oversight Committee (AOC), appointed by the Secretary of the 
U.S. Department of Transportation with representation from airport 
operating agencies, other stakeholders, and relevant industry orga-
nizations such as the Airports Council International-North America 
(ACI-NA), the American Association of Airport Executives (AAAE), 
the National Association of State Aviation Officials (NASAO), 
Airlines for America (A4A), and the Airport Consultants Council 
(ACC) as vital links to the airport community; (2) the TRB as program 
manager and secretariat for the governing board; and (3) the FAA 
as program sponsor. In October 2005, the FAA executed a contract 
with the National Academies formally initiating the program.

The ACRP benefits from the cooperation and participation of air-
port professionals, air carriers, shippers, state and local government 
officials, equipment and service suppliers, other airport users, and 
research organizations. Each of these participants has different 
interests and responsibilities, and each is an integral part of this 
cooperative research effort. 

Research problem statements for the ACRP are solicited period-
ically but may be submitted to the TRB by anyone at any time. It is 
the responsibility of the AOC to formulate the research program by 
identifying the highest priority projects and defining funding levels 
and expected products. 

Once selected, each ACRP project is assigned to an expert panel, 
appointed by the TRB. Panels include experienced practitioners and 
research specialists; heavy emphasis is placed on including airport 
professionals, the intended users of the research products. The panels 
prepare project statements (requests for proposals), select contractors,  
and provide technical guidance and counsel throughout the life of the 
 project. The process for developing research problem statements and 
selecting research agencies has been used by TRB in managing coop-
erative research programs since 1962. As in other TRB activities, 
ACRP project panels serve voluntarily without compensation. 

Primary emphasis is placed on disseminating ACRP results to the 
intended end-users of the research: airport operating agencies, service 
providers, and suppliers. The ACRP produces a series of research 
reports for use by airport operators, local agencies, the FAA, and other 
interested parties, and industry associations may arrange for work-
shops, training aids, field visits, and other activities to ensure that 
results are implemented by airport-industry practitioners.

ACRP SYNTHESIS 43

Project A11-03, Topic S02-08
ISSN 1935-9187
ISBN 978-0-309-22391-1
Library of Congress Control Number 2013930827

© 2013 National Academy of Sciences. All rights reserved.

COPYRIGHT INFORMATION

Authors herein are responsible for the authenticity of their materials and for 
obtaining written permissions from publishers or persons who own the 
copyright to any previously published or copyrighted material used herein. 

Cooperative Research Programs (CRP) grants permission to reproduce 
material in this publication for classroom and not-for-profit purposes. 
Permission is given with the understanding that none of the material will 
be used to imply TRB or FAA endorsement of a particular product, method, 
or practice. It is expected that those reproducing the material in this 
document for educational and not-for-profit uses will give appropriate 
acknowledgment of the source of any reprinted or reproduced material. For 
other uses of the material, request permission from CRP.

NOTICE

The project that is the subject of this report was a part of the Airport 
Cooperative Research Program, conducted by the Transportation Research 
Board with the approval of the Governing Board of the National Research 
Council. 

The members of the technical panel selected to monitor this project and 
to review this report were chosen for their special competencies and with 
regard for appropriate balance. The report was reviewed by the technical 
panel and accepted for publication according to procedures established and 
overseen by the Transportation Research Board and approved by the 
Governing Board of the National Research Council.

The opinions and conclusions expressed or implied in this report are those 
of the researchers who performed the research and are not necessarily those 
of the Transportation Research Board, the National Research Council, or the 
program sponsors.

The Transportation Research Board of the National Academies, the National 
Research Council, and the sponsors of the Airport Cooperative Research 
Program do not endorse products or manufacturers. Trade or manufacturers’ 
names appear herein solely because they are considered essential to the 
object of the report.

Published reports of the 

AIRPORT COOPERATIVE RESEARCH PROGRAM

are available from:

Transportation Research Board
Business Office
500 Fifth Street, NW
Washington, DC 20001

and can be ordered through the Internet at 
http://www.national-academies.org/trb/bookstore

Printed in the United States of America



The National Academy of Sciences is a private, nonprofit, self-perpetuating society of distinguished schol-
ars engaged in scientific and engineering research, dedicated to the furtherance of science and technology 
and to their use for the general welfare. On the authority of the charter granted to it by the Congress in 
1863, the Academy has a mandate that requires it to advise the federal government on scientific and techni-
cal matters. Dr. Ralph J. Cicerone is president of the National Academy of Sciences.

The National Academy of Engineering was established in 1964, under the charter of the National Acad-
emy of Sciences, as a parallel organization of outstanding engineers. It is autonomous in its administration 
and in the selection of its members, sharing with the National Academy of Sciences the responsibility for 
advising the federal government. The National Academy of Engineering also sponsors engineering programs 
aimed at meeting national needs, encourages education and research, and recognizes the superior achieve-
ments of engineers. Dr. Charles M. Vest is president of the National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences to secure the 
services of eminent members of appropriate professions in the examination of policy matters pertaining 
to the health of the public. The Institute acts under the responsibility given to the National Academy of 
Sciences by its congressional charter to be an adviser to the federal government and, on its own initiative, 
to identify issues of medical care, research, and education. Dr. Harvey V. Fineberg is president of the 
Institute of Medicine.

The National Research Council was organized by the National Academy of Sciences in 1916 to associate 
the broad community of science and technology with the Academy’s purposes of furthering knowledge and 
advising the federal government. Functioning in accordance with general policies determined by the Acad-
emy, the Council has become the principal operating agency of both the National Academy of Sciences 
and the National Academy of Engineering in providing services to the government, the public, and the 
scientific and engineering communities. The Council is administered jointly by both Academies and the 
Institute of Medicine. Dr. Ralph J. Cicerone and Dr. Charles M. Vest are chair and vice chair, respectively, 
of the National Research Council.

The Transportation Research Board is one of six major divisions of the National Research Council. The 
mission of the Transportation Research Board is to provide leadership in transportation innovation and 
progress through research and information exchange, conducted within a setting that is objective, interdisci-
plinary, and multimodal. The Board’s varied activities annually engage about 7,000 engineers, scientists, and 
other transportation researchers and practitioners from the public and private sectors and academia, all of 
whom contribute their expertise in the public interest. The program is supported by state transportation 
departments, federal agencies including the component administrations of the U.S. Department of Transporta-
tion, and other organizations and individuals interested in the development of transportation. www.TRB.org 

www.national-academies.org



TOPIC PANEL S02-08
MARY ELLEN EAGAN, Harris Miller Miller & Hanson, Inc., Burlington, MA
RANDALL GUENSLER, Georgia Institute of Technology, Atlanta
LEWISON LEM, Jack Faucett Associates, Inc., San Francisco, CA
GARY MOLYNEAUX, King County International Airport/Boeing Field, Seattle, WA
JUDITH G. PATTERSON, Concordia University, Montreal, QC, Canada
MIKE SAVONIS, ICF International, Washington, DC
SONIA YEH, University of California, Davis
DONALD SCATA, Federal Aviation Administration (Liaison)
JACKIE SWEATT-ESSICK, Federal Aviation Administration (Liaison)
ANDY NOTHSTINE, Federal Railroad Administration (Liaison)
DAVID VALENSTEIN, Federal Railroad Administration (Liaison)

SYNTHESIS STUDIES STAFF
STEPHEN R. GODWIN, Director for Studies and Special Programs
JON M. WILLIAMS, Program Director, IDEA and Synthesis Studies
JO ALLEN GAUSE, Senior Program Officer
GAIL R. STABA, Senior Program Officer
DONNA L. VLASAK, Senior Program Officer
TANYA M. ZWAHLEN, Consultant
DON TIPPMAN, Senior Editor
CHERYL KEITH, Senior Program Assistant
DEMISHA WILLIAMS, Senior Program Assistant
DEBBIE IRVIN, Program Associate

COOPERATIVE RESEARCH PROGRAMS STAFF
CHRISTOPHER W. JENKS, Director, Cooperative Research Programs
CRAWFORD F. JENCKS, Deputy Director, Cooperative Research Programs
MICHAEL R. SALAMONE, Senior Program Officer
JOSEPH J. BROWN-SNELL, Program Associate
EILEEN P. DELANEY, Director of Publications

ACRP COMMITTEE FOR PROJECT 11-03

CHAIR
JULIE KENFIELD, Jacobs Engineering, Inc.

MEMBERS
RANDALL P. BURDETTE, Virginia Department of Aviation
KEVIN C. DOLLIOLE, Unison Consulting, Inc.
LINDA HOWARD, Bastrop, Texas
ARLYN PURCELL, Port Authority of New York & New Jersey
BURR STEWART, Seattle, Washington

FAA LIAISON
PAUL DEVOTI

AIRCRAFT OWNERS AND PILOTS ASSOCIATION LIAISON
JOHN L. COLLINS

TRB LIAISON
CHRISTINE GERENCHER

Cover figure: Credit: Mikhail Chester, Arizona State University.

ACKNOWLEDGMENTS

The authors would like to acknowledge the contributions of Ms. Amber Woodburn of the 
University of Tennessee, Knoxville, particularly in the area of National Environmental 
Policy Act studies.



FOREWORD

There is significant experience and research on the competition and complementarity 
of air and high-speed rail (HSR) modes. In synthesizing the body of literature, reviewers 
focused on government-driven environmental comparisons and academic literature. Both 
government environmental reviews and academic studies have provided valuable insight 
into comparative assessments of air and HSR systems; however, institutional mechanisms 
coupled with methodological advances and tool development are needed to ensure that 
future long-distance transportation systems are deployed in ways that minimize impacts 
while improving mobility.

Mikhail Chester, Arizona State University, Tempe, and Megan Smirti Ryerson, Univer-
sity of Pennsylvania, Philadelphia, collected and synthesized the information and wrote 
the report. The members of the topic panel are acknowledged on the preceding page. This 
synthesis is an immediately useful document that records the practices that were acceptable 
within the limitations of the knowledge available at the time of its preparation. As progress 
in research and practice continues, new knowledge will be added to that now at hand.

PREFACE
By Gail R. Staba 

Senior Program Officer
Transportation

Research Board

Airport administrators, engineers, and researchers often face problems for which infor-
mation already exists, either in documented form or as undocumented experience and prac-
tice. This information may be fragmented, scattered, and unevaluated. As a consequence, 
full knowledge of what has been learned about a problem may not be brought to bear on its 
solution. Costly research findings may go unused, valuable experience may be overlooked, 
and due consideration may not be given to recommended practices for solving or alleviat-
ing the problem.

There is information on nearly every subject of concern to the airport industry. Much 
of it derives from research or from the work of practitioners faced with problems in their 
day-to-day work. To provide a systematic means for assembling and evaluating such useful 
information and to make it available to the entire airport community, the Airport Coop-
erative Research Program authorized the Transportation Research Board to undertake a 
continuing project. This project, ACRP Project 11-03, “Synthesis of Information Related 
to Airport Practices,” searches out and synthesizes useful knowledge from all available 
sources and prepares concise, documented reports on specific topics. Reports from this 
endeavor constitute an ACRP report series, Synthesis of Airport Practice. 

This synthesis series reports on current knowledge and practice, in a compact format, 
without the detailed directions usually found in handbooks or design manuals. Each report 
in the series provides a compendium of the best knowledge available on those measures 
found to be the most successful in resolving specific problems. 
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ENVIRONMENTAL ASSESSMENT OF AIR  
AND HIGH-SPEED RAIL CORRIDORS

There is significant experience and research on the competition of air and high-speed rail 
(HSR) modes. The existing research covers areas including system structure (vehicle tech-
nology, cost, ridership, etc.) and environmental effects. The objective of the Environmental 
Assessment of Air and High-Speed Rail Corridors synthesis is to bring together research and 
other findings related to air and HSR environmental assessments and to understand where 
additional research can improve our ability to assess the environmental outcomes of these 
two systems. A literature review is the primary tool for collecting data for this synthesis of 
current practice.

The literature revealed that there are two approaches to categorizing air and HSR assess-
ments: attributional and consequential. Attributional assessments look backward from some 
point in time and are used to allocate the environmental effects to passenger travel, a trip, or 
vehicle travel. Consequential assessments look forward as a result of a system change and 
can be used to determine the changes to the total regional environmental effects caused by a 
particular decision.

The air and HSR modes, although sometimes overlapping, are structured differently. The 
aviation system is structured as a system of nodes (i.e., airports) connected with aircraft oper-
ated by independent operators. The spatial scale of the nodes is vast, such that passengers can 
travel between nodes in a region or in two separate countries. Conversely, the HSR system 
is structured as a system of links, with the spatial scale being limited to a fixed regional area 
between major cities and the regions between. In contrast, aviation is not planned in corridors. 
Airports are planned to serve a region, and airlines connect this region to their hub airports and 
possibly some additional airports. That these two networks may have some overlapping portions 
yet serve different scales of network presents a complexity when defining the system struc-
ture for an environmental assessment. The result is spatial incompatibility between modes; 
rail service is planned in corridors, whereas air service is planned over a national and global 
network.

Spatial incompatibility across modes makes it difficult to compare environmental assess-
ments. Most studies consider air and HSR to be “competitive corridors,” whereas a few view 
the broader aviation system network and HSR services to be complementary when nearby 
regions are linked with an airport. The fundamental differences in air and HSR environmental 
assessments impede the drawing of the analytical system boundary for environmental assess-
ments; aviation is a system of nodes with the planning focused on airports, and rail is a series 
of nodes connected by links with the planning focused on specific corridors.

The synthesis focused on two types of literature: government-driven environmental impact 
assessments and academic. Government-driven environmental impact assessments are in the 
form of National Environmental Policy Act (NEPA) studies. However, considering the spatial 
incapability of the two modes, assessing if aviation meets the needs of an HSR project, and vice 
versa, is a highly complex process. As a result, few detailed modal assessments are found in EIS 
documents. Those that are present are consequential assessments that focus on a full range of 
effects to resources consistent with the NEPA process. Government-driven work provides an 
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important framework for assessing air and HSR environmental comparisons, yet the language 
of NEPA alternatives assessments can preclude a full, detailed analysis of modal alternatives.

Although there is a growing body of academic literature that seeks to reconcile spatial 
incompatibility, the academic literature is not bound by the same legal and institutional pro-
tocols of the environmental review process and therefore does not have to draw a constrained 
system boundary. Academic literature is free to compare any modes, regardless of whether 
they are implemented, programmed, or conceptual. The following is a sample of results from 
academic literature:

• The substitution of air by HSR was found to reduce NOx, CO, hydrocarbon (HC), and 
PM10 emissions but increase SOx by a factor of 12 owing to the sulfur content of primary 
fuels for electricity generation (Givoni 2007). Givoni’s (2007) attributional assessment 
finds that between Paris and London there were significant reductions in criteria air pol-
lutants (CAP) between air and HSR, respectively (18 to 0.4 g/seat HC, 126 to 2.2 g/seat 
CO, 71 to 18 g/seat NOx, 2.9 to 35 g/seat SOx, and 2.0 to 1.0 g/seat PM10).

• A consequential assessment by Jamin et al. in 2004 found that substituting one-third of air 
travel for HSR in the relevant corridors increases SOx emissions across the corridors from 
100 to 2,000 tons and decreases NOx (5,000 to 4,200 tons), HC (2,200 to 1,900 tons), and 
CO emissions (6,100 to 4,200 tons). This could be important when assessing human health 
and environmental impacts and would depend on where the emissions occur. Increases 
in sulfur emissions may result in acidification of soil and groundwater and occur from 
changes in operation and propulsion energy inputs and life-cycle effects (Chester 
and Horvath 2012).

• In 2002, the European Commission found that people are generally more annoyed by air-
craft noise than rail noise, with highway noise falling between these two modes. In 2011, 
Eagan and Mazur noted that although this certainly has to do with acoustic factors, it also 
has to do with attitudes toward the noise source.

• Along with their spatial incompatibilities, air and HSR can have differing noise profiles. 
Aircraft noise is primarily a concern for near-airport operations because of the occur-
rence of low-altitude flight. Because HSR involves a system of links between stations, 
HSR noise may or may not occur predominantly at the nodes because of a combination 
of mitigation possibilities (FRA 2005a), the population density near tracks, and opera-
tion characteristics. In general, there is less impact expected near HSR stations than 
along the route.

• Air transport typically requires less land per passenger trip than does HSR transport 
(Rus 2011). Airport land-take occurs when the airport sees a need for capacity expan-
sions, whereas land use impacts from HSR are dependent on the length of HSR line and 
the environment along the line, not the volume of traffic in the corridor.

• Furthermore, it is important that growth-inducing impacts on surrounding land be con-
sidered. Both air and HSR systems have the potential to create indirect land use impacts 
through new residential, commercial, and industrial activities near airports and train 
stations (Janic 2003).

• In 2007, Givoni’s attributional assessment found that between London and Paris the 
CO2 emissions from HSR travel were 7.2 kg/seat and from air travel 44 kg/seat.

• In 2003, Janic’s attributional assessment estimated that the French HSR service (the TGV) 
emitted 4 g CO2 per passenger-kilometer traveled (89% nuclear electricity), the German 
HSR service (the ICE) 28 g (50% coal electricity), and a competing flight between 100 
and 150 g. These emissions combined with other damages (i.e., other air pollution, noise, 
land use, congestion, and accidents) are used to monetize the external costs of HSR and air 
travel, respectively, at Euros 0.002 to 0.01 and 0.02 to 0.08 per passenger-kilometer trav-
eled in the United States and Europe.

• Chester and Horvath in 2012 included roughly 150 life-cycle components in the assess-
ment of future long-distance travel in California and, by first using an attributional 
approach, found that although HSR is likely to produce lower greenhouse gas (GHG) 



 3

emissions per passenger-mile traveled, an average occupancy of 130 to 280 passengers 
is needed to compete with emerging aircraft and one of 80 to 180 passengers to com-
pete with a 35-mpg sedan. Chester and Horvath then developed a consequential assess-
ment to determine that, given future HSR adoption uncertainty, GHG payback will occur 
between 20 and 40 years, which includes emissions from construction and maintenance 
activities. The authors included modeling of emerging technologies, regional flight char-
acteristics (instead of multiplying a per seat-mile factor across forecasted seat-miles), 
and uncertainty in mode shifting.

• Givoni (2007) computed the environmental benefits of mode substitution for air and 
HSR by estimating the aircraft, access/egress, aircraft journey, and HSR journey air 
pollution externalities per seat between London and Paris. He found that the external 
costs of travel on HSR are 0.52 Euros per seat and on air are 1.03 Euros. Janic (2003) 
monetized air emission externalities and estimated that the marginal costs of HSR travel 
generally are lower than those for air travel in Europe, but Janic did not assess the total 
costs of each system.

In investigating the role of air and HSR as competitors and complementary modes, under-
standing ridership is a crucial component. Several studies cite the importance of accurate rid-
ership forecasts to understand the environmental outcomes of future long-distance transport 
systems. Some studies explore the sensitivity of environmental performance to ridership. 
Other studies focus on understanding the long-run per passenger-mile traveled footprint of 
passengers to understand the environmental intensity of service. Per-trip measures are com-
mon and valuable for eliminating the differences in trip distances to reach the same origin-
destination pairs.

In an effort to produce unifying analytical boundaries and metrics for comparing air and 
HSR systems, the following assessments are used in academic literature: life-cycle assessment 
(LCA), impact assessment, and benefit-cost analysis. LCAs of air and HSR systems can include 
vehicles (manufacturing and maintenance), infrastructure (construction, operation, and main-
tenance), and energy production (primary fuel feedstock extraction, processing, and distribu-
tion) components. LCA results for a future California network that includes air and HSR show 
that (1) for air, life-cycle components can increase the mode’s footprint by roughly 20%, and  
(2) for HSR, concrete and steel used in infrastructure construction may double the GHG foot-
print of the mode. Significant research and efforts have been made by the aviation industry and 
academics to understand the human health impacts of near-airport operations. Although GHG 
emission comparisons are critically important, it is also important that future studies consider 
other pollutants. By defining sustainability and environmental impacts broadly, opportuni-
ties will exist for understanding how the (1) reduction in one environmental concern may 
lead to a reduction in another, or (2) reduction in one environmental concern may lead to 
an increase in another; that is, an unintended trade-off. Finally, the development of an HSR 
cost model presents a unique set of challenges compared with the development of an aircraft 
cost model. Because HSR projects are built over various topographical landscapes, differ-
ent technical solutions and levels of investment are needed. Although some studies have 
attempted to quantify the economic benefits of air travel, similar HSR benefits for a region 
are not well understood. Various studies in this area range from developing social welfare 
functions to assess transportation infrastructure investments, to developing a framework 
to justify HSR projects, to computing the environmental benefits of mode substitution for 
air and HSR.

Through the synthesis of the literature, major gaps in knowledge were found:

• Methodological frameworks and tools that assess future operating characteristics of 
long-distance transportation service have not been fully developed. Such frameworks 
and tools must address the two main components of the relationship between air and 
HSR: as competitors and as complementary modes.
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• A framework and methodology are needed to analyze the impact to airline operations, 
and thus airport infrastructure use, of development of HSR. The same goes for the “no 
build” alternative: estimating the future of aviation flows in the absence of HSR infra-
structure is necessary.

• By performing consequential assessments instead of attributional assessments, orga-
nizations will have information about the outcome of decisions that affect air and 
HSR systems. The consequential assessment will require an understanding of how 
up-front investments will lead to regional operating effects. Although NEPA in many 
ways requires a consequential assessment, the academic literature has for the most part 
avoided these quantifications, likely because of the complexities of accurate estimates.

In conclusion, environmental assessments of air and HSR systems have produced valuable 
knowledge but the creation of novel data analysis and methods will improve our understand-
ing of future networks that house both modes. The large body of literature reviewed does not 
lead to a single cohesive conclusion relating air and HSR comparative environmental analy-
sis. By establishing regional planning processes, drawing on previously established methods, 
and developing new tools and information for better understanding future processes, more 
comprehensive approaches can be developed to better understand the co-benefits of intel-
ligent air and HSR planning.
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chapter one

INTRODUCTION

In accommodating surging intercity transportation demand 
during an era of unprecedented environmental concern, 
understanding the environmental trade-offs and co-benefits 
of air and high-speed rail (HSR) transportation is critical 
for producing high-quality information for decision makers. 
An analysis of the environmental impacts of air and HSR 
competition or complementary service in a region is only as 
strong as the uncertainty that is introduced by an analytical 
framework that does or does not (1) accurately account for 
the conditions under which future U.S. systems will oper-
ate, (2) model these conditions in a way that is true to actual 
operation, or (3) understand the potential future scenarios for 
air and HSR transportation. This is additionally complicated 
by institutional processes that preclude certain methodologi-
cal approaches. Environmental assessments of these systems 
consider a comprehensive list of human health, ecosystem 
services, climate change, and resource depletion impacts 
from deploying different modes such that a broad suite of 
concerns are assessed simultaneously, leading to early iden-
tification of unintended trade-offs and the opportunity for 
cost-effective strategies that lead to environmental burden 
reduction. As the United States begins to ask questions about 
long-distance transportation futures, an integrated framework 
is desirable to guide transportation planning and investment 
decisions toward solutions that lead to sustainable travel.

In the following chapters, published literature on environ-
mental assessments of air and HSR systems is synthesized. 
Academic publications and government studies are the focus 
of the synthesis, with nonprofit and private sector organiza-
tions discussed where relevant. In the literature, the focus  
is on government-driven environmental comparisons and 
academic literature. Government-driven environmental 
comparisons are in the form of National Environmental Pol-
icy Act (NEPA) studies. From these studies, the role of NEPA 
in environmental assessments and how the spatial incompat-
ibilities of air and HSR systems and the scope of purpose 
and need statements complicate the full consideration of air 
and HSR as alternatives are explored. Academic studies are 
present in the literature focusing on one or a suite of pollut-
ants. The literature synthesis finds many existing research 
studies that focus on criteria air pollutants, noise, land use, 
energy, and greenhouse gas (GHG) emissions, with the lat-
ter two being the focus of much of the academic work. Sig-
nificant literature and methods provide a solid footing for 

deploying a consistent and comprehensive framework for 
air and HSR environmental assessment in the United States; 
this solid footing is not without gaps in the literature. These 
gaps are both procedural and analytical, such that they can 
be filled through research extensions, novel methods, or the 
appropriate tools or data. This document has been developed 
to identify these gaps and provide direction from the exist-
ing literature for how future environmental assessments of 
long-distance travel can be structured to provide the highest 
quality information for decision makers.

The literature synthesis categorizes air and HSR assess-
ments into two approaches: attributional and consequential 
(Ekvall and Weidema 2004). Attributional approaches are 
designed to allocate the energy and environmental outcomes 
of air and HSR systems to passenger travel, a trip, or vehi-
cle travel, considering average data over the long run of the 
system. Attributional assessments consider the system at a 
fixed point in time and evaluate backward in their alloca-
tion of effects. Consequential approaches, which the govern-
ment environmental review process uses, are designed to 
assess the environmental impacts of decisions or changes 
to the long-distance transportation system and use marginal 
impacts in assessments. Consequential assessments are not 
for a given operational profile but rather for an operational 
profile that results from the decision to alter long-distance 
transportation service. Changes might include the implemen-
tation of an HSR system, new pricing policies for passen-
gers, and a restriction of operations at a particularly busy 
airport, among others. As a result, consequential assessments 
involve assessing mode shifting and the interplay between 
multimodal travel (Givoni 2007; Chester and Horvath 2012; 
Behrens and Pels 2012), as well as mathematically determin-
ing the resulting environmental effects.

Both approaches have independent value. Attributional 
assessments are valuable for understanding the critical fac-
tors that in long-run average conditions lead to the greatest 
impacts for that mode. Consequential assessments are valu-
able for understanding how a policy or decision will affect 
long-distance travel and lead to corridor or regional environ-
mental effects and how that may contribute to large-scale 
environmental goals. The following chapter addresses com-
plexities in air and HSR environmental assessments and how 
they affect attributional and consequential assessments.
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chapter two

SPATIAL INCOMPATIBILITY

The scale and structure of the air and HSR systems and how 
they relate to the two systems’ environmental assessment is 
of critical importance. The structure of the aviation system 
is fundamentally one of a system of nodes, or airports, con-
nected with aircraft operated by independent operators. The 
spatial scale of the nodes is vast, such that vehicles and pas-
sengers can travel between nodes in a region or in two sepa-
rate countries. In contrast, the structure of the HSR system 
is a system of links, with the spatial scale being limited to 
fixed regional and limited interregional market. This spa-
tial incompatibility, where air and HSR networks may have 
some overlapping portions yet are serving a different scale 
of network, leads to complexity in defining the system struc-
ture for an environmental assessment. It leads to multiple 
scopes of environmental studies, with some studies consid-
ering air and HSR travel to be “competitive corridors” and 
others considering the broader aviation system network and 
that HSR can provide complementary service by linking 
nearby regions with an airport. In the following section the 
spatial attributes of air and HSR systems, spatial incompat-
ibilities between the two, and the implications for assess-
ments are explored.

CORRIDOR-BASED HIGH-SPEED RAIL SYSTEM

HSR systems are deployed around the globe. Japan’s Shink-
ansen was the first HSR operating service; it went online in 
1964, in time for the Summer Olympics held in Tokyo that 
year. The line now achieves speeds of 185 mph and connects 
1,500 miles across the country. In Europe, Italy began service 
in 1978, connecting Rome and Florence; Spain, Germany, 
Belgium, Great Britain, and France now have lines with 
speeds as great as 150 mph. Although HSR in other countries 
is a mature mode of travel, there is limited HSR experience 
in the United States: specifically, the Acela. Federal statutes 
and policies have incentivized corridor-scale HSR planning 
in the United States. U.S. HSR national corridor planning 
began with the Intermodal Surface Transportation Efficiency 
Act of 1991 (ISTEA), which called for the Office of the Sec-
retary of Transportation to designate as many as five HSR 
corridors, with lines achieving speeds of at least 90 mph. 
Since then, six additional corridors have been designated; 
the most recent is the Northeast Corridor, added in March 
2011 by Transportation Secretary Ray LaHood (FRA 2012a). 
The corridors are shown in Figure 1. Federal designation sta-
tus is not an indication that the infrastructure for these cor-

ridors is funded or that the corridors are in a specific phase of 
project delivery; instead the designation status indicates that 
the corridors are national transportation priorities. Although 
ISTEA set the federal precedent for designating HSR corri-
dors, the Passenger Rail Investment and Improvement Act of 
2008 (PRIIA) established the first comprehensive legislative 
framework for planning, developing, and funding high-speed 
rail. PRIIA authorized several new federal grant programs 
for implementing new rail services or substantially improv-
ing existing services, which were consolidated by FRA into 
the High-Speed Intercity Passenger Rail (HSIPR) program. 
The American Recovery and Reinvestment Act of 2009 
jump-started the HSIPR program with the largest-ever U.S. 
investment in HSR, appropriating $8 billion for “projects 
that support the development of intercity high speed rail ser-
vice” (FRA 2009a). An additional $2.1 billion was provided 
in the fiscal year 2010 appropriations. The HSIPR program is 
a discretionary, competitive funding program, in which states 
apply for federal funding and FRA selects projects based on 
the evaluation and selection criteria defined in PRIIA.

The term “high-speed rail” has been used to describe 
many different types of rail systems; however, the FRA has 
adopted formal definitions based on speed (FRA 2010). The 
FRA’s National Rail Plan identifies three tiers of rail travel. 
Core express corridors (Tier 1) connect large urban areas as 
much as 500 miles apart with lines at speeds between 125 and 
250 mph on dedicated electrified passenger track. Regional 
corridors (Tier 2) connect midsize urban areas and have lines 
with 90- to 125-mph service on a mix of dedicated and shared 
track. Emerging or feeder routes (Tier 3) connect to the core 
or regional corridors and have lines with speeds as high as  
90 mph; Tier 3 routes give remote areas access to the national 
rail system.

NODE-BASED AVIATION SYSTEM

In contrast to the rail corridor framework, aviation system 
infrastructure is node-based. The physical infrastructure is 
located at airports and not along the links; although air traf-
fic management technologies facilitate trajectories between 
airports, the physicality of rail links is not present in the  
aviation system, so aviation system planning is rooted 
in airport development. The movement toward NextGen 
and performance-based management procedures will affect 
aviation’s environmental footprint; however, systemwide envi-
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region that rail travel affects generally is a more straight-
forward process than is doing so for aviation travel. When 
considering intercity passenger flows, they are either:

• PTP, such that air and HSR are competitors, or
• From an origin city to a transfer city, or hub city (point-

to-hub or PTH), and then on to a distant destination city.

Although both air and HSR systems serve an overlapping 
market, the scope of the air system is spatially different from 
that of the HSR. There is an overlapping portion: the PTP and 
PTH travel. However, PTH passengers traverse the common 
corridor and then must take the air mode to travel to a distant 
city. HSR systems can play two roles from the perspective of 
air systems: they can be competitors, fighting for passenger 
traffic over a corridor (PTP), or they can be complementary 
modes, with HSR feeding passengers from the surrounding 
region to the airport for long-haul flights (PTH). The impact 
of system change on the operational profile of HSR and air 
travel will depend on how the air and HSR systems interact: 
as competitors and as complementary modes.

Consider the example of the California Corridor and HSR 
service connecting San Francisco and Los Angeles. Airlines 
focused on the origin-destination market of Northern to 

ronmental outcomes are governed somewhat by airport infra-
structure. Figure 1 shows the U.S. airports eligible for federal 
Airport Improvement Program funding (FAA 2010). Although 
airport funding is different globally, the concept of airports as 
nodes and HSR as a system of links persists globally.

SPATIAL INCOMPATIBILITY, COMPETITION,  
AND COMPLEMENTARITY

Consider Figure 1, which shows the designated HSR cor-
ridors in the United States overlaid on the National Plan of 
Integrated Airport Systems (NPIAS) commercial service air-
ports map. HSR designations are termed “corridors” because 
that is the way they are planned: rail track between major cit-
ies and the regions between. Corridor planning has occurred 
for areas such as California, connecting the Bay Area with 
Los Angeles (and beyond), and the Northeast, linking Bos-
ton, New York, Philadelphia, and Washington, D.C. Aviation, 
in contrast, is not planned in corridors. Airports are planned 
to serve a region, and airlines connect this region (depending 
on many factors, including demand) to their hub airports and 
possibly some additional airports for point-to-point (PTP) 
service. The result is spatial incompatibility between modes; 
rail service is planned in corridors, whereas air service is 
planned over a national and global network. Assessing the 

FIGURE 1 NPIAS commercial service airports with HSR corridors (adapted from FRA 2012a and FAA 2010). Q : primary airports; 
▲ : commercial service airports.
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generally are on relatively inefficient aircraft [see Ryerson 
and Hansen (2010) and Ryerson (2010) for a full discussion]. 
Neglecting to consider the larger logistics problem of trip 
chaining discounts the potential benefits to the aviation sys-
tem and regional mobility through the development of HSR.

The issue of spatial incompatibility is present for the 
majority, if not all, of HSR corridors. Hub connections com-
prise a large proportion of traffic at many airports that are also 
important nodes in the proposed HSR network in the United 
States. For example, for six cities that are located along des-
ignated HSR corridors, connecting traffic is 50% or greater: 
George Bush Intercontinental in Houston (IAH), Dallas/Fort 
Worth International (DFW), Chicago O’Hare International 
(ORD), Hartsfield–Jackson Atlanta International (ATL), Char-
lotte Douglas International (CLT), and Cincinnati/Northern 
Kentucky International (CVG) airports (FAA 2010). The result 
of this discussion is that the geographic scope of environmen-
tal assessments is generally limited to the geographic scope of 
HSR. However, air cannot be limited by such geography: an 
aircraft that is serving a redundant market may have 50% or 
more passengers who are using the aviation system for its net-
work and not origin-destination travel.

SPATIAL INCOMPATIBILITY IMPLICATIONS

The fundamental difference in air and HSR environmental 
assessments is that because aviation is a system of nodes with 
the planning focused on airports and rail is a series of nodes 
connected by links with the planning focused on specific cor-
ridors, the drawing of the analytical system boundary for envi-
ronmental assessments is impeded. In the following chapters 
this incompatibility is explored, including how it complicates 
environmental assessments through the determination of fac-
tors such as ridership, metrics, and others. In addition, the syn-
thesis of government-driven and academic literature leads to 
a clear dichotomy of the literature. Government-driven work 
notes the role HSR can play as a feeder and as a competitor; 
however, owing to other complications to be explored, few 
detailed assessments have been performed. Although there is 
a growing body of academic literature that seeks to reconcile 
this spatial incompatibility [see Janic (2003); van Wee et al. 
(2003); Chester and Horvath (2012)], the academic literature 
is not bound by the same legal and institutional protocols of 
the environmental review process and thus does not have to 
draw a constrained system boundary. No overarching frame-
work exists for joining the complementary results.

Southern California may find HSR to be a competitor, whereas 
airlines operating a hub network out of San Francisco Inter-
national Airport or Los Angeles International Airport might 
use HSR as a feeder mode. This feeder mode could compete 
with existing short-haul connecting service, yet also expand  
the catchment area of the airport, and possibly effectively serve 
small markets that are less desirable to serve by air. (A complete 
discussion of global experiences in competition and comple-
mentarity is forthcoming in Airport Cooperative Research Pro-
gram 3-23: Integrating Aviation and Passenger Rail Planning.)

This spatial incompatibility across modes creates a dif-
ficulty in defining the scope for comparative environmental 
assessments. For purposes of environmental assessments, it 
is necessary to scope the system down to a comparative com-
mon corridor. The literature has largely focused on air and 
rail as competitors over PTP service; Charles River Associates 
(2000) found the potential for complementarity to be insig-
nificant. However, transportation has evolved greatly since 
this finding, and Coogan et al. (Airport Cooperative Research 
Program 2009), among others, propose that environmental 
assessments be based on an under lying operational profile that 
is estimated with the consideration that HSR systems provide 
feeder service to airports, as well as competitive PTP service.

Methodologies to evaluate the environmental benefits of 
HSR as a feeder mode to air travel have challenges. National 
Airspace System (NAS) capacity could be improved if some 
of these destinations reduced flight frequency, and one must 
account for the emissions from reduced flights and also 
from reduced congestion. However, the amount of conges-
tion imposed by a short-haul feeder flight must be carefully 
estimated because it has been found that in certain cases 
short-haul flights have a high probability of being cancelled 
if there is capacity shortfall at the airport (Xiong and Hansen 
2009). In addition, defining when HSR is a competitor and 
when it is a complementary mode is not clear-cut. If HSR is 
defined as a competitor when air does not reduce frequency 
and a complementary mode when air does reduce short-haul 
frequency because of redundancy, then under a competition 
approach, HSR would not significantly alleviate national-
level congestion or emissions. The reduction of frequency, 
and how much, is a critical question. Airline seat capacity 
is lumpy, such that a few passengers switching to HSR may 
have no impact on airline seat capacity. The reduction of 
service could lead to improved airspace capacity, regional 
mobility, and emissions reductions because short-haul flights 
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chapter three

MODELING COMPLEXITY

RIDERSHIP

In investigating the role of air and HSR systems as competi-
tors and complementary modes, understanding ridership is 
a crucial component. Several studies cite the importance 
of accurate ridership forecasts to understand the environ-
mental outcomes of future long-distance transport systems 
(Burgess 2011; Wang and Sanders 2011; Behrens and Pels 
2012; Chester and Horvath 2012). Studies also explore  
the sensitivity of environmental performance to ridership 
(Ryerson 2010; Sonnenberg 2010; Burgess 2011; Chester and 
Horvath 2012). Induced demand is cited as a critical input 
for understanding future HSR performance (Lynch 1990; 
Hensher 1997; Cheng 2010; Hsu et al. 2010; Ryerson 2010; 
Åkerman 2011; Burgess 2011; Carroll and Walton 2011). In 
circumventing the need for ridership forecasts, ridership has 
been considered parametrically (Ryerson 2010; Chester and 
Horvath 2012) or through assumptions. Chester and Horvath 
(2012) evaluate the regional environmental effects of vary-
ing levels of mode shifting to HSR. They start by setting the 
California High-Speed Rail Authority’s adoption forecast as 
an upper bound (assuming it is aggressive) and compute the 
environmental effects at incremental decreases, showing the 
outcome at a range of lower HSR adoption levels. Jamin et al. 
(2004) consider 10 U.S. high-speed rail corridors that exhibit 
redundancy with 220 airport pairs. Under the assumption that 
rail would capture one-third of the aviation market by 2030, 
Jamin et al. calculate that overall GHG emissions would 
decrease by one million tons per year because of the mode 
shift. However, this assumption may be a large overestima-
tion of the potential of mode shift: International Civil Avia-
tion Organization found that in Europe there is a maximum of 
10% potential passenger shift from air to other modes (Inter-
governmental Panel on Climate Change 1999). Furthermore, 
Jamin et al. (2004) find that the emissions of sulfur oxides 
(SOx) increased by 10% as the result of a mode shift to rail 
because of the use of coal for electricity, highlighting the 
trade-offs between pollutants.

Ridership forecasts are not always available to assist with 
environmental comparisons of future long-distance travel. 
Those that are available face the challenges of predicting 
ridership; this is well addressed by Skamris and Flyvbjerg 
(1997) and Brownstone et al. (2010). The number of riders a 
new system will attract and how competing modal operators 
(such as airlines) will respond to a new system are subject 
to modeling uncertainties. For this reason, environmental 

comparisons that assess emissions per passenger or trip will 
be only as good as the ridership models that form the basis 
for the analysis. Organizations looking to evaluate air and 
HSR systems in a government review process have taken on 
this challenge in different ways, with some making coarse 
estimations of ridership changes (for example, the Chicago 
HSR Draft Environmental Impact Statement). Morgan et al. 
(TTI 2009) performed a demand analysis of the possible HSR 
corridors in Texas and developed a ranking methodology for 
the potential HSR corridors based on demand, population 
density, and capacity on existing modes. The California HSR 
model does consider mode shifting and induced demand from 
air and auto travel to HSR (Cambridge Systematics 2008); 
however, this forecast recently has been challenged (Brown-
stone et al. 2010). Work is currently under way at the FRA to 
develop flexible HSR ridership models that can be used by a 
region to consider HSR operations and costs.

Assessing complementarity in comparative environmen-
tal models and ridership models is not a simple proposition. 
For example, HSR was not explicitly modeled as a feeder 
mode for air in the California HSR ridership model, partially 
owing to the challenge of developing one modeling tool 
to capture both competition and complementary (discussion 
forthcoming in ACRP 3-23). In addition, complementarity 
is generally not modeled because of a research finding that 
HSR has little potential as a feeder mode for air. A study 
by Charles River Associates (2000) found that the potential 
diversion of connecting air travelers to HSR was less than 
1% of ridership and revenue potential. As discussed in ACRP 
3-23, this study was based on stated preference data. How-
ever, those surveyed would not have been exposed to high-
quality transit to airports in California. Since 2000, airport 
connections by means of transit have increased tremendously 
in California (e.g., Bay Area Rapid Transit to San Francisco 
International Airport and the express Fly Away Bus service 
from downtown Los Angeles to Los Angeles International 
Airport). These changes and the intensification of interest 
surrounding comparative environmental studies likely make 
this an important time to revisit the complementary role of 
HSR and the environmental impact of this role.

The Northeast corridor’s Amtrak Acela service provides 
valuable information for U.S. HSR planners. There is experi-
ence with both competition and complementarity. The clear 
competition in the mode shares for the Northeast corridor can 
be seen in Figure 2 (where rail is both Acela and conventional 
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rail operators, classic airlines and low cost airlines on each 
route.” Although it is not an environmental impact study, 
it does address issues of market share and ridership using 
historic data reported by air and rail operators. As shown 
in Figure 3, the travel time on HSR is a strong determinant 
of rail market share when compared with air transport. For 
intercity transport travel times of less than 3 to 4 hours, the 
rail market share is consistently higher than 50%. This high-
lights the strong potential for intermodal competition and 
complementarity in short- to medium-haul intercity trans-
portation corridors. The Steer Davies Gleave study was then 
used in Eurocontrol’s Challenges of Growth report in 2008 
(Eurocontrol 2008). The report demonstrates that there is 
a recognized contribution from HSR to alleviate airspace 
needs, further underscoring the role of complementarity. 
Furthermore, Patterson and Perl (1999) found that the ini-

rail) (ACRP 2009). Figure 2 shows the rail and air mode shares 
on the Northeast Corridor but only as a percentage of the total 
air and rail market share (auto excluded). Rail dominates in 
the corridors of less than 300 miles, and air dominates for the 
corridors of more than 300 miles. Embedded in these results is 
some experience with complementarity. United Airlines has a 
code share relationship with Amtrak at Newark Liberty Inter-
national Airport. According to Negroni (2012), 24,000 people 
a year use this service, with the overwhelming majority coming 
from Philadelphia (a 79-mile journey).

Similar results were found in a study for the European 
Union by Steer Davies Gleave (2006) comparing HSR and 
aviation ridership. In the study, eight routes with both air 
and HSR travel options were considered with the objective 
“to understand the main factors driving the market share of 

FIGURE 2 Mode share (and miles by driving) for certain Northeast corridor city pair markets.

FIGURE 3 Rail market share (compared with air) against rail travel time for select  
European intercity transportation corridors. (Source: Steer Davies Gleave 2006.)
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tions. For understanding the impacts of air or HSR systems 
on regional emissions inventories, energy, emissions, and 
noise results are often presented per vehicle-mile traveled. 
Many studies focus on understanding the long-run per  
passenger-mile traveled footprint of passengers to understand 
the environmental intensity of service. Per-trip measures are 
common and valuable for eliminating the differences in trip 
distances to reach the same origin-destination pairs. Regard-
less, current air and HSR transportation systems that offer 
lower emissions might appear attractive from an environ-
mental standpoint, but if such a system is unable to attract 
passengers, it will produce negative environmental benefits: 
a train or an aircraft with no payload does all harm and no 
good. Without ridership forecasts for corridors, environmen-
tal assessments will focus on vehicle-mile, passenger-mile, 
or trip comparisons of air and HSR travel, likely by assuming 
some ridership range or average ridership.

FORECASTING TECHNICAL  
AND BEHAVIORAL CHANGES

The analysis of future air and HSR travel sometimes includes 
projections of energy use, vehicle technologies, and mode 
shifting, and forecasting is constrained by limited information 
for emerging vehicle technologies and ridership outcomes for 
corridor alignments. The environmental impacts of air and 
HSR systems will be influenced by future electricity mixes 
(Jamin et al. 2004; Åkerman 2011; Chester and Horvath 2010, 
2012), emerging vehicle technologies (Janic 2003; Jamin 
et al. 2004; Givoni 2007; Scott 2011; Chester and Horvath 
2012), and mode shifting (van Wee et al. 2003; Chester and 
Horvath 2012). Advanced vehicle technologies coupled with 
cleaner electricity inputs have the potential to reduce both 
future air and HSR footprints (Chester and Horvath 2012). 
Cleaner electricity mixes will also improve local air quality 
(Jørgensen and Sorenson 1997). For HSR, optimizing opera-
tional characteristics such as acceleration, braking intensi-
ties, maximum speed, and distance between stations has been 
shown to reduce the energy footprint of trips (van Wee et al. 
2003). New engine technologies are expected to significantly 
reduce aircraft fuel consumption (and corresponding GHG 
emissions) and NOx emissions (Jamin et al. 2004). Optimal 
trip substitution distances have been computed to evaluate 
the GHG break-even points for air and HSR. For the Span-
ish AVE HSR lines, medium distance trips (i.e., fewer than 
600 miles) were shown to produce a lower GHG footprint 
for HSR (Rus 2011; Tucker 2012). Emerging air and HSR 
systems have been contrasted with emerging automobiles 
(Kageson 2009; Chester and Horvath 2012). Higher economy 
gasoline and diesel automobiles, hybrid electric vehicles, and 
plug-in hybrid electric vehicles can significantly reduce the 
GHG footprints of on-road, long-distance passenger travel 
(Kageson 2009). The environmental trade-offs of future long-
distance travel will be largely affected by mode shifts. For new 
systems such as HSR, deployment to short and dense corri-
dors is expected to lead to the greatest environmental benefits 

tial operation of the French TGV in 1981 produced drops 
in air passenger traffic at several major airports in France. 
This was dubbed the “TGV effect,” and Patterson and Perl 
(1999) discuss how at a journey time of less than 3 hours, 
significant shifts in the market will occur toward HSR, which 
is reflected in the French experience.

Academic literature tends to develop comparative analy-
ses at a commensurate spatial scale because it ignores the 
role of local and regional decision makers to evaluate air and 
HSR travel at a macro level. Academic literature often com-
pares the modes at corridor, regional, or even country scale, 
ignoring the differences in system operators; that is, at macro 
scales air travel includes airports, airlines, and air traffic con-
trol, whereas HSR travel often consists of a single operator. 
These differing decision-making layers make government 
environmental review that spans multiple stakeholder inter-
ests challenging. For example, efforts have been made to 
estimate environmental effects when air and HSR systems 
are configured as complementary services. Janic (2003) pro-
poses three configurations: (1) HSR partially replacing air on 
spokes; (2) HSR completely replacing air on spokes provid-
ing feeder services; and (3) air used exclusively for spokes 
with HSR connecting airports. For each of the three cases, 
regions in Europe that have been configured for comple-
mentary service are identified [i.e., (1) Frankfurt, (2) Paris 
to Rome, and (3) Paris Charles De Gaulle airport to Lyons 
Satolas airport]. However, an environmental assessment of 
these three cases is not performed. Hsu et al. (2010) discuss 
the possibility of increasing corridor air and HSR travel 
when complementary service is offered, yet no study identi-
fied contrasts the environmental outcomes when competing 
versus complementary service is offered. California corri-
dor HSR market share was investigated, based on data from 
Eurostar, for the conditions in which air is best substituted by 
an HSR system (Behrens and Pels 2012). The authors found 
that travel time and frequency are the major decision crite-
ria for business trips, and for leisure trips, price is the most 
significant factor and travel time is not a major contributor. 
Zanin et al. (2012) find that in Spain, corridors with HSR 
have lower GHG footprints than do corridors without HSR, 
and understanding the regional interactions of transportation 
modes is critical for understanding countrywide effects of 
transportation configurations.

METRICS

Energy and environmental measures for air and HSR tend to 
be normalized per trip, vehicle-mile, or passenger-mile; how-
ever, comparing across studies remains a challenge because of 
the different operating characteristics and goals of worldwide 
long-distance transportation systems. Although temporal and 
geographic (e.g., track alignment, electricity mixes, market 
demand, etc.) differences are often masked in normalized 
results, additional challenges remain when comparing the 
footprint of different train technologies and operating condi-
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the long-distance air and HSR vehicle or passenger trip 
and exclude door-to-door access/egress. The overwhelming 
majority of the literature falls in the line-haul category, with 
very few studies drawing the system boundary around the 
door-to-door category.

LIFE-CYCLE ASSESSMENT

Life-cycle assessment (LCA), a framework for assessing 
cradle-to-grave effects, is used for assessing the comprehen-
sive footprints of air and HSR travel beyond vehicle propul-
sion. The discussion of new HSR systems and existing air 
systems created a demand for comprehensive environmental 
assessment frameworks to understand how upfront construc-
tion or sunk environmental costs could be included in the long-
run benefits and costs of different modes. LCA is needed for 
determining the time until payback. LCA studies include all or 
a subset of vehicle, infrastructure, and energy production com-
ponents, in addition to propulsion effects. LCAs are expected 
to use an analytical system boundary that is larger than those 
required by governmental environmental review processes.

for the region (Burgess 2011), and new analytical methods 
continue to be developed to determine the conditions under 
which this is true.

ENVIRONMENTAL INDICATORS

Environmental indicators are the measures by which human 
health, ecosystem services, climate change, resource deple-
tion, and other impacts are assessed. They include those 
involved in a government environmental review process (see 
chapter four). A study may focus on a single indicator or a 
group of indicators. Studies that evaluate a broad suite of 
indicators often show that a reduction in one pollutant can 
lead to an increase in another. The indicators are fundamen-
tally different in their significance. Indicators such as noise 
and criteria air pollutants have significance thresholds such 
that if an infrastructure project will result in pollutant levels 
above this threshold, the project might be altered. In contrast, 
GHG emissions do not have an established upper limit, and 
studies are generally accounting for the overall level of 
emissions without a threshold by which to compare.

DOOR-TO-DOOR ASSESSMENTS

Few studies consider door-to-door trips in the comparison of 
air and HSR systems but instead focus on the line haul sec-
tion of trips, leaving a gap in the understanding of how the 
first and last mile contribute to environmental effects. The 
few HSR studies that exist have evaluated European con-
ditions (Givoni 2007). Given the challenges of evaluating 
emerging HSR technologies deployed in the United States, 
most academic and government-driven studies identified 
consider only the competing legs of air and HSR travel. 
However, the process by which passengers access HSR sta-
tions, in particular, remains unclear. Although airport access 
behavior has been evaluated (Airport Cooperative Research 
Program 2009), no equivalent studies were identified for 
U.S. HSR systems. The environmental effects of access to 
and egress from airports and HSR stations may have non-
negligible effects in the total footprint of the long-distance 
transportation system.

The two common analytical system boundaries that are 
used in the literature are door-to-door and line haul. The 
synthesis of door-to-door environmental assessments will 
include research that compares the long-distance air and 
HSR vehicle or passenger trip and information about how 
passengers access/egress airports or train stations. Research 
that falls under the line-haul category will compare only 

ADVOCACY DOCUMENTS

The studies considering GHG and energy in an air and 
HSR corridor comparison are overwhelmingly from 
the academic and advocacy communities. Regarding 
the advocacy community, HSR is largely characterized 
and marketed by rail advocates as an environmen-
tal improvement when compared with alternative 
modes such as personal vehicles and air transport. 
Rail advocacy groups maintain emphasis on CO2 
emissions reduction (American Public Transportation 
Association 2012). However, maintaining an emphasis 
on CO2 reductions may ignore increases in other pol-
lutants. For example, Chester and Horvath (2012) 
and Givoni (2007) show how decreases in one pollutant 
may lead to increases in another. Air advocates main-
tain that the majority of GHG emissions occur from very 
long-haul air trips, for which there is no viable alternative 
to aircraft; as such, they call for air traffic management 
and airframe improvements (European Regions Airline 
Association 2011). Such a statement disregards the 
fact that short-haul flights tend to be the most inefficient 
from the perspective of fuel consumption per passenger 
and that HSR has the potential to alleviate delay, which 
is a significant contributor to fuel inefficiency (Ryerson 
and Hansen 2010; Ryerson et al. 2011). In the literature 
synthesis, advocacy documents are not synthesized 
because of concerns about modal bias.
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chapter four

NATIONAL ENVIRONMENTAL POLICY ACT PROCESS

In the following section, government-driven environmental 
comparisons from National Environmental Policy Act (NEPA) 
studies are explored. The role of NEPA in environmental assess-
ments is explored and how the spatial incompatibilities of air 
and HSR systems and the scope of purpose and need state-
ments complicate the full consideration of air and HSR travel 
as alternatives. As a result, few detailed modal assessments are 
found in Environmental Impact Statement (EIS) documents. 
Those that are present are consequential assessments that focus 
on a full range of pollutants consistent with the NEPA process.

NATIONAL ENVIRONMENTAL POLICY  
ACT OVERVIEW

The keystone piece of environmental assessment legisla-
tion is NEPA, which became law on January 1, 1970. This 
national policy, which is supplemented by case law, mandates 
environmental review of all proposed major federal actions 
significantly affecting the quality of the human environment. 
This chapter provides context for NEPA procedural analysis 
by highlighting the key components of the NEPA environ-
mental review process, relevant case law, and resulting fed-
eral agency NEPA guidance documents. This will facilitate a 
synthesis of environmental review documents for airport and 
HSR systems to provide insight into the role of the environ-
mental review process in performing environmental assess-
ments of the two modes.

In general, the NEPA process investigates the extent of 
the environmental impacts of the proposed federal action and 
evaluates the environmental impacts of feasible and prudent 
alternatives to the proposed action. When environmental 
impacts are deemed to be potentially significant, an EIS is 
prepared in accordance with the NEPA process to document 
the extent of those impacts. Only alternatives that are deemed 
feasible and prudent move forward for full environmental 
impact review. There are cases for which federal actions do 
not necessitate an EIS. If impacts of the proposed project are 
not deemed to be significant, the NEPA process may culmi-
nate in a categorical exclusion or finding of no significant 
impact, and no further environmental review is required. If 
impacts are unknown, an environmental assessment will be 
prepared to determine whether the proposed project requires 
the in-depth review of an EIS. Because of the larger scope 
and detail of environmental review, we focus on EIS docu-
ments rather than categorical exclusion, finding of no signifi-

cant impact, or environmental assessment documentation to 
illustrate how HSR and aviation alternatives are historically 
considered.

All EISs must include a discussion of the purpose and 
need for the action, a description of the proposed action and 
alternatives to the proposed action, analysis of the affected 
environment and environmental consequences, and mitiga-
tion measures. The alternatives to the proposed action may 
include alignment alternatives or modal options but must sat-
isfy the objectives presented in the purpose and need state-
ment. In addition, an “EIS must be prepared early enough so 
that it can serve as an important contribution to the decision-
making process rather than be used to rationalize or justify 
decisions already made” (Bass et al. 2001).

Four Purposes of an Environmental  
Impact Statement

Bass et al. (2001) explain four main purposes of an EIS. The 
first is to inform federal agencies of a proposed action’s poten-
tial environmental effects and disclose these potential effects to 
the public. Second, the EIS presents methods to mitigate the 
environmental problems caused by the proposed actions. This 
may include identifying mitigation measures and proposing 
project alternatives that will meet the original purpose and need 
of the proposed action. Third, the EIS serves as a procedural 
framework that allows persons who would be affected by the 
federal action to participate in the environmental review pro-
cess leading to a decision. The fourth purpose is to be an infor-
mation source on environmental resources used by state, local, 
and tribal government officials.

Three Types of Environmental Impact Statements

If the federal action necessitates an EIS, there are three gen-
eral categories of EIS documents that can be prepared: project 
specific, programmatic, and legislative. Legislative is the least 
common; it pertains to legislation that is “developed by or with 
the significant cooperation and support of a federal agency, 
but does not include requests for appropriations” [40 (CFR) 
1508.17]. The project-specific EIS is the most common type 
of review; it covers the environmental impacts of a single pro-
posed action limited to the geographic area where the action is 
taking place. The programmatic EIS (PEIS) is slightly different 
in scope and focus when compared with the project-specific 
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Purpose and Need

The purpose and need statement in the EIS is intended to 
define the objectives to be achieved by the proposed project 
(purpose) and the overarching problems that motivated the 
project (need). The framing of the purpose and need statement 
is a primary factor in determining the feasibility of alternatives 
in an EIS. Bass et al. (2001) list key principles for developing 
a range of reasonable alternatives, one of which states “the 
range of alternatives must achieve the proposed action’s objec-
tives as stated in the statement of purpose and need.” This 
principle is derived from the NEPA case law Citizens Against 
Burlington, Inc. v. Busey (Bass et al. 2001). Federal and state 
case law has further defined the expectations for determining 
scope in the purpose and need statement, particularly with 
respect to how narrow the purpose and need may be defined 
and restricted. For example, in 2010, the U.S. District Court 
in Florida upheld the purpose and need statement, which the 
plaintiff considered to be impermissive. This case, Citizens for 
Smart Growth v. Peters, resulted in the courts arguing in favor 
of the defendant, citing NEPA “does not require that agencies 
state the goals of the action in the broadest possible terms” nor 
does it “require that agencies disregard the needs and goals of 
the parties applying for the agency action. Rather, the agency 
should take into account the needs and goals of the parties 
involved in the application.” In this case, the metropolitan 
planning organization (MPO) had included a particular four-
lane bridge project as part of the agency’s long-range planning, 
and the court found that “NEPA does not confer the power or 
responsibility for long range local planning on federal or state 
agencies. Rather, the relationship of FDOT and FHWA to the 
Martin County MPO should be one that is premised on the 
idea that the representatives of the community are best situated 
to make the decisions regarding transportation planning for 
their community, with FDOT and FHWA demonstrating the 
proper respect for the sovereignty of local authorities” (Citi-
zens for Smart Growth v. Peters 2010).

Environmental Impact Categories  
and Significance Thresholds

The passage of NEPA resulted in the creation of the Coun-
cil on Environmental Quality (CEQ) to administer NEPA. 
The CEQ issued regulations for implementing NEPA, which 
serves as the procedural provisions of NEPA in the Code of 
Federal Regulations (CFR 2012). All federal agencies legally 
must comply with the CEQ NEPA regulations. In addition, 
all federal agencies must legally comply with federal statutes 
passed by the legislature and executive orders from the execu-
tive office. These orders and statutes, such as the 1990 Clean 
Air Act Amendments, typically provide greater specificity of 
the resource impacts to be reviewed in the NEPA process.

The orders, statutes, and regulations set the legal precedent 
for environmental review, but each federal agency may pub-
lish its own procedural guidance pursuant to the unique needs 
of the agency-specific programs and operating procedures 

EIS. The PEIS is structured to “address a broad federal action 
such as the adoption of a regulation, policy, plan, or program” 
and usually there are “no defined facilities or specific sites to 
be evaluated.” In Kleppe v. Sierra Club, the Supreme Court 
ruled that a PEIS “is required only when there is a proposed 
formal agency program” (Bass et al. 2001). PEISs also can be 
implemented as a tiered process, where broader policies and 
programs initially are evaluated by an EIS, which may be called 
Tier 1, and then supplemented with subsequent narrower EISs 
or environmental assessments, which may be called Tier 2.  
The Tier 2 documents reference the general discussions  
from the Tier 1 PEIS and concentrate solely on the issues specific  
to the action items in Tier 2 [40 (CFR) 1502.4(b), 1508.28].

Environmental Impact Statement Content

Preparation of an EIS includes certain key content and 
involves multiple agencies and the general public. Early in 
the process, the lead agency and cooperating agencies must 
be identified to determine agency roles and responsibilities. 
The EIS is prepared to document the anticipated environ-
mental impacts of the proposed action as well as the envi-
ronmental impacts of feasible alternatives to the proposed 
action. Multiple project alternatives are considered in the 
EIS, along with a “no action” alternative. However, the 
alternatives must prove to be feasible and prudent alterna-
tives to undergo full environmental review. In the event that 
a considered project alternative is designated infeasible, 
and thus excluded from further environmental review, the 
EIS must explain why it is infeasible. In addition, the EIS 
must describe specific actions that will be taken to mitigate 
adverse environmental impacts and list the necessary per-
mit requirements to implement the proposed project. As air 
and HSR environmental assessments are considered in the 
EIS process, it is important to remember that the compari-
son of modal alternatives may be different from the first pre-
mitigation result. A preferred alternative will be suggested at 
the end of the analysis based on the results of the environ-
mental review.

The completed analysis is submitted for public review 
and commenting in the form of a draft EIS (DEIS). This 
allows the general public and public agencies the opportu-
nity to comment on the alternatives and the content of the 
environmental analysis. Once the commenting period ends, a 
final EIS (FEIS) is prepared. The FEIS includes a “Response 
to Comments” section that addresses all substantive com-
ments received. This is to document that all comments were 
reviewed and considered. The FEIS may be used in court in 
the event that the project is contested, so it is imperative that 
the proposed action in the FEIS has a clearly documented 
consideration of environmental impacts such that it has 
adequate justification for the preferred alternative. Once the 
FEIS is complete, a record of decision is prepared, which 
includes discussion of the preferred alternative, and the proj-
ect can move forward for implementation.
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(CFR 2012). For example, the U.S. Department of Transpor-
tation participates in delivering railway and airport infrastruc-
ture projects through the FRA and FAA. The FRA agency 
guidance is published as Notice 51 (FRA 2012a), with further 
elaboration available for the High-Speed Intercity Passen-
ger Rail Program. FAA NEPA policy is published as Order 
1050.1E with further elaboration in FAA Order 5050.4b 
(Federal Register 2006). These FRA and FAA guidance doc-
uments list the resource impact categories to be considered 
during a NEPA process environmental analysis. Although the 
language between agencies is different, the impacts addressed 
are the same for both agencies because they are subject to the 
same federal legislation. The difference in agency language 
further challenges the direct comparison of environmental 
impacts between modes. In an effort to visualize the differ-
ences, Table 1 is formatted such that agency impact catego-
ries are grouped under the effects defined in the original CEQ 
regulations. Agency impacts are listed only once and matched 
with the most appropriate CEQ effect.

A major component of an EIS is the determination of sig-
nificant impacts by the proposed action and the alternatives 
to the proposed action. Significance of an impact is consid-
ered in terms of context and intensity, where context is evalu-
ated with respect to “society as a whole (human, national), 
the affected region, the affected interests, and the locality” 
and intensity “refers to the severity of impact” (CFR 2012). 
An infrastructure project may have impacts in a specific 
resource category, but the “significance threshold” identi-
fies the point at which the impact becomes significant. The 
“significance threshold” may be a quantifiable metric for 
measuring pollutants, a score to label severity, or more loose 
interpretations of terminology such as “adverse” or “exten-
sive” (Federal Register 2006). FAA Order 1050.1E lists cor-
responding statutes, regulations, and oversight agencies for 
each impact category to assist in determining the significance 
of environmental impacts. However, the significance thresh-
old is listed as “none established” for coastal resources, solid 
waste, and wild and scenic rivers (Federal Register 2006). 
FRA agency guidance at a similarly detailed level could not 
be located. One challenge to comparing significant impacts 
across modes is related to the interpretations of significance 
and methodologies used to measure significance, which can 
vary between modes. Another challenge is related to the idea 
that impacts are not ranked in importance. Even if impacts 
can be compared within the same category with a similar 
metric and methodology, there is no clear indication of which 
categories warrant more concern.

Federal legislation is not the only source for environmen-
tal impact analysis requirements and significance thresholds. 
States may have their own legislation for state activities. For 
example, the California Environmental Quality Act (CEQA) 
is statewide legislation with guidelines for implementation 
published in the California Code of Regulations regarding 
development of environmental impact reports (EIRs). Appen-
dix G of CEQA Guidance includes an environmental check-

list form that lists environmental factors to be evaluated in 
an EIR. This requires the lead agency to check which factors 
“would be potentially affected” by the project and serves as 
the basis for further analysis (CCR 2012). The environmental 
factors are also listed in Table 1. It is important to note that 
CEQA and NEPA both apply to federal actions taken in the 
state of California; therefore, the EIS may be combined with 
the EIR to provide one document that satisfies the relevant fed-
eral and state statutes. California public infrastructure projects 
must also consider Assembly Bill 32: Global Warming Solu-
tions Act and its “scoping plan” goals, including Senate Bill 
375, the Sustainable Communities and Climate Protection 
Act of 2008 (California Air Resources Board 2008). Cali-
fornia’s Assembly Bill 32 seeks to reduce statewide GHG 
emissions to 80% of 1990 levels by 2020 through a port-
folio of improvements, including regional reductions, HSR 
deployment, and energy efficiency measures (California Air 
Resources Board 2008).

If an impact is deemed significant, there are multiple ways 
the issue can be addressed. NEPA does not prevent an agency 
from implementing a project with significant impacts. In rare 
occasions, the project may be halted. More commonly, the 
project will experience design modifications or incorporate 
mitigation measures in an attempt to offset the impact caused 
by the proposed action or project.

Mitigation

Significant environmental impacts in an EIS are further eval-
uated in the context of mitigation. Mitigation measures are 
actions that can be taken to minimize adverse environmental 
impacts, often perceived as a resolution to the environmental 
impacts caused by the project. The CEQ (CFR 2012) defines 
mitigation actions as those that achieve

(a) Avoiding the impact altogether by not taking a certain 
action or parts of an action;

(b) Minimizing impacts by limiting the degree or magni-
tude of the action and its implementation;

(c) Rectifying the impact by repairing, rehabilitating, or 
restoring the affected environment;

(d) Reducing or eliminating the impact over time by 
preservation and maintenance operations during the 
life of the action; or

(e) Compensating for the impact by replacing or provid-
ing substitute resources or environments.

Although mitigation measures must be discussed for all 
impacts, “even those that by themselves would not be consid-
ered significant,” federal agencies are not required to imple-
ment mitigation measures identified in the EIS. Generally, 
agencies are legally held to implement only those recorded 
in the record of decision. This may vary at the state and local 
level as a result of other agency requirements beyond federal 
NEPA statutes. In Robertson v. Methow Valley Citizens, the 
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Federal Regulations Under NEPA 
CEQ 
(from 40 CFR, 
Sec. 1508.8) 

Ecological Health Economic and  
Social 

Aesthetic, Historic, 
and Cultural 

[Direct, Indirect, 
and Cumulative]

Federal Agency Guidance Under NEPA 

FAA 
(from FAA 
Order 1050.1(e) 
Appendix A) 

 Air quality 
 Coastal resources 
 Fish, wildlife, and 
plants 

 Floodplains 
 Natural resources and 
energy supply 

 Wetlands 
 Wild and scenic 
rivers 

 Hazardous 
materials, 
pollution 
prevention, 
and solid 
waste 

 Water 
quality 

 

 Compatible land use
 Farmlands 
 Light emissions and 
visual impacts 

 Noise 
 Socioeconomic 
impacts, 
environmental 
justice, and 
children’s 
environmental 
health and safety 
risks 

 Department of 
Transportation
Section 4(f) 

 Historical, 
architectural, 
archeological, and 
cultural resources 

 

 Construction 
impacts 

 Secondary 
impacts 

 

FRA 
(from FRA 
Notice 51) 

 Air quality 
 Coastal zone 

management 
 Ecological systems 
 Flood hazards and 

floodplain 
management 

 Impacts on 
endangered species 
or wildlife 

 Impacts on wetlands 
areas 

 Use of energy 
resources 

 Use of other natural 
resources, such as 
water, minerals, or 
timber 

 Public 
health 

 Public safety
 Solid waste 

disposal 
 Water 

quality 

 Environmental 
justice 

 Impacts on the 
socioeconomic 
environment 

 Impacts on 
transportation: of 
both passengers and 
freight; by all 
modes, including 
the bicycle and 
pedestrian modes; 
in local, regional, 
national, and 
international 
perspectives; and 
including impacts 
on traffic 
congestion 

 Land use, existing 
and planned 

 Noise and vibration
 Possible barriers to 

the elderly and 
handicapped 

 Aesthetic and design 
quality impacts 

 Locations of historic, 
archeological, 
architectural, or 
cultural significance 

 Recreational 
opportunities 

 Use of 4(f)-protected 
properties 

 

 Construction 
period impacts 

 

State of California Regulations Under CEQA 

CEQA 
(from CEQA 
Guidelines 
Appendix G) 

 Agriculture and 
forestry resources, 

 Air quality 
 Biological resources 
 Geology/Soils 
 Mineral resources 
 GHG emissions 

 Hazards and 
hazardous 
materials 

 Hydrology/ 
water quality

 

 Land use/Planning 
 Noise 
 Population/ 
Housing 

 Public services 
 Transportation/ 
Traffic 

 Utilities/Service 
systems 

 

 Aesthetics 
 Cultural resources 
 Recreation 

 Mandatory 
findings of 
significance 

TABLE 1
ENvIRONMENTAL IMPACT CATEGORIES LISTED IN AGENCy GUIDANCE DOCUMENTS
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ity. Although prior case law had acknowledged the federal 
agency’s “discretion to set priorities and allocate resources,” 
the Supreme Court ruled that the EPA’s denials of rule-
making petitions are reviewable documents, therefore the 
agency must be able to firmly justify its decision-making 
priorities if there is further decision deferment, and denials 
may be made “only on technocratic and scientific grounds, 
not political ones” (Freeman and vermeule 2007).

The rulings left the EPA with the responsibility to make 
an endangerment finding and conclude, once and for all, 
whether GHGs endanger public health and welfare. Ulti-
mately, in December 2009, the EPA made a positive endan-
germent finding for GHG emission from new motor vehicles 
(Meltz 2012). Regulatory implementation of the court case 
findings is ongoing. After the initial court case ruling, but 
before the positive endangerment finding, Freeman and ver-
meule (2007) noted the existing lawsuits from previous years 
that alleged “federal agency violations of NEPA’s environ-
mental impact disclosure requirements because of a failure 
to consider greenhouse gas impacts for proposed federal 
projects.” This issue was of significance at the time of the 
ruling because MA v. EPA did not specifically address NEPA. 
Complications were expected to follow given the lack of 
“established protocols for how to assess the environmen-
tal impacts of greenhouse gases, which may be emitted (or 
reduced) depending on the nature of the proposed develop-
ment project” (Freeman and vermeule 2007). In a Congres-
sional brief prepared by the Congressional Research Service, 
federal agency actions since the ruling are documented to the 
summer of 2012. Most of these actions pertain to regulations 
for tailpipe emissions and stationary sources of pollutants. 
Notably, the CEQ issued draft guidance in February 2010 
to address “ways in which Federal agencies can improve 
their consideration of [GHG] emissions and climate change 
in their evaluation of proposals for Federal actions under 
[NEPA]” (CEQ 2010).

In addition, the FAA issued FAA Order 1050.1E, Change 1, 
Guidance Memo #3. This document includes conversion fac-
tors to obtain the difference in CO2 for a project and guid-
ance on which sources to include when evaluating different 
types of airport development or operation actions. For airport 
actions, the FAA continues to evaluate GHGs in a way that 
is consistent with “the current approach and EPA guidance 
with regard to local air quality evaluations.” This refers to the 
local mixing height, which does not account for the duration 
of the flight (FAA 2012b).

For airport actions, the GHG evaluation should include the same 
emissions sources that would typically be included in the air 
quality analysis. The maximum altitude for any analyses for an 
airport NEPA action would be the landing take-off cycle emis-
sions up to the local mixing height, which is consistent with 
the current approach and EPA guidance with regard to local air 
quality evaluations. For non-aircraft emissions, GHG emissions 
should be determined from projections of fuel burn and con-
verted to CO2e.

Supreme Court held that, with respect to mitigation measures 
presented in the EIS, NEPA “does not require their adoption” 
(Bass et al. 2001). Mitigation measures can be placed in the 
record of decision such that they are legally required.

According to Bass et al. (2001), in practice there are those 
who argue that items included as mitigation measures in EISs 
do not actually meet the definitions provided by NEPA and 
CEQA. Such “paper mitigation” measures are not adequate 
(Bass et al. 2001). In addition, some studies have found that 
compensatory techniques are inadequate as environmental 
solutions as a result of factors such as poor implementation. 
Robb (2002), who specifically investigated compensatory 
wetland sites in Indiana, cites studies from 1985 to 2000 that 
found that U.S. federal agencies “often permitted a net loss 
of wetland area . . . , that the compensation was often not 
constructed . . . , and that, when constructed, the mitigation 
failed to compensate for what was lost.” A more recent study 
of Chicago area wetlands by Bendor (2007) found that small 
developments were more likely to use off-site mitigation 
wetlands banking than were large developments, but “lack 
the scale economies necessary for feasible permittee respon-
sible mitigation.” These studies indicate that including miti-
gation practices in a comparative environmental assessment 
will be a challenge because mitigation measures may not 
directly equal the impacts they are mitigating.

Massachusetts v. Environmental Protection 
Agency, 2007

The 2007 Supreme Court case, Massachusetts v. Environmen-
tal Protection Agency (MA v. EPA), resulted in the classifica-
tion of GHGs as criteria pollutants to be regulated by the EPA 
(MA v. EPA 2007). The case was filed by a “coalition of states 
and private plaintiffs” who argued that the EPA could not con-
tinue to defer judgment on whether the agency would regulate 
GHG emissions from tailpipes in the new automobile fleet 
of the United States. The EPA had previously “decided not 
to decide,” refusing to take a stance on regulation of GHGs 
(Freeman and vermeule 2007).

The Supreme Court decision addressed three key legal 
points: standing, statutory authority, and an agency’s dis-
cretionary rule-making authority. The court determined that 
the plaintiffs had legal standing to move forward with the 
case. One basis for the standing determination was the find-
ing that the state of Massachusetts, one of the plaintiffs in the 
case, had coastal property threatened by sea level changes 
believed to be caused by GHGs. The court also determined 
that the EPA had statutory authority to make the ruling; pre-
viously the EPA had argued that the definition of “pollutants” 
was ambiguous and their current statutory scheme focused 
on localized pollutant impacts, rather than global incremen-
tal pollutant impacts. The Supreme Court ruled that GHGs 
would fit within the “pollutant” definition. Finally, the court 
established constraints on the agency’s rule-making author-
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High-Speed Rail Alternative Consideration Within 
Aviation Environmental Impact Statement

Aviation project EISs are reviewed to evaluate how HSR is 
considered as an alternative to proposed aviation infrastruc-
ture. EIS documents for capacity-enhancing airport infra-
structure are more likely to consider HSR because capacity 
enhancements are driven by the need to accommodate addi-
tional passengers, which could be carried by another mode. 
The focus is on FEISs that support records of decision pub-
licly listed on the FAA website dating to 1996 (FAA 2012a). 
From these, airport runway development FEISs at airports 
located along a federally designated HSR corridor are chosen 
(see Table 2).

In determining potential alternative modes for the avia-
tion capacity enhancements, there is no strict definition for 
feasibility, leaving financial and time constraints as accept-
able reasons to reject possible modal alternatives from the 
alternatives assessment. This often precludes full compara-
tive environmental assessments of air and HSR in an airport 
EIS. Legislative allocation of transportation funding histori-
cally is mode specific because the collection of taxes into 
the aviation and highway trust funds are mode-specific “user 
fees.” HSR lacks a trust fund and fluidity of funds; as a result, 
an airport EIS can reject HSR project alternatives as infea-
sible based on lack of funding support. As demonstrated by 
the American Recovery and Reinvestment Act HSR funding 
allocations, political will can elevate discussion of a previ-
ously underfunded mode.

Aviation FEIS documents do not consider enhancements 
for a specific airport corridor, which is best explained by 
the node-based planning approach to airport infrastructure 
improvements and legal constraints. In aviation, airports 
that accept public funds from the FAA agree to conditions 
of grant assurances such that all aircraft that can safely land 
at that airport must be accommodated with no discrimina-
tion (USC 2012). Airports have little to no influence on the 
airlines that operate at their airport, how often the airlines 
operate, and what type of aircraft they use for each operation. 
Consequently, aviation improvements focus on capacity and 
delay, not on serving specific destinations or individual cor-
ridors. The airport EIS purpose and need statements listed 
in Table 2 focus on specific capacity enhancements that 
are intended to reduce delay in the NAS, address the gap 
between good and bad weather capacity, or increase safety.

The first example is the Chicago O’Hare International 
Airport Modernization 2005 FEIS (FAA 2005b). This airport  
is located in the Chicago Hub Network HSR corridor. The 
FEIS makes note of Congress’ goals for HSR corridor 
development and acknowledges, “ . . . new HSR service could 
theoretically reduce aviation demand at O’Hare” but pro-
vides multiple reasons to exclude HSR from alternatives 
assessment (see pages 3 to 18 of the Chicago O’Hare Interna-
tional Airport Modernization 2005 FEIS). At the time of the 

When evaluating criteria pollutants, emissions that occur 
above 3,000 feet, the local mixing height, are considered to 
be beyond the purview of the airport (Schrooten et al. 2006; 
yang et al. 2007). The inclusion of GHG emissions may 
necessitate a new paradigm as their impact occurs regardless 
of the location of their emission. One such paradigm is pre-
sented in the Guidebook on Preparing Airport Greenhouse 
Gas Emissions Inventories, a state-of-the-art in airport GHG 
inventorying (Kim et al. 2009). The Guidebook suggests that 
GHGs from an entire flight should be estimated and attrib-
uted to a set of emissions owners, including the airport, the 
airlines, and the traveling public. The allocation of GHGs as 
such is reminiscent of the analytical system boundary drawn 
around air and HSR corridors for comparison. When passen-
ger trips are considered, door-to-door and line-haul trips are 
considered; when aircraft operations are considered, airport-
based operations and the en-route portion are considered. 
Although such a classification does not, in essence, preclude 
an environmental comparison, it does introduce complica-
tions. Environmental comparisons are initiated by an organi-
zation with an inherent scope; as a result, comparisons likely 
are driven by the needs of an organization with jurisdiction 
over particular pollutants, which likely influences the orga-
nization’s actions.

CHALLENGES TO ENVIRONMENTAL IMPACT 
STATEMENT MODAL ALTERNATIVES 
ASSESSMENTS

There are few alternatives assessments that compare air and 
HSR corridors in government environmental review docu-
ments. Multimodal alternative assessments are within the 
purview of the NEPA process, yet the framing of purpose 
and need statements for intercity transport seems to reduce 
opportunities for comparative assessments of air and HSR. 
Because airport projects require specific airport capacity 
improvements as related to the NAS, the purpose and need 
statements are framed to address mobility at the national 
level. In contrast to the airport EIS documents, the HSR EIS 
purpose and needs statements focus on specific regional 
mobility issues, generally with the intent to enhance and 
expand reliable passenger mobility options. Consequently, 
the purpose and need statement is framed according to the 
service region of the proposed segment of HSR corridor. In 
essence, it becomes a matter of scope of the intended ser-
vice area. There is a conflicting focus of regional and national 
mobility, where air “purpose and need” tends to focus on 
national airspace needs and rail “purpose and need” tends 
to focus on regional mobility in a specific corridor. See 
Table 1 for excerpts from examples of air and HSR purpose 
and need statements. In the following sections, we identify 
how the framing of the project objectives and scope of ser-
vice can limit a full comparative environmental assessment 
of other modes. We find that in general, when the need is 
based on national issues, a regional response is rejected and 
vice versa.
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airport EIS performed a detailed environmental assessment 
of HSR as an alternative mode, citing insufficient capacity 
issues. For IAD, the preparers explain “the proposed proj-
ect objectives relate to capacity enhancement measures to 
accommodate existing and future aviation activity. There-
fore, other modes of transportation were eliminated because 
they do not provide the same service as aviation and would 
not affect IAD’s ability to safely and efficiently accommo-
date existing and future levels of aviation activity” (FAA 
2005c). The PHL FEIS did not consider HSR as an alterna-
tive because the preparers “found that the rail alternatives did 
not reduce demand sufficient to match capacity and did not 
enhance capacity under all weather conditions. Therefore, 
this alternative did not progress to the full-scale alternatives 
analysis” (FAA 2010).

The fourth example is the Fort Lauderdale–Hollywood 
International Airport (FLL) 2008 FEIS (FAA 2008). This 
airport is located along the Florida HSR Corridor. The FLL 

FEIS, there was no federal funding for the implementation 
of Chicago HSR that would “significantly reduce total pas-
senger demand at O’Hare.” Although there was a published 
FEIS in 2004 for HSR corridor improvements from St. Louis 
to Chicago, it is asserted in the airport EIS that the HSR line 
represents a “relatively small share of the total passenger 
demand” (FAA 2005b). In addition, it is stated that the time 
horizon over which improvements are needed at O’Hare is 
shorter than the time required for developing, financing, and 
constructing HSR. Therefore, the EIS did not include HSR as 
an alternative because “it does not appear reasonable to rely 
on this alternative to meet the purpose and need criterion of 
accommodating forecast aviation demand.”

The next two examples occur along the Northeast Cor-
ridor for HSR, which was federally designated in 2011. They 
include the 2005 EIS for Washington Dulles International 
Airport (IAD) (FAA 2005c) and the 2010 FEIS for the Phil-
adelphia International Airport (PHL) (FAA 2010). Neither 

Airport EIS  

(EIS/year) 

Purpose and Need Excerpt 

Chicago O’Hare, ORD 
(FEIS 2005) 

“Address the projected needs of the Chicago region by reducing delays at O’Hare, 
and thereby enhancing capacity of the NAS. Ensure that existing and future 
terminal facilities and supporting infrastructure (access, landside, and related 
ancillary facilities) can efficiently accommodate airport users” (FAA 2005b). 

Washington Dulles, IAD  
(FEIS 2005) 

“The purpose of the project, from the Federal perspective, is to support the 
development of IAD such that it will safely accommodate the projected future 
aviation activity demand levels, without that aviation activity incurring 
unacceptable levels of aircraft operational delay, thereby causing resultant delays 
throughout the National Airspace System” (FAA 2005c). 

Ft. Lauderdale, FLL 
(FEIS 2008) 

“The purpose of the proposed action is to provide sufficient capacity for existing 
and forecast demand at FLL with an acceptable level of delay” (FAA 2008). 

Philadelphia, PHL 
(FEIS 2010) 

“The purpose of the Capacity Enhancement Program is to enhance airport capacity 
in order to accommodate current and future aviation demand in the Philadelphia 
Metropolitan Area during all weather conditions” (FAA 2012b). 

HSR EIS  
(EIS/year) 

Purpose and Need Excerpt 

Chicago HSR 
(DEIS 2012) 

“The purpose of the proposed Chicago to St. Louis HSR Corridor Program is to 
enhance the passenger transportation network in the Chicago to St. Louis HSR 
Corridor by improving high speed passenger rail service, resulting in a more 
balanced use of different corridor travel options by diverting trips made by 
automobile and air to rail” (FRA 2012b). 

Florida HSR 
(FEIS 2005) 

“The purpose of FHSR is to enhance intercity passenger mobility in Florida by 
expanding passenger transportation capacity and providing an alternative to 
highway and air travel” (FRA 2005b). 

California HSR 
(FEIS 2005) 

“The purpose of the proposed High Speed Train system is to provide a reliable 
mode of travel, which links the major metropolitan areas of the state, and delivers 
predictable and consistent travel times. A further objective is to provide an 
interface with commercial airports, mass transit and the highway network and 
relieve capacity constraints of the existing transportation system as increases in 
intercity travel demand in California occur, in a manner sensitive to and protective 
of California’s unique natural resources” (FRA 2005c). 

TABLE 2
ExCERPTS FROM EIS PURPOSE AND NEED STATEMENTS



20 

types of EISs affected the way different modal alternatives 
were considered for the projects. The California HSR EIS is 
an example of a tiered process, where the overall alignment 
for the state of California is evaluated in the first tier and sec-
tional corridors are evaluated as multiple second tier EISs. 
This contrasts with the Florida HSR, which did not evaluate 
with a tiered approach. Instead, the project was phased into 
smaller segments, resulting in individual project EISs for 
each segment but lacking a PEIS for the overall Florida HSR 
line. Although there is a PEIS available for the Southeast 
HSR corridor, the PEIS does not address the Florida exten-
sion, presumably because Florida was added to the Southeast 
corridor after development for the PEIS had begun. The Cali-
fornia HSR Tier 1 EIS reviews alternative modes as feasible 
alternatives with complete environmental review. The length 
of the entire planned corridor has trips that can be completed 
via aircraft. In contrast, Florida’s project EISs reviewed 
smaller segments, which have fewer, if any, aviation alter-
natives. However, if Florida’s HSR line were reviewed in 
its entirety, there may have been a case to consider aviation 
as an alternative, although it may have been found to be an 
infeasible alternative for other reasons.

During the time of the 2005 FEIS development, the Flor-
ida High Speed Rail Authority was acting under a constitu-
tional amendment and the Florida High Speed Rail Authority 
Act of 2001 (which has since been overturned) (Anderson 
2011). The Act charged the Florida High Speed Rail Author-
ity with “planning, administering, and implementing a HSR 
system in Florida,” specifying the initial HSR segment must 
serve Tampa and Orlando, with future service to Miami 
(FRA 2005b). The Florida HSR FEIS analysis that was com-
pleted in 2005 focuses on the Orlando–Tampa segment (FRA 
2005b). Tampa and Orlando are separated by 84 miles on 
the Interstate system and lack direct commercial airline ser-
vice; as a result, it is reasonable to omit air travel for this 
specific segment. However, the total Florida HSR corridor  
is proposed to serve travelers from Orlando to Miami, which 
is 230 miles of highway travel distance, and Tampa to Miami, 
which is 280 miles of highway travel distance. In the case of 
Florida, a fragmented HSR corridor analysis precludes con-
sideration of the competitive and complementary nature of 
other modes, particularly in terms of ridership and environ-
mental impacts. There was insufficient funding to continue 
HSR development in Florida, so it is not clear how additional 
segments of the corridor would be divided and assessed in 
the NEPA process.

The California HSR project, planned to extend from Sac-
ramento to San Diego, continues to gain momentum with the 
passage of California Senate Bill 1029 in July 2012. This 
legislation appropriated funding for the first phase of HSR 
construction. As work is expected to continue, California 
HSR may be the first federally designated corridor to be con-
structed and operate at speeds in excess of 200 mph. This 
project’s 2005 EIS is unique because it includes expansion of 
highway and aviation modes as alternatives to the proposed 

FEIS was developed during the early 2000s, when Florida 
voters first supported state funding for HSR in the form of 
a constitutional amendment. By 2004, the amendment was 
repealed by voters and funding for the Tampa Orlando seg-
ment was vetoed by the governor (Anderson 2011). FLL 
FEIS states that HSR is not a feasible alternative to new run-
ways at FLL. It is noted in the purpose and needs section 
that for a modal alternative to be viable, it must be fiscally 
constrained; it is possibly for this reason that the FLL FEIS 
states that “while HSR may be potentially feasible at some 
undeterminable point in the future and continues to be delib-
erated in the State of Florida, public support for this type of 
public transportation service seems to no longer exist” (FAA 
2008). A second opportunity for HSR funding came with the 
passage of the American Recovery and Reinvestment Act of 
2009 but was too late for consideration in the FLL FEIS; a 
subsequent Florida governor ultimately denied funding for 
this corridor in 2011 (Anderson 2011).

Aviation Alternative Consideration Within  
High-Speed Rail Environmental Impact Statement

This section reviews how aviation is considered in HSR 
EISs prepared in the United States. First, projects that sup-
port ASCE technical definitions of HSR in the United States 
are considered. The ASCE (2010) describes intercity high 
speed passenger rail as having characteristics of “top speeds 
of at least 150 mph on dedicated, access controlled rights-of-
way with grade separated crossings.” Florida and California 
are the only corridors to have completed EISs with planned 
speeds in excess of 125 mph (Cambridge Systematics 2008). 
As such, these are chosen for further discussion in the syn-
thesis. In addition, the Chicago HSR is reviewed; the Chi-
cago HSR does not have speeds in excess of 125 mph but is 
currently in the NEPA process, and major system improve-
ments are funded through American Recovery and Reinvest-
ment Act of 2009 legislation. The three studies considered 
are among the well-developed planning efforts.

The 2003 DEIS for the Chicago, Illinois, to St. Louis,  
Missouri, HSR Corridor Program follows a tiered environ-
mental process, as suggested in the FRA’s guidance for NEPA 
compliance (FRA 2009a). Tier 1 chooses an alternative by 
considering “broad, corridor-level issues and alternatives,” 
and Tier 2 addresses the “individual component projects” 
of the selected Tier 1 alternative (FRA 2009b). Although the  
Tier 1 DEIS intends to review broad, corridor issues, the 
DEIS’s mode-specific project objective precludes other 
modes from alternatives selection, even if they can contribute 
to improved corridor mobility. Therefore, the discussion of 
aviation occurs in the no-build alternative, which consists of 
planned “intercity highway and aviation services and facili-
ties in the Chicago to St. Louis corridor” along with commit-
ted HSR track improvements from 2004 (FRA 2012b).

California and Florida are two states that used different 
types of EISs for their proposed HSR projects. The different 
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agement in general—are much more daunting challenges than 
they originally appeared. Environmental problems are complex, 
interrelated, and often only partially understood. The more we 
learn, the more we come to appreciate the complexities and rec-
ognize the gaps and uncertainties in our present knowledge—
and the more the EIS production process comes to resemble a 
quagmire. 

For the NEPA process to play a role in producing detailed 
air and HSR environmental assessments, the modes must be 
considered true modal alternatives, but understanding if the 
modes are truly alternatives is a highly complex issue that may 
be outside the scope of NEPA. Although NEPA processes are 
inherently consequential, such that they consider the change in 
impacts as a result of a system change, the quality of a conse-
quential analysis depends on a detailed understanding of mode 
shifts related to competition and complementarity and airline 
and HSR operator behavior. An HSR system might meet the 
purpose and need of an air project by alleviating airspace con-
gestion; this will be known only if detailed modeling regarding 
passenger demand and airline response can be performed. The 
estimation of this entire process is a highly complex endeavor 
(Airport Cooperative Research Program 2013). Guidance 
related to the bounds of a NEPA process as it relates to air and 
HSR environmental assessments has yet to be provided.

The NEPA process has immense value, particularly because 
it is rooted in law. The NEPA process performs assessments 
that are consequential, such that the impact of an investment 
or system change is evaluated. This provides key insight into 
the decision-making process because the impact of a deci-
sion or system change is evaluated. The NEPA process pro-
vides information on comparative environmental assessments 
before a project commences and before formal decisions are 
made, informing the decision-making process. Opportuni-
ties exist for environmental assessments outside of the NEPA 
process, most notably at the master planning or Interstate 
agency level (for example, the Oregon–Washington Bi-State 
Commission or the I-95 Corridor Coalition). These studies 
could provide great insight into environmental comparisons 
by allowing modes that are not fiscally constrained to be com-
pared. However, such studies will not have the legal backing 
of a NEPA process and thus may have less impact than would 
a NEPA document.

HSR project (FRA 2005c). The no-action alternative repre-
sents the state’s highway, air, and conventional rail system 
as it would be “after implementation of programs or proj-
ects that are currently in regional transportation plans and 
have identified funds for implementation by 2020.” The 
“modal alternative” includes a combination of potentially 
feasible capacity enhancements to both highway and avia-
tion infrastructure beyond that which is already planned in 
the no-action alternative. This primarily includes additional 
through lanes, passenger terminal gates, and runways that 
would be required to meet the projected intercity travel 
needs in 2020. As such, this is a consequential assessment 
because the impact of the implementation of HSR on the 
related intercity transportation systems of air and rail are 
incorporated into the assessment. The modal alternative was 
found to increase energy usage, increase suburban sprawl, 
and be less safe and reliable than the proposed HSR. For 
these reasons and others, the modal alternative was rejected 
in favor of HSR (FRA 2005c).

Currently, HSR is present in the United States in the form 
of the Acela, which serves the Northeast Corridor (NEC). 
The most recent PEIS for the NEC was in 1978. In 2012, a 
PEIS began: the NEC FUTURE—Passenger Rail Corridor 
Investment Plan (PRCIP). This document will consider rail 
services and corridor improvements going forward for the 
NEC. Because it is a PEIS, such that the corridors are not 
broken down into smaller pieces, it is likely to include air as 
an alternative mode (Amtrak 2012).

NATIONAL ENVIRONMENTAL POLICY  
ACT CONCLUSIONS

What does this mean for comparative environmental assess-
ments of air and HSR in the context of NEPA? A seminal 
work in the legal field on the future of NEPA by Karkkainen 
(2002) discusses that perhaps some environmental chal-
lenges are too complex to fit in the framework of NEPA:

NEPA’s demand for comprehensive evaluation of environmental 
impacts, alternatives, and mitigation measures prior to an agency 
decision might have seemed straightforward and unproblematic 
at the time of its enactment. But we have subsequently learned 
that environmental impact assessment—and environmental man-
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chapter five

LOCAL AND REGIONAL IMPACTS

Local and regional impacts of air and HSR systems typi-
cally assess criteria air pollutants (CAP), noise, and land use. 
These impacts produce externalities on the local populations 
that may use the air and HSR systems, which is different than 
GHG externalities, which are possibly far from the regional 
systems.

CRITERIA AIR POLLUTANTS

Air quality effects are assessed by evaluating changes in 
CAP and precursor emissions and often include SOx, NOx, 
PM10, PM2.5, CO, and VOCs (or some subset thereof). CAPs 
cause direct human health and ecosystem service impacts 
and are regulated by the 1970 Clean Air Act and 1990 
Amendments. Several studies consider CAPs to evaluate the 
trade-offs between airport and electricity generation effects. 
Some studies consider aircraft propulsion or HSR electric-
ity generation emissions exclusively, whereas others include 
life-cycle effects. The inclusion of a broad suite of CAP 
emissions (often in addition to GHG emissions) can reveal 
unintended trade-offs. The substitution of air travel by HSR 
travel was found to reduce NOx, CO, hydrocarbon (HC), and 
PM10 emissions but increase SO2 by a factor of 12 owing 
to the sulfur content of primary fuels for electricity genera-
tion (Givoni 2007). Givoni’s (2007) attributional assessment 
found that between Paris and London there were significant 
reductions in CAP between air and HSR systems (18 HC 
grams/seat air to 0.4 HSR, 126 to 2.2 CO, 71 to 18 NOx, 
2.9 to 35 SOx, and 2.0 to 1.0 PM10). Jamin et al.’s (2004) 
consequential assessment found that substituting one-third 
of air travel for HSR in the relevant corridors increases 
SOx emissions across the corridors from 100 to 2,000 tons  
and decreases NOx (5,000 to 4,200 tons), HC (2,200 to  
1,900 tons), and CO emissions (6,100 to 4,200 tons). This 
could be important when assessing human health and envi-
ronmental impacts and would depend on where the emis-
sions occur. Increases in sulfur emissions may result in 
acidification of soil and groundwater and occur from changes 
in operation and propulsion energy inputs and also life-cycle 
effects (Chester and Horvath 2012). Some European stud-
ies monetize the local air pollution externalities (Janic 2003; 
Givoni 2007). Studies that assess CAPs rarely evaluate their 
human health and ecosystem service impacts. Chester and 
Horvath (2012) connect these emissions to human health 
respiratory, acidification, eutrophication, and photochemi-
cal smog formation impact potentials. Although significant 

research has been done to understand the impacts of aircraft, 
only one study identified in the United States assesses the 
impacts of HSR mode shifts (Chester and Horvath 2012). 
The study found that the time until environmental payback 
can vary significantly with the uncertainty in future rider-
ship, which is affected primarily by the number of trip takers 
shifting from automobiles.

NOISE

Noise trade-offs are often considered for each mode to quan-
tify the externalities of additional aircraft operations or how 
new rail lines will affect neighborhoods. There are studies 
that evaluate noise trade-offs of competing air and HSR travel 
(Janic 2003; Eagan and Mazur 2011), as well as studies that 
compare air, conventional rail, and automobile travel (Euro-
pean Commission 2002; Miedema 2007). The European Com-
mission (2002) found that people generally are more annoyed 
by aircraft noise than rail noise, with highway noise falling 
between these two modes. Eagan and Mazur (2011) note that 
although this certainly has to do with acoustic factors, it also 
has to do with attitudes toward the noise source.

In the United States, the FAA has the authority to regulate 
noise at airports. This differs from the FRA, which typically 
performs noise mitigation based on an EIS and community 
concern. A key metric in noise evaluation, and thus in modal 
comparison, is annoyance and the day-night sound level, the 
24-hour average sound level at an airport. Regarding annoy-
ance, human annoyance response varies based on the degree 
of previous noise exposure, the degree of the incremental 
increases in exposure, and whether the source of noise is 
intermittent or constant. Although conventional rail noise 
generally is considered to generate less annoyance than air 
noise (European Commission 2002; Miedema 2007), rail 
noise is found to be largely correlated with train speed, and it 
is anticipated that annoyance associated with HSR noise will 
be higher than that with rail noise (Campos and de Rus 2009; 
Eagan and Mazur 2011). However, HSR can mitigate noise 
with low-to-the-ground sound walls because the noise is gen-
erated mainly from wheel-rail interaction similar to that of 
conventional rail (FRA 2005a). However, the impact of miti-
gation on annoyance is not clear. Noise exposure can trans-
late into different levels of annoyance because nonacoustic 
factors, such as whether the source of the noise is visible and 
whether fear is associated with the source, also contribute to 
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with air, despite different values of population exposed (Janic 
2003). Population density also affects where cost-effective 
mitigation might occur along a train route. Even with potential 
similarities in noise profiles for air and HSR systems, similar 
noise profiles do not immediately translate into a simple com-
parison methodology because of the psychosocial phenomena 
addressed by Hansen et al. (2013).

LAND USE

Land use impacts are commonly considered to assess the pro-
curement efforts needed to deploy new air and HSR systems 
and typically are assessed in a consequential approach. Land 
uses, including farmland, forests, and wetlands, are common 
environmental metrics considered. The construction, opera-
tion, and maintenance of air and HSR systems requires land 
and can contribute to barrier effects (Kageson 2009; Rus 
2011). Barrier effect occurs when linear infrastructure, such 
as road or rail lines, cuts through natural resource areas caus-
ing disturbance to animal migratory paths and ecosystems 
(Ree et al. 2007). Given the different infrastructure configu-
rations of air and HSR systems, land use impacts manifest 
differently. Although HSR lines must be located between 
population centers, airport land size is largely governed by 
the volume of air traffic (Rus 2011). Air transport typically 
requires less land per passenger trip than does HSR (Rus 
2011). Airport land-take occurs when the airport sees a need 
for capacity expansions, whereas land use impacts from HSR 
are dependent on the length of the HSR line and the environ-
ment along the line, not the volume of traffic in the corridor 
(Janic 2003). HSR must acquire land for the potential upper 
bound of use; the leveling of these capital and expansion land 
uses is not accounted for in the literature. Furthermore, it is 
important that growth-inducing impacts on surrounding land  
should be considered. Both air and HSR systems have the 
potential to create indirect land use impacts through new 
residential, commercial, and industrial activities near airports 
and train stations. Airports can create demand on nearby land 
for new industries that provide passenger and freight sup-
port infrastructure for airline operations. Although similar 
effects can occur with HSR, there is a stronger emphasis on 
understanding the planned growth of residential and commer-
cial activities near stations (Nuworsoo and Deakin 2009).

annoyance (Stallen 1999). In addition, “new noise” can gen-
erate more annoyance than existing noise of the same level, 
and noise in wealthy areas (“rich noise”) can be perceived as 
more onerous (Hansen et al. 2013). In addition, new noise 
is a complex topic for HSR. HSR will be a completely new 
source of noise that is also present among existing sources 
of transportation noise. This type of new noise is very dif-
ferent in perception compared with that of additional flights 
to an airport, which may not constitute new noise (Egan and 
Mazur 2011). Hansen et al. (2013) argue that airport noise 
impact is more a psychosocial phenomenon than an acoustic 
one, given that the receiver of sound may think or believe 
that sound is noise through the influence of others; the same 
may be true for HSR. Eagan and Mazur (2011) argue that this 
suggests that air and HSR systems may need different cri-
teria that may not be based on high annoyance at DNL 65. 
Overall, the FAA has a long history of considering noise 
exposure relative to annoyance; if and when HSR is imple-
mented across the United States, the FRA likely will amass 
a similar history.

Along with their spatial incompatibilities, air and HSR 
systems can have differing noise profiles. Aircraft noise is 
primarily a concern for near-airport operations because of the 
occurrence of low-altitude flight. Because HSR involves a 
system of links between stations, HSR noise may or may not 
occur predominantly at the nodes owing to a combination of 
mitigation possibilities (FRA 2005a), the population density 
near tracks, and operation characteristics. Areas of concern for 
HSR noise can vary based on characteristics of the operating 
plan and the corridor, and there are many contributing factors 
affecting whether a system may have more noise impact near 
nodes or more along the route. In general, there is less impact 
expected near stations than along the route. Some of the rea-
sons for this are lower train speeds as trains approach and 
depart stations and less noise-sensitive land use near stations, 
particularly for stations located in urban areas, where there 
may be more commercial or industrial land use. Higher ambi-
ent noise levels at stations located in more urban areas can also 
result in less impact near stations because ambient noise lev-
els determine the criteria for noise impact in rail assessments. 
However, noise impacts could be greater near stations if the 
train route goes through low population areas and has greater 
population density near stations; this may result in similarities 
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chapter six

GREENHOUSE GAS EMISSIONS

Starting in the 1990s, academic research began emerging 
comparing air and HSR environmental effects. Initially, 
the studies focused on European systems, and in the past 
5 to 10 years there has been an emergence of research 
focusing on U.S. corridors. A summary of this literature 
is shown in Appendix A. Although most European studies 
identified evaluate long-distance travel in Spain, France, 
Germany, and Italy (Campos and de Rus 2009; Albalate and 
Bel 2012), literature was identified for nearly every coun-
try with an HSR system. In the United States, research 
is focused on the five corridors that have made the most 
progress toward deploying HSR systems: California, Flor-
ida, Texas, the Midwest, and the Northeast (Lynch 1990; 
Ryerson 2010; Burgess 2011; Carroll and Walton 2011; 
Chester and Horvath 2012; Tucker 2012). The trade-offs 
in energy consumption and GHG emissions are typically 
considered by evaluating changes in petroleum consump-
tion and power plant effects from different levels of mode 
switching (Kosinksi et al. 2010). In general, study goals 
are to evaluate the environmental changes that occur from 
substituting air and automobile travel for new HSR travel.

Many studies develop GHG assessments comparing  
existing and future air and HSR travel, and there are a few 
that stand out for their comprehensiveness and novel 
approaches. Although many of the studies shown in 
Appendix A focus on HSR, those presented in this syn-
thesis have significant air travel analyses as either a  
business-as-usual future or a future where air travel has 
made advances in reducing its environmental footprint and  
is a competing or complementary service to HSR. Jamin et al. 
(2004) estimate the GHG and other air emissions effects  
of aviation emission abatement policies in the United  
States and include substitution of some short-distance air 
travel with HSR. Both Givoni (2007) and Janic (2003) 
develop comprehensive assessments that include GHG emis-
sions in addition to other impacts and monetize the results. 
Givoni (2007) produces a door-to-door assessment of air 
and HSR travel between London and Paris and normalizes 
GHG and CAP emissions to their monetary external costs.  
Givoni’s (2007) attributional assessment finds that between 
London and Paris the CO2 emissions (kilograms per seat) 
from HSR travel are 7.2 and from air travel are 44. Janic’s 
(2003) attributional assessment estimates that the French 
TGV emits 4 g CO2 per passenger-kilometer traveled (89% 

nuclear electricity), the German ICE 28 g (50% coal electric-
ity), and a competing flight between 100 and 150 g. These 
emissions combined with other damages (i.e., other air pol-
lution, noise, land use, congestion, and accidents) are used 
to monetize the external costs of HSR and air travel, respec-
tively, at ¢0.002 to 0.01 and ¢0.02 to 0.08 per passenger-
kilometer traveled in the United States and Europe. Chester 
and Horvath (2012) include roughly 150 life-cycle compo-
nents in the assessment of future long-distance travel in Cali-
fornia, and by first using an attributional approach, they find 
that although HSR is likely to produce lower GHG emissions 
per passenger-mile traveled, an average occupancy of 130 to 
280 passengers is needed to compete with emerging aircraft 
and one of 80 to 180 passengers to compete with a 35-mpg 
sedan. They then develop a consequential assessment to  
determine that given future HSR adoption uncertainty, 
GHG payback will occur between 20 and 40 years; that 
payback includes emissions from construction and main-
tenance activities. Chester and Horvath also include 
modeling of emerging technologies, regional flight char-
acteristics (instead of multiplying a per seat-mile factor 
across forecasted seat-miles), and uncertainty in mode 
shifting. Several common approaches are used to assess 
large-scale GHG emission changes in regions. Most com-
parative studies are designed to assess the GHG emission 
changes that result from shifting away from air to HSR. 
Consequently, many comparative studies are structured as 
deviations from the status quo (i.e., air travel) and focus 
on the critical factors that will drive the success of HSR 
deployment in a region.

The time-based GHG impacts from the initial construc-
tion of air and HSR infrastructure are another important 
factor considered by long-distance transportation research-
ers (Kageson 2009; Chang and Kendall 2011). Time-based 
radiative forcing assessment methods have been devel-
oped as consequential assessments to account for the up-
front global warming potential from initial construction 
of new systems. Radiative forcing is an imbalance in the 
earth system between incoming and outgoing radiation. 
GHGs allow shortwave light radiation to enter the earth’s 
atmosphere but restrict the exit of long-wave heat radia-
tion, resulting in an accumulation of energy that leads to 
climate change. GHGs vary in their radiative efficiency, 
which determines their ability to accumulate heat. Per 
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unit of mass, N2O traps the most heat, followed by CH4  
and then CO2. A GHG will continue to cause radiative forc-
ing and trap heat in the earth system as long as it remains 
in the atmosphere (U.S. Department of Energy, March 
26, 2011: http://carboncycle2.lbl.gov/resources/experts-
corner/fossil-fuel-combusion-heat-vs-greenhouse-gas-
heat.html).

Chang and Kendall (2011) apply cumulative radiative forc-
ing methods used by the Intergovernmental Panel on Climate 
Change to normalize the warming potential that occurs over the 
long run of California’s HSR system. They show that the global 
warming potential payback of HSR, which is highly sensitive 
to ridership, takes longer when cumulative radiative forcing 
methods are used, rather than straight GHG accounting.
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chapter seven

UNIFYING FRAMEWORKS

LCA, impact assessment, and benefit-cost analysis are some-
times used to produce unifying analytical boundaries and 
metrics for comparing air and HSR systems. These frame-
works produce common footings by which the net social costs 
of long-distance transportation services can be assessed.

LIFE-CYCLE ASSESSMENT

Most environmental assessments focus on vehicle operation 
and propulsion; however, there has been a recent emergence 
of studies that quantify the life-cycle effects by including 
vehicle, infrastructure, and energy production components. 
Environmental LCA approaches have been used for U.S. 
transportation systems assessment since the mid-1990s 
(Lave et al. 1995; MacLean and Lave 1998) and recently 
have been applied to air and HSR systems for environmen-
tal comparisons (Network Rail 2009; Chester and Horvath 
2010, 2012). LCAs of air and HSR systems can include 
vehicles (manufacturing and maintenance), infrastructure 
(construction, operation, and maintenance), and energy pro-
duction (primary fuel feedstock extraction, processing, and 
distribution) components. LCA studies tend to capture either 
all components (Chester and Horvath 2010, 2012) or strictly 
infrastructure construction effects (Chang and Kendall 2011), 
in addition to vehicle operation and propulsion. There are 
several LCA studies that focus exclusively on the con-
struction impacts of HSR (Thiebault 2010; Åkerman 2011; 
Chang and Kendall 2011), whereas other studies consider 
only vehicle operation and propulsion (Givoni 2007; Scott 
2011). LCA results for California’s air and HSR systems 
show that (1) for air, life-cycle components can increase the 
mode’s footprint by roughly 20%, and (2) for HSR, concrete 
and steel used in infrastructure construction may double the 
GHG footprint of the mode (Chester and Horvath 2012). 
In Figure 4, life-cycle GHG emissions (per passenger-mile 
traveled) for long-distance modes in the California corridor 
from Chester and Horvath (2012) are shown. The life-cycle 
results contrast operation (gray) and propulsion (light green) 
GHG emissions against vehicle (manufacturing and mainte-
nance), infrastructure (construction, operation, and mainte-
nance), and feedstock energy (raw primary fuel extraction, 
processing, and distribution). Emissions from infrastructure 
construction may be offset by reductions in automobile man-
ufacturing, roadway construction, and airport construction in 
the long run (Åkerman 2011). Wang and Sanders (2011) use 
economic input-output LCA methods to estimate that Florida 

HSR construction will have significantly lower energy and 
GHG effects than that of California because of heavy engi-
neering requirements in California, particularly in structure 
work.

Sustainability trade-offs between future air and HSR 
systems should connect environmental perturbations with 
their human health, ecosystem services, resource depletion 
and climate change impacts where possible. Over the past 
half century, significant research and efforts have been made 
by the aviation industry and academics to understand the 
human health impacts of near-airport operations (Bastress 
1973; Westerdahl et al. 2008; Hu et al. 2009). As questions 
emerge about the trade-offs of air and HSR systems, it will 
be important to define “sustainability” in its broadest sense 
(instead of strictly GHG emissions) to understand environ-
mental benefits or unintended trade-offs. Although GHG 
emission comparisons are critically important, it is also 
important that future studies consider other air emissions (in 
particular CAP emissions) as well as the environmental con-
cerns identified by NEPA. By defining sustainability broadly, 
opportunities will exist for understanding how the reduction 
in one environmental concern may lead to a reduction in 
another, or reduction in one environmental concern may lead 
to an increase in another (i.e., an unintended trade-off). By 
identifying unintended trade-offs early in the planning pro-
cess, more opportunities will exist for implementing mitiga-
tion strategies. The summary of studies shown in Table A1 
reveals a heavy interest in energy and GHG analysis, and 
only one comparative study was identified that connects air 
emissions to human health and ecosystem services impacts 
(Chester and Horvath 2012); that study evaluates GHG emis-
sions and the potential for human health respiratory impact, 
acidification, eutrophication, and photochemical smog for-
mation trade-offs in future long-distance travel in California. 
Existing research can aid in classifying the many sustain-
ability impacts that can be considered beyond the standard 
NEPA criteria considered in EIRs and EISs. Few studies 
have attempted to quantify the human health, ecosystem ser-
vices, and resource depletion impacts outside of GHG effects. 
Although not all impacts will be relevant or of interest to dif-
ferent stakeholders, it is critical to understand the interrela-
tion of pollutants. The quantification of pollutant trade-offs is 
valuable; however, ultimately a more rigorous understand-
ing is needed of the impacts these pollutants cause with their 
release in particular geographic areas.
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BENEFIT-COST ANALYSES

Defining an HSR cost model presents a unique set of chal-
lenges compared with the aircraft cost model development. 
Currently there are no HSR systems in the United States from 
which to collect cost and operating statistics. Although there 
are many HSR systems across the world, publicly available 
data are limited and not available in a consistent format. For 
example, many HSR operators present their operating sta-
tistics in annual reports, yet these statistics may be aggre-
gated with conventional rail operations. Campos and de Rus 
(2009), in a comprehensive study of HSR system costs and 
HSR modeling techniques, note the challenge of compar-
ing (and therefore modeling) costs across HSR systems. 
Because HSR projects are built over various topographical 
landscapes, different technical solutions and levels of invest-
ment are needed. This is unlike the air mode, for which one can 
model aircraft costs with some level of consistency. Although 
some studies have attempted to quantify the economic benefits  

Impact assessment practitioners in LCA have identified and 
categorized broad suites of human health, ecosystem quality, 
climate change, and resource depletion concerns, and air and 
HSR system decision makers can use this research to aid in 
the environmental assessment of their systems. Table 3 shows 
the categorization of pollutants into midpoint categories that 
are then aggregated to damage categories. For example, several 
midpoint categories produce human health impacts and Jolliet  
et al. (2003) advocate that these midpoint categories can be 
joined after impacts are normalized to disability adjusted 
life-years to obtain a comprehensive assessment of human 
health impacts.

Life-cycle impact assessment methods generally focus 
on physical pollutants and do not include characterization 
methods for many of the NEPA criteria. However, the meth-
ods developed provide a framework upon which air and HSR 
environmental assessment practitioners can begin joining the 
many indicators that are of interest for future decisions.

FIGURE 4 Life-cycle GHG emissions per passenger-mile traveled. (Source: Chester and Horvath 
2012.) Emissions to impacts (note: RPS electricity is the U.S. regulatory Renewable Portfolio Standard 
that requires the increased production of energy from renewable energy sources, such as wind, solar, 
biomass, and geothermal).

Midpoint Category Damage Category

Po
llu

ta
nt

s

Human toxicity Human health
Respiratory (inorganics) Human health
Ionizing radiation Human health
Ozone layer depletion Human health
Photochemical oxidation (respiratory organics) Human health/Ecosystem quality
Aquatic ecotoxicity Ecosystem quality
Terrestrial ecotoxicity Ecosystem quality
Terrestrial acidification/Nutrification Ecosystem quality
Aquatic acidification Ecosystem quality
Aquatic eutrophication Ecosystem quality
Landoccupation Ecosystem quality
Globalwarming Climate change
Non-renewable energy Resource depletion
Mineral extraction Resource depletion

Adapted from Jolliet et al. 2003.

TABLE 3
MIDPOINT AND DAMAGE CATEGORIES FOR ENvIRONMENTAL ASSESSMENT PRACTITIONERS



28 

of air travel, similar HSR benefits to a region are not clear. 
The costs of U.S. HSR systems have been of interest as regions 
attempt to understand the investments and operating com-
mitments that will be needed to maintain service; however, 
the economic benefits of that service are not well understood.

Benefit-cost analyses of air and HSR systems sometimes 
include monetization of environmental impacts (Levinson 
et al. 1997; Janic 2003; Givoni 2007; Adler et al. 2010; Rus 
2011) (see Figure 5). Adler et al. (2010) develop social wel-
fare functions that include environmental externalities to assess 
transportation infrastructure investments and their effects on 
transportation equilibriums. They find that the European Union 
should include HSR development in future long-distance trans-
portation investment to maximize social welfare. Rus (2011) 
develops a framework that includes monetized externalities to 
evaluate the conditions under which investment in HSR proj-
ects are justified. Givoni (2007) computes the environmental 
benefits of mode substitution for air and HSR by estimating 
the aircraft, access/egress, aircraft journey, and HSR journey 
air pollution externalities per seat between London and Paris. 

Givoni finds that the external costs of travel on HSR are 0.52 
Euros per seat and on air are 1.03 Euros per seat. Janic (2003) 
monetizes air emission externalities and evaluates that the 
marginal costs of HSR travel are generally lower than those of 
air travel in Europe but does not assess the total costs of each 
system.

FIGURE 5 Givoni (2007) outlines the steps leading to the  
monetization of environmental impacts. At each stage, addi-
tional uncertainty is introduced, decreasing the level of scientific 
understanding and increasing subjectivity.
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chapter eight

CONCLUSIONS

There is significant experience and research on the competi-
tion and complementarity of air and high-speed rail (HSR) 
modes. The existing research covers areas including sys-
tem structure (vehicle technology, cost, ridership, etc.) and 
environmental effects. The objective of this synthesis is to 
bring together research and other findings related to air and 
HSR environmental assessments. A literature review is the 
primary tool for collecting data for this synthesis of current 
practice.

The literature revealed that there are two approaches to 
categorizing air and HSR assessments: attributional and 
consequential. Attributional assessments look backward 
from some point in time and are used to allocate the environ-
mental effects to passenger travel, a trip, or vehicle travel. 
Consequential assessments look forward as a result of a sys-
tem change and can be used to determine the changes to the 
total regional environmental effects caused by a particular 
decision.

The air and HSR modes, although sometimes overlap-
ping, are fundamentally structured differently. The aviation 
system is structured as a system of nodes (i.e., airports) con-
nected with aircraft operated by independent operators. The 
spatial scale of the nodes is vast, such that passengers can 
travel between nodes in a region or in two separate countries. 
In contrast, the HSR system is structured as a system of links, 
with the spatial scale being limited to a fixed regional area 
and one operator providing both the rail infrastructure and 
locomotive services. HSR is planned in designations termed 
corridors: rail track between major cities and the regions 
between. In contrast, aviation is not planned in corridors. 
Airports are planned to serve a region, and airlines connect 
this region to their hub airports and possibly some additional 
airports. That these two networks may have some overlap-
ping portions yet serve different scales of network presents a 
complexity when defining the system structure for an envi-
ronmental assessment. The result is spatial incompatibility 
between modes; rail service is planned in corridors, whereas 
air service is planned over a national and global network.

Spatial incompatibility across modes makes it difficult to 
compare environmental assessments. Some studies consider 
air and HSR to be “competitive corridors,” whereas others 
view the broader aviation system network and HSR services 
to be complementary when nearby regions are linked with 
an airport. The fundamental differences in air and HSR envi-

ronmental assessments impede the drawing of the analytical 
system boundary for environmental assessments; aviation is 
a system of nodes with the planning focused on airports, and 
rail is a series of nodes connected by links with the planning 
focused on specific corridors.

The focus when synthesizing the literature was on two 
types of literature: government-driven environmental impact 
assessments and academic literature. Government-driven 
environmental impact assessments are in the form of 
National Environmental Policy Act (NEPA) studies. In gen-
eral, the NEPA process investigates and reports the extent 
of the environmental impacts of the proposed federal action 
and further evaluates the environmental impacts of feasible 
and prudent alternatives to the proposed action. When envi-
ronmental impacts are deemed to be potentially significant, 
an Environmental Impact Statement (EIS) is prepared in 
accordance with the NEPA process to document the extent 
of the environmental impacts. Alternatives that are deemed 
feasible and prudent move forward for full environmental 
impact review.

For an alternative mode to be fully assessed in an environ-
mental review process, it must meet the purpose and need. 
The Purpose and Need Statement in the EIS is intended to 
define the objectives to be achieved by the proposed project 
(purpose) and the overarching problems that motivated the 
project (need). The framing of the purpose and need is a pri-
mary factor in determining the feasibility of alternatives in 
an EIS. All EISs must include a discussion of the purpose and 
need for the action, a description of the proposed action and 
alternatives to the proposed action, analysis of the affected 
environment and environmental consequences, and mitiga-
tion measures. However, considering the spatial incompat-
ibility of the two modes, assessing if HSR meets the needs of 
an aviation project, and vice versa, is a highly complex pro-
cess. As a result, few detailed modal assessments are found 
in EIS documents.

Government-driven work provides an important frame-
work for assessing air and HSR environmental compari-
sons, yet the language of NEPA alternative assessments 
can preclude a full, detailed analysis of modal alternatives. 
Government-driven work also notes the role HSR can play 
as a feeder and as a competitor; however, owing to other 
complications to be explored, few detailed assessments have 
been performed.
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corridor (Janic 2003). Furthermore, it is important that 
growth-inducing impacts on surrounding land be con-
sidered. Both air and HSR systems have the potential to 
create indirect land use impacts through new residen-
tial, commercial, and industrial activities near airports 
and train stations.

• Givoni’s (2007) attributional assessment found that 
between London and Paris the CO2 emissions from HSR 
travel are 7.2 kg/seat and from air travel are 44 kg/seat.

• Janic’s (2003) attributional assessment estimated that 
the French HSR service (the TGV) emits 4 g CO2 per 
passenger-kilometer traveled (89% nuclear electric-
ity), the German HSR service (the ICE) 28 g (50% coal  
electricity), and a competing flight between 100 and 
150 g. These emissions combined with other damages 
(i.e., other air pollution, noise, land use, congestion, 
and accidents) are used to monetize the external costs 
of HSR and air travel, respectively, at Euros 0.002 to 
0.01 and 0.02 to 0.08 per passenger-kilometer traveled 
in the United States and Europe.

• Chester and Horvath (2012) included roughly 150 
life-cycle components in their assessment of future 
long-distance travel in California and, by first using an 
attributional approach, found that although HSR is likely 
to produce lower GHG emissions per passenger-mile 
traveled, an average occupancy of 130 to 280 passengers 
is needed to compete with emerging aircraft and one of 
80 to 180 passengers to compete with a 35-mpg sedan. 
Chester and Horvath then developed a consequential 
assessment to determine that, given future HSR adoption 
uncertainty, greenhouse gas (GHG) payback will occur 
between 20 and 40 years, which includes emissions from 
construction and maintenance activities. They included 
modeling of emerging technologies, regional flight char-
acteristics (instead of multiplying a per seat-mile factor 
across forecasted seat-miles), and uncertainty in mode 
shifting.

• Givoni (2007) computed the environmental benefits of 
mode substitution for air and HSR by estimating the 
aircraft, access/egress, aircraft journey, and HSR jour-
ney air pollution externalities per seat between London 
and Paris. He found that the external costs of travel on 
HSR are 0.52 Euros per seat and on air are 1.03 Euros 
per seat. Janic (2003) monetized air emission externali-
ties and estimated that the marginal costs of HSR travel 
generally are lower than those for air travel in Europe, 
but Janic did not assess the total costs of each system.

In investigating the role of air and HSR as competitors 
and complementary modes, understanding ridership is a cru-
cial component. Several studies cite the importance of accu-
rate ridership forecasts to understand the environmental 
outcomes of future long-distance transport systems. Some 
studies explore the sensitivity of environmental performance 
to ridership. Other studies focus on understanding the long-
run per passenger-mile traveled footprint of passengers to 
understand the environmental intensity of service. Per-trip 

Although there is a growing body of academic literature 
that seeks to reconcile spatial incompatibility, the academic 
literature is not bound by the same legal and institutional 
protocols of the environmental review process and therefore 
does not have to draw a constrained system boundary. Aca-
demic literature is free to compare any modes, regardless of 
whether they are implemented, programmed, or conceptual. 
The following is a sample of results from academic literature:

• The substitution of air by HSR was found to reduce 
NOx, CO, hydrocarbon (HC), and PM10 emissions but 
increase SO2 by a factor of 12 owing to the sulfur con-
tent of primary fuels for electricity generation (Givoni 
2007). Givoni’s (2007) attributional assessment found 
that between Paris and London there were significant 
reductions in criteria air pollutants (CAP) between air and 
HSR, respectively (18 to 0.4 g/seat HC, 126 to 2.2 g/seat 
CO, 71 to 18 g/seat NOx, 2.9 to 35 g/seat SOx, and 2.0 
to 1.0 g/seat PM10).

• In 2004, a consequential assessment by Jamin et al. 
found that substituting one-third of air travel for HSR in  
the relevant corridors increased SOx emissions across 
the corridors from 100 to 2,000 tons and decreased 
NOx (5,000 to 4,200 tons), HC (2,200 to 1,900 tons), 
and CO emissions (6,100 to 4,200 tons). This could be 
important when assessing human health and environ-
mental impacts and would depend on where the emis-
sions occur. Increases in sulfur emissions may result in 
acidification of soil and groundwater and occur from 
changes in operation and propulsion energy inputs and 
also life-cycle effects (Chester and Horvath 2012). The 
study found that the time until environmental payback 
can vary significantly with the uncertainty in future rid-
ership, which is primarily affected by the number of trip 
takers shifting from automobiles.

• The European Commission (2002) found that people 
are generally more annoyed by aircraft noise than rail 
noise, with highway noise falling between these two 
modes. Eagan and Mazur (2011) noted that although 
this certainly has to do with acoustic factors, it also has 
to do with attitudes toward the noise source.

• Along with their spatial incompatibilities, air and HSR 
can have differing noise profiles. Aircraft noise is primar-
ily a concern for near-airport operations because of the 
occurrence of low-altitude flight. Because HSR involves 
a system of links between stations, HSR noise may or 
may not occur predominantly at the nodes because of a 
combination of mitigation possibilities (FRA 2005a), the 
population density near tracks, and operation characteris-
tics. In general, there is less impact expected near stations 
than along the route.

• Air transport typically requires less land per passenger 
trip than does HSR transport (Rus 2011). Airport land-
take occurs when the airport sees a need for capacity 
expansions, whereas land use impacts from HSR are 
dependent on the length of HSR line and the environ-
ment along the line, not the volume of traffic in the 
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tation infrastructure investments, to developing a framework 
to justify HSR projects, to computing the environmental ben-
efits of mode substitution for air and HSR.

Through the synthesis of the literature, major gaps in 
knowledge were found:

• Methodological frameworks and tools that assess future 
operating characteristics of long-distance transporta-
tion service have not been fully developed. Such frame-
works and tools would need to address the two main 
components of the relationship between air and HSR: 
as competitors and as complementary modes.

• A framework and methodology are needed to analyze 
the impact to airline operations, and thus airport infra-
structure use, of development of HSR. The same goes 
for the “no build” alternative: estimating the future of 
aviation flows in the absence of HSR infrastructure is 
necessary.

• By performing consequential assessments instead of 
attributional assessments, organizations incentivize 
practitioners to use comprehensive assessment frame-
works. The consequential assessment would require 
an understanding of how up-front investments lead to 
regional operating effects. Although NEPA in many 
ways requires an assessment of impacts, the academic 
literature has for the most part avoided these quantifi-
cations, likely because of the complexities of accurate 
estimates.

In conclusion, environmental assessments of air and 
HSR systems have produced valuable knowledge for reduc-
ing human health, ecosystem services, and resource deple-
tion impacts. However, gaps still exist. If these gaps can be 
closed, decision makers would have more information on 
which to base their decisions. By establishing regional plan-
ning processes, drawing on previously established methods, 
and developing new tools and information for better under-
standing future processes, more comprehensive approaches 
can be developed to better understand the benefits of intel-
ligent air and HSR planning.

measures are common and valuable for eliminating the dif-
ferences in trip distances to reach the same origin-destination 
pairs. Regardless, current air and HSR transportation sys-
tems that offer lower emissions might appear attractive from 
an environmental standpoint, but if such a system is unable 
to attract passengers, it will produce negative environmental 
benefits: a train or an aircraft with no payload does all harm 
and no good.

In an effort to produce unifying analytical boundaries and 
metrics for comparing air and HSR systems, the following 
assessments are used in academic literature: life-cycle assess-
ment (LCA), impact assessment, benefit-cost analysis, and 
GHG assessment. LCAs of air and HSR systems can include 
vehicles (manufacturing and maintenance), infrastructure 
(construction, operation, and maintenance), and energy pro-
duction (primary fuel feedstock extraction, processing, and 
distribution) components. LCA results for California’s air 
and HSR systems show that (1) for air, life-cycle compo-
nents can increase the mode’s footprint by roughly 20%, and  
(2) for HSR, concrete and steel used in infrastructure con-
struction may double the GHG footprint of the mode. Sig-
nificant research and efforts have been made by the aviation 
industry and academics to understand the human health 
impacts of near-airport operations. Although GHG emis-
sion comparisons are critically important, it is also important 
that future studies consider other air emissions, as well as 
the environmental concerns identified by NEPA. By defin-
ing sustainability broadly, opportunities will exist for under-
standing how the (1) reduction in one environmental concern 
may lead to a reduction in another, or (2) reduction in one 
environmental concern may lead to an increase in another; 
that is, an unintended trade-off. Finally, defining an HSR cost 
model presents a unique set of challenges compared with the 
aircraft cost model development. Because HSR projects are 
built over various topographical landscapes, different techni-
cal solutions and levels of investment are needed. Although 
some studies have attempted to quantify the economic ben-
efits of air travel, similar HSR benefits for a region have not 
been rigorously studied. Various studies in this area range 
from developing social welfare functions to assess transpor-
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The academic studies in Table A1 were reviewed for this synthesis. For each study, Table A1 shows the geographic region assessed 
and the relevant environmental indicators that were quantified.

APPENDIX A

Literature Survey

TABLE A1
Air And HSr EnvironmEnTAL indicATorS LiTErATurE SurvEy

Study Geographic 
Region(s) 

Environmental Indicators 

Energy and GHGs  Energy GHGs CAP Land 
Use 

Noise 

Burgess (2011) United States 
United States 
(California, 
Northeast, 
Midwest) 

Carroll and Walton 
(2011) 

United States 
(Texas) 

Center for Clean Air 
Policy and Center for 
Neighborhood 
Technology (2006) 

United States   

Chester and Horvath 
(2010) 

United States  
(California) 

Chester and Horvath 
(2012) 

United States 
(California) 

Eagan and Mazur (2011) United States  
(Northeast) 

Givoni (2007) France, United 
Kingdom 

Greene and Wegener 
(1997) 

Europe  

Jamin et al. (2004) United States  
Janic (2003) Europe 
Janic (2011) Europe  
Kageson (2009) Sweden  
Kosinksi et al. (2010) United States  
Lynch (1990) United States  

(Florida) 
Smith (2003) Global 
Thiebault (2010) United States  

(California and 
Florida) 

Tucker (2012) United States  
(California) 

Wang and Sanders 
(2011) 

United States  
(California and 
Florida) 

Westin and Kageson 
(2012) 

Europe  

Zanin et al. (2012) Spain  



36 

Airport with Capacity 
Enhancement Project 

Year of 
FEIS 

Publication/
Record of 
Decision 

Nearby HSR corridor 
Final Environmental Impact 

Statement Title 

Chicago O’Hare 
International Airport 

2005 Chicago Hub 
O’Hare Modernization Final 
Environmental Impact Statement 

Philadelphia International 
Airport 

2007/2010 
Northeast and Keystone 
Corridors 

New York/New 
Jersey/Philadelphia Metropolitan 
Area Airspace Redesign 

Washington Dulles 
International Airport 

2005 Southeast and Northeast 

Final Environmental Impact 
Statement for New Runways, 
Terminal Facilities and Related 
Facilities at Washington Dulles 
International Airport 

Fort Lauderdale-
Hollywood International 
Airport 

2008 Florida 

FEIS for the Development and 
Expansion of Runway 9R/27L 
and Other Associated Airport 
Projects At Fort Lauderdale-
Hollywood International Airport 

HSR Corridor Project and 
Expected Top Speed 

Year of 
FEIS 

Publication/
Record of 
Decision 

Nearby Major Airport(s) 
Final Environmental Impact 

Statement Title 

Chicago Hub Network 
(80–110 mph) 

2003/2001 
O’Hare, Lambert–St. 
Louis International 
Airports 

Final Environmental Impact 
Statement Chicago–St. Louis 
High Speed Rail Project 

Florida (120–170 mph) 2005/2010 
Tampa, Orlando, and 
Orlando Sanford 
International Airports 

Final Environmental Impact 
Statement Florida High Speed 
Rail Tampa to Orlando 

California (220+ mph) 
2012 
(Revised)/ 
2005 

Los Angeles, San 
Francisco, Sacramento, 
Oakland, and San Diego 
International Airports 

California High Speed Train 
Project Environmental Impact 
Report/Environmental Impact 
Statement 

TABLE A2
FEiS documEnTS For cApAciTy-EnHAncing AirporT And HSr projEcTS

The Environmental impact Statement literature reviewed for this synthesis is shown in Table A2. The literature is categorized by 
air and HSr projects.



Abbreviations used without definitions in TRB publications:

A4A Airlines for America
AAAE American Association of Airport Executives
AASHO American Association of State Highway Officials
AASHTO American Association of State Highway and Transportation Officials
ACI–NA Airports Council International–North America
ACRP Airport Cooperative Research Program
ADA Americans with Disabilities Act
APTA American Public Transportation Association
ASCE American Society of Civil Engineers
ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials
ATA American Trucking Associations
CTAA Community Transportation Association of America
CTBSSP Commercial Truck and Bus Safety Synthesis Program
DHS Department of Homeland Security
DOE Department of Energy
EPA Environmental Protection Agency
FAA Federal Aviation Administration
FHWA Federal Highway Administration
FMCSA Federal Motor Carrier Safety Administration
FRA Federal Railroad Administration
FTA Federal Transit Administration
HMCRP Hazardous Materials Cooperative Research Program 
IEEE Institute of Electrical and Electronics Engineers
ISTEA Intermodal Surface Transportation Efficiency Act of 1991
ITE Institute of Transportation Engineers
MAP-21 Moving Ahead for Progress in the 21st Century Act (2012)
NASA National Aeronautics and Space Administration
NASAO National Association of State Aviation Officials
NCFRP National Cooperative Freight Research Program
NCHRP National Cooperative Highway Research Program
NHTSA National Highway Traffic Safety Administration
NTSB National Transportation Safety Board
PHMSA Pipeline and Hazardous Materials Safety Administration
RITA Research and Innovative Technology Administration
SAE Society of Automotive Engineers
SAFETEA-LU Safe, Accountable, Flexible, Efficient Transportation Equity Act: 
 A Legacy for Users (2005)
TCRP Transit Cooperative Research Program
TEA-21 Transportation Equity Act for the 21st Century (1998)
TRB Transportation Research Board
TSA Transportation Security Administration
U.S.DOT United States Department of Transportation
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