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Focus on the Service and Providing 
Value in the Transportation Market 

High-speed rail is first and foremost a service, and 
the physical systems need to be organized and de-
signed to deliver on targets for those services. This 
means operating speeds, travel time, and reliability. 
Operating at high speed requires expensive infra-
structure that is only economically worthwhile when 
the service can attract ridership. Service targets must 
be clearly defined early in the process and cannot be 
sacrificed as planning and design proceed. People 

responsible for developing high-speed rail lines and 
systems have experienced the temptation to make 
compromises in the design and route of the system 
to score political points. Going down this path can 
leave a legacy of decisions that shackles an owner/
operator with a high-cost service that doesn’t meet 
ridership expectations, and forecasts that fall short 
of project goals. Doing it right means providing an 
appealing and competitive metro-to-metro travel op-
tion that compliments other forms of transportation 
and improves regional mobility.

High-speed Rail Lessons Learned
EXECUTIVE SUMMARY

In an era of accelerated urban growth and the need for greater regional sustainability, transportation systems 
are seen as a key element to address challenges that our communities face, such as climate change, land use 
and housing affordability, and economic competitiveness. With the Washington State Legislature allocating $4 
million to begin planning efforts on an ultra-high-speed connection to British Columbia and Oregon, and $150 
million as a state match to apply for the significant federal funding, Cascadia has an opportunity to develop 
travel options that set this region apart from the rest of North America. 

Many parts of the world have successfully developed high-speed rail systems that serve millions of passengers 
each day, and connect metropolitan areas and local communities across international borders. The United 
States has a history of large-scale public works projects, but has not yet delivered the same achievements 
already witnessed in Europe and Asia. What knowledge can be gained from systems around the world for de-
cision-makers in Cascadia today?

This study sought to learn from existing high-speed rail systems around the world, as well as new projects 
in development within the U.S., to provide information useful to transportation agencies, potential partners, 
and decision makers who seek to develop an ultra-high-speed line to connect Cascadia. After more than fifty 
hours of interviews with industry experts from across the globe, and drawing from case studies and literature 
reviews, key trends emerged that are worth keeping at the forefront of project development efforts. 
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Effective and Productive Private 
Sector Relationships

Successful infrastructure megaprojects rely on the 
strategic involvement of the private sector in design, 
development, and delivery of projects and services. 
Architecture, engineering, and construction firms will 
compete for publicly administered contracts and bring 
much-needed workforce strength to a blended team. 
Industry knowledge, in the form of experts with experi-
ence in high-speed rail development from Europe and 
Asia can help guide a public agency through a complex 
process that requires both technical and political acu-
men to keep a project on course. Their contributions 
can ensure fairness at each stage of procurement that 
allows broader competition from companies seek-
ing to participate and will result in the best value for 
the public. Additionally, it is imperative to establish a 
“strong owner” for the agency executing contracts and 
consultant agreements to ensure workflow meets proj-
ect timelines, which in turn, manages external expec-
tations.

Coordinated Public Engagement 

Metro-to-metro high speed service has the potential 
to benefit many communities along the way, over long 
periods of time, in ways that could be transformative. 
Neighboring communities and partners want to be 
treated fairly and must have a high-level of trust with 
the agencies involved to keep progress moving forward 
at all stages. This means that there must be transpar-
ency in the process, with consistent and coordinated 
public engagement throughout the corridor. Decisions 
made related to alignment, station area development, 
and linkages to local communities, can vary for a vari-

ety of reasons. Each community may seek to ensure 
they are receiving the highest level of investment to 
achieve the most economic benefit. While this is under-
standable, there is a tendency for communities along 
high-speed routes to compete with their neighbors for 
greater modifications and infrastructural additions to 
the scope of the project, which can drive up costs and 
slow progress. Inviting the community into the discus-
sion early, providing an open flow for information, can 
help ensure project decisions reflect community values 
without adding unrealistic amenities and costs. 

Making the Most of Dollars and Sense

High-speed rail megaprojects are developed under an 
umbrella of constraints as well as targets for services, 
with limits in the form of public funding commitments, 
private investment, and capacity for operations. And 
yet, these projects bring along a wide array of oppor-
tunities for investment, growth, and development, both 
within the system and in connection with the system 
and its development. There are opportunities to re-
duce potential costs to the system, such as using exist-
ing right of way, and opportunities to leverage the real 
estate development that will accrue over time in con-
junction with the system to provide a significant return 
on investment and sustained revenue sources. Metro 
area stations, for example, are themselves megaproj-
ects that, if designed well, serve as foundations for 
private investment and economic growth for decades 
to come. As the Cascadia region looks forward to this 
megaproject that spans two countries, two states, and 
several jurisdictions, there should be universal aware-
ness that this is a journey over a much longer time-
frame than previously experienced in infrastructure 
development, and the long-term benefits must be em-
braced by all parties. 
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Overview
CHAPTER 1

1.1 The purpose of this study

There are over 34,800 miles (56,000 kms) of high-speed 
rail service operating around the world (UIC, 2023). In 
Western Europe, Japan, and China, such developments 
have become commonplace for intracontinental travel. 
This fact has not been lost on the United States, where 
scholars have spent over half a century contemplating 
the prospect of a high speed rail network. Today, sev-
eral routes are in various stages of planning and devel-
opment, designed to connect major U.S. metropolitan 
areas. Among those is the newly considered possibility 
of a line flowing down west side of the Cascade Range 
of the Pacific Northwest, linking Vancouver, British Co-
lumbia, with Seattle and Portland. 

High-speed rail lines in the U.S. are not commonplace. 
For public departments of transportation, such proj-
ects are novel and yet monumental in scale, bringing 
with them a host of complexities that threaten to stall 
otherwise successful projects. For those in the high 
speed rail industry, such projects represent oppor-
tunities to export high cost and potentially high value 
services to a country with the unquestioned economic 
capacity to pay for such services. This study explores 
the barriers that high-speed rail projects have faced, in 
the U.S. and beyond, to understand how such complex 
projects have emerged triumphant.

Renewed attention to high-speed rail in the U.S.—
the Cascadia Region included—is bolstered by sever-
al recent shifts in policy that have arisen against the 
backdrop of the climate crisis. The passage of feder-
al legislation, such as the Infrastructure Investment 

and Jobs Act (2021), offers the promise of funding to 
engage in enough planning to compare the value of 
high-speed services in relation to the estimated cost 
of their development. In Washington State, $150 mil-
lion has been set aside as potential matching funds 
toward an ultra high-speed ground transportation line 
that would reach speeds as high as 250 mph or more, 
moving passengers between British Columbia, Wash-
ington, and Oregon (State of Washington, 2022). Since 
2018, studies commissioned by the Washington State 
Department of Transportation have sketched out argu-
ments, concepts for corridors, and road maps for deci-
sion-making in favor of high-speed rail. With the publi-
cation of Cascadia Vision 2050, the Cascadia Innovation 
Corridor partnership of Challenge Seattle and the Busi-
ness Council of British Columbia offer the prospect of 
high-speed rail as a centerpiece in a constellation of 
potential solutions to overcome long-term problems of 
affordable housing, traffic congestion, and greenhouse 
gas emissions (Cascadia Innovation Corridor, 2020).

What knowledge can be gained from systems around 
the world for decision-makers in Cascadia today? The 
purpose of this study is to inform the nascent consid-
eration of high-speed rail in Cascadia with key facts 
and the opinions of experts distilled from other active 
and successful projects. The focus is to identify topics 
which, if taken up today, hold the promise of improv-
ing the prospects of project success. For many inter-
viewees, this line of questioning led to expressions of 
regret over early errors. All were generous with their 
time, revisiting the means by which barriers were ul-
timately overcome or reconsidering options that have 
been shown elsewhere to have such an effect.
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Figure 1.1: Population Density along the Cascades in the Pacific Northwest
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1.2 The methods of research 

This report is the result of six months of academic 
and industry research. The academic literature review 
spans the topics of high-speed rail in general and a 
set of cases in particular, including prominent sources 
on the broader subject of megaproject development. 
This literature was supplemented by interviews with in-
ternational experts in the field, with experience in the 
early stages of development of high-speed rail systems 
successfully operating today in other countries, as well 
as several that are in development in the U.S.

The methods for this study were deployed in steps:

(1) This study began with a review of the literature on 
high-speed rail planning and operations, and the iden-
tification of a short list of high-speed lines and systems 
of interest for their comparability to conditions rele-
vant for early-stage consideration of high-speed rail in 
the Pacific Northwest. 

(2) Experts were identified to be interviewed on the basis 
of their discipline-specific knowledge of the early stage 
development of the high-speed systems short-listed 

during step one. While on-the-job participation in the 
early stage development of high-speed rail was shared 
by all of the interviewees, participants differed in their 
disciplinary knowledge and perspective. This selection 
of variation in expertise was purposeful, to capture key 
perspectives of experts in politics, business, finance, 
planning, engineering, operations, power, station de-
sign, real estate, and government.

(3) With the approval of the Institutional Review Board 
of the University of Washington’s Human Subjects Divi-
sion in the Office of Research, interviews were conduct-
ed that centered on a set of 12 questions, sent to each 
expert in advance. Interviews were conducted with 12 
participants, resulting in 50 hours of anonymized in-
terview transcripts. Together with the literature review 
and the field experience of the authors of this report, 
these interview results elevated a set of key facts and 
opinions of merit.

1.3 Organization of report 

This report is organized into four chapters. Topics con-
sidered critical at this early stage of high-speed rail de-

	• Describe your role in the HSR project through its development.
	• In your opinion, what were/are the key milestones for project development?
	• What kinds of barriers arose during project development and how were they overcome?
	• Describe the ways in which the project was introduced to the public, or engaged the public during its 

development.
	• What were the most meaningful aspects of the project for public decision-makers?
	• How dependent would you say the project is on private funding, finance, concessions and/or ownership, 

and why is that the case? 
	• What public funding sources were required to plan and/or construct the project? 
	• What were the most meaningful aspects of the project for private firms in the HSR industry?
	• How did you recognize and/or address the problem or concern over the choice of technologies and what 

that could mean for a lack of competition in procurement?
	• Describe the project-related strategies for route selection, station area selection, and station area devel-

opment.
	• Describe the basis for ridership forecasts.
	• Describe the project’s perspective on safety.

Table 1.1: Case Study Interview Questions
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velopment are introduced in Chapter 2. Many of these 
topics came about as a result of examining high-speed 
rail projects successfully operating elsewhere or in de-
velopment in the U.S. All such projects are briefly de-
scribed in Chapter 3. The report concludes with recom-
mendations in Chapter 4.

In Chapter 2, the key facts and opinions from this re-
search are organized into the following topics, salient 
at this time because they suggest directions for critical 
decisions that have not yet been made for high-speed 
rail in the Pacific Northwest:

	• Success is defined by high-speed service
	• Megaproject risks magnify project financial impacts
	• Efficiency requires a competitive market for the deliv-

ery of public goods
	• Effective high-speed rail development requires thor-

ough and deliberate public engagement coupled 
with planning and engineering

	• High-speed rail is increasingly discussed as a form of 
climate action

Chapter 3 offers a closer factual breakdown of a small 
set of international and domestic cases of high-speed 

rail development. The proliferation of high-speed rail 
creates many opportunities for case studies. Cases in 
this report represent systems developed in areas with 
institutional and geographic attributes comparable to 
the Pacific Northwest. While this objective for research 
did not preclude study of the Chinese, Japanese, and 
full European networks, it did lead to the selection of 
the following cases:

International
	• The corridor linking Paris, France to Amsterdam in 

the Netherlands
	• The high-speed rail systems of Spain
	• Taiwan high-speed rail, linking Taipei to Kaohsiung

United States
	• California, linking San Francisco and Sacramento to 

Los Angeles and San Diego
	• Texas, from Dallas to Houston
	• Florida, linking Tampa to Orlando and Miami

Chapter 4 concludes the report with 40 recommenda-
tions for consideration, placed in the context of the Pa-
cific Northwest’s desire to develop an ultra high-speed 
service linking Vancouver, British Columbia, Seattle, 
and Portland.

Figure 1.2: Cases Studied for this Report
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Critical Topics for Early High-Speed 
Rail Decision-making

CHAPTER 2

     2.1 Success is defined by high-speed service

Summary. High-speed rail is a service, defined by its competitive success in intracontinental passenger trans-
portation, including air travel. Success is so defined by competition for metro-to-metro air travel that interna-
tional experts uniformly use this factor to explain why some lines are successful and to examine why others 
are not. When rail operations became competitive, air transport services found ways to cooperate, further 
expanding the market for both rail and air services. Competition with air travel supports the concept of first 
class or premium pricing, along with standard and discounted services. To succeed, however, requires central 
and unflagging attention to the myriad ways in which decisions can detract from the competitive operational 
requirements of high-speed service. This imperative places expertise in operations and business planning for 
rail service at the forefront of early high-speed rail decision-making, providing critical guidance to political lead-
ership. Failure to compete in metro-to-metro service leaves public agencies paying for inordinately expensive 
rail systems that mainly serve local commuters.

This chapter organizes the facts 
and expert opinions collected 
from this research into five top-
ics of importance in early deci-
sion-making for high-speed rail, 
as currently experienced in the 
Pacific Northwest’s consider-
ation of ultra high-speed con-
nections between Vancouver, 
British Columbia, Seattle, and 
Portland. Early decision-making 
is pre-planning and pre-design, 
prior to the establishment of 
preferred technology, a pre-
ferred route, station locations, a 
budget, and a cost estimate. 

     The topics that shape this chapter are as follows:

1. Success is defined by high-speed service: explains how competitive 
intracontinental metro-to-metro service determines the success of high-
speed lines.

2. Megaproject risks magnify financial impacts: examines how the scale, 
scope, and timing of projects create extraordinary risks and call for insti-
tutional safeguards.

3. Efficiency requires a competitive market for the delivery of public 
goods: discusses the roles of the public and private sector in efficient 
delivery and operations.

4. Effective high-speed rail development requires thorough and delib-
erate public engagement coupled with planning and engineering: 
explains how effective delivery demands deliberate engagement with 
the public in route, station area, and urban hub design.

5. High-speed rail is increasingly discussed as a form of climate action: 
examines measures used to review the impact of projects on climate 
and the impact of climate on projects.
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High-speed rail is a service, defined by its compet-
itive success in intracontinental passenger trans-
portation, including air travel. Rail transport can be 
many things, but the service that defines high-speed 
rail is passenger transportation between metropolitan 
city centers at a speed, convenience, frequency, and 
reliability competitive with air travel. Every international 
expert interviewed for this study defined the success of 
existing high-speed rail routes on the basis of compe-
tition with intracontinental air travel. In the literature, 
the same definition stands. Evidence from established 
systems in Europe and Japan proves that high-speed 
rail is and therefore should be designed to become the 
dominant transport mode for travel distances between 
180 and 440 mi (290 - 710 km; 160 - 380 nmi) (Adler et 
al., 2010, Europe; Fu et al., 2022, Japan; Román et al., 
2007, Spain), while air transport will dominate at dis-
tances greater than 620 mi (1000 km; 540 nmi) (Givoni, 
2006, Global Literature Review; Givoni and Perl, 2020). 
For trips between 440 and 620 mi (710 - 1,000 km), the 
two modes compete for travelers, with the most suc-
cessful rail routes winning market share. For example, 
for travel times of 2.5 hours or less, Japanese and Eu-
ropean rail networks serve 70% or more of the market 
compared to air travel, and for travel lasting 2.5 to 4.5 

  

22%

65%

Airplane 
(1hr 25min)

Before TGV (1999) After TGV (2005)

Train *
Car 
(6hr 55min)

Figure 2.1:  Paris to Marseille Market Share be-
fore and after High-Speed Rail

* The train travel time after TGV is 3hr 50min.

X 3.0

hours, rail competes with varying degrees of success 
for 30 to 70% of market share (Anguera and Esparrich, 
2020; e.g., Figure 2.1). This emphasis on competition 
with air travel may appear to have limited relevance in 
the U.S., especially when today’s air travelers are likely 
to comprise a small portion of the overall ridership of a 
new rail line. The reasons for the focus on competition 
with air travel in defining high-speed rail success, how-
ever, are more broad and indirect than the number of 
passengers that can be attracted from air travel.
 
Success is so defined by competition for met-
ro-to-metro air travel that international experts 
uniformly use this factor to explain why some lines 
are successful and to examine why others are not. 
Experts offered accounts of experience with decisions 
that, in retrospect, left systems unable to compete, re-
gardless of the amount of funds poured into their im-
provement after the fact. These were cautionary tales 
drawn from real-world comparisons of lines and sys-
tems that have been operating for years, told by our 
interviewees to emphasize the fact that the success 
or failure of high-speed rail service is determined in 
the earliest period of decision-making. Door-to-door 
competition with intercity air travel is the only form of 
competition that requires high-speed service. It is an 
exacting priority in the design of a service and the sys-
tem it relies on, and it has to be maintained as the first 
priority in all decisions. The selection of the route, the 
number and location of stations, and the interoperabil-
ity of technologies, were all described as having a direct 
impact on the chance of establishing competitive ad-
vantage in metro-to-metro operations, and therefore 
creating a successful high-speed rail line. Small com-
promises—decisions that would at first appear to offer 
political gain with little impact—such as reducing the 
construction cost of metro stations by placing them on 
the urban fringe, or diverting a metro-to-metro route to 
place stations within the centers of suburban and rural 
cities and towns, constrain operations in ways that re-
duce the ability of the system to be a competitive mode 
of travel. Allowed to accumulate, these seemingly be-
nign decisions, each chipping away at the operational 
competitiveness of high-speed service, leave commu-
nities with a system that is incapable of performing as 
promised.

Source: High Speed Lines in 
France, Seattle-France Dialogue, 
Ministère de la Transition
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When rail operations became competitive, air trans-
port services found ways to cooperate, further ex-
panding the market for both rail and air services. 
Cooperation in markets is a rational response to the cred-
ible threat of competition. In Europe, interviewees noted 
that the German rail operator, Deutsche Bahn, recent-
ly became the first rail operator to join the Star Alliance 
partnership of airlines. Due to this partnership, Deutsche 
Bahn services became available within the booking sys-
tems of the 26 airlines in the alliance, allowing the airlines 
and Deutsche Bahn to issue air and rail seat reservations 
and tickets (Preston, 2022). This is a dynamic expansion 
of joint services made possible by the success of Deut-
sche Bahn in forming a competitive alliance for services 
in Germany with Lufthansa, the country’s national airline. 
In Asia and especially China, emerging studies suggest 
that well-designed integration results in complementary 
services, with rail taking in more passengers on medium 
haul routes and air travel benefiting from increased pas-
sengers on long-haul routes (Albalate et al., 2015; Wan 
et al., 2016; Xia and Zhang, 2017; Zhang et al., 2019). Al-
together, this suggests that the primary benefits of air-
rail integration come from a redistribution of passengers 
across rail stations and airport facilities in ways that fa-
cilitate door-to-door travel experiences (Albalate et al., 
2015, Europe), which also promotes the use of rail to 
bring long-haul and international travelers to and from 
airports (Wan et al., 2016, Northeast Asia; Zhang et al., 
2018, East Asian and Central European Region).

Competition with air travel supports the concept of 
first class or premium pricing, along with standard 

High-speed Rail Route Examples of Pricing Structure (U.S. Dollar, as of October, 2022)

Texas
Source: Texas Central, 2023

Based on a variable pricing model. On the high end, tickets will be competitive 
with the cost of flying, and with the cost of driving on the low end.

Florida: Miami - West Palm Beach (1.5 hr drive)
Source: Brightline*, 2022

Smart / Standard: $15 ($145 for 10) one-way pass 
Premium: $37 ($257 for 10) one-way pass 

Spain: Madrid-Barcelona (7 hr drive)
Source: ACP Rail, 2022

Standard: $12 ($47 for 7-day pass)
Premium: $30
Prices fluctuate depending on travel time

France-Italy: Paris-Milan (10 hr drive)
Source: Eurail, 2022

Standard: $31
Premium: $45 

Japan: Shinkansen
Source: JapanRailPass, 2023

Standard: $205 for 7-day pass
Premium: $274 for 7-day pass

Table 2.1: High Speed Rail Ticket Pricing Structures

and discounted services. The market attracted from 
air to rail travel, and to integrated rail and air travel (i.e., 
rail travel to a hub airport), has a greater willingness to 
pay for first class service, thus increasing the chance that 
first class or premium services will be offered. Indeed, 
most high-speed rail services offer standard and premi-
um options for ticketing. Compared with the standard 
fare, the premium options include better services, such 
as more comfortable seating (business class trains) and 
greater flexibility for cancellations and exchanges. Most 
high-speed rail services also include the option of bun-
dled passes at a discounted rate, which typically cov-
er a given number of trips (e.g., Florida’s BrightLine10 
one-way rides) or given number of days of travel (e.g., 
Japan Shinkansen 7-day pass). Pricing, however, is not 
the only factor that matters. Research shows and ex-
perts emphasize that travelers care about the ways in 
which the overall travel time—including trip time, time 
to rail stations and airports, transfer time, and frequen-
cy of service—provides convenience (Adler et al., 2010; 
Anguera and Esparrich, 2020; Albalate et al., 2015; Chen 
and Wang, 2019; Zhang et al., 2019). High priced fares 
can offset the cost of delivering standard and discount-
ed service to the majority of travelers. These factors, 
however, underscore the importance of providing high-
speed service in order to be able to offer, to a subset 
of travelers, fares that are comparable to ticket prices 
for air travel. The table above provides some examples 
of high-speed rail ticket options (Table 2.1). Although 
many factors influence pricing, research does suggest 
that costs in the US are greater than elsewhere (Eno 
2021).

* As of May 2023, Brightline had not yet operated any qualified high-speed line (speed > 124 mph/200kph).
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To succeed, however, requires central and unflag-
ging attention to the myriad ways in which deci-
sions can detract from the competitive operation-
al requirements of high speed service. It is easy to 
lose sight of the goal of competitive high-speed service. 
Interviewees explained that one of the reasons why 
the success of high-speed service is aligned with air 
travel is because the operational characteristics nec-
essary to compete ensure that the other goals of the 
system will also be achieved. Door-to-door competi-
tiveness for metro-to-metro travel requires more of a 
high-speed rail system than any other goal. Lines that 
are designed and operated to compete in this market 
bring success in the form of positive spillover effects to 
less demanding competition for metro-to-metro auto, 
suburban commuter, and rural travel; less demanding 
because these services do not require high speeds in 
order to attract people away from auto use (Europe, 
China, and Japan; e.g., Figure 2.2). By providing high-
speed metro-to-metro service, successful lines attract 
travelers from air transport and expand the attrac-
tion of travelers from autos, increasing market share 
and induced demand to rail lines. To succeed in this 
respect, however, design and operating requirements 
competitive with air for door-to-door travel time and 
frequency must be specified at the outset of planning 
and budgeting, central to the business plan of the ser-
vice, and be maintained as the defining characteristic 
of all other decisions to be made. Suburban and rural 
access to high-speed rail does matter for the economic 
performance and sustainability of the system, and will 
be important to any high-speed rail business plan. How 
such access is accomplished, however, is critical to the 
overall success of the system because decision-makers 
will be tempted to serve suburban and rural markets 
with changes that swerve away from the most expedi-
tious metro-to-metro route, add facilities to the system, 
increase construction cost, delay metro station invest-
ment, and most importantly, detract from the target 
speed and performance goals of express high-speed 
rail service. Experts were adamant and unified in their 
opinion that the addition of such services and facilities 
must not impinge on the original purpose of providing 
competitive high speed service from metro-to-metro 
centers. Design the route for express metro-to-metro 
service at peak speed; obtaining peak speed in route 

design usually requires that suburban and rural travel-
ers come to the route to access their station, instead of 
bringing the route to them.

This imperative places expertise in operations and 
business planning for rail service at the forefront 
of early high-speed rail decision-making, provid-
ing critical guidance to political leadership. Experts 
agree that a unified political vision of the project and 
its services is required for any high-speed rail project 
to be initiated. Having established the political will for 
development, however, the most persistent sources 
of failure in high-speed rail decision-making could be 
traced to a lack of early and continued involvement of 
experts in operations and business planning. A sound 
business plan is essential to form a shared under-
standing of operational success. In the years it takes to 
carry out planning, design, and procurement for these 
megaprojects, decision-makers will be naturally drawn 
to questions about the effect of a variety of choices on 
the cost of construction and capital finance. Construc-
tion costs are important for megaprojects, but they are 
one-time costs, while inefficiencies in operations and 

  

24%
52%

Before Thalys (1994) After Thalys (2005)

Figure 2.2: Paris to Brussels (Belgium) Market 
Share Before and After High Speed Rail 

 

Airplane 
(1hr 54min)

Train * Car 
(3hr 30min)

* The train travel time after Thalys is 1hr 30min.

X 2.2

Source: High Speed Lines in 
France, Seattle-France Dialogue, 
Ministère de la Transition
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maintenance will persist for decades. Business and 
operational expertise is needed to show the ways in 
which planning, design, and procurement decisions will 
change the attractiveness of the service for customers, 
the cost of operating the service, the frequency of op-
erations, and the cost of maintenance. This specialized 
guidance is needed to avoid compromises from other 
influences that would reduce the performance targets 
of the system. Additionally, expert perspectives are use-
ful for incorporating a more holistic view of businesses 
and services, a view of how features and their modifi-
cations can contribute to revenue generation without 
sacrificing project delivery and system goals. A com-
petitive metro-to-metro line delivers benefits to other 
services and operations because of its speed; suburban 
and rural travelers will need to travel to the stations on 
the line, but having accessed the line, their travel would 
then be direct and swift to downtown metro areas, tick-

eting areas of airports, and hubs for convenient transfer 
onto metro commuter rail and bus systems.

Failure to compete in metro-to-metro service leaves 
public agencies paying for inordinately expensive 
rail systems that mainly serve local commuters. The 
infrastructure necessary to operate at high speed is sig-
nificantly more expensive than local commuter rail sys-
tems (e.g., Sound Transit’s Link Light Rail, Portland Met-
ro’s Tri-Met) and traditional rail systems (i.e., Amtrak). All 
other things being equal, the higher the peak operating 
speed the more expensive the line and rolling stock will 
be to build. One illustration of the comparative cost to 
develop systems with higher operating speeds comes 
from China, where numerous lines have been built, all 
subject to the same institutional rules for their develop-
ment (Figure 2.3). By 2017, China had about 6,200 miles 
(10,000 km) of lines capable of running at 217 mph (350 

Figure 2.3: China High Speed Railway System Map (Source: UIC, 2022)
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kph), and another 9,300 miles (15,000 km) of lines run-
ning at 155 mph (250 kph) (World Bank, 2019, 24). The 
average cost of construction for a double-track 217 
mph (350 kph) line was about $33.2 million per mile, 
while costs from a sample of 155 mph (250 kph) lines 
averaged $27.2 million per mile (Figure 2.4, in 2017 dol-
lars; World Bank, 2019). These costs are all much low-
er than the cost of developing rail in the U.S—average 
rail construction costs in the U.S. compared to other 
countries are 48% more for lines at grade (ground level) 
and 57% more when tunneled (Eno Center for Trans-
portation, 2022, 11). What these comparative costs 
from China illustrate is the fact that building for higher 
speed costs more. Peak travel time has a significant ef-
fect on the cost of building rail systems due to different 
requirements for technology, design, engineering, and 
associated construction cost. Peak operating speed 
of high-speed service, commonly described within the 
range of 190 to 220 mph (300 to 350 kph), affects cost 

Figure 2.4: Average Cost of China High Speed Railway System (Source: World Bank, 2019)

by setting minimum requirements for rolling stock de-
sign, route selection, turning radius, and grade sepa-
ration in ways that are not comparable to commuter 
and traditional rail systems. For example, what could 
be traversed at grade with a conventional system may 
require an elevated track or tunnel to achieve perfor-
mance targets for safe high-speed rail operations (Ja-
pan, China, Europe). High speeds are necessary to com-
pete for metro-to-metro travel, but such speed comes 
at a cost much greater than commuter rail. If the service 
contemplated is commuter rail, or a line that provides 
customers with swift access to a high speed rail station, 
experts explained that these commuter and local sys-
tems should be complimentary metro-to-metro service, 
constructed as separate projects (albeit connected to 
the high-speed rail program), and built using technolo-
gies that do not require the exacting specifications and 
associated cost of high-speed rail service.

  

     2.2 Megaproject risks magnify financial impacts

Summary. The scale, scope, and timing of high-speed rail development are extraordinary, even by the stan-
dards of megaprojects. Nine out of ten megaprojects suffer from cost overrun, but this does not mean that 
overrun is inevitable. The scale and scope of a high-speed rail project creates its own market conditions. 
People and organizations do not usually plan activities using the 20 to 30 year timeframe of high-speed rail 
development. For projects in the U.S. and Canada, success will depend on avoiding the vicious cycle of under-
estimates, overruns, and political renegotiation. These are not highway projects; different rules apply, and dif-
ferent approaches are needed. Researchers caution against direct comparisons of proposed U.S. high speed 
lines with existing systems in other countries. Successful high-speed rail systems around the world benefit 
from institutional safeguards for their development. 
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The scale, scope, and timing of high-speed rail de-
velopment are extraordinary, even by the stan-
dards of megaprojects. Scale, scope, and timing are 
different but related concepts. Scale refers to the size 
and cost of projects. The financial impact on public 
budgets from minor cost increases are much greater 
for megaprojects. The designation of a megaproject 
is commonly reserved for projects with construction 
costs estimated at $1 billion or more. It is not unusual 
for a U.S. highway project to experience a 10 percent 
cost increase. For a project estimated at $18 billion in 
Taiwan (Ni et al., 2017), a 10 percent leap in cost would 
have amounted to $1.8 billion. Given the 2022 esti-
mates from California’s high-speed rail project, the cost 
of an additional 10 percent increase is approaching 
$10 billion (CHSRA, 2022). Scale for high speed rail also 
concerns the need to build one project across bound-
aries that divide state and national governments, which 
rarely occurs and creates additional sources of risk of 
cost overrun. Scope refers to the many components of 
a project, and the ways in which their interdependence 
raises the complexity of the development and delivery 
of the project and its associated services. Among its 
many components, high-speed rail includes features 
similar to those of airports, airplanes, and highways, 
combined and delivered together, all at once. It in-
volves the concerted delivery of precisely constructed 
linear rights-of-way, urban hubs that function like air-
ports, suburban and rural station areas that have the 
potential to develop into new towns, rolling stock and 
signaling systems as complex as jet airplanes, and the 
services for effective operations that span states and 
international boundaries, all managed in a program to 
be developed together. When high-speed rail systems 
were new to their host countries, their development 
into popular forms of transportation took decades. Ja-
pan, France, and Germany developed their capacity to 
deliver high-speed rail endogenously—within their own 
innovative engineering and industrial markets—before 
they began to export their capacity to other countries. 
Ridership and the market-driven build-out of subur-
ban and rural station areas in Japan transpired over 20 
years after high-speed operations began, despite the 
presence of favorable policies promoting the co-devel-
opment of rail with high-density centers (e.g., Cervero 
1998). Japan’s Shinkansen lines are shown on Figure 

2.5. These endogenous developments were driven by 
public investment.

Nine out of ten megaprojects suffer from cost over-
run, but this does not mean that overrun is inevita-
ble. Globally, megaprojects are systemically and signifi-
cantly prone to cost overrun, and this evidence of poor 
cost performance does not favor rail projects (Flyvbjerg 
et al., 2003). For megaprojects, cost overruns common-
ly approach 50 percent; for rail, cost overruns average 
as much (Flyvbjerg, 2014). The reasons for this dismal 
record of performance are not inherent in the technol-
ogy or the environment, they are mainly due to human 
behavior. It is possible to build a megaproject under 
budget and on time. However, the ways in which people 
behave in the planning, development, and delivery of 
megaprojects, and the choices that result, render that 
outcome unlikely. Engineers in local markets are drawn 
to the development of megaprojects; for public trans-
portation officials and technologists in the U.S., proj-
ects like this represent a once-in-a-lifetime opportunity 
(Frick, 2008). Similarly, there is a fundamental tension 
between the need to be politically united behind such a 
substantial public project and the motivation of public 
officials to use the typical tools of their office to mod-
ify the aim, focus, and physical outlay of the project in 
ways that reduce viability, delay the development, and 
unnecessarily increase costs for the taxpayer. Referred 
to as the technological sublime (Frick, 2016), this term 
describes how the desire to promote a megaproject 
can too easily become a bias in favor of a project irre-
spective of its consequences, followed by a bias in favor 
of changes that appear to elevate or convey grandeur, 
yet are inefficient for the scope, scale, and timing of the 
project. In this situation, political leadership is viewed 
as governing the scope of the project simply by virtue 
of their role in continuing the allocation of public funds, 
and persons willing to ‘speak truth to power’ with alter-
native points of view become difficult to find (see, gen-
erally, Ginsberg and Paschall, 2022; Wildavsky, 1979). 
This phenomenon also describes what occurs when 
leadership becomes vulnerable to moral hazards. This 
occurs when project leadership and consulting and/
or engineering firms become locked into self-affirming 
narratives, to avoid bad news and the risk that fund-
ing will end. Within the mechanisms of project planning 
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Figure 2.5: Japan High Speed Railway System Map (Source: UIC, 2022)

are the same or similar in design, and the character-
istics of their underlying markets for labor and mate-
rials. The first of the high-speed rail lines to be built in 
any country or state are so large and removed from 
existing experience as to have no effective local com-
parator, thereby injecting a new form of risk into cost 
estimating. This risk in high-speed rail manifests in sev-
eral ways, some political and others pragmatic. Scale is 
a pragmatic and ever-present source of risk because 
the project is not complete without metro-to-metro 
service. Highway projects can be disaggregated into 
lanes and lane miles, rescaled as funds permit, with 
the shelved portions awaiting the next round of trans-
portation improvement program funds. Commuter rail 
systems are designed across metropolitan areas as 

and development, it can lead to a lack of willingness to 
set up and recognize the points at which a change in 
direction would be beneficial. 

The scale and scope of a high-speed rail project 
creates its own market conditions. Project develop-
ment requires forecasting in order to shape estimates 
of cost, time to deliver, and the demand for services, 
all of which should then become the basis of arrange-
ments to fund and finance the project. The scale and 
scope of high-speed rail projects, however, can be so 
large as to defy commonplace methods of forecasting. 
Cost estimating in the early or conceptual stages of 
common public transportation projects is in reference 
to existing, local agency experience with projects that 
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hub-and-spoke systems, where initial investments at 
the core of the system are given incremental additions 
in the form of line extensions and stations in suburban 
markets. If an agency faces rising costs and lacks the 
funds to complete the project, the outermost lines and 
stations are typically removed from the current scope 
of work, effectively shelved unless and until additional 
rounds of public funds are made available. On high-
speed rail projects, the imperative of metro-to-metro 
design does not permit such adjustment. Quite the 
opposite, the route and station areas are publicly dis-
cussed a decade or more in advance of construction, 
with participants fully aware that the project will have 
to meet the need for metro-to-metro service. In these 
circumstances, markets for real estate, engineering, 
construction, the supply of materials such as steel and 
concrete, have more than adequate time to organize 
in their own interest, bringing new and seemingly ines-
capable risks of cost escalation to the project. Opposi-
tion to the project will also have time to organize (e.g., 
Banister and Givoni, 2017; Deakin, 2017; California and 
the United Kingdom). Managed poorly, high-speed rail 
megaprojects drain public coffers in ways that repre-
sent a transfer of wealth from public taxpayers to or-
ganized interests in engineering, construction, and real 
estate. Managed well—with creative use of institutions, 
competition, and value capture—they have inordinate 
capacity for economies of scale and co-benefits in ur-
ban economic growth (Landis, 2022).

People and organizations do not usually plan activi-
ties using the 20 to 30 year timeframe of high-speed 
rail development. The vast majority of infrastructure 
projects in the U.S. can rely on well-designed local and 
state institutional arrangements that function within 
set timescales. State departments of transportation 
in the U.S. periodically produce long-range plans with 
horizons of 20 years or more, emphasizing the role of 
the highway system in intercity travel (FTA, 2022). Occa-
sionally, a conceptual form of regional planning for met-
ropolitan areas is stretched over a longer timeframe to 
suggest a ‘blueprint’ or ‘vision’ of regional transporta-
tion improvements for the future, mainly to unify oth-
erwise disparate political interests. Long-range plans, 
in the form of city comprehensive or general plans, are 
meant to be refreshed every ten years, often in coor-

dination with metropolitan planning organizations for 
transportation improvements (e.g., MRSC, 2022). This 
provides a spatial framework for more near-term land 
use and infrastructure decision-making, and associat-
ed fiscal arrangements for public revenues and expen-
ditures, which are commonly developed within shorter 
timeframes of five to seven years. Modeling of demand 
and supply for intercity highways is similarly fit to serve 
the periodicity of transportation improvement pro-
grams, at five to seven years. With few exceptions (e.g., 
private ownership of energy and water utilities) the 
private sector operates within these timeframes, on 
even shorter horizons of two to five years for returns 
on investment. What these arrangements provide is 
an unspoken source of certainty around the variables 
and margins of error that matter in estimating the cost 
and fiscal effects of infrastructure projects. High-speed 
rail, when newly conceived for a country or state, has 
no such guiding arrangements. These projects take at 
least a decade to plan and design before construction 
may begin, and after construction is concluded and op-
erations begin, twenty years will pass before it is pos-
sible to realize the ridership and full associated ben-
efits of the system (Europe, Japan). These timescales 
are familiar to a small set of experts (e.g., planning, 
demography, infrastructure system operators). Even 
the academic literature, in its attempt to document 
the fiscal benefits of high-speed rail, conducts studies 
too early to meaningfully discern the effects of proj-
ects, often just five to ten years after operations begin 
(e.g., Crozet, 2013, France; De Rus, 2011, Spain; Nash, 
2015, Review). They show lower than expected returns 
to projects, reflected in capital cost overrun and rid-
ership lower than forecasts. In the megaproject litera-
ture, researchers argue in favor of longer time frames 
and broader measures of impact, to include area real 
estate and economic development (e.g. Crozet, 2013, 
France; Deakin, 2017; Landis, 2022).

For projects in the U.S. and Canada, success will 
depend on avoiding the vicious cycle of underes-
timates, overruns, and political renegotiation. By 
now, people familiar with the nascent megaproject lit-
erature are aware of the fact that many forms of cogni-
tive bias (e.g., optimism bias, uniqueness bias, overcon-
fidence bias, strategic misrepresentation, escalation of 
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commitment), amplified through political and organiza-
tional arrangements, threaten the efficient and effective 
delivery of megaprojects (Flyvbjerg, 2021; Wachs, 2013, 
1990, 1989). These root causes of failure manifest at 
surprisingly early times in project development and 
persist throughout, unless addressed by a change in 
the structure of organizational decision-making. Early in 
the project there comes a time when political interests 
unify in favor of the project and the project as a whole 
is given a rough order-of-magnitude cost estimate. All 
too often, published estimates of cost are unrealistic 
and/or determined to fit within a politically expedient 
limit. Unrealistic estimates rely too heavily on the cost 
of projects outside the jurisdiction of the public agen-
cies managing the project; unrealistic because outside 
projects do not share the same features, character-
istics, markets, and institutional arrangements of the 
host country or state. Thorough local engineering and 
market analysis is needed to recognize the differential 
effects of market conditions on cost (e.g., corridor land 
acquisition, design of the structure, substructural con-
ditions, unit price fluctuation) and the role that institu-
tional conditions in international markets have played 
in controlling the cost of completed projects elsewhere 
(e.g., Europe, Japan, and China). Political determina-
tions of cost involve reaching political agreement on a 
total preferred amount of fund-raising from identified 
sources. As discovered in the megaproject literature, 
the biases people have in their thinking and existing 
patterns of behavior point everyone in the direction 
of a public commitment of funds set at less than the 
total cost of development. Engineering and construc-
tion proceeds until funds are exhausted. The eventual 
need to pursue additional funding opens the project 
to political renegotiation. Political renegotiation moves 
decision-making back to the drawing board, where the 
project becomes vulnerable to redesign (with associ-
ated delays, inflation, and cost escalation) with elevat-
ed moral hazard (lock-in effects with existing firms and 
decision-makers). Political renegotiation is problematic 
for high-speed rail because it can change the actual 
stated public purpose, and therefore the scope of the 
project. In California, estimated costs of metro-to-met-
ro high-speed rail published in 2008 (Proposition 1A) 
were at $33 billion, with funding identified as the public 
repayment of bonds, transfers from the federal gov-

ernment, and private investment (CHSRA, 2008). Pub-
lished estimates of cost in 2022 (Phase 1, Anaheim to 
San Francisco) were in the range of $92.8 and $94.2 
billion (CHSRA, 2022). Furthermore, the political goal of 
the project became associated with building a system 
that serves 85% of the population of the state. This is 
a laudable goal, but it suggests that the priority for the 
system is commuter rail service, which does not re-
quire high speed operations. The megaproject litera-
ture sends a message: this is the typical turn of events. 
It takes effort to decide to do something different. 

These are not highway projects; different rules ap-
ply, and different approaches are needed. Another 
way of understanding the advice of the megaproject 
literature is to realize that the typical institutional and 
organizational arrangements of highway projects in the 
U.S. are set up to fail in the delivery of high-speed rail 
lines. It is possible for a highway project to rely on exist-
ing sets of rules and norms for project delivery, but the 
same rules pose risks for high-speed rail development 
(see Table 2.2 for a comparison). One can always find 
examples that deviate from these simplifying assump-
tions of the means used to effectively and efficiently 
manage the complex activities of highway project de-
livery. What matters, however, is how high-speed rail 
delivery deviates from these norms, and how govern-
ment agencies in other countries have organized, set 
up rules, and fostered markets to overcome these 
problems.

Researchers caution against direct comparisons 
of proposed U.S. high speed lines with existing 
systems in other countries. There are no perfect 
comparators. Many reasons to be cautious in drawing 
conclusions from international cases of high-speed 
rail development have to do with the differing politi-
cal, institutional, and infrastructural environments for 
rail development and use from country to country 
(Deakin, 2017). Despite their successes in high-speed 
rail development, some parts of the world operate with 
institutional arrangements that prevent reliable com-
parison. China’s one party system of governance, for 
example, makes it difficult to credibly compare their 
project development to the U.S. and Canada. In Japan, 
France, and Germany, the development of high-speed 
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rail technologies and markets occurred as a result of 
concerted national investment over decades. Japanese 
high-speed lines provided timely connections between 
urban hubs already fitted with extensive subway and 
commuter rail systems (Hayashi et al., 2017; Cervero, 
1998). In Japan, for example, historic markets for urban 
and suburban rail and real estate development grew 
continuously over time (Cervero 1998; Bernick and Cer-

vero 1997). The same private real estate and streetcar 
developments were removed from most U.S. cities in 
the early 1900s; they were saved from destruction in 
only a few places, such as San Francisco. This means 
that Japan has benefitted from a Century of transit-ori-
ented land use development, in ways that strain com-
parison with conditions for rail development in the 
U.S.. European high-speed rail lines were designed for 

Table 2.2: Comparing Rules, Norms, and Risk

Highway Project Development Approach Risk to High-Speed Rail Development

A highway project may be organized to rely on a contractual 
arrangement with an individual firm or consortium of engi-
neering and construction firms for cost containment

A programmatic approach is needed on high-speed rail

If costs are not contained, management may resort to cuts to 
scope and scale

Scope and scale on high-speed rail remain metro-to-metro

Options for dispute resolution, and a willing market for proj-
ect-level insurance for the agency and contractor, are com-
monplace

These services are difficult to find for high-speed rail, especially 
when such developments are new to the state and nation

Transportation agencies may be comfortable working within 
schedules prescribed by the National Environmental Policy 
Act and state-equivalent statutes to structure public debate 
and address NIMBY-ism on highway projects

Such confines on public engagement make it difficult if not impos-
sible to raise adequate and consistent public agreement to fund 
the cost of high-speed rail

Changes in design due to problems of land acquisition would 
not necessarily affect the performance of a highway project

Even slight changes in routing can have severe implications for 
high-speed rail performance

Compensation for the taking of land may be limited to the 
market value of the property and related applicable damages 
on highway projects

The long lead times for high-speed rail allow for widespread land 
speculation well in advance of land acquisition

If institutional changes are made pursuant to the project, such 
as special purpose legislation, lobbying from the engineering 
and construction community may be construed as signaling 
the conditions that attract firms to bid on a highway project,

The relatively small numbers of experienced firms make it much 
more challenging to discern whether the same lobbying for high-
speed rail would be motivated by a desire to pad profit margins, 
setting prices well above the cost of doing business

Inflation and other drivers of cost escalation during construc-
tion may be managed within the terms of the contract on a 
highway project

The 10 to 20 year timespan of high-speed rail development means 
that inflation is likely to double the construction cost of the project 
(and this could occur before construction begins)

Quality control in highway development is conducted with 
periodic surveys or sampling of work, with samples of perfor-
mance assumed to reflect the conditions of the product as a 
whole

On high-speed rail, surprisingly small deviations from specifications 
can be catastrophic, giving cause to adopt different and more com-
prehensive approaches to quality control and quality assurance

For highways, latent defects in construction may be taken up 
in successive funding cycles of the transportation program

On high-speed rail, latent defects may prevent the start of opera-
tions or pose significant safety risk

On highway projects, other organizations such as utilities and 
to some extent local governments may be addressed through 
negotiations to minimize the impact on construction

On high-speed rail these organizations are partners who are need-
ed for successful operations

The public own and operate the vehicles that traverse our 
highways

On high-speed rail, the rail cars (rolling stock) and their operation 
are a fundamental part of the project.
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metro-to-metro service atop existing and robust na-
tional rail networks, which served as meaningful plat-
forms for public transportation agencies to grow and 
develop services (Figure 2.6, dark lines indicate high-
speed service, while light lines show the extent of rail 
services operating at lower speeds). Another reason to 
be cautious in comparison is due to the incentives and 
disincentives that travelers have had for the competing 
modes of travel from country to country. In Japan and 
China, for example, high-speed rail development began 
at a time when the air travel market was not as well-de-
veloped as it is today in the U.S. Compared to the U.S., 
there were also greater financial disincentives to own-
ing and operating cars in Japan, China, and Europe, 
which likely influenced the pace and relative success of 

Figure 2.6: European Rail and High Speed Rail Service (Source: UIC, 2022)

rail travel in those parts of the world (Deakin and Pérez 
Henríquez, 2017; Cervero, 1998).

Successful high-speed rail systems around the 
world benefit from institutional safeguards for 
their development. Institutions are formal rules, in-
formal norms, and their enforcement characteristics, 
and they are vastly influential to economic growth and 
development, in general, and to project development, 
in particular (e.g., North, 1990). As the provision of high-
speed rail service expanded in Europe, so did the rules 
and associated organizational structures to support its 
development. Though more research on the topic is 
needed, one example stands out for its potential to al-
leviate several problems experienced on U.S. projects. 
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Experts drew attention to the selection of the route 
(ideally, a few alternatives for the route, all capable of 
meeting performance targets) as an important early 
decision in high-speed rail development. It is important 
because, with this decision, a transition is made to a 
technical and more intensive period of public engage-
ment. In France, the organization responsible for most 
of the country’s high speed network (Train à Grande Vi-
tesse, TGV) is the Société Nationale des Chemins de fer 
Français (SNCF), a national, state-owned railway com-
pany. The determination of a route for TGV develop-
ment is informed on one level by the European Union’s 
efforts to establish continuous networks of service 
across the continent. On another level, after the po-
litical decision to develop high-speed service between 
two metro areas, the technical determination of the 
route is buttressed by a legal inquiry, made by an in-
dependent agency, to determine whether the damage 
that will be caused by the project will be outweighed 

by the benefits the project will bring to society. This is 
a formal process to declare the use of the route for the 
project to be in the public interest, carried out by an 
agency that is not allowed to have any linkages to the 
rail industry or its governance. The practical effect of 
this institutional safeguard is to constrain political be-
havior to maintain the focused purpose of the project, 
constrain or redirect market behavior to serve the pub-
lic purpose of the project, and control for the effects 
of real estate speculation and NIMBY-ism on the cost 
of land acquisition for the route and stations. There is 
no known equivalent to this institutional safeguard for 
project development in the U.S., which speaks to the 
fact that even with the exercise of eminent domain, ne-
gotiations for the purchase of land can be brought up 
through the courts over the course of years, for any 
number of individual parcels and/or easements along 
the route (e.g., Eno Center for Transportation, 2021).

     2.3 Efficiency requires a competitive market for delivery of public goods

Summary. Without competition there will be no pressure for firms to pull bid prices down toward their 
own actual estimates of cost. There are a limited number of knowledgeable bidders in the market for 
high-speed technology. Maximize the potential to reach the largest number of market participants by 
adopting standards with the widest number of knowledgeable firms. While many projects start with a 
competitive market of players at the outset, they usually end up in a game with a small number of players 
as project development proceeds, thereby raising the risk of increases in cost and contractual issues. 
Public-private partnerships have often been promoted for infrastructure megaprojects around the world, 
including high-speed rail, yet these arrangements can lessen competition (e.g., Dutzik and Schneider, 
2011; Ho and Tsui, 2010). Though there are few examples, projects in the U.S. gravitate toward two ex-
tremes for high-speed rail development, while international arrangements represent a wide variation in 
ownership structures for contracting. It helps to realize that a high-speed rail line is a massive program 
made of many engineering, construction, manufacturing, and assembly projects, each with its own mar-
ket of competitors. Consider cultivating competition in the market, as opposed to competition for the 
market. Continually assess the limits of your expertise, and get help. 

healthy number of responsible bidders for the work. 
The structuring of the program into discrete projects 
should assist in maximizing the benefits of competi-
tion; it is easier to attract competitive bids if the proj-
ects are structured to fit the expertise of large num-

Without competition there will be no pressure 
for firms to pull bid prices down toward their 
own actual estimates of cost. For large scale in-
frastructure development, efficiency involves setting 
up a program of projects, each organized to attract a 
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bers of existing firms. The bundling of components of 
the larger project together can have the opposite ef-
fect, leading the market to respond by organizing in-
terested firms and public agencies into a small num-
ber of consortia to bid on the project. A market study 
of Netherlands high-speed rail, for example, suggests 
that about 40 large contractors in the Netherlands 
and surrounding countries participated in the initial 
bidding for a project, but the number of responsible 
parties was actually far below 40. Some local con-
tractors formed a cartel to divide up the work and 
reduce foreign competition, resulting in a final tab-
ulated bid amount 43% higher than initially offered. 
The HSL-Zuid directorate had to halt the process and 
negotiate the price with contractors (Priemus, 2009; 
Netherlands). Consider, also, the case of Taiwan high-
speed rail, which ultimately weighed the competing 
proposals from just two consortia before going for-
ward with the project. It is difficult if not impossible to 
know whether a project has benefited from competi-
tion with only two responsible bids.

There are a limited number of knowledgeable 
bidders in the market for high-speed technol-
ogy. It is common for people to discuss the pros-
pects of high-speed rail in terms of widely publicized 
technical approaches, such as magnetic levitation 
(maglev), steel rail, and the more recent idea of hy-
perloop. What these characterizations miss is a win-
dow into how the selection of a technical approach 
will limit the number of companies that can reliably 
compete for the work. In other words, the selection 
of the technical approach limits the extent of the 
market of suppliers for the project. This is mainly 
due to the fact that a company needs experience 
with the technology to be able to credibly bid for 
the work. Of these three categories of high-speed 
technology, steel rail has, far and above, the greatest 
potential to attract and sustain competitive bidding. 
Magnetic levitation originated in Japan, and has also 
been applied to a few projects in China and South 
Korea. Hyperloop is a concept still undergoing trials, 
dramatically limiting its potential to attract bidders 
with experience in project development. All of the 
countries that currently have operating high-speed 
systems, however, have government agencies and 

corporations with experience working with steel rail 
technology. Experts familiar with today’s high-speed 
rail market suggest that, depending on who you ask, 
there are about 12 to 17 companies (some public, 
some privately-owned) with the expertise to respon-
sibly bid on high-speed rail projects, especially when 
considering the design of the system and technical 
components such as signaling, rail cars, power sys-
tems, and so on. A wider range of bidders may be 
possible for the construction of structures and sub-
structures that support the track, though design for 
this work and its execution still benefits from high-
speed rail experience.

Maximize the potential to reach the largest num-
ber of market participants by adopting standards 
with the widest number of knowledgeable firms. 
When considering the development of the first high-
speed rail line for a state or region, it may seem pre-
mature to discuss standards for the development 
of such systems, but the standards that are chosen 
also determine the number of responsible bidders a 
project may ultimately attract. Experts point to early 
standard setting by the government as an important 
aspect of maintaining a competitive market. The stan-
dards include the development of substructure and 
structure of the track, rolling stock, station, signaling, 
electrification, and operation system. For example, 
Figure 2.7 shows the extent of various gauge of track 
in Europe’s rail system. The standards ensure the 
interoperability within these different systems and 
between the new project and existing transportation 
and utility systems, which makes it possible to divide 
the project into different segments and phases that 
can be split into different market arrangements. The 
standards, along with the structuring of components 
of projects to increase competition, can help to pre-
vent the consolidation of suppliers into consortia and 
create more opportunities for local manufacturers 
and small businesses to participate in the project. 
Currently, several countries with high-speed rail have 
their own standards, while the International Union of 
Rail is making an effort to unify standards in Europe 
and Asia (UIC, 2022). The California high-speed rail 
is following German standards. While the existing 
standards provide useful references, experts have 
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Figure 2.7: Rail Systems and Track Gauge in Europe (Source: OpenRailMap, 2022)

noted that what ultimately determines the standards 
should be the principles and parameters envisioned 
for the service of the system, which concern the pre-
ferred maximum speed, train capacity, and require-
ments for clean energy.

While many projects start with a competitive 
market of players at the outset, they usually end 
up in a game with a small number of players as 
project development proceeds, thereby raising 
the risk of increases in cost and contractual is-
sues. Project delivery occurs in stages over time. The 
selection of consulting firms matters, even at the ear-
liest stages of planning and engineering. In markets 
for large projects, consulting, planning, engineering, 

and construction firms have patterns of working to-
gether. Companies maintain relationships with sup-
pliers of expertise, materials, and equipment, that 
will make some parameters or specifications for a 
project more profitable for them than others. Con-
tracting firms who get into a project early improve 
their own opportunities by shaping the rules for oth-
ers to participate and, in doing so, limit the possibil-
ity of competition. This is a set up for excess proj-
ect costs all the way through detailed engineering, 
construction, operations, and maintenance. What 
matters is for the public agency to place themselves 
in a position to gain an understanding equivalent to 
the companies in the market, and for the agency to 
be diligent in accessing competitive markets through 
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the various stages of project development. Avoid 
lock-in by cultivating expertise with competition (i.e., 
working with multiple firms). This can be done in the 
earliest stages of consultation, through the hiring of 
firms as agency advocates separate from the con-
sultants and firms working on engineering, and by 
maintaining a deep bench of technical expertise in 
a separate and paid advisory board, capable of per-
forming audits of the work as it progresses.

Public-private partnerships have often been pro-
moted for infrastructure megaprojects around 
the world, including high-speed rail, yet these 
arrangements can lessen competition (e.g., Dut-
zik and Schneider, 2011; Ho and Tsui, 2010). The 
term is vague, as it represents a wide variety of roles 
and responsibilities for the public and private sec-
tors (Figure 2.8). Megaprojects of all kinds, including 
high-speed rail, need attention to how roles and re-
sponsibilities are structured in order to manage the 
substantial risks associated with these endeavors. 
The public sector has certain institutional capabil-
ities and incentives for the public interest that are 
not shared by the private sector. The private sec-
tor’s incentives and opportunities have benefits of 
their own, while raising some risks for the public 
sector. The question is how to structure participa-
tion in project development and operation to ob-
tain the best of both and avoid the worst. Though 

it is common for academic and trade publications 
to promote public-private partnerships by empha-
sizing the idea that they may allow the allocation 
of risk to the party best equipped to deal with the 
risk, such agreements are more difficult and costly 
to manage than is often realized (Whittington 2012; 
Alexandersson and Hultén, 2022, Europe). Notions 
such as optimal risk sharing are promotional. They 
are arguments in favor of approaches that bundle 
stages of development together, ultimately encour-
aging the consolidation of bidders into small num-
bers of qualifying consortia. Similarly, private finance 
is often a key argument in favor of pursuing a pub-
lic-private partnership. It is important to remember 
that all of this infrastructure, however it is procured, 
is ultimately paid for by the public (Dannin & Coko-
rinos, 2012). It is worth noting that the vast majority 
of high-speed rail systems in operation around the 
world today are publicly owned, either wholly by gov-
ernment agencies or through state-owned corpora-
tions, with at least partial government ownership of 
operations as well. There are prominent examples 
of public-private partnerships in high-speed rail that 
have either failed to meet performance targets for 
return on investment (e.g., Taiwan high-speed rail) or 
failed through bankruptcy of the firm (e.g., Spain to 
France international line and station), requiring cost-
ly government intervention and infusion of funds.

Figure 2.8: Phases of Work and Forms of Contract for Public-Private Partnerships
	 Adapted with permission from Pakkala (2002, p. 32)
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Though there are few examples, projects in the 
U.S. gravitate toward two extremes for high-
speed rail development, while international 
arrangements represent a wide variation in 
ownership structures for contracting. Curiously, 
procurement approaches to high-speed rail in the 
U.S. have been structured into contracts using de-
sign-build or design-bid-build procurement with the 
public entity as the owner (i.e., Amtrak Acela Express, 
and likely California’s high-speed rail), or with a private 
sector lead as the owner and operator of the system 
(e.g., Brightline Florida). Internationally, projects may 
involve multiple players—government and private 
corporations as the essential players, and some-
times state-owned corporations (Dutzik and Schnei-
der, 2011). The public agency is usually the program 
and/or project manager, using design-bid-build as 
well as design-build forms of procurement to hire 
firms for design and construction, or for the man-
ufacturing of rolling stock. In Europe, state-owned 
corporations often assume leadership in high-speed 
rail development, as found in Spain, Germany, and 
France. State-owned corporations can be defined as 
those in which the government retains majority own-
ership and control over the corporation, even if the 
government does not own 100% of the stock. Some-
times these state-owned corporations branch out or 
service other countries, which is quite common in 
Europe, as is the case for SNCF from France, which 
also operates on the Netherlands high-speed rail 
track. It is important to recognize that any portion 
of the development and operations can be delivered 
through a corporation with an ownership structure 
shared between government agencies and private 
firms. For example, the operation concessionaire of 
HSL-Zuid, High Speed Alliance, is a joint venture with 
90% from the state-owned corporation Nederlandse 
Spoorwegen (the Dutch national railway), and 10% 
from Air France-KLM (Dutzik and Schneider, 2011).

It helps to realize that a high-speed rail line is 
a massive program made of many engineering, 
construction, manufacturing, and assembly proj-
ects, each with its own market of competitors. 
Consider the approach to high-speed development 
in Spain. By the time Spain began plans for its first 

high-speed line, the development of high-speed sys-
tems in Japan, France, and Germany had already giv-
en rise to several public and private organizations 
capable of competing for the work. This meant that 
the government was able to contract out for the 
various components of the project without setting 
up its own manufacturing centers. High speed rail 
line developments were considered to be programs, 
consisting of several projects, each procured in a de-
sign-bid-build format, with the completion of design 
(subject to competitive bids by engineering firms), 
and approval of design by the government agency 
managing the program, followed by competitive bids 
for construction. European standards were priori-
tized, with consideration for the relative cost or ease 
with which companies could adapt to fit a shift in the 
standard (e.g., manufacturing longer or shorter rail 
cars), and the standards were used to promote mod-
ularization, further gaining benefits from economies 
of scale in engineering and construction (e.g., Landis 
2022, 7-8). All but one project—an international 
connection to France—was developed using public 
funds. Early on, before a go/no go decision has been 
made for a project, people make informal use of 
the media to shape and influence public discourse 
about the project and its features. Once the decision 
was made to start a project, a more formal process 
of engagement began, with planning and then envi-
ronmental review. Engineering was at 50% or more 
at the time of environmental review. In the European 
Union (as noted above for high-speed rail in France), 
the law supports the public administration’s effort 
to acquire land for infrastructure to serve public in-
terests. In Spain, after each high-speed rail line was 
defined to serve public interest, the government was 
able to move forward efficiently to acquire the land. 
Spain’s high-speed rail system is shown in Figure 2.9. 
Though there are differences between general met-
ro and high-speed rail stations, it is worth highlight-
ing that the City of Madrid completed 39 new metro 
rail stations between 1995 and 1999, including 23.5 
miles of expensive tunneling, at an average cost of 
$65 million per mile using modular designs for each 
station, which reduced complexity and made itera-
tive improvements possible (Balkus, 2022).
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Figure 2.9: Spain High Speed Railway System Map (Source: UIC, 2022)

Consider cultivating competition in the mar-
ket, as opposed to competition for the market. 
One critical factor for enhancing competition is how 
the operations of the system are structured, along 
with the development of the track and supporting 
equipment. When governments bundle operations 
together with track development, they are issuing 
requests for competition for the market (i.e., the win-
ning bidder and system will be the only organization 
serving the market for this line, and therefore a mo-

nopolist). This approach has been used in the British 
high-speed rail system, and was the arrangement for 
Taiwan high-speed rail’s public-private partnership. 
In Spain and France, the preference is for competi-
tion in the market for high-speed rail, in which op-
erators bid for the right to run services across the 
line/system, creating the possibility of competitive 
bidders for operations and the competitive differ-
entiation of services. Competition in the market is 
similar to the form of competition airlines use today, 
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     2.4 Effective high-speed rail development requires thorough and deliber-
ate public engagement coupled with planning and engineering

Summary. High-speed rail lines are initiated through reaching political consensus on the vision of the project, 
the long-term future of service, the growth of the region, and potential efficiencies and spillover effects. Ex-
perts encourage early outreach to local leadership, with a particular view of what it means for cities, counties, 
and other local and regional entities to become partners in the project. Academics encourage consideration, 
for example, of the role of transit-oriented development in providing affordable housing choices in proximity 
to station areas. Let technical considerations of planning, engineering, and cost, with business performance 
characteristics, drive the production of options for routes. All eyes will be focused on the selection of a route 
and stations from point A to B. Experts describe the need to enter environmental review with 50% of engineer-
ing complete, preferably for 2 or 3 alternative routes, though they would all need to be able to meet perfor-
mance expectations. Factoring in the location of electrical transmission lines on the grid during the selection 
of the route offers multiple cost-saving benefits, for capital cost, operating costs, and land acquisition. Don’t 
delay the engineering and construction of urban metro and airport stations, as each is its own megaproject 
in need of greater than 50% engineering at the time of environmental review. In other words, “Plan slow, act 
fast” (Gardner and Flyvbjerg, 2023). Plan slow; bring the engineering with you in a concerted program of public 
outreach. Plan slow; be able to explain the costs, impacts, and operational constraints, but also the services 
local communities will receive. Plan slow; reach political agreement early on to put institutions in place, such as 
land value capture as part of the financial structure of the project. Act fast, when the time comes to advance to 
detailed design, land acquisition, and construction. Act fast; in the move from engineering to construction the 
cost per day of work rises dramatically, which means that construction techniques matter. Act fast; inflation is 
not on your side. 

to determine the time slots for the origins and des-
tinations of flights. Note, though, that competition 
for high-speed rail operations in Spain and France 
are still structured so that the government owns the 
rolling stock (trains). Experts have also been quick to 
note the need for regular government inspections to 
keep up the quality of service; deterioration of ser-
vice quality is a threat that is present irrespective of 
the structure of ownership and operations. 

Continually assess the limits of your expertise, 
and get help. The public and private sectors play 
different roles at each stage of high-speed rail de-
velopment and service. The U.S. public sector has 
experience providing a limited set of megaprojects 
in its own region. Experts cautioned against think-
ing that an organization could simply proceed in the 

development of high-speed rail as though it were a 
higher-speed version of existing service, such as Am-
trak, or proceed in the same way as one would for 
a highway development, and expect good results. 
High-speed rail brings new requirements for exper-
tise and experience in creating an integrated system, 
which differs from those gained from civil projects 
(such as building bridges and highways). In contrast, 
the firms in these markets have concentrated expe-
rience and will become the sources of information 
asymmetry about design choices, cost, and profit-
ability. This means that having international experts 
as in-house expertise representing the interests of 
the public sector is critical, especially in the begin-
ning of the project, to provide industry context and 
insight.
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High-speed rail lines are initiated through reach-
ing political consensus on the vision of the project, 
the long-term future of service, the growth of the 
region, and potential efficiencies and spillover ef-
fects. If designed well and developed efficiently, high-
speed rail can have a positive impact on the local and 
regional economy. This positive impact can galvanize 
political leadership to reach consensus in favor of a 
project and the future made possible by such a proj-
ect. The main mechanism of this effect is economic 
agglomeration in urban settings, with positive spillover 
effects to suburban and rural areas (Landis, 2022). Eco-
nomic agglomeration describes the advantages in large 
urban markets that arise from greater specialization, 
shared intermediate suppliers, a shared labor pool, 
and localized transmission of knowledge and ideas 
(Marshall, 1890). It refers to a dynamism that may be 
evident in lowering the cost of doing business, increas-
ing the pace and breadth of innovation, and spurring 
economic growth in employment and associated urban 
development. Agglomeration effects are commonly ob-
served in cities with high-speed rail stations (Shao et al., 
2017, China; Wetwitoo and Kato, 2017, Japan). As would 
be expected, agglomeration effects are more likely to 
occur in the metro urban hubs along high-speed rail 
systems, with concentrations in finance, technology, 
and business (Shao et al. 2017; Li et al., 2020; China). 
Spillover effects to suburban and rural areas can take 
the form of increased economic growth as well, with 
growth in employment (Lin, 2017, China high-speed rail) 
and increased attractiveness for office location choice 
(Willigers and van Wee, 2011, Belgium, Netherlands, 
Germany). Spillover effects have several mechanisms, 
including knowledge diffusion, labor market pooling, 
and the effects of improved access to intermediate 
goods and consumer markets through enhanced ac-
cessibility (Ahlfeldt and Feddersen, 2018, Germany). In 
these studies, the positive impact of high-speed rail is 
observed when using a large geographic unit of analy-
sis (e.g., state instead of city), and measured over a long 
period of time (Cheng and Chen, 2022, Meta-analysis). 

Experts encourage early outreach to local leader-
ship, with a particular view of what it means for cit-
ies, counties, and other local and regional entities 
to become partners in the project. Interviewees note 

that the time needed to engage local governments, in 
general and with respect to specific permits and agree-
ments, can delay high-speed rail development during 
its most costly phases of engineering and construction 
(California). Early outreach, with candid conversations 
about the changes such a project would bring and ad-
vanced schedules for work to expedite permitting are 
recommended (e.g., Eno Center for Transportation, 
2021; 2022). It is also helpful to realize that the expe-
rience of the project for local jurisdictions will spread 
beyond the doors of each station along the route. Ac-
ademic researchers have cautioned that achieving the 
perceived benefits of high-speed rail requires careful 
land use planning strategies, for example, perhaps 
even more so in suburban and rural areas than in the 
vicinity of metro stations (Nuworsoo and Deakin, 2009, 
California). Access to stations along a high-speed route 
can induce demand, encourage more people to move 
to the area and raise property values. Studies have 
shown that access for small and medium-sized cities 
to high-speed rail stations raises housing prices (Chen 
and Haynes, 2015; Pagliara, 2019; Wang et al., 2019; 
China and Italy). Stations inspire new development, 
which should include an expansion of housing sup-
plies. The development of Bordeaux-St-Jean train sta-
tion, for example, along the Nimes-Montpellier Bypass 
in France, has led to the emergence of a business dis-
trict with 161,000 sq. ft. (15,000 m2) of newly developed 
housing units, most of which are available for a 25% 
social rental subsidy. 

Academics encourage consideration, for exam-
ple, of the role of transit-oriented development in 
providing affordable housing choices in proximity 
to station areas. A variety of housing choices will be 
needed to serve existing and newly attracted residents 
in a transit-oriented environment, with additional im-
provements in the form of non-automobile options to 
access station areas and carefully managed automobile 
access to stations to minimize the disruption brought 
on by the influx of travelers or due to the station area 
itself (Nuworsoo and Deakin, 2009, California). Con-
sider, for example, the development of station areas 
along the route of Taiwan’s high-speed rail line (Figure 
2.10). For the first line and set of stations, the stations 
that were located within urban settings included Taipei 
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(central metro area), Taoyuan (suburban Taipei), Hsin-
chu (industrial park), and Kaohsiung (urban and indus-
trial urban hub). Some of the other stations, such as 
Chiayi, and Tainan, were located at some distance from 
urban areas. In order to connect to the high-speed rail, 
local transport authorities provide transfer options 
from the city centers to the stations through buses, 
conventional rail, and metros. The reasons for this 
have to do with the design of the route for high-speed 
service, which was informed by years of research and 
preliminary engineering from the government agen-
cies and state-owned corporations of Japan and France 
in the high-speed rail industry. The more remote the 
station, the more the station area was provided with 
dedicated land for the development of supportive in-
frastructure and land use, including parking areas, and 
other transportation facilities, and development land 
for commercial and residential use (Feng, 2011; Taiwan 

Railway Bureau, 2021). Planners expect high-speed rail 
station areas to become centers for new communities, 
offering affordable housing early in the development, 
as access to the service will increase the property val-
ues of the area over time.

Let technical considerations of planning, engineer-
ing, and cost, with business performance charac-
teristics, drive the production of options for routes. 
Experts describe a pivot point early in high-speed rail 
project development that is important to observe and 
act on. Political consensus, including public participa-
tion, should be formed around overall principles for 
the service and operations, such as expected service 
levels and system capacity, climate targets, cost re-
duction goals, and system resilience, which have the 
effect of setting parameters for the design of the sys-
tem, overall. Once political consensus is formed, with 
its commitment to raise public funds, the focus of the 
work must turn to technical considerations to gener-
ate options for routes that offer the realistic promise of 
high-speed performance in metro-to-metro markets. 
As noted above, there should be a clear and clean dis-
tinction between the formation of political consensus 
and the planning of the route. Many variables, such as 
terrain, land availability, and connection to the power 
grid, define the feasibility of a route. Seemingly small 
political choices about the route can deprive the whole 
high-speed rail system of its opportunity to deliver peak 
speed, maximize economic agglomeration and spill-
over effects, and achieve economies of scale in project 
delivery. People also may not realize how difficult it is 
to cost-effectively modify the system after construction 
to improve performance (i.e., operate at higher speed). 
At the outset, engineering creates the possibility of a 
maximum safe speed of operation; a speed that cannot 
be exceeded. The political and technical work continue 
to be closely tied, but with distinct roles. Before and 
during mandated environmental reviews, the techni-
cal exercises of planning and engineering are tasked 
with delivering, to political leadership and the public, 
route and station designs with increasingly accurate 
bottom-up estimates of the cost and time of delivery. 
Public funding and public engagement require this in-
formation to be able to sustain consensus among po-
litical decision-makers and broaden public awareness 

Figure 2.10: Taiwan High Speed Railway System Map
        (Source: Ministry of Digital Affairs, Taiwan, 2022)



33Chapter 2 Critical Topics for Early High-Speed Rail Decision-making

with realistic snapshots of design options under con-
sideration (i.e., options that do not diminish system 
performance), timelines, operational characteristics, 
and estimated capital and operational costs, among 
other things.

All eyes will be focused on the selection of a route 
and stations from point A to B. The go/no go decision 
is usually tethered to forecasts of ridership between 
two metropolitan centers, with secondary consider-
ation for stations along the route. In Europe and China 
there are many choices for connections between major 
metropolitan areas. The selection of metropolitan cen-
ters is used to consider whether there will be enough 
actual market demand for high-speed services to sup-
port their own operation and maintenance costs with-
out significant public subsidies. Ticket pricing also mat-
ters, as ticket prices can be competitive with air travel 
at high speeds. For example, Figure 2.11 shows thresh-
olds of passenger density needed for revenue to meet 
the cost of China’s high-speed rail service (World Bank, 
2019). For 124 to 155 mph (200 to 250 kph) trains, 20 
million passenger miles per mile are needed each year 
to meet the cost of operation and maintenance. For 
the 186 to 217 mph (300 to 350 kph) trains, which have 
considerably higher ticket prices, 10 million passenger 

miles per mile each year to meet the cost of opera-
tion and maintenance (based on data from 2016). Note 
that the cost of interest (financing) can double the cost 
of the project, which speaks to the large capital cost 
of these projects and the long time frame of financing 
(assumes 50% of capital cost financed over a 20 year 
period). When considering the additional stations along 
the line, experts note that the factors that matter in 
the design of metro stations are different than those in 
suburban and rural areas. Metro stations are needed 
within city centers, operating together at the hubs of 
existing commuter rail and bus services, and integrated 
into airports. Experts strongly recommend that subur-
ban and rural areas be served with stations that exist 
at the city edge, periphery, or even some distance from 
the city, at locations that can provide access to the sys-
tem (for trains making multiple stops, for example), but 
do not detract from the need for express train services 
to travel at peak speed. Station location choice is illus-
trated for Spain’s high-speed rail system in Figure 2.12. 
Such strategies reinforce the prospect of new growth 
and development around station areas. 

Experts describe the need to enter environmental 
review with 50% of engineering complete, prefera-
bly for 2 or 3 alternative routes, though they would 
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Figure 2.11: Breakeven Passenger Density at Opening, China High Speed Rail (Source: World Bank, 2019)
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all need to be able to meet performance expecta-
tions. Internationally, experts prefer to conduct envi-
ronmental review with 50% of engineering complete, 
for 2 or 3 alternative routes, each capable of perform-
ing peak speeds for services, ridership, and associated 
revenues. In the U.S., this would mean more invest-
ment in planning and engineering in advance of envi-
ronmental review than is usually contemplated, and a 
programmatic form of environmental review, setting 
up programmatic permitting for all but the environ-
mentally sensitive areas impacted by the development. 
Experts describe the need for a systematic approach 
to planning and designing the routes and associated 

stations, to ensure the interoperability of the various 
systems involved, such as the track, the rolling stock, 
the civil engineering and construction, the operational 
system, and the utility and energy systems, and to be 
able to take a concerted approach to forecasting what 
is likely to happen over the long timespan of project 
development and operations. How this should look in a 
timeline of project development, is shown in the exam-
ple of high-speed rail development in France in Figure 
2.13. France already benefits from well-established in-
stitutions and organizations for delivering high-speed 
rail, which means that this timeline reflects what could 
be possible if changes in institutional arrangements 

Figure 2.12: Station Location Choice in Spain High Speed Rail System
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are made for such projects in the U.S. and Canada. In 
French high-speed rail development, projects begin 
with 2-3 years of public debate, resulting in a go/no go 
decision. This is also the pivot point of political consen-
sus. This is followed by 4-5 years of preliminary studies, 
beginning with specifications for the system, compara-
tive analysis of routes, the selection of a route, and the 
legal determination to show whether the public inter-
est will be served by the project, despite the damages 
that will be associated with its development and oper-
ation. This is followed by 6-8 years of implementation, 
beginning with detailed design and land acquisition 
and ending with the commissioning of the project (to 
begin operations).

Factoring in the location of electrical transmission 
lines on the grid during the selection of the route 
offers multiple cost-saving benefits, for capital cost, 
operating costs, and land acquisition. High-speed 
rail operations require access to the high levels of en-
ergy found on the transmission lines of the electrical 
grid. This access has to be provided at multiple points 
along the route; the equivalent of building multiple 
electrical substations. Experts interviewed explained 
that the lack of familiarity with this requirement by U.S. 
transportation experts—whose work experience is 
mainly on highway development—could lead to a cost-
ly loss of opportunity during the planning of the route. 

Furthermore, the electrical needs of high-speed rail op-
erations have an unusual profile over time, tied to the 
need to provide each individual train with a large pulse 
of energy (equivalent to the needs of a small town), as 
the train passes by each connection to the grid. As the 
number of trains in service usually grow over time, so 
do these requirements for energy supply. This profile 
of energy supply is unusual for electric utilities in the 
U.S.. Experts familiar with the California high-speed rail 
project noted the challenge of obtaining agreements 
from existing utilities to service the electrical needs of 
the project, for example, in part due to questions about 
the likely effects of short bursts of supply on the stabil-
ity of the grid, and due to the amount of capital invest-
ment that would be required of the utility to service the 
project. Interviewees note that the route for the Califor-
nia project was not selected for optimal access to the 
grid, though doing so could provide multiple benefits 
to high-speed rail. Aligning the route with the transmis-
sion lines of the electrical grid reduces the capital cost 
of the high-speed rail project by reducing the need for 
the project and/or utilities to install and service new ad-
ditional transmission lines and substations. New capital 
investments in substations and connections to trans-
mission lines are needed all along the route, with more 
provided where trains travel up a gradient; on California 
high-speed rail the cost of the simplest form of connec-
tion, a substation cutting into an existing transmission 
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not?
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Figure 2.13: French Team Presentation of Project Delivery Process 
	           Source: High-Speed Lines in France, Seattle-France Dialogue, Ministère de la Transition 
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line, can exceed $40 million, with more transmission 
causing costs to rise to as much as $110 million per 
connection. Power is lost in transmission, mainly as 
heat from conductors, which means that the distance 
between the existing electrical grid, with its power sup-
plies, and the high-speed rail connections to the grid, 
will suffer some degree of losses over time, making the 
utility cost of operating the project more expensive. A 
route aligned with the grid, if arranged in partnership 
or agreement with the grid owner/operator (often an 
electric utility), also offers the potential to alleviate land 
acquisition costs, at least for a portion of the project.

Don’t delay the engineering and construction of ur-
ban metro and airport stations, as each is its own 
megaproject in need of greater than 50% engineer-
ing at the time of environmental review. Urban 
metro and airport stations are, in and of themselves, 
infrastructure megaprojects. Each may be as large and 
involved as the tunnel project that replaced Seattle’s 
Alaskan Way Viaduct (Riddle and Whittington, 2022). 
The relative cost and difficulties included in their design 
will result in these stations taking longer to design than 
the rest of the system. It is important to know that this 
is normal, and to be expected: it is easier to plan and 
design for track, structures, and substructures through 
rural areas than urban centers. Experts strongly advise 
the early and deliberate effort to deliver these station 
developments on time for the launch of operations, 
and not to postpone their development to later periods 
of the project. These station developments should de-
fine the critical path for the schedule of the project as 
a whole—the tasks that must be completed before the 
project can move forward to the next stage of develop-
ment (i.e., planning, the various stages of engineering, 
construction). Experts in high-speed rail station design 
describe the need to bring together a broader coalition 
of expertise for these projects compared to other parts 
of the system. Station designs concern the effect on 
the surrounding area, the security of the station, and 
the connection with local transport and other major 
transportation hubs, such as existing airports and mul-
timodal transit centers. Their design requires all the rel-
evant experts and stakeholders, including the system 
operators, electrical engineers, security experts, com-
munity leaders, to be involved in the early stage to have 

a unified and comprehensive vision. City center sta-
tions have been shown to increase surrounding prop-
erty values and spur development, in ways that can be 
challenging to predict and are somewhat dependent 
on local desires for change. For example, the upgrade 
of London Kings Cross Station in the UK in the 2000s 
led to a complete transformation of the surrounding 
area, and attracted substantial new private investment. 
In many metropolitan areas, old train stations in in-
ner cities have been upgraded to accommodate high-
speed trains. Across the board, studies have found that 
inner-city stations raise residential property values due 
to increased accessibility, higher investment attractive-
ness, and greater access to public service infrastructure 
(Geng et al., 2015; Diao et al., 2017). Careful planning is 
needed, however, for the area and services around the 
station as well as the design of the station itself, as sta-
tions can bring increasing traffic congestion and crime, 
and train operations bring engineering challenges to 
address noise, vibration, and electromagnetic radiation 
(Geng et al., 2015). Altogether, these issues require a 
deeper consideration of engineering approaches than 
may be typically appreciated for projects at the stage of 
environmental review in the U.S.

In other words, “Plan slow, act fast” (Gardner and 
Flyvbjerg 2023). In their effort to distill research into 
simple principles to help megaprojects succeed, titled 
How Big Things Get Done (2023), Bent Flyvbjerg and 
Dan Gardner suggest that people “plan slow” to be able 
to “act fast.” As they say, “Getting to the action quick 
feels right. But it’s wrong.” This message conveniently 
encapsulates several strands of expert advice and re-
search reviewed for this report.

Plan slow; bring the engineering with you in a 
concerted program of public outreach. There is 
no singular day in the development of a project that 
is most appropriate to begin public outreach. People 
want to know how their communities would be impact-
ed in both positive and negative ways from the plans 
for high-speed rail, in whatever stage of development 
those plans happen to be in. For projects with such 
lengthy timelines and whole system implications, out-
reach should begin early and give an honest depiction 
of the designs under consideration. Municipalities, 
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counties, and their elected representatives may want 
to bargain for something that is perceived to be a bet-
ter deal, asking for changes to the project design. Com-
munities pay attention to the deliberations as they are 
carried out with other cities in the vicinity of the route, 
and adjust their expectations accordingly. Experts de-
scribed this as a “knock-on effect” happening in proj-
ects in the U.S. where, having seen one suburban or 
rural community successfully negotiate to bring the 
route and station into their city center with a relatively 
expensive tunneled or elevated track and station—as 
opposed to a station on the periphery or at ground 
level—the next community makes the same demands 
(California). For planners and engineers on the proj-
ect, these recommendations pose distinct challenges 
for public engagement as well as project design. Peo-
ple need a clear accounting of the ways in which each 
seemingly small change would add up to a shift in proj-
ect design, cost, operation, and service, that would ulti-
mately reduce the functions and financial performance 
of the project overall, and a responsive dialogue to find 
workable solutions that do not detract from project 
performance. Early engagement that reaches out to 
each community simultaneously can reduce the risk of 
competition for compensation from the project in the 
“knock-on effect”. 

Plan slow; be able to explain the costs, impacts, 
and operational constraints, but also the services 
local communities will receive. Experts suggest that 
public outreach should involve community advocates, 
convey the actual impacts of the project with a legal-
ly defensible environmental review, and present both 
the direct and indirect benefits in a tangible way. Ad-
vocates are often found in the younger generations 
who are more open to the idea of traveling by train 
and more likely to see themselves benefiting from the 
project. Equity should be at the forefront of communi-
ty engagement to ensure people are treated fairly and 
benefits are equally distributed. The National Environ-
mental Policy Act and its state-level equivalents serve 
unique purposes in coordinating public agencies and 
environmental scientists to survey and disclose to the 
public their assessment of the impacts that programs 
and projects will have on the environment, in the inter-
est of mitigating those impacts. Interviewees explained 

that the investment of time and effort in environmen-
tal review matters. People, property, and natural sys-
tems are obviously affected by construction, and peo-
ple rightfully care about changes in zoning and market 
conditions for their homes and businesses. These are 
real issues that need to be recognized and appreciated 
by everyone involved, with planning and mitigation. At 
the same time, people can be vulnerable to misinfor-
mation about high-speed rail projects, and engineers 
and operators can assist in debunking misconceptions, 
sometimes with the aid of online tools for visualizations 
and virtual experiences of how activities will be carried 
out, and how the system works and will function. A le-
gally defensible, thorough, and systematic environmen-
tal review can help communicate impacts to communi-
ties and reduce risks of disputes. It is also important, 
however, to make the benefits and the user experience 
more tangible to the communities than is typically pos-
sible in an environmental assessment. On the positive 
side, experts suggest that people should be able to see 
and ideally participate in station area design, and have 
access to proposed interior designs of the station facil-
ities and the conceptual designs of the seating arrange-
ments. Service characteristics, such as the frequency, 
speed, and price of trips should be discussed, along 
with the indirect benefits, such as the job opportunities 
and the economic benefits to local businesses. 

Plan slow; reach political agreement early on to put 
institutions in place, such as land value capture as 
part of the financial structure of the project. Orga-
nized interests in markets in the U.S. move quickly to 
attempt to either capture value from infrastructure in-
vestments through speculation in the price of land or 
to organize in opposition to the infrastructure devel-
opment. In the U.S., early public engagement on route 
selection for a project, with years to go before land ac-
quisition, can look like an invitation to dispute the val-
ue of land needed for the development of the project 
(e.g., Eno 2021, 2022; California, Texas, Florida). In the 
European context, a legal determination that a partic-
ular route and set of stations is in the public interest 
offers a way to avoid these problems. Such different 
institutional arrangements inspire two separate ways 
of looking at the problem for high-speed rail in the U.S.. 
One approach would be to arrange for a change in the 
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institutions used to govern high-speed rail projects in 
the U.S. for an outcome similar to Europe. To be clear, 
the effect would likely be more wholesale exercise of 
easements and eminent domain over property on the 
route, limiting speculation and disputes but also limit-
ing local compensation for takings. Another approach 
would be to recognize speculation as a form of benefit 
derived from the project and use already common sys-
tems of land value capture in the U.S., such as special 
assessment districts, to incorporate part of the rising 
property value into the revenue stream of the project. 
Necessity is the mother of invention. High-speed rail 
projects in France and Spain do not directly involve 
land value capture in their revenue stream, and one 
reason for this could be the relatively well-defined legal 
environment for their projects. 

Act fast; when the time comes to advance to de-
tailed design, land acquisition, and construction. 
There is a tension in U.S. processes for large scale in-
frastructure development between the desire to hire 
detailed engineering and construction firms as soon 
as possible and the need to engage in a thorough and 
objective process of environmental review with the 
participating public. There are several possible reasons 
for the tension, but one commonly understood rea-
son is the daily expense of having those firms on the 
project. Opposition could form against a high-speed 
rail project for many reasons, all of which threaten to 
substantially delay a project during environmental re-
view, permitting, and land acquisition, resulting in out-
sized payments for engineering and construction. The 
public may fear the large cost, or that their tax dollars 
would be used to subsidize a for-profit entity (Ho and 
Tsui, 2010). Literature suggests that the public agency 
should be prepared to do extensive early planning and 
environmental review before submitting the projects 
for a high-speed rail program to bid (Dutzik and Schnei-
der, 2011; Omega Centre, 2014). In the U.S., there are 
organizations with vested interests against rail projects 
(or more generally, against the electrification of trans-
portation), who can be expected to try to rally opposi-
tion (California). These interests should be recognized 
as early as possible, before environmental review ends 
and land acquisition begins, because such disputes 
can tie up a project in the court system. Interviewees 

explained that well-funded organizations that oppose 
projects have no interest in settling outside of court. 
The idea of planning slowly is one of using time that 
is relatively inexpensive—before hiring for these last 
stages of design and construction—to make all nec-
essary arrangements and settle disputes. This also fits 
with the idea of programmatic environmental review, 
obtaining permits and closely examining the condi-
tions necessary for obtaining easements and property 
on the route while at the programmatic level, creating 
standardization in permitting and land acquisition. 

Act fast; in the move from engineering to construc-
tion the cost per day of work rises dramatically, 
which means that construction techniques matter. 
The idea of planning slowly and deliberately is to be pre-
pared to act fast when the cost of each day on the job 
involves hundreds, if not thousands of workers. For de-
tailed engineering and construction, concepts such as 
standardization and modularization are shorthand for 
vast changes that have been underway in the industry. 
Modular systems with precast components are already 
used in light rail construction in the U.S., and can be 
similarly effective in high-speed rail civil and structural 
work, as shown in international markets (Asia, Europe). 
Experts commented on the value of using such systems 
in terms of reducing costs and the time required for 
construction. Comments included the idea that precast, 
modular design could minimize the width of the right-of-
way needed for the development of the route and im-
prove the schedule for delivery, which suggests that the 
cost-effect of engineering and construction approaches 
can be much more widespread than the process of con-
struction itself. 

Act fast; inflation is not on your side. Time is mon-
ey. By the time firms are on board for land acquisition, 
detailed engineering, and construction, time is very 
expensive. Delays to projects are a significant factor in 
cost overruns, observed in high-speed rail case studies 
in Taiwan, the Netherlands, and Texas (Alexandersson 
and Hultén, 2022; Dutzik and Schneider, 2011; Hodge 
and Greve, 2017; Koppenjan and Leijten, 2014; Roll 
and Verbeke, 1998). Many reasons can lead to delay, 
such as public opposition (the Netherlands HSL-Zuid), 
litigation (Texas Central), coordination issues (the Neth-
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erlands HSL-Zuid), and the renegotiation of public pay-
ments to a public-private partnership (Taiwan). In the 
U.S. the litigation that delays project development of-
ten arises either during environmental review or with 
respect to land acquisition. The Texas Central project 
(Figure 2.14), for example, faced a two year delay as 
a result of a dispute with a landowner. James Fredrick 
Miles challenged Texas Central’s eminent domain pow-
er by claiming they were not a railroad company under 
the Texas Transportation Code (Supreme Court of Tex-
as, 2022). After Miles secured a victory in the trial court, 
the court of appeals revised the ruling, which was later 
affirmed by the Supreme Court of Texas. This allowed 

Texas Central to use eminent domain to acquire land 
for the project. Brightline Florida has used existing 
transportation corridors to try to avoid problems with 
the land acquisition process. Brightline upgraded the 
existing Florida East Coast Railway mainline for use as 
a shared rail corridor from Miami to Cocoa, and used 
the existing Beachline Expressway between Cocoa and 
Orlando (High Speed Rail Alliance, 2022). This strate-
gy can limit the peak speed of operations, depending 
on the configuration of the existing corridor. Published 
speeds for the system are close to 80 mph (129 kph), 
with news reports of trials scheduled to reach 110 mph 
(177 kph).

Figure 2.14: Texas High Speed Railway System Map (Source: Texas Central, 2022)
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     2.5 High-speed rail is increasingly discussed as a form of climate action

Summary. As an electric system, high-speed rail has the potential to offer advantages in the effort to decar-
bonize transportation compared to other travel modes (i.e., auto, airline, and heavy rail train). The idea that 
renewable sources, such as solar energy, could power high-speed rail operations, puts rail operations in the 
energy business. Part of the essential story for the public about rail transportation is the comparative effect on 
personal emissions. Rail, like other modes of transportation are exposed and vulnerable to disruption, though 
the nature of those vulnerabilities differ. Designing for resilience is the only and best option, with an under-
standing from the beginning of the effects of climate change across the topography of the region.

As an electric system, high-speed rail has the po-
tential to offer advantages in the effort to decar-
bonize transportation compared to other trav-
el modes (i.e., auto, airline, and heavy rail train). 
There are several factors to consider in the analysis 
of the effect of high-speed rail on greenhouse gas 
emissions, such as the sources and amounts of emis-
sions that result from operations, and the sources and 
amounts that result from construction of the facility, 
in comparison with the same factors for transport by 
alternative means. Emissions may be measured as 
greenhouse gases collectively (metric tons, Mt of car-
bon dioxide equivalent, CO2e) or individually (e.g., met-
ric tons of carbon, or carbon dioxide). When compared 
with other transport modes, high-speed rail also has to 
achieve a certain level of ridership in order to outper-
form other modes in the reduction of emissions. These 
estimates can be over differing periods of time, such 
as one trip, one year, or the complete lifecycle of the 
facility. One recent study, for example, examined the 
full set of commercial air and high-speed rail services in 
China and concluded that air travel emits seven times 
the carbon emissions per passenger mile than high-
speed rail, and that the substitution of rail travel for air 
travel has brought about a reduction in annual emis-
sions of 12 million metric tons, though more would be 
possible if the sources of energy used to power high-
speed rail were clean (Strauss et al., 2021, China). In the 
U.S., estimates suggest that the operation of the Cali-
fornia high-speed rail system will reduce greenhouse 
gas emissions from transportation by offsetting air and 
auto travel. Published in 2008, the estimates were 1.15 
million Mt CO2e reduced per year (CARB, 2008), and 
3.08 million Mt CO2e reduced per year as of 2030 (the 

increase due to forecasts of increased ridership over 
time, CHSRA, 2008). These estimates are based on rid-
ership forecasts for the high-speed rail compared to 
air and auto travel. They are also based on the effort 
underway to rely on renewable energy to power the 
operation of California’s high-speed rail system. At least 
for operations, this commitment gives high-speed rail 
an emissions advantage over air and auto travel over 
the next 20 years, if not more, as estimates suggest 
that it will take decades for automobile travel to fully 
electrify, and non-emitting alternatives to fossil fuels 
for air travel have yet to enter the market. Adding the 
emissions that occur due to construction of the facility 
(and over the lifetime of operations and maintenance) 
provides a picture of the lifecycle of emissions for a 
high-speed rail project. Since the California project is 
committed to clean energy for its operations, lifecycle 
emissions for the first phase of California high-speed 
rail (San Francisco to Anaheim) amount to an estimated 
2.4 million Mt CO2e, due to material production (e.g., 
concrete and steel), material transport, and the use of 
fuel for equipment during construction of the facility 
(Chang and Kendall, 2011; California). If ridership es-
timates from CARB (2008) bear out, this results in the 
high-speed rail project reducing enough emissions (by 
substituting auto and air trips for rail trips) to offset the 
emissions from construction for the lifespan of the fa-
cility. This is also a conservative estimate, in that it does 
not include the emissions needed to construct highway 
or airport facilities.

The idea that renewable sources, such as solar en-
ergy, could power high-speed rail operations, puts 
rail operations in the energy business. Rail oper-
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ating costs consist of labor and utility costs, plus the 
cost of routine annual and periodic maintenance. Of 
those expenses, the estimated utility cost for California 
high-speed rail is about $17 million a year, to service 
the initial 171 mi (275 km) of track. It can be helpful to 
break down these costs, to understand how they add 
up. There are different standards for electrical supply 
to high-speed rail, but 25 kilovolts is a common stan-
dard, leading to an estimated 8 megavolts needed per 
train—the amount of energy that typically serves a 
small town. This amount of energy suits the assump-
tion that the train is moving between 200 and 300 kph 
(124 - 186 mph), carrying about 200 passengers (i.e., 
7-14 cars in the train, depending on the configuration 
of cars and standard for rolling stock, which vary for the 
length of car). The higher the peak speed, the greater 

the utility cost of the system. Also, as everyone knows, it 
takes more energy to move uphill, and California high-
speed rail’s routes are designed with a maximum 3.5% 
gradient (likely 3% in most areas). To provide this ener-
gy, capital improvements are needed. Along the route 
and in stations, trains need utility connections (feeds 
from 115 or 230 kilovolt transmission lines). More sta-
tions and more locations with gradients require more 
such investments. The costs of these connections to 
the electrical grid add up; they are substations, some-
times accompanied with miles of transmission lines to 
reach the existing grid, and the estimated cost for each 
utility connection ranges from $50 million to as much 
as $110 million to build, and they become part of the 
overall capital cost of the system (Figure 2.15). The key 
question for high-speed rail is what to use as the source 

Figure 2.15: California High Speed Rail System Estimated Cost Per Mile (Source: CHSRA 2022)
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or sources of energy to operate the system. California 
high-speed rail is committed to using only renewable 
energy. If the utilities along the route do not want to 
be responsible for supplying the energy to operate the 
project, then the project has to get into the energy gen-
eration business. The connections to the grid will still 
be important to have, but the project will have to create 
its own supply of energy as well. California high-speed 
rail is designing solar panel and battery systems along 
the excess right-of-way of the route. The same utility 
connection along the route of the California high-speed 
rail, in the form of a project-owned solar panel and bat-
tery system costs an estimated $42.5 million to build. 
This is the cost of a system that would provide enough 
power to support one train per hour, per direction, 
for 18 hours per day, traveling at a maximum speed 
of 220 mph (350 kph). So designed, the initial 171 mi 
(275 km) section of the system could be provided with 
the electricity to support 2.5 million miles of train ser-
vice per year. As the train system and services grow, 
more solar panels and batteries can be added. Solar 
and battery systems have useful lives greater than 20 
years. By these simple estimates, if the project relied 
on solar for 100% of its power, California’s high-speed 
rail could generate $17 million in utility cost savings per 
year, for each year in the useful life of the solar and 
battery systems. If solar and batteries replace the need 
for grid ties, then the lower capital cost of solar con-
nections also saves money. Alternatively, grid ties allow 
the project to sell back excess electricity from solar to 
the grid. In other words, solar power generation could 
partially subsidize the cost of operating California high-
speed rail.

Part of the essential story for the public about rail 
transportation is the comparative effect on person-
al emissions. In April 2022, the California High-Speed 
Rail Authority launched the Carbon Footprint Calcu-
lator. This provides the public with an opportunity to 
see what the greenhouse gas emissions would be for a 
trip between a chosen origin and destination, by high-
speed rail, car, or by air (Figure 2.16, for example, shows 
data for San Francisco to Los Angeles). By transform-
ing the emission savings (pounds of CO2e) into tangi-
ble equivalents, such as gallons of gasoline, pounds of 
coal, number of tree seedlings (carbon sequestered), 

or pounds of waste recycled, the site allows users to 
see how their high-speed rail trips avoid greenhouse 
gas emissions and contribute to climate action. 

Rail, like other modes of transportation are ex-
posed and vulnerable to disruption, though the 
nature of those vulnerabilities differ. Only a small 
number of studies have examined the impact of se-
vere weather events on the reliability of high-speed 
rail. One exception is a study comparing the impact 
of severe weather events on high-speed rail and on 
aviation’s on-time performance in China (Chen and 
Wang, 2019, China). Examining 350,000 performance 
records from the period 2016-2017 and daily weath-
er information from the National Climatic Data Center 
of the National Oceanic and Atmospheric Administra-
tion, the study found high-speed rail to be more resil-
ient, overall, compared to aviation. The types of events 
considered included fog, thunder, snow, strong wind, 
and heavy precipitation. It also found that of the col-
lection of extreme events studied, snow has the most 
impact on high-speed rail operations. That said,when 
considering the effects of climate change on extreme 
weather and on the function of systems such as high-
speed rail, additional factors should be addressed. A 
review of the literature (Binti Sa’adin et al. 2016, Ma-
laysia), supplemented with expert interviews, argued 
that extreme events can lead to asset system failure, 
degraded operations, and delays in services, highlight-
ing the risks of flooding, drought, and high temperature 
increases on track damage and embankment deterio-
ration. These risks will not be experienced in uniform 
ways across the terrain or across communities. This is 
a relatively new field of study, and a more broad re-
view of the literature, on the topic of railway resilience 
(Bešinović, 2020, Review) identified six future directions 
for research, including learning from ex-post historical 
data, considering interdependency of critical systems, 
dealing with multiple simultaneous disruptions, incor-
porating resilience in planning, considering the impact 
of climate change, and integrating demand-centered 
and community resilience.

Designing for resilience is the only and best option, 
with an understanding from the beginning of the 
effects of climate change on the topography of the 
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region. Climate change is already affecting the perfor-
mance of infrastructure in the U.S., and these impacts 
can be expected to grow unless and until they are ad-
dressed through the redesign or redevelopment. All 
infrastructure systems—indeed, all man-made prod-
ucts—are designed to function within set parameters, 
such as exposure to heat, wind, and water. Continued 
greenhouse gas emissions will continue to raise global 
average temperatures and with that, continue to dis-
rupt numerous natural and physical systems that en-
gineering disciplines have taken to be stable over time. 
Our changing climate is thereby changing the assump-
tions needed for successful infrastructure design, con-
struction, and operations, and this includes high-speed 
rail. The approach to design that is needed is one 
where the likely extremes in exposures and events due 
to climate change are forecasted for the lifespan of the 
high-speed rail system, and the design of the system 
accommodates the highest of those extremes, in each 
category of exposure and event. This approach is con-
servative, recommended by the World Bank and other 

organizations due to the cost savings associated with 
resilience and business continuity (World Bank, 2021, 
chapters 5 and 6). Research suggests that every dollar 
of investment in resilience for infrastructure (modified 
designs and locations), avoids four dollars from loss 
and damage (Hallegate and Li, 2022). This means that 
each dollar invested in the selection of a safer location 
for a project or a more resilient design for the proj-
ect will generate savings several times over from the 
avoided losses and damages that would have accrued 
during the lifespan of the asset.

per-passenger round trip
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390 
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gasoline car round trip

HSR per-passenger round-trip
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Figure 2.16: California High Speed Rail Output for a Trip from San Francisco to Los Angeles (Source: CHSRA, 2022)

802 
miles 

round-trip 

San Francisco

Los Angeles



44 June 2023KEEPING IT ON THE TRACK | High Speed Rail Success and Lessons Learned

CHAPTER 3

Case Studies of High-speed Rail 
Development

Figure 3.1: Cases Studied for this Report

The research for this report includes the study of a set 
of international and domestic cases of high-speed rail 
development. This small sample of lines and systems 
was selected for its ability to represent a wide variety of 
approaches to project design and development, within 
institutional and geographical contexts that offer some 
opportunity for comparison. The key facts and opin-
ions found in Chapter 2 reflect, in part, the result of 
research on the historical development, services, op-
erations, governance, and geographic context of these 
systems (Figure 3.1). 

International
	• The corridor linking Paris, France to Amsterdam in 

the Netherlands
	• The high-speed rail systems of Spain
	• Taiwan high-speed rail, linking Taipei to Kaohsiung

United States
	• California, linking San Francisco and Sacramento to 

Los Angeles and San Diego
	• Texas, from Dallas to Houston
	• Florida, linking Tampa to Orlando and Miami
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The rail corridor linking France, Belgium, and the Neth-
erlands is similar in scale and scope to the project 
contemplated for the Cascadia corridor in the Pacific 
Northwest, and includes two national border crossings. 
The high-speed rail systems of Spain were developed 
after a market of suppliers had developed endoge-
nously within France, Germany, and Japan, allowing 
for methods of procurement of international exper-
tise that more likely resemble opportunities today in 
the U.S. The Taiwan high-speed rail project is a pub-
lic-private partnership that received bids from consor-
tia representing firms from the U.S. as well as Japan, 
France, and Germany, for the partial private financing 
of a project that incorporates real estate development 
of station areas into its revenue stream.

The cases in the U.S. are separate from the more well-
known Amtrak services, such as the Acela corridor, 
due to the need in the Pacific Northwest to consider 
a new route to accommodate high-speed travel. Each 
case is in a different stage of development. In Texas, 
several routes are still under consideration. The first 
phase of California’s system is under construction. 
The Florida system is currently operating, though at 
peak speeds less than those contemplated in the Pa-
cific Northwest. The Florida and Texas projects are 
private developments, inclusive of real estate devel-
opment opportunities. The California system is a pub-
licly funded project.

Around the world, there are many systems and lines 
that could offer further insights. Systems operating or 
underway in the United Kingdom, Germany, France, 
and other countries in continental Europe, such as 
Switzerland, Austria, Italy, and Portugal, offer many 
lessons in development. There is a new system in Mo-
rocco with interesting implications for today’s markets, 
and a wealth of information to be gained from further 
study in Japan, China, and South Korea. Some of these 
insights are available through existing studies, focused 
on high-speed rail (e.g., World Bank, 2019; China) or on 
the broader topic of rail transportation (e.g., Eno Cen-
ter for Transportation, 2022; Canada, Mexico, Chile, 
Norway, Germany, Italy, South Africa, South Korea, Ja-
pan, and Australia). 

In the sections that follow, each case study includes an 
overview of the history and characteristics of the sys-
tem and highlights features of the system that were in-
fluenced in the early stages of decision-making, for ex-
ample, regarding routes, station selection and station 
area development, strategies for gaining the benefits 
of competition, and governance.

3.1 France–Belgium–Netherlands 

3.1.1 Introduction and History

The high-speed rail corridor linking the metro areas of 
Paris, France, with Brussels in Belgium and Amsterdam 
in the Netherlands, was established on the basis of 
historical infrastructure networks, and is one of sever-
al successful cross-border projects in Europe. France 
was one of three countries in the world to initiate the 
development of high-speed rail technology. The corri-
dor linking France, Belgium, and the Netherlands, was 
an early and prominent development in the European 
network. France has a population of 68 million, while 
Belgium has 12 million and another 17.5 million live 
in the Netherlands (World Bank, 2023). The economy 
of France is ranked 7th in the world, with a GDP of 
$2.8 trillion. This compares to Belgium at $597 billion, 
ranked 24th, and the Netherlands at just over $1 tril-
lion, ranked 18th (IMF, 2023).

The first opening of a high-speed rail line in Europe was 
achieved in France in 1981. By the early 1990s, the Eu-
ropean Union began supporting the establishment of a 
Trans-European transport network (TEN-T), consolidat-
ing and fortifying national efforts to develop high-speed 
lines. PBKAL (Paris-Brussels-Köln-Amsterdam-London) 
refers to a TEN-T project which links major cities and 
airports in France, Belgium, Germany, the Netherlands, 
and the United Kingdom. It was the first cross-border 
high-speed rail project completed. 

This case study focuses on the France–Belgium–Neth-
erlands corridor and highlights the Dutch section of the 
corridor (Figure 3.2). The French section of PBKAL–LGV 
Nord, which links Paris to the Belgium Border, opened 
in 1993 (Damiano Scordamaglia, 2015). Though not the 
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subject of this study, the full LGV–Nord line stretches 
westward from Paris to London. The Belgian part of PB-
KAL North-South section is comprised of HSL1 (High-
speed line 1), which links the French Border to Brus-
sels, and HSL4, which travels between Brussels and 
the Dutch border. The HSL1 section began service in 
December 1997, and the HSL4 line in 2009 (four years 
later than scheduled). The Dutch section of PBKAL is 
called HSL–Zuid. It links Amsterdam to the Belgian bor-
der, and also began service in 2009. 

The populations of major metropolitan areas along 
the France–Belgium–Netherlands corridor have grown 

Figure 3.2: France–Belgium–Netherlands High Speed Rail Line (Source: UIC, 2022)

since the launch of high-speed rail services. The Par-
is metropolitan area included nearly 11 million people 
as of 2019 (about 1.5 times today’s Washington State 
population), and this grew from 9.4 million when the 
LGV–Nord line opened in 1993, to 9.6 million when the 
HSL1 line opened in 1997, and 10.4 million when HSL 4 
opened in 2009 (Macrotrends, n.d.). Brussels had a to-
tal population of just over 2 million in 2019, which had 
grown from 1.7 million when HSL1 opened in 1997, to 
1.9 million when HSL–Zuid opened in 2009. As for Am-
sterdam, the 2020 population was 0.87 million, up from 
0.70 million in 1990, 0.73 million in 2000, and 0.76 mil-
lion in 2009. All three major cities experienced slightly 
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Table 3.1: Rail Route Details of France–Belgium–Netherlands High Speed Rail Line

 Route and Phase  Status Length Speed Cost Ridership

LGV-Nord (connects 
Paris to the Belgian 
border and the Channel 
Tunnel via Lille)

Service com-
mences be-
tween Paris and 
Arras in 1993

333 km (206 mi) in total. 
The rail links Paris to Bel-
gium border is about 226 
km (140 mi)

300 kph (186 mph) 18.5 billion 
FF (1992)

-

High-Speed Line 1 (con-
nects Brussels, Belgium, 
with the LGV Nord at 
the Belgium–France 
border.)

Operated since 
1997

88 km (55 mi) long, includ-
ing 71(44 mi) km dedicated 
high-speed tracks, 17 km 
(11 mi) modernized lines

300 kph (186 mph) €1.42 billion 
construction 
cost (2013)*

-

High speed line 4 
(connect Brussels to the 
Dutch border where it 
will meet HSL-Zuid)

Opened in 2009 87 km (54 mi) long, 
comprising 40 km (24 mi) 
dedicated high-speed 
tracks and 47 km (29 mi) 
modernized lines.

300 kph (186 mph) on the  
new high-speed track. 
160 kph (100 mph) on 
the upgraded existing line 
(with some exception)

€1.57 billion 
construction 
cost (2013)*

-

HSL-Zuid Opened in 2009 125 km (77 mi) 300 kph (186 mph) €7.19 billion 
(2013)*

24 million 
(forecasted) 
in 2010

higher population growth rates after the high-speed 
rail line opened, but this has not necessarily been the 
case for the smaller cities (Macrotrends, n.d.).

3.1.2 System Description 

All the major stations on this line are well-integrated 
with public transportation, and most are built in urban 
areas. The major stations from Paris to Amsterdam for 
Thalys or Eurostar include Paris Gare du Nord, Brux-
elles–Midi/Brussel–Zuid (also known as Brussels South 
railway station), Anterwerpen–Centraal, Rotterdam–
Centraal, Schiphol Airport and Amsterdam Centraal 
(Thalys Eurostar Group, n.d.). Five out of the six stations 
for this line are located in urban centers, on sites pre-
viously used for commuter or metrorail stations. All of 
the stations have connections to buses, and most have 
connections with the metrorail. Amsterdam Centraal is 
also served by ferries. All of the stations are connected 
to nearby airports via transit. 

The route selection strategies differed from country to 
country. In France, the LGV–Nord section was designed 
to avoid tunneling, which made it relatively easy to op-
erate double-deck trains (Watson, 2021). Development 
at grade involves greater disturbance of the environ-
ment, however, and 16% of the engineering costs of 

the LGV–Nord line have been attributed to measures 
to protect the environment (Thompson, 1994). The 
TGV train models that operate on the line are compat-
ible with existing conventional railways (Watson, 2021). 
For the Dutch section, there were two alternatives con-
sidered for the route. One went from Schiphol Airport 
to Rotterdam and through the Green Heart (a sensi-
tive green area in the Netherlands). The other involved 
building a new track parallel to the existing track while 
adding an extra stop at The Hague (the political capital 
of the Netherlands). Eventually, the decision was made 
to tunnel through the Green Heart. 

The negotiation of the Netherlands–Belgium border 
crossing is worth noting. The Dutch government pre-
ferred the E19–A16 route that crossed a sensitive area 
in Belgium, while the Belgian government preferred ei-
ther a route on existing track or a new route along the 
road Havenweg (which crossed several sensitive nat-
ural environments in the Netherlands). Eventually, the 
E19–A16 route was chosen for its transport benefits, 
and the Netherlands paid Belgium about €400 million 
in financial compensation (Omega Center, n.d.). 

The HSL–Zuid was a public-private partnership, with 
86% of the funding from the public sector and 14% 
from the private sector. Private funds amounted to 

* Source: Trabo et al., 2013.
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Name Location

Elevated, 
At Grade, 
or Under-
ground

Existing/ 
new-
build 
station

Operation Year Multiple Mode Integration

Paris Gare 
Du Nord 

Urban 
Center

 Elevated Existing Opened in 1846. 
Expanded a few 
times. Reorganized 
for Eurostar in 1994. 
Seek refurbishment 
recently 

Connected with several urban transport lines, includ-
ing Paris Métro (underground), RER (hybrid commuter 
rail and rapid transit system, underground) and RATP 
bus network. Has direct transit to Paris Charles de 
Gaulle Airport

Brux-
elles-Midi/
Brus-
sel-Zuid

Urban 
Center

Elevated Existing Operated since 
1869. Went through 
transformation in 
1990s and is cur-
rently planning for 
new expansion

Connected with STIB (Brussels-only tram and metro 
network, underground), De Lijn (bus network covering 
Flanders and certain parts of Brussels) and TEC (bus 
network covering Wallonia and certain parts of Brus-
sels). Direct Transit to the Brussel Airport

Antwer-
pen-Cen-
traal

Urban 
Center

Under-
ground

Existing Opened in 1905. 
Expansion complet-
ed in 2007

There are tram, bus and premetro lines stop at Ant-
werpen-Centraal train station. Has transit to Antwer-
pen International Airport, but needs transfer.

Rotter-
dam-Cen-
traal

Urban 
Center

Elevated Existing The 1957 station 
building was closed 
in 2007 and demol-
ished in 2008. The 
new station was 
opened in 2014.

Rotterdam Centraal train station is served by metro, 
bus and tram lines (from GVB), as well as by Rand-
stadRail (metro between Rotterdam and The Hague). 
Has direct transit to Rotterdam The Hague Airport

Schiphol 
Airport (Am-
sterdam 
Airport)

Subur-
ban

Under-
ground

Existing The underground 
station opened in 
1995.

Three Dutch public transport providers serve Schiphol 
Airport railway station: Connexxion (Regional buses), 
GVB(bus only here) and Arriva (Regional buses). un-
derneath Amsterdam Airport.

Amsterdam 
Centraal

Urban 
Center

Elevated Existing Operated since 
1889. Reconstruc-
tion finished in 2018

Amsterdam Centraal train station is served by metro, 
bus and tram lines, and ferries (from GVB). Has direct 
transit to Amsterdam Airport

Table 3.2: Rail Station Details of France–Belgium–Netherlands High Speed Rail Line

about €940 million, while €2.6 billion were provided 
from the transport ministry’s SVV-budget for civil engi-
neering and €1.7 billion came from the FES fund (based 
on revenues from gas exports, dedicated to economic 
development). Private concessionaires raised funds for 
several components, such as signaling and track (Ome-
ga Center, n.d.; United Nations Economic Commission 
for Europe, 2016). 

The construction of the substructure for HSL–Zuid 
(tunnels, concrete slab that the rail track rests on, and 
bridges) was divided into six contracts each worth 
about €400 million. The total length of the HSL–Zuid 
route on Dutch territory is 125 km (77 mi), of which 85 
km (52 mi) is high-speed track. All these contracts were 
procured through design-build delivery, which means 

the contractors received the programmed demand but 
were not told exactly how to perform the tasks. The 
contract to provide links between the new track and 
old track was also administered by design-build (Ome-
ga Center, n.d.). The superstructure (track, power sup-
ply and signaling systems) contract was awarded to a 
consortium, Infraspeed, under a 25 year (2006-2031) 
design-build-finance and maintenance contract. Ac-
cording to the contract, Infraspeed is eligible to receive 
an availability charge if it meets the requirement that 
the track meets the terms of availability of 99%. The 
concession for operations was given to the High-Speed 
Alliance. This consortium is 90% owned by NS (the 
Dutch state railway) and 10% owned by Air France-KLM 
(Dutzik and Schneider, 2011). 

https://en.wikipedia.org/wiki/Paris_M%C3%A9tro
https://en.wikipedia.org/wiki/Paris_M%C3%A9tro
https://en.wikipedia.org/wiki/Paris_M%C3%A9tro
https://en.wikipedia.org/wiki/Paris_M%C3%A9tro
https://en.wikipedia.org/wiki/Paris_M%C3%A9tro
http://www.stib-mivb.be/index.htm?l=en
http://www.stib-mivb.be/index.htm?l=en
http://www.stib-mivb.be/index.htm?l=en
http://www.stib-mivb.be/index.htm?l=en
http://www.stib-mivb.be/index.htm?l=en
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3.2 Spain

3.2.1 Introduction and History

Spain is located in southwestern Europe, bordered by 
France to the north and Portugal to the west. Spain’s 
land area is 505,990 km2 (about 195,000 mi2), which 
is 2.7 times the area of Washington State (World Bank, 
2022). Spain, however, has a population of more than 
45 million, which is 2.7 times the combined population 

of Washington, Oregon, and British Columbia. The GDP 
of Spain, at $1.4 trillion, ranks as the 14th largest econ-
omy and the GDP per capita of $30,100 per year ranks 
46th (World Bank, 2022). 

Alta Velocidad Española (AVE), the world’s second-larg-
est high-speed rail network, serves this nation with 
more than 3,700 km (approximately 2,300 mi) of high-
speed rail, connecting more than 40 stations. This sys-
tem began in anticipation of the Universal Exposition 

Figure 3.3: Spain High Speed Railway System Map (Source: UIC, 2022)
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Route and Phase  Status Length Speed Cost Ridership

Madrid - Sevilla* Operated from 
1992

293 mi / 
472 km

Up to 186 mph / 
300 kph

500 billion pesetas of 
1996 (Rus and Inglada, 
1997)

4.4 million in 1998, 2.1 million 
in 2012

Madrid- Barcelo-
na**

Operated from 
2008

386 mi / 
621 km

Up to 217 mph / 
350 kph

€7.54 billion (2013) *** 4.4 million in 2019

in Seville, with a high-speed line that began operating 
between Madrid and Seville in 1992. It is noteworthy to 
consider that this pioneering investment did not con-
nect Madrid, the capital city, with the second largest 
city, Barcelona, where the Olympic Games were held 
in the same year. Since that time, however, Spain has 
undertaken a rapid expansion of its high-speed net-
work. The Ministry of Public Works Strategic Infrastruc-
ture and Transport Plan 2005-2020 (PEIT) called for all 
the provincial capitals to connect with Madrid via high-
speed rail. This strategy was also emphasized in later 
national plans. By 2010, a radial network had formed, 
centered in Madrid, to connect major cities across the 
country (Seville in 1992, Valladolid in 2007, Barcelona in 
2008, and Valencia in 2010).

This high-speed network is continuing to grow, with 
planned corridors designed to serve the growing urban 
population, as more than 80% of Spaniards were living 
in cities in 2021 (World Bank, 2022). The government 
plan promises that 90% of citizens will live within 30 km 
(18.6 mi) of a high-speed station (Administrador de In-
fraestructuras Ferroviarias, 2021). In keeping with this 
plan, most cities carry out comprehensive urban devel-
opment around station areas, many of which are locat-
ed at the edge or periphery of existing urban areas. For 
example, according to a report published in 2011, after 
four years of high-speed services to the city of Vallad-
olid, the construction of housing had resulted in 2,777 
(46%) of the 6,065 houses in the city being located near 
the station (Luis Santos y Ganges, 2011). In León, with a 
high-speed route still under construction, 3,254 (56%) 
of the 5,853 houses in the city could be found near the 
planned station. While impressive for its scale of invest-

* The first high-speed rail in Spain
** The high-speed rail route connecting the two largest cities in Spain
*** Source: Beria et al., 2018. Includes Madrid-Lleida-Barcelona and Zaragoza-Huesca.

ment, studies show that the urban centers of Madrid, 
with 6 million inhabitants, and Barcelona metropolitan 
area, with 5 million, provide the strongest short-term 
impetus for growth. Market risks and slower growth 
rates may accompany suburban and rural station area 
development, as a study published in 2017 suggested 
that as much as half of the station area developments 
in Spanish cities were vacant at that time (Miralles i 
Garcia, 2017).

3.2.2 System Description

High-speed rail in Spain is built and maintained by the 
state-owned company Administrador de Infraestructu-
ras Ferroviarias (Adif), however, Adif may not provide 
any rail transport services, except those that are inher-
ent to their own activities. This organization was formed 
in 2005 in response to European Union requirements 
to separate the natural monopoly of infrastructure 
management from the competitive operations of train 
services. Another state-owned company, Red Nacional 
de Los Ferrocarriles Españoles-Operadora (Renfe) was 
formed at the same time, and is responsible for the 
planning, marketing, and operation of rail passenger 
and freight services. 

As of December, 2020, pursuant to a directive approved 
by the European Parliament and Council, Spain will 
open its system to competition for railway passenger 
transportation services (i.e., competition in the market). 
This is aligned with the concept of the ‘Single Europe-
an Railway Area’ for rail passenger operators advocat-
ed by the European Union. Several major international 
suppliers supply rolling stock for Spanish high-speed 

Table 3.3: Rail Route Details of Spain High Speed Rail System
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Name Location
Elevated, At 
Grade, or Un-
derground

Existing/ 
new-build 
station

Oper-
ation 
Year

Multiple Mode Integration

Madrid Urban cen-
ter

At Grade Existing 1992 Connect to high-speed railway service, conventional railway 
service, intercity railway service, Madrid Metro, and other lo-
cal transportation services

Córdoba Urban cen-
ter

At Grade n e w - b u i l d 
station

1994 Connect to high-speed railway service, conventional railway 
service, and local transportation services

Sevilla Urban cen-
ter

At Grade Existing 1992 Connect to high-speed railway service, conventional railway 
service, and local transportation services

Madrid Urban cen-
ter

At Grade Existing 2008 Connect to high-speed railway service, conventional railway 
service, intercity railway service, Madrid Metro, and other lo-
cal transportation services

Zaragoza Suburban At Grade Existing 2008 Connect to high-speed railway service, conventional railway 
service, and local transportation services

Lleida Urban cen-
ter

At Grade Existing 2008 Connect to high-speed railway service, conventional railway 
service, interurban buses, and local transportation services

Barcelo-
na

Urban cen-
ter

Underground/
At Grade

Existing 2008 Connect to high speed railway service, conventional railway 
service, intercity railway service, Barcelona Metro, and other 
local transportation services

railways, including Alstom (France), Siemens (Germany), 
Patentes Talgo (Spain), and CAF-Alstom (Spain, France). 
(Montero and Ramos Melero, 2020). In recent years, 
more rolling stock has also been produced by domes-
tic manufacturers, such as CAF-Alstom and Patentes 
Talgo (Geography and Railway Traffic Research Group, 
Fundación de los Ferrocarriles Españoles (FFE), 2022).

About 15 million passengers use Spain’s high-speed 
rail service every year (Rende, 2022), however, the 
Spanish HSR system has significantly lower usage in-
tensity (4.1 thousand passengers/km per high-speed 
line) compared to other systems worldwide, such as 
France (23.5), Japan (50.1), China (38.4), and Germany 
(31.8) (Geography and Railway Traffic Research Group, 
Fundación de los Ferrocarriles Españoles (FFE), 2022). 
These findings raise discussions about the necessity 
of high-speed services. The first high-speed rail, from 
Madrid to Seville, was not the most congested corridor 
in Spain. Some scholars have claimed that the govern-
ment built this line for political reasons, for the sake of 
economic development in less developed regions and 
to pursue equal development among geographic areas 
(Albalate and Bel, 2012; Joe Baker, 2018). 

3.3 Taiwan

3.3.1 Introduction and History

Taiwan is located in East Asia, north of the Philippines, 
and East of mainland China. The population of Taiwan 
is 24 million, and its most populous city is Taipei, with 
about 4 million inhabitants. About 70% of the island 
population lives within six municipalities located along 
the west coast, including the metro areas of Taipei 
in the north to Kaohsiung in the south, which house 
40% of the population (Ministry of the Interior, Taiwan, 
2021; Cheng, 2010). At just over 16.5 million, this ap-
proximates the combined population of Washington, 
Oregon, and British Columbia.

With a GDP of $860 billion in 2021, Taiwan’s economy 
ranks 21st among nations (IMF, 2023; Country Econ-
omy, n.d.). The main industries in the economy are 
export-oriented, which include electronics, oil refining 
and plastic, information and communication equip-
ment, iron and steel, food processing, and consumer 
products (Fastener Eurasia Magazine, 2021; Trad-
ing Economics, 2022). During COVID-19 in 2020, Tai-
wan’s Taoyuan International Airport was the world’s 

Table 3.4: Rail Station Details of Spain High Speed Railway System (from Madrid to Barcelona)
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Figure 3.4: Taiwan High-speed Railway System Map (Source: Ministry of Digital Affairs, Taiwan, 2022)

Route and 
Phase  Status Length Speed Cost Ridership

Phase 1 Operated from 
2007

345 km (214 
mph)

300 kph 
(186 mph)

NT$ 513.3 bil-
lion (1998) *

Forecasted: 240,000 passengers per day in 
2008;  
Actual: 40,000 passengers/day in 2007; 
130,000 passengers/day in 2014; 184,000 
passengers/day in 2019

Phase 2 Operated from 
2015 or 2016

Phase 3a In planning phases 17.5 km (10 mi) N/A NT$55.4 billion 
(expected)

Forecasted: 415 person/hour (weekday); 
547 person/hour (weekend) in 2041

Phase 3b In planning phases 59.3 km (36 mi) N/A NT$188 billion 
(expected)

Forecasted:19,881 person/day (in 2051)

Table 3.5: Rail Route Details of Taiwan High Speed Railway System 

* Source: Taiwan Railway Bureau, 2022
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fourth-busiest airport in terms of international freight 
handled and highly ranked among Asian airports (Shan, 
2020; 2021).

Taiwan’s high-speed rail system travels north-south 
from the capital city, Taipei to Kaohsiung. In 1998, when 
a private consortium won the 35 year concession to 
construct and operate the main line, the estimated 
cost of the project was $16.62 billion (513.3 billion NT 
dollars). The daily ridership was projected to grow from 
180,000 to 400,000 by 2036. Organized as a public-pri-
vate partnership, the government of Taiwan owns 46% 
of the shares in the Taiwan High Speed Rail Corporation 
(THSRC), which is responsible for construction, opera-
tion, and maintenance of the system (i.e., competition 
for the market) (Taiwan Railway Bureau, 2022). Con-

struction began in 2000 and was completed in 2007, 
for a cost of $18 billion.

This system was planned over decades. The idea for a 
high-speed line arose in 1974, and informal planning 
began in 1980 (Taiwan Railway Bureau, 2022). In the 
1980s and 90s, Taiwan experienced rapid population 
and economic growth, with associated congestion 
along its main north-south corridor. Supported by ad-
visors from Japan and France, the Taiwan Ministry of 
Transportation completed a feasibility study for a high-
speed line in 1990. The study identified high-speed rail 
as a viable option, with a suggested route and prelimi-
nary engineering, to meet demands for the transit vol-
ume, high-level energy savings, and reductions to air 
pollution, compared to other transport options (Taiwan 

Name Loca-
tion

Elevated, At 
Grade, or Un-
derground

Existing/ 
new-build 
station

Operation 
Year Multiple Mode Integration

Taipei Urban 
center

underground existing 2007 Connect to the West Coast Railway, Taipei Metro 
system (Red line and Blue line), and Taoyuan Metro 
system to international airport

Banqiao Urban 
center

underground existing 2007 Connect to the West Coast Railway, Taipei Metro sys-
tem (Blue line and Yellow line)

Taoyuan Subur-
ban

elevated new-build 2007 Connect to the Taoyuan Metro system, and shuttle bus 
to the airport

Hsinchu Subur-
ban

elevated new-build 2007 Connect to shuttle bus and the Liujia Railway Line, 
which is a branch line of the Western Coat Railway

Taichung Subur-
ban

elevated new-build 2007 Connect to the Taichung Railway Line, and Taichung 
Metro system (Green Line)

Chiayi Rural elevated new-build 2007 Connect to the Chiayi BRT system and shuttle bus

Tainan Subur-
ban

elevated new-build 2007 Connect to shuttle bus and the Shalun Railway Line, 
which is a branch line of the West Coast Railway line

Zuoying 
(Kaohsiung)

Subur-
ban

elevated new-build 2007 Connect to the West Coast Railway, and Kaohsiung 
Metro system (Red Line)

Miaoli Rural elevated new-build 2015 Connect to the Taichung Railway and shuttle bus

Changhua Rural elevated new-build 2015 Connect to the shuttle bus

Yunlin Rural elevated new-build 2015 Connect to the shuttle bus

Nangang Subur-
ban

underground existing 2016 Connect to West Coast Railway, Taipei Metro system 
(Blue line)

Pingtung Rural elevated new-build Expected in 
2029

N/A

Yilan Rural elevated new-build Expected in 
2030

N/A

Table 3.6: Rail Station Details of Taiwan High Speed Railway System 
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Railway Bureau, 2022; Taiwan High Speed Rail Orga-
nization, n.d.). The project was approved by Taiwan’s 
Executive Yuan in 1992 and by the Legislative Yuan in 
1993 (Taiwan Railway Bureau, 2022). 

The route of the main line runs north-south, along the 
center of the island (Figure 3.4). For Taipei and Kaoh-
siung, the rail stations are in the urban centers. Com-
pared to highway transportation and bus services, 
high-speed rail has reduced travel times between Tai-
pei and Kaohsiung by hours. This pace similarly allows 
people living in the cities along the western coast to 
also reduce travel times to the two major urban hubs, 
despite the need to travel from their home city on a 
bus, train, or car to access the main high-speed rail line 
at stations such as Taichung and Chiayi.

3.3.2 System Description

The length of the system is 345 km (214 miles) in to-
tal between the two main metropolitan areas, Taipei 
and Kaohsiung, in the western corridor of Taiwan. The 
train’s top speed is 300 km/h (185 mph) and travel time 
is as little as 94 minutes (Taiwan High Speed Rail, 2022). 
The system is based primarily on Japan’s Shinkansen 
((Jeng and Su, 2013). The high-speed railway opened in 
2007 with eight stations between Taipei and Zuoying. 
Four stations were added in 2014 and 2015, in order 
to balance regional development and bridge urban-ru-
ral gaps (Taiwan Railway Bureau, 2010). In September 
2019, Executive Yuan announced a new high-speed 
railway expansion project to Pingtung. The following 
year, additional extension routes from Taip​​ei to Yilan 
were approved. This HSR extension will cut travel time 
to 24 minutes between the two cities, compared to 95 
minutes travel time for conventional railways (Econom-
ic Daily News, Taiwan, 2022; Taiwan Railway Bureau, 
2022, 2021, 2020).

3.4 California

3.4.1 Introduction and History

California, the most populous state and largest econo-
my in the nation, is currently embarking on one of the 
most ambitious high-speed railway projects in the Unit-
ed States, to connect the urban metropolitan centers 
of San Francisco Bay Area and Los Angeles, with lines 
extending to Sacramento and San Diego (Figure 3.5). 
The system, totaling about 800 mi  (1280 km), is being 
developed in two phases. At the time of writing this re-
port, construction is underway for phase one, with 15 
stations including San Francisco and Los Angeles (Fig-
ure 3.6). Planning is underway for phase two, with 10 
additional stations, three on a route between Merced 
and the State capital of Sacramento, and seven on a 
route connecting Los Angeles with San Diego. This is a 
public project led by the California High Speed Rail Au-
thority. There are also plans underway from a private 
company (Fortress Investment Group) for a separate 
but connected project, to link cities on the California 
system with Las Vegas, Nevada (Brightline West). 

Ideas for high-speed rail had surfaced since the 1970s, 
in the wake of Japan’s achievement of the first high-
speed line, and during the period of the development 
of the San Francisco Bay Area’s Rapid Transit commut-
er rail system (BART). After many years of academic re-
search on the prospects of such developments, the Cal-
ifornia High-Speed Rail Authority was formed in 1996. 
California voters approved Proposition 1A, with a bond 
to fund planning and construction in 2008, with plans 
to begin operations by 2022. Two years later, Califor-
nia received $2.25 billion of federal economic stimulus 
funds to support development of the high-speed rail 
system. In 2015, the California cap-and-trade program, 
one of the largest carbon markets in the United States, 
began operations and the distribution of proceeds to a 
number of projects, including the high-speed rail. The 
groundbreaking ceremony for construction occurred 
in the same year. However, by 2022, phase one of the 
project had only been partially constructed, and parts 
of the line had not completed environmental review 
(California High-speed Rail Authority, 2022). Despite 
the construction process being slow, with completion 
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Figure 3.5: California Population Density Map (Census Tract Level, Source: US Census, 2022)

of the first phase delayed until 2033, a recent study 
shows that 56% of voters favor the state continuing to 
build the high-speed rail project (DiCamillo, 2022).

3.4.2 System Description

Discussions about the California high-speed rail proj-
ect often center on funding, cost, and schedule. Prop-

osition 1A in 2008 stated, “one-third of the capital cost 
of 33 billion comes from bonds, one-third from the 
federal government, and one-third from the private 
sector.” The estimated costs, however, have increased 
over time. What was estimated at $33 billion in 2008 
rose to a phase one estimated cost in 2022 that ranges 
from $92.8 to $94.2 billion, an increase of more than 
180% (CHSRA 2022). The main sources of funds ex-
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Figure 3.6: California High Speed Railway System Map (Source: CHSRA, 2022)

Route and 
Phase  Status Section Length Speed

Cost Esti-
mated in 
2022

Ridership

Phase 1 Under Con-
struction or 
Environmen-
tal Impact 
Assessment 

North California 131 mi / 211 km 110-220 mph / 177-354 mph $23.5 billion 35.6 million 
in 2033, 
38.6 million 
in 2040

Central Valley 199 mi / 320 km 110-220 mph / 177-354 mph $19.7 billion

Southern California 164 mi / 264 km 110-220 mph / 177-354 mph $41 billion

Phase 2 Planning Merced-Sacramento 280 mi / 451 km 220 mph - -

Planning Los Angeles-San Diego 280 mi / 451 km 220 mph - -

Table 3.7: Rail Route Details of California High Speed Railway System (Source: CHSRA, 2022)
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Name Location
Elevated, At 
Grade, or Un-
derground

Existing/ 
new-build 
station

Opera-
tion Year Multiple Mode Integration

San Fran-
cisco

Urban 
center

underground new-build 
station

2033 Connect to Salesforce Transit Center, including 11 
transit systems: AC Transit, BART, Caltrain, Golden 
Gate Transit, Greyhound, Muni, SamTrans, WestCAT 
Lynx, Amtrak, Paratransit, and future High-Speed Rail. 

Mill-
brae-SFO

Suburban At Grade existing (im-
prove)

2033 Connect to the Bay Area Rapid Transit (BART) system, 
Caltrain, and the San Francisco International Airport 
(SFO).

San José Urban 
center

At Grade existing (im-
prove)

2033 Connect to Diridon’s existing Caltrain, ACE, Capitol 
Corridor, Amtrak, and VTA Light Rail service, and 
future BART service.

Gilroy undecided as of Oct 2022

Merced undecided as of Oct 2022

Lleida Urban 
center

At Grade Existing 2008 Connect to high-speed railway service, conventional 
railway service, interurban buses, and local transpor-
tation services

Barcelona Urban 
center

Underground/
At Grade

Existing 2008 Connect to high speed railway service, conventional 
railway service, intercity railway service, Barcelona 
Metro, and other local transportation services

Madera Rural Unknown new-build 
station

2033 Connect to some local transit services

Fresno Urban 
center

At Grade existing (im-
prove)

2033 Connect to local bus transit, bus rapid transit, a shut-
tle to Amtrak, and Yosemite Area Regional Transpor-
tation System

Kings/Tu-
lare

Rural Elevated new-build 
station

2033 Connect to some local transit services

Bakersfield Urban 
center

Unknown new-build 
station

2033 Connect to some local transit services

Palmdale Suburban Unknown new-build 
station

2033 Connect to Metrolink rail station, a local bus hub, 
commuter bus, Brightline West high-speed rail ser-
vice

Burbank Suburban underground new-build 
station

2033 Connect to two train stations, Hollywood Burbank Air-
port and multiple modes of transportation, including 
airport public parking, rental cars, regional buses, 
and bicycles.

Los Angeles Urban 
center

At Grade existing (im-
prove)

2028 Connect to Amtrak, Metro Rail and bus services

Norwalk/
Santa Fe 
Springs

Urban 
center

At Grade existing (im-
prove)

2033 Connect to Amtrak, regional buses, and local transit 
services.

Fullerton Urban 
center

At Grade existing (im-
prove)

2033 Connect to Amtrak, regional buses, and local transit 
services.

Anaheim Urban 
center

Unknown existing (im-
prove)

2033 Connect to Metrolink, Amtrak, regional buses, and 
local transit services. 

Sacramento undecided as of Oct 2022

San Diego undecided as of Oct 2022

Table 3.8: Rail Station Details of California High Speed Railway System

https://goo.gl/maps/paurdACZcYgrSS1x9
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pended-to-date are the State’s cap-and-trade system 
(25% of auction proceeds), the State’s Proposition 1A, 
the federal American Recovery and Reinvestment Act, 
and appropriation from Congress in fiscal year 2010. 
The federal funds were awarded through the Federal 
Railroad Administration. Additional funds have been 
pooled from other sources, some local, for stations and 
linkages to existing metro systems. 

The California High-Speed Rail Authority, responsible 
for planning, designing, building, and operating this 
system, and the State of California, continue to raise 
funds to complete construction (CHSRA 2022). Current 
policy states that the operation of the system will be 
self-sustaining, requiring no additional public subsi-
dies, though the possibility of doing so is dependent on 
ridership, pricing, and other potential sources of op-
erational funding, such as renewable energy capacity. 
Self-sustaining operations also become challenging if 
operating revenues are required to cover the interest 
on the debt issued to finance engineering and con-
struction. 

The California High-Speed Rail Authority is using var-
ious ways to inform and engage the public about the 
high-speed rail program. They provide accessible on-
line tools such as interactive maps and visualizations 
for the public to understand the project, its economic 
impacts, and its environmental benefits. In April 2022, 
they launched a carbon footprint calculator to show 
the potential carbon emission savings from traveling by 
high-speed rail instead of by car or by air on five main 
round trips. By transforming the emission savings into 
tangible equivalents, such as gasoline, coal, or waste, 
the tool allows users to see how their future rail trips 
avoid greenhouse gas emissions. 

3.5 Texas

3.5.1 Introduction and History

The Texas Central High Speed Rail is a planned private 
high-speed rail service intended to link the two metro-
politan areas of Houston and Dallas with an estimated 
240 mi (about 380 km) of rail (Figure 3.8). As of 2020, 
there are 29.1 million people in Texas. There are 2.3 
million people in Houston, 2.2 million people in the 
Dallas–Fort Worth metro area, and 200,000 people in 
the Bryan-College Station area. Houston and Dallas 
are among the top three most populated cities in Tex-
as, and the Bryan-College Station area has also been 
through major population growth in the last ten years 
(US Census, n.d.). Measured as GDP, Texas is the sec-
ond largest economy among states, surpassed only by 
California.

The company of Central Texas estimated 6 million peo-
ple in 2029 and 13 million people in 2050 will travel 
between the two cities (Webuild, n.d.). The project is 
advertised to reduce a four hour drive to 90 minutes 
or less in travel. Publications suggest that four routes 
have been under consideration (Figure 3.8).

3.5.2 System Description 

Development entities of the Texas Central High Speed 
Rail include Texas Central High-Speed Railway, LLC 
(TCHSR), Texas Central Railroad, and its parent com-
pany, Texas Central Partners. TCHSR works with the 
Federal Railroad Administration on planning and coor-
dination for the National Environmental Policy Act reg-
ulatory approval. Texas Central Partners is responsible 
for project development and implementation (design, 
construction, finance, and operation). Texas Central 
Railroad is the project proponent in the environmen-

Table 3.9: Estimated Capital Cost of California High Speed Rail (Phase One) 

Source: California High-Speed Rail Authority, Business Plan 2008 - 2022

Business Plan 2008 2012 2016 2020 2022

Estimated Capital Cost 
Range (YOE $ Billion) 32.8-33.6 68.4 64.2 69.1 - 99.9 76.7 - 113.2
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Figure 3.7: Texas Population Density Map (Census Tract Level, Source: US Census, 2022)
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tal impact statement (FRA, n.d.). When approvals and 
permits are obtained from the Federal Railroad Admin-
istration and the State of Texas, the Texas High-Speed 
Rail Station Development Corporation—a consortium 
of Texas investors—intends to focus on the station de-
velopment as the next step (Texas High-Speed Rail Sta-
tion Development Corporation, n.d.). 

The preferred alignment suggests that Texas Central 
High-Speed Rail will have three stations: one in Dallas, 
one in Houston, and one in Brazos Valley in Grimes 

County, which is near College Station (e.g., where Texas 
A&M University is located). The plans for station devel-
opment have not yet been made available to the pub-
lic. The Federal Railroad Administration conducted an 
independent evaluation of four alignment alternatives 
as part of the National Environmental Policy Act pro-
cess, and selected the one that followed the path of 
transmission lines on the electrical grid for a majority 
of the route, known as the “Utility Corridor,” as the only 
feasible alternative for further evaluation (FRA, 2021). 

Figure 3.8: Texas High Speed Railway System Map (Source: Texas Central, 2022)
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Route and Phase  Status Length Speed Cost Ridership

Still pending for con-
struction permit

Not Construct-
ed Yet

240 mi 
(386 km)

186 mph 
(300 kph)

Official estimate 
$19 billion 
(2020) *

More than 6 million passengers expected to 
ride the train annually by 2029 and more than 
13 million by 2050

Name Location
Elevated, At 
Grade, or Un-
derground

Existing/ 
new-build 
station

Oper-
ation 
Year

Multiple Mode Integration

Houston Urban  Cen-
ter

Elevated as Con-
ceptual Design

New - Located at the Northwest Mall site near the interchange 
of US 290 and Interstate 610 in northwest Houston.

B r a z o s 
Valley

Suburban Elevated as Con-
ceptual Design

New - On Highway 30, just west of Highway 90, in the Roans 
Prairie area

Dallas Urban  Cen-
ter

Elevated as Con-
ceptual Design

New - Multimodal transportation networks in Dallas and sur-
rounding areas.

The Federal Railroad Administration had three major 
screening criteria: physical characteristics, operational 
feasibility, and environmental constraints, that involved 
achieving a low impact on communities by maximizing 
the alignment with existing rights-of-way (FRA, 2021). 
For the final buildable alternatives, approximately 60% 
use viaducts for greater movement, and 52% of the 
alternatives are adjacent to existing infrastructure to 
reduce disturbance to surrounding areas and reduce 
further fragmentation of existing habitat (FRA, n.d.).

Financing has been private, but costs may be rising. The 
initial estimate for the construction cost was $12 bil-
lion, but the estimate listed on the Federal Railroad Ad-
ministration (FRA) permitting dashboard is $19 billion. 
Others have suggested that the estimated cost could 
have risen to $30 billion by 2020 (Rodriguez, 2020). In 
June, 2021, Texas Central announced that they signed 
a $16 billion design and build contract with Webuild 
for the entire alignment (Lloyd, 2021). It is also worth 
noting that after two years of litigation, Texas Central 
has obtained approval to move forward with property 
acquisition using eminent domain (Supreme Court of 
Texas, 2022; Skores and Griffin, 2022). 

3.6 Florida

3.6.1 Introduction and History

Florida is the third largest state and fourth largest 
economy in the U.S., with a population of 21.5 million 
(US Census, 2021; US BEA, 2021). The major metropol-
itan areas along the eastern coast of the state, Miami, 
Fort Lauderdale, and West Palm Beach, are currently 
being served by Brightline with passenger rail trans-
portation. Two additional phases of development are 
also underway, with a line under construction to the 
Orlando International Airport and a further extension 
planned westward to Tampa Bay (Figure 3.9 and 3.10). 
Orlando International Airport is the busiest airport in 
Florida and the seventh busiest in the nation, with 40 
million passengers in 2021, owing in part to the tourist 
economy and the proximity to attractions such as Walt 
Disney World and Universal Studios Orlando (GOAA 
and Authority, 2022).

The project and operations are privately owned. The 
project is being implemented by All Aboard Florida, a 
wholly-owned subsidiary of Florida East Coast Indus-
tries (Railway Technology, 2020), with rail operations 
provided by the private firm, Brightline. 

Table 3.10: Rail Route Details of Texas High Speed Railway System

Table 3.11: Rail Station Details of Texas High Speed Railway System

* Source: Federal Infrastructure Projects Permitting Dashboard 
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Figure 3.9: Florida Population Density Map (Census Tract Level, Source: US Census, 2022)
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Figure 3.10: Florida High Speed Railway System Map (Source: High Speed Rail Alliance, 2022)
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Route and 
Phase Section  Status Length Speed Cost Ridership

Phase 1 Miami - West Palm 
Beach

Operations since 2018 65-mile (104.6 km) 
shared use line with 
freight

79 mph
(127 kph)

$1.5 
billion US 
dollars 
(2012)

885,000 in 2019 
1,290,000 in 
2022

Phase 2 West Palm Beach - 
Cocoa

Under construction 
and expected opera-
tion in 2022

120-mile (193 km) 
upgraded shared 
use line

110 mph 
(177 kph)

$2.7 
billion US 
dollars 
(2007)

Expected 3 
million

Cocoa – Orlan-
do International 
Airport

In planning phases 35-mile (56 km) new 
dedicated high-
speed line

125 mph 
(200 kph)

Phase 3 Orlando Interna-
tional Airport - 
Tampa

In planning phases 85-mile (136.7 km) 
proposed dedicated 
line

125 mph 
(200 kph)

$2.25 
billion 
US dollar 
(2005)

N/A

3.6.2 System Description

Brightline Florida’s plan to offer high-speed services in-
cludes three phases for construction, Miami to West 
Palm Beach, West Palm Beach to Orlando Internation-
al Airport, and Orlando International Airport to Tampa 
(Railway Technology, 2020; Brightline, 2022). The total 
length of the planned system is 491 km (305 mi) (High 
Speed Rail Alliance, 2022). 

The plan has been to start operations of the first phase, 
collecting revenue in a high-density area of the state, 
while planning for the other phases of development. 
The first phase of Brightline included three stations, 
Miami, Fort Lauderdale, and West Palm Beach, which 
started construction in 2014 and became operational 
in early 2018 (Railway Technology, 2020). Three addi-
tional stops, Aventura, Boca Raton, and PortMiami, are 
under construction to meet more local travel demands 
(Brightline, 2022a). It is important to note that the proj-
ect includes real estate development of station areas, 
which can become a significant part of the project reve-
nue stream. The station in Miami central covers 480,000 
sq. ft (44,600 m2) of property, with residential, office, 
and retail space, while the Fort Lauderdale station occu-
pies 60,000 sq. ft (5,574 m2), including a park-and-ride 
facility with a capacity for more than 500 vehicles, and 

the West Palm Beach station similarly covers another 
60,000 sq. ft (5,574 m2) (Railway Technology, 2020).
Phase two extends service another 155 mi (250 km) to 
Orlando International Airport and is under construc-
tion, expected to begin operations in 2023. The new 
station in Orlando is expected to become an import-
ant transfer link for intercity rail and to airport termi-
nals. Brightline suggests that users could easily trans-
fer from train systems to airport terminals through 
pedestrian-friendly access and an elevated people 
mover system (Brightline, 2022b). Annual ridership is 
projected to be 3 million (Railway Technology, 2020). 
Plans include the upgrade of over 100 miles of track to 
increase potential operating speeds to 110 mph (177 
kph). Phase three construction, an 85-mile (136.7km) 
line to connect Orlando International Airport to Tampa, 
is in the planning process. 

Publicly available estimates suggest that the cost to 
connect Miami to Orlando is $4 billion (Railway Tech-
nology, 2020). Though the project has private invest-
ment, it has also benefited from the federal American 
Recovery and Reinvestment Act. The developer seeks 
to reduce the cost of lines by making use, where pos-
sible, of existing rights-of-way owned by the State of 
Florida. Of the full 491 kms, existing lines or rights-of-
way are available for 298 kms, while the remaining 193 

Table 3.12: Rail Route Details of Florida High Speed Railway System 

* Source: Universal Engineering Sciences, 2022
** Source: Federal Railroad Administration, Florida High Speed Rail Authority, 2005
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kms are new. Separate contracts have been let for the 
trains, locomotives, signaling systems, and construc-
tion management as well as construction for the sta-
tions and station areas.

Brightline aims to attract passengers from the esti-
mated 50 million people who currently travel through 
Orlando and south Florida by air and by car. Bright-
line Florida advertises the system as a net-zero-car-
bon-emission travel mode, compared to air travel and 
other rail services (Brightline, 2022a). However, each 
train is pulled by diesel-electric locomotives operating 
at EPA Tier 4 standards, with diesel engines producing 
electricity to run the motors on the axles of the cars, 
which may draw into question the veracity of claims of 
carbon neutrality (Railway Technology, 2020). Florida 
Light and Power agree to provide a biodiesel blend of 
fuel under a two year contract.

The high-speed project is projected to add an estimat-
ed $3.5 billion to Florida’s GDP, bringing in over $6.4 
billion, and $653 million in tax revenue in total for fed-
eral, state, and local authorities in economic impact. 
Brightline also suggests that the current project cre-
ates 2,000 job opportunities in the south Florida re-
gion, bringing about $2.4 billion for labor income, and 
that the 170 mile extension to Orlando could bring as 
many as 10,000 jobs (Brightline, 2022a). 

Name Loca-
tion

Elevated, At 
Grade, or Un-
derground

Existing/ 
new-build 
station

Oper-
ation 
Year

Multiple Mode Integration

Miami Urban 
center

at grade new-build 2018 The downtown Miami station connects Brightline with the 
Metrorail, Metromover, County bus and City of Miami trolley 
systems. which connect 2 Metrorail stations, 2 Metromover 
stations, Metrobus, and the future Tri-Rail station.

Fort Lauder-
dale

Subur-
ban

at grade new-build 2018 The Fort Lauderdale station connects Brightline with Bro-
ward County Transit, 
Sun Trolley, and Tri-Rail system.

West Palm 
Beach

Subur-
ban

at grade new-build 2018 The West Palm Beach station could link to the Tri-Rail, Palm 
Tran bus routes, Palm Trolley(Yellow Line), and Amtrak West 
Palm Beach station.

Cocoa N/A N/A N/A N/A N/A

Orlando Inter-
national Airport

N/A N/A N/A N/A N/A

Tampa N/A N/A N/A N/A N/A

Table 3.13: Rail Station Details of Florida High Speed Railway System 
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CHAPTER 4

Recommendations

The purpose of this report is to distill lessons of val-
ue to decision-makers in the Pacific Northwest as they 
consider the prospect of high-speed rail service from 
Vancouver, British Columbia, to Seattle, Washington 
and Portland, Oregon (Figure 4.1). This research target-
ed experienced professionals in the field and existing 
academic literature with questions about the decisions 
to be made in the earliest stages, before a go/no go 
decision is made for the project. The point is to find 
the choices that hold promise for the success of these 
projects—a success that, if it does arrive, will emerge 
over the decades to come. 

To unearth pivotal decisions in early project develop-
ment requires candid conversations with people who 
have seen how choices made in earnest have given 
rise, years later, to unintended consequences. If we 
imagine that projects face barriers and offer oppor-
tunities, the idea of this report is to describe barriers 
to successful high-speed lines and/or systems, so that 
they may be recognized and avoided or overcome. 
Some barriers are rather well-known, having been the 
subject of concerted academic research, as in the rela-
tionship between population density, transit-oriented 
development, and transit ridership. Others are more 
elusive but just as important. They are the barriers to 
success that, perhaps unbeknownst to participants at 
the time of decision-making, eventually proved conse-
quential. This describes the slow process of learning 
about megaprojects through trial-and-error. It is also 
the source of institutional change—changes to the 
rules of the game for the people participating in and 
touched by these intendedly transformational invest-
ments—so that future projects avoid the same pitfalls.
This closing chapter summarizes the contents of this 

report and offers a set of recommendations, but with a 
caveat. This brief effort to examine a global industry can 
only offer generalized guidance to the parties exploring 
high-speed rail for the Pacific Northwest. To compare 
the ongoing and contemplated activities in this region, 
and examine the possibilities for implementing these 
ideas in Washington, Oregon, and British Columbia, 
was beyond the scope of this study.  

This chapter is organized into topic areas, followed by 
recommendations. These recommendations are not 
comprehensive; they do not represent a complete work 
plan for high-speed rail development. Many appear as 
requests to make use of expertise not commonly struc-
tured into transportation project decision-making, or 
suggestions for activities to occur outside of common 
time frames, or for levels and types of coordination and 
partnerships that would have no obvious purpose on 
any type of project except high-speed rail. Please note 
that the recommendations listed within each section 
are shown in chronological order of project develop-
ment.
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Figure 4.1: Pacific Northwest Topography, Existing Rail, and Highway Infrastructure
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High-speed rail is a service

High-speed rail is a service, defined by its competi-
tive success in intracontinental passenger transpor-
tation, including air travel. Success is so defined by 
competition for metro-to-metro air travel that inter-
national experts uniformly use this factor to explain 
why some lines are successful and to examine why 
others are not. When rail operations became com-
petitive, air transport services found ways to coop-
erate, further expanding the market for rail services. 
Competition with air travel supports the concept of 
first class or premium pricing, along with standard 
and discounted services. 

Recommendations

A vision of competitive metro-to-metro 
service should guide decision-making

To succeed, however, requires central and unflagging 
attention to the myriad ways in which decisions can 

1.	 Develop sound population density and demo-
graphic forecasts for the next 20 to 50 years to 
form the basis for the ridership demand and pric-
ing discussions essential to a go/no go decision

2.	 Organize political and technical stakeholders 
around the idea of providing competitively fast and 
convenient transport services between major met-
ropolitan centers

3.	 Let competition with air transport be the driving 
force behind principles to guide performance in 
terms of the speed, frequency, reliability, safety, 
comfort, and service quality of the system

4.	 Coordinate with airlines on the mutually positive 
benefits of integrating rail and air travel, the role 
of airport rail stations as hubs for long-haul travel, 
and the mutual benefits of alliances for ticketing 
and fare integration

detract from the competitive operational require-
ments of high-speed service. This imperative places 
expertise in operations and business planning for 
rail service at the forefront of early high-speed rail 
decision-making, providing critical guidance to polit-
ical leadership. Failure to compete in metro-to-met-
ro service leaves public agencies paying for inordi-
nately expensive rail systems that mainly serve local 
commuters.

Recommendations

5.	 From the beginning, bring experts from successful 
international high-speed rail services and opera-
tions in-house, to guide both political and technical 
decision-making

6.	 In preparation for a go/no go decision, the early 
planning of the project should have a vision be-
yond the construction of the infrastructure and a 
way to account for each part of the system (hard-
ware, such as track and rolling stock, but also soft 
systems, such as personnel and protocols for train 
and station operations), looking ahead five or more 
years into operations

7.	 Use such a systems approach to consider the 
stakeholders and experts to be involved in devel-
oping a unified and comprehensive vision; begin 
public engagement with the vision (e.g., hearings 
and workshops as opposed to lobbying)

8.	 Stakeholders may want to bargain; all choices have 
cost consequences that must be known, weighed, 
and communicated, with the awareness that small 
choices can place the success of the entire proj-
ect at risk if those choices detract from the per-
formance of the system necessary for competitive 
metro-to-metro travel 

9.	 A go/no go decision should be based on a realistic 
business plan, for a known customer base, with a 
well-grounded sense of what is plausible for high-
speed operations, adequate funds secured for 
planning, and the identification of known as well as 
likely adequate sources of funding for capital costs 
and their financing

10.	Start with political consensus for a go/no go deci-
sion

Focus on the service and 
providing value in the 
transportation market

4.1 
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A program of this magnitude calls for a 
new institutional approach

Megaproject risks magnify financial impacts. The 
scale, scope, and timing of high-speed rail devel-
opment are extraordinary, even by the standards 
of megaprojects. Nine out of ten megaprojects suf-
fer from cost overrun, but this does not mean that 
overrun is inevitable. The scale and scope of a high-
speed rail project creates its own market conditions. 
People and organizations do not usually plan activi-
ties using the 20 to 30 year timeframe of high-speed 
rail development. For projects in the U.S. and Cana-
da, success will depend on avoiding the vicious cy-
cle of underestimates, overruns, and political rene-
gotiation. These are not highway projects; different 
rules apply, and different approaches are needed. 
Researchers caution against direct comparisons of 
proposed U.S. high speed lines with existing sys-
tems in other countries. Successful high-speed rail 
systems around the world benefit from institutional 
safeguards for their development

Recommendations

11.	 If the decision is to ‘go’ on the project, form a new 
entity with political endorsement, cross-jurisdic-
tional representation from technical and institu-
tional experts, international expertise, and a tech-
nical advisory board (e.g., high-speed rail, border 
crossings, program management)

12.	Recognize the institutional gap (difference in rules 
and governance structures) between the U.S. and 
the countries that have successful high-speed rail 
systems 

13.	Conduct research to identify legislative and regula-
tory changes possible now, for the state/region to 
overcome the most significant hurdles to cost-ef-
fective project and service delivery (e.g., state-local 
and international agreements, partnerships with 
utilities and airlines, pathways for programmatic 
environmental review and permitting, provide land 
value capture)

14.	Obtain a technically-supported cost estimate for 
the project and its major components, with refer-
ence class forecasting --- using data that includes 

cost overrun from completed projects to adjust 
cost estimates ---, to use as a basis for fundraising 
(with support from program and bottom-up plan-
ning; conceptual but with schematic engineering 
basis where possible)

15.	Organize for systematic and sustained public en-
gagement, democratic participation, and project 
fundraising

Successful implementation depends on 
the capacity of the public agency

Efficiency requires a competitive market for the de-
livery of public goods. Without competition there will 
be no pressure for firms to pull bid prices down to-
ward their own actual estimates of cost. There are 
a limited number of knowledgeable bidders in the 
market for high-speed technology. Maximize the po-
tential to reach the largest number of market partici-
pants by adopting standards with the widest number 
of knowledgeable firms. While many projects start 
with a competitive market of players at the outset, 
they usually end up in a game with a small number 
of players as project development proceeds, there-
by raising the risk of increases in cost and contrac-
tual issues. 

Recommendations

16.	The simple arrangement of a public agency work-
ing with a consortium should be changed to pro-
vide the public agency with a more robust capacity 
to understand the markets it wishes to engage, and 
how to engage them for a cost-effective outcome; 
bring international experts in-house and as public 
agency advocates

17.	The public agency should adopt widespread inter-
national standards for the system, known to a wide 
array of responsible corporations in the industry 
(note that many are government-owned corpora-
tions) and establishing interoperability; conduct 
a study to understand, in advance of contracting, 

Effective and productive 
private sector relationships4.2 
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the extent of the market (suppliers) in the indus-
tries and sub-industries of high-speed rail, with the 
idea of tailoring requests for proposals that meet a 
well-represented market

This is program management for proj-
ects and services

Public-private partnerships have often been pro-
moted for infrastructure megaprojects around the 
world, including high-speed rail, yet these arrange-
ments can lessen competition (e.g., Dutzik and 
Schneider, 2011; Ho and Tsui, 2010). Though there 
are few examples, projects in the U.S. gravitate to-
ward two extremes for high-speed rail development, 
while international arrangements represent a wide 
variation in ownership structures for contracting. It 
helps to realize that a high-speed rail line is a mas-
sive program made of many engineering, construc-
tion, manufacturing, and assembly projects, each 
with its own market of competitors. Consider cul-
tivating competition in the market, as opposed to 
competition for the market. Continually assess the 
limits of your expertise, and get help. 

Recommendations

18.	Recognize that public ownership is the norm for 
high-speed rail in the countries that have pio-
neered high-speed rail development

19.	Develop a deep bench of advice on program man-
agement, to guide the division of the program into 
sub areas and projects, with procurement practic-
es that avoid unnecessary bundling to maximize 
the benefits of competition while attending to 
economies of scale and scope, and to monitor ef-
fects of the program on key markets, and effects of 
key markets on the program

20.	Begin early to investigate cost- and time-saving ap-
proaches in the market, such as modularization in 
engineering, permitting, pre-fabrication, and con-
struction

21.	Organize for competition in the market: retain pub-
lic ownership of the infrastructure such as stations, 
tracks, station areas, with a starting set of rolling 

stock, which have a long timespan, and invite pri-
vate operators to compete for the operation and 
maintenance of the system and service

22.	Have contingency plans and rainy-day funds for 
those times when private partners fail to deliver 
the project or service and the public agency needs 
to regroup and issue new proposals 

Deliberate, systematic, and sustained 
public engagement is key

Effective high-speed rail development requires thor-
ough and deliberate public engagement coupled 
with planning and engineering. High-speed rail lines 
are initiated through reaching political consensus 
on the vision of the project, the long-term future of 
service, the growth of the region, and potential ef-
ficiencies and spillover effects. Experts encourage 
early outreach to local leadership, with a particular 
view of what it means for cities, counties, and other 
local and regional entities to become partners in the 
project. Academics encourage consideration, for ex-
ample, of the role of transit-oriented development 
in providing affordable housing choices in proxim-
ity to station areas. Let technical considerations of 
planning, engineering, and cost, with business per-
formance characteristics, drive the production of 
options for routes. 

Recommendations

23.	Have early, systematic, and sustained community 
engagement, approaching communities to under-
stand their needs instead of selling the idea of 
high-speed rail

24.	 Identify and involve local advocates (especially the 
younger generation who are more open to the idea 
of traveling by rail) in the outreach

25.	Be honest about negative impacts, and present 
conceptual designs, visualizations, and accessible 
facts and data to demystify false beliefs and make 
the direct and indirect benefits more tangible

Coordinated public 
engagement4.3 
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26.	Let routes be determined by the technical require-
ments of delivering a high-speed metro-to-metro 
service, but also organize with communities to plan 
for the integration of stations along the route with 
existing commuter rail and local transport systems, 
to expand the service area of high-speed rail (bring-
ing people to the rail) instead of diverting the route 
of the rail through the centers of towns along the 
route 

27.	 Identify, with communities and local stakehold-
ers, the preferred locations for stations along the 
high-speed route, station area development land 
uses and densities, and station-to-community lo-
cal transport options to align the benefits of high-
speed rail with the needs of communities, including 
direct benefit from the service and indirect benefits 
such as job creation, housing, and economic growth

Making the most of dollars 
and sense

All eyes will be focused on the selection 
of routes, which is a technical decision

All eyes will be focused on the selection of a route 
and stations from point A to B. Experts describe 
the need to enter environmental review with 50% 
of engineering complete, preferably for 2 or 3 al-
ternative routes, though they would all need to be 
able to meet performance expectations. Factoring in 
the location of electrical transmission lines on the 
grid during the selection of the route offers multi-
ple cost-saving benefits, for capital cost, operating 
costs, and land acquisition. Don’t delay the engineer-
ing and construction of urban metro and airport 
stations, as each is its own megaproject in need of 
greater than 50% engineering at the time of environ-
mental review. 

Recommendations

formance specifications set for competitive met-
ro-to-metro service

30.	Work early in partnership with utilities and grid op-
erators to understand the role of transmission and 
on-site renewable energy generation and storage 
on project capital and operating costs, and to de-
sign the route accordingly

31.	Recognize the urban metro hub and airport sta-
tions for the infrastructure megaprojects that they 
are, on the critical path for the program, with many 
local stakeholders

32.	Take a programmatic approach to environmental 
review; organize environmental surveys/studies 
at a programmatic level for economies of scale, 
establish programmatic permitting for areas that 
meet the no-significant-impact criteria and system-
atic review at project level for sites with significant 
impacts, and prepare easements and public pur-
chases where possible to ease land acquisition 

“Plan slow, act fast” (Gardner and Fly-
vbjerg 2023)

Plan slow; bring the engineering with you in a con-
certed program of public outreach. Plan slow; be 
able to explain the costs, impacts, and operational 
constraints, but also the services local communities 
will receive. Plan slow; reach political agreement ear-
ly on to put institutions in place, such as land value 
capture as part of the financial structure of the proj-
ect. Act fast, when the time comes to advance to de-
tailed design, land acquisition, and construction. Act 
fast; in the move from engineering to construction 
the cost per day of work rises dramatically, which 
means that construction techniques matter. Act fast; 
inflation is not on your side.

Recommendations

33.	For the planning, public engagement, public agree-
ments, engineering, permitting, and environmental 
review, getting it right is more important than going 
fast

34.	Don’t hire design-build or construction contractors 
until you are actually ready to finalize detailed de-

4.4 

28.	Manage the program to advance engineering in 
concert with public engagement, before and during 
environmental review

29.	Make sure that all proposed routes meet the per-
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sign and begin construction, likely after project-lev-
el records of decision from environmental review

The impact of the project on cli-
mate, and climate on the project, is 
game-changing

High-speed rail is increasingly discussed as a form of 
climate action. As an electric system, high-speed rail 
has the potential to offer advantages in the effort to 
decarbonize transportation compared to other trav-
el modes (i.e., auto, airline, and heavy rail train). The 
idea that renewable sources, such as solar energy, 
could power high-speed rail operations, puts rail op-
erations in the energy business. Part of the essen-
tial story for the public about rail transportation is 
the comparative effect on personal emissions. Rail, 
like other modes of transportation are exposed and 
vulnerable to disruption, though the nature of those 
vulnerabilities differ. Designing for resilience is the 
only and best option, with an understanding from 
the beginning of the effects of climate change across 
the topography of the region.

Recommendations

35.	The potential for high-speed rail to decarbon-
ize transportation is significant and yet an easily 
squandered opportunity; research to account for 
greenhouse gas emissions in the design, construc-
tion, and operational choices for the program and 
its projects should proceed with the guidance and 
participation of experts in this emerging field of 
study, alongside and embedded in the organiza-
tions delivering the project

36.	People at the top of the organizational structures 
for this project need to recognize that funding (e.g., 
Washington’s cap-and-invest) and preferred finan-
cial terms (e.g., ESG finance) are at stake, and make 
decarbonization a primary objective of the program

37.	Highly specialized expertise in modeling for ex-
treme events exacerbated by climate change (e.g., 
heat, flooding, wildfire, landslide) and costly, even if 
separate from climate change (e.g., earthquakes) is 
needed from the beginning, to understand the ex-

posure of the area under consideration for routes 
and stations, and how that exposure will grow 
during the full designed life of the asset

38.	This expertise in climate and infrastructure will 
need to be able to guide and work with the tech-
nical team during route and station area selection, 
to move toward designs that are robust from an 
all-hazards approach; designs made to avoid loss 
and damage

39.	Organizations that claim to reduce greenhouse gas 
emissions through their activities, and avoid the 
impacts of natural hazards should document these 
claims with evidence-based forecasts, and moni-
toring and verification systems; this should be the 
case for high-speed rail

40.	The scale of the project and its uses of electricity 
are conducive to cost-saving investments in solar 
and battery systems along the route, to support 
the cost of operations and to shave off the sub-
stantial and expensive spikes in electrical demand 
placed on the grid from train operations; study the 
effects this could have and the enabling environ-
ment for its execution
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