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Guide to Abbreviations
BCA – Benefit-Cost Analysis
BUILD - Better Utilizing Investments to Leverage Development
CDOT – Colorado Department of Transportation
DOT – Department of Transportation
DROCG – Denver Regional Council of Governments
EIA – Economic Impact Analysis
EIS – Environmental Impact Statement
FRA – Federal Railroad Administration
HS&IPR – High Speed & Intercity Passenger Rail
HST – High Speed Transit
ICS – Interconnectivity Study
IOS – Initial Operating Segment
LOS – Level of Service
NFRMPO – North Front Range Metropolitan Planning Organization
NPV – Net Present Value
PACG – Pueblo Area Council of Governments
PPACG – Pikes Peak Area Council of Governments
QOL – Quality of Life
ROI – Return on Investment
SCC – Social Cost of Carbon
SIA – Social Impact Analysis
TIGER - Transportation Investment Generating Economic Recovery
TOD – Transit Oriented Development
V/C – Volume/Capacity ratio
VHT – Vehicle Hours Traveled
VMT – Vehicle Miles Traveled
VOT – Vehicle Operating Time
VSL – Value of a Statistical Life
VTTS – Value of Travel Time Savings
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Introduction
In the 20th century the United States developed national transportation networks comprised of
highways and aviation systems. After 60 years and $1.8 billion invested, our highways and aviation
systems were the most advanced in the world and brought unprecedented economic expansion through
drastically increased connections between cities and regions. These systems remain indispensable
elements of the country’s transportation system, but it is becoming clear that existing infrastructure is
insufficient to handle the nation’s future freight and passenger transportation demands. In the 21 st
century we are faced with new challenges: creating the foundation for economic development in a more
complex global economy, promoting energy independence and efficiency, addressing global climate
change end environmental quality, and fostering livable communities connected by safe, efficient modes
of travel. Cities and regions nationwide are increasingly turning to various forms of passenger rail transit
to address these challenges. Plans for $1 billion of annual federal funding for rail projects were
introduced in the 2009 Vision for High Speed Rail in America and prompted the incorporation of
passenger rail into the long-range transportation plans of multiple states (Federal Railroad
Administration, 2009). The most recent opportunity for federal funding on investments in
transportation infrastructure is provided through the Better Utilizing Investments to Leverage
Development (BUILD) program that replaces the Transportation Investment Generating Economic
Recovery (TIGER) program. BUILD made $1.5 billion of federal funds available for transportation
investments through 2030 (U.S. DOT, 2018).
Now the Colorado Department of Transportation (CDOT) has developed plans for the
implementation of high-speed rail corridors along I-25 and I-70. These plans are presented in the CDOT
Interregional Connectivity Study, which considers long transportation plans of the Denver Regional
Council of Governments (DRCOG), North Front Range Metropolitan Planning Organization (NFRMPO),
and Pueblo Area Council of Governments (PACG). The only metropolitan planning organization situated
within the proposed high-speed rail corridor that has not incorporated an assessment of passenger rail
into its long-range transportation plan is the Pikes Peak Area Council of Governments (PPACG). Without
a comprehensive assessment of the full range of region specific impacts and opportunities the state will
have difficulty receiving a project grant under the Consolidated Rail Infrastructure and Safety
Improvements Program. This is the most recent federal rail funding program, and it requires any
applicant to provide a complete Project Narrative, Statement of Work, Benefit-Cost Analysis, and
Environmental Compliance Documentation (Federal Railroad Administration, 2018). This report is
intended to provide foundational research for PPACG as to the benefits of extending high-speed
intercity passenger rail along the Front Range. Some of this information will be useful in creating a
benefit-cost analysis for the region, which will enhance state plans and opportunities for federal
funding.
The first section of this report will include findings on the benefits of public transit systems in
general. These findings focus on the categories where benefits are realized and discuss different
methods of including these in impact statements, such as social impact analysis, economic impact
analysis, and benefit-cost analysis. The second section will discuss the specific benefits that are created
and realized locally by introducing a high-speed rail system into an existing transportation network. This
section will include a discussion of the benefits created by high-speed rail systems that have been
proposed or funded in areas that are spatially and economically comparable to the I-25 corridor, such as
the Sounder transit system in Washington State. The third section will detail the modeling techniques
used by CDOT to estimate the costs and benefits of the state vision for high-speed passenger rail.
Findings from previous research and evaluation projects suggest that with federal funding the proposed
I-25 intercity passenger rail corridor, referred to as the CDOT High Speed Transit Vision (HST Vision) has
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the potential to create benefits amounting to greater than $63 billion on a present value basis (CDOT
Division of Transit and Rail, 2014). The Initial Operating Segment (IOS), connecting a Briargate station to
DIA and Fort Collins, may realize benefits up to around $25 billion (CDOT Division of Transit and Rail,
2017). Because of its projected population growth and its position in the proposed corridor, Colorado
Springs has the potential to realize the greatest share of benefits and economic development predicted
to be brought by the introduction of a high-speed rail connection to the Front Range. It is important to
note that this project was undertaken to address the benefits of rail transit specifically. There is some
mention of costs in the discussion of benefit-cost analysis, but since the state has already determined
the necessary cost investments, specific costs are not considered in this report.

Transit Benefit Analysis
High-speed and intercity passenger rail (HS&IPR) service is an appealing alternative to air and
auto in intercity travel. Many parts of the national highway and airport systems in the U.S. have been
plagued with congestion and deteriorating infrastructure for a long time. In addition, the two modes
are under increasing criticism for their considerable negative externalities to the environment. HS&IPR
services are much more sustainable, but the provision requires huge capital investment (Sriraj, Zou,
Schlickman, & Weisbrod, 2017). Before investing in transportation infrastructure improvements, a
project sponsor should be able to articulate the problem that the investment is trying to solve and how
the proposed improvement will help meet that objective. This is particularly important when the
project sponsor is seeking funding from outside sources under highly competitive discretionary
programs. Benefits reported here are the estimated net economic values of outcomes that are
reasonably expected to result from the implementation of a project and can be experienced by users of
the transportation system or the public at-large. All the benefits reasonably expected to result from the
implementation of the project or program should be monetized (if possible) and included in a BenefitCost Analysis (BCA) on an annual basis throughout the entire analysis period (U.S. DOT, 2017). This
section will discuss methods for assessing the return on investment potential of transit projects and the
categories of benefits that are produced in the context of transportation sustainability.

Methods for Analyzing Return on Investment

The recent surge in interest in rail transit projects has produced a range of proposals around the
country. Each report assesses the return on investment differently, with different region-specific
transportation characteristics and goals influencing the type of analysis chosen. Similarly, the standards
for selecting projects to award funding used by the U.S. Department of Transportation (DOT) have
evolved since the 2009 funding program was established. According to the Federal Railroad
Administration (FRA) (2017), four criteria are defined to decide which benefits and costs should be
included in a BCA: immediately quantifiable in practical terms, monetizable, not duplicative, and not a
transfer effect. However, given that investment in HS&IPR is not just a summation of direct monetary
benefits and costs, it assumes an important social context and thus warrants consideration of a broader
range of benefits beyond BCA, such as the broader economic and social impact of the investment (Sriraj,
Zou, Schlickman, & Weisbrod, 2017). While some benefits in these alternative analysis procedures may
be disregarded by funding entities, identifying the full range of quantitative and qualitative benefits is
important for stakeholder engagement and public support of a project.
Traditional Benefit-Cost Analysis requires the calculation of a stream of benefits and costs
resulting from the project over a specified period, in the form of discounted present values. In contrast
to the profitability criteria a business would use for investment decisions, BCA adopts an “all of society”
perspective and is used widely for making the investment decision for a project. To get an accurate and
unbiased result, it is critical to include all the relevant cost and benefit items in the BCA and ensure that
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none of the benefits is double counted. BCA guidance provided by the FRA (2016) allows for benefits
and costs for users, operators, the environment and also includes benefits for productivity improvement
and infrastructure “state of good repair.” The BCA consists of five steps:
1. Establish a baseline condition for the project. The baseline condition represents how the
world would look without the project. It is the condition that future forecasts will be
compared against. Specification of the baseline condition includes travel demand, its
split between existing modes, and the current service quality such as travel time, cost,
and service frequencies.
2. Define project scenario(s). For a project scenario, BCA pertains to specification of the
project location and the costs involved in the planning, construction, and operations and
maintenance phases of the project. The specification also includes the service
characteristics provided by the HS&IPR project once it is complete, including train
speed, travel time, and fare.
3. Define the time horizon for analysis. The time horizon for BCA of an HS&IPR project
typically goes multiple decades. According to the recent guidance by FRA (2016), the
analysis period of a BCA consists of the full construction period of the project, plus at
least 20 years after the completion of construction during which the full operational
benefits and costs of the project can be reflected in the BCA. This approach is also
consistent with the BCA guidance issued by the U.S. DOT’s Transportation Investment
Generating Economic Recovery (TIGER) program, and with the FRA’s requirement that
its Federal funding recipients ensure that project outcomes achieved with Federal funds
are maintained for a minimum of 20 years from the date a project is put in service.
(Litman, 2009)
4. Estimate the value of total costs and total benefits for future years. Benefits consist of
three categories: multimodal travel benefits, social externality effects, and economic
benefits. They are discussed in greater detail in the following section. The value of user
(traveler) benefit factors – travel time, cost, reliability and safety – is normally summed
over all modes to provide a generalized cost savings metric.
5. Discount the future cost and benefit streams to represent the present value.
Discounting of future costs and benefits adjusts for the time value of money, which
expresses the principle that costs and benefits that occur in the more distant future are
less valued than those occurring sooner. To make a direct comparison of costs and
benefits accrued in different years, FRA (2016) suggests using the discounting rate of 7%
per year, which is the discount rate net of inflation rate, and conducting an alternative
analysis using a 3% discount rate for sensitivity analysis (Sriraj, Zou, Schlickman, &
Weisbrod, 2017). Research in public HS transit evaluations reveal frequently used
discount rates between 4-5%.
Economic Impact Analysis (EIA) is the analysis of impact of a project on the economy and is not a
substitute for BCA but rather is a complement to it. Effects on local economic development, including
job generation and increased average pay, are commonly seen as strategic goals of public policy,
alongside environmental and social goals. Effects on addressing these goals or issues are often
considered as part of long-range plans, project prioritization and environmental impact processes.
However, EIA does not compare impacts or benefits to costs. Instead EIA shows how both expenditures
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on project costs and as well as productivity and cost savings effects affect the economy of an area.
Multi-regional economic impact models can also show how economic impacts are distributed among
multiple study areas.
Social Impact Analysis (SIA) refers to the measurement of environmental and other social
impacts that are not part of traditional economic impacts but are also of public interest. While BCA
includes concepts of social welfare, SIA differs from it by counting desired distributional impacts (e.g.,
helping economically distressed communities and regions), very long-term impacts (e.g., enhancing land
use and the environment for future generations), and quality of life impacts (e.g., making cities more
livable due to increased mobility and lifestyle options). Thus, SIA provides a means of assessing how a
project affects the achievement of long-term public planning or policy objectives that are outside of the
financial accountability perspective of classic BCA (Sriraj, Zou, Schlickman, & Weisbrod, 2017).

Transit Benefit Categories
Literature in the field of public transit costs and benefits tends to describe benefits in two
phases: first in categories of impact, and second by specific impacts. Guidance documents provided by
federal authorities usually outline impacts that are considered to merit investment. These standards
have changed several times over the last decade of investment in rail projects. In 2007, the Federal
Transit Authority defined mobility improvements, environmental benefits, cost effectiveness, operating
efficiencies, transit-supportive existing land use, policies, and future patterns, and “other benefits” as
the criteria that would be used in evaluating FY09 proposals (Arndt, et al., 2008). Recently the U.S. DOT
published a list of items recommended to be included in rail BCAs that reflects their classification of
impact categories as: value of travel time savings, vehicle operating costs, safety benefits, emissions
reduction benefits, and other issues in benefits (U.S. DOT, 2017). These lists are important to adhere to
in the process of securing federal funding, but they are not exhaustive lists of the economic and social
benefits of rail transit.
Evaluating transit from a sustainability perspective, Lane and Sherman (2013) define their cost
and benefit categories as: mobility and accessibility, economic and financial, safety and security,
environmental and energy, and social equity. Benefit categories are used to identify areas of society
where benefits are realized and are usually defined based on the policy goals of a specific project. Many
studies give preference to certain specific impacts by defining them as impact categories. For example,
relieving congestion is a primary benefit of transit investment and merits emphasis in a report, however,
it is part of a larger set of impacts that here are grouped as multimodal transportation benefits.
Considering research by experts in the field, recommendations and guidance from federal
authorities, and the concepts of sustainable development, I have defined three categories by which to
group specific benefits. These are multimodal transportation benefits, external social benefits, and
direct economic benefits. These three benefit categories are meant to encompass all elements cited in
BCA, SIA, and EIA. A table is included in the next section to show where each specific benefit element is
useful. There is plenty of gray area on this subject and some benefit elements have effects in multiple
areas. In this report benefit elements are sorted into the category where that benefit will have the
greatest impact. Because HS&IPR projects are undertaken specifically to address transportation needs,
many benefits are realized directly in the transportation system or arise due to efficiency improvements.
Rail encourages increased usage of transit and is usually more attractive than other intercity transit
methods such as bus travel. Increased transit utilization mainly accrues benefits from reduced
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congestion, travel costs, and time savings. Some transportation benefits may also be considered social
benefits, such as less highway traffic for people who choose to continue driving. To distinguish the two
categories, benefits that are realized as direct improvements or changes to the transportation system by
reducing travel times or costs are transportation benefits, although since time has value they also have a
component of economic benefit. The PPACG (2015) stated goals for transportation investment plans in
the 2040 Long Range Transportation Plan. The goals that would be addressed by benefits in the
transportation category include maintaining infrastructure condition, improving operating efficiency and
service quality of regional transportation, prioritizing funding toward projects with highest life-cycle
benefit/cost ratios, improving connectivity options, and increasing the resilience of the transportation
system overall.
The social benefits of transit options are what economists call externalities, because they
spillover to other parts of the economy besides transportation markets. These are sometimes
considered “quality of life” effects as they affect the community at large and are broad in scope
(Fogarty, Eaton, Belzer, & Ohland, 2008). Other studies include water quality and land use as
environmental costs. Those are left out of this report because the only land development needed in
Colorado Springs will be for building stations. Because the current vision for high-speed rail has minimal
construction impacts in Colorado Springs, environmental quality is included in social benefits. Less
construction limits the environmental benefits for the Pikes Peak region to one metric: air quality. This
will result in some environmental costs, but the benefits realized will be economic in nature and mostly
reflected in property values. PPACG goals such as improving safety for all travelers, ensuring
transportation system benefits are equitable, reducing net transportation related impacts to
communities and natural environments, creating more livable communities, and reducing transportation
related greenhouse gas emissions (PPACG, 2015) are all positively addressed by the social benefits of the
transit project
Economic development impacts refer to a community’s economic goals, including increased
worker productivity, employment levels, income, and business activity (Litman, 2015). PPACG’s goals for
transportation investments are to incentivize infill in, and redevelopment of existing communities, and
to improve economic vitality and freight movement in the region (PPACG, 2015). Included in this
category are any factors that produce benefits to the local economy that show directly in financial
bottom lines of local residents, government, or businesses. In addition, economic benefits include
factors that raise net property values and encourage future development of a targeted area. More
efficient and possibly independent energy use is included in this category because energy independence
has long-term economic implications in multiple sectors of the economy. The next section will describe
in detail the benefits of high-speed and intercity passenger rail in their respective categories and discuss
how they affect Colorado Springs under the state’s vision for high-speed passenger rail.

Benefits of High-Speed Intercity Passenger Rail
This section will discuss specific benefits produced by introducing high-speed or intercity
passenger rail to the overall transportation system. Here they have been sorted into three categories transportation, social, and economic – according to how the benefits are realized. Some benefits will
have obvious effects in multiple categories.
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Transportation Benefits
Travel Time Savings
One of the most common goals of many transportation infrastructure improvement projects is
to improve traffic flows or provide new connections that result reduced travel times (U.S. DOT, 2017).
An HS&IPR service can change travel time for its users as well as users of other modes like highways.
Travel time savings is one of the most important benefits in BCA, EIA, and SIA. Travel time is a localized
impact, meaning it is associated with travelers in a specific geographic area (Sriraj, Zou, Schlickman, &
Weisbrod, 2017). Estimation of time savings from a railroad improvement will depend on engineering
calculations and a thorough understanding of how the improvement will affect traffic flows. Such
improvements may reduce the time that rail freight and passengers spend in transit (including wait
times). These in turn may also impact the travel times of automobile passengers and truck freight, which
may be able to flow more efficiently due to grade separations or reduction of vehicular congestion due
to the diversion of some passenger or freight movements to rail (Federal Railroad Administration, 2016).
Time savings are measured as Vehicle Hours Traveled (VHT) times the average wage rate, to
estimate the value of travel time savings (VTTS). Estimates of the VTTS depends on the demographic
characteristics of the traveling population, the mode, time, location, and purpose of travel, and the
menu of available travel alternatives (White, 2016). The U.S. DOT provides guidance for estimating the
VTTS, presented in figure 1. Their guidance is based on work by Todd Litman, a leading researcher and
policy analyst in public transit, presented in figure 2.

Figure 1 (Litman, Evaluating Public Transit Benefits and Costs: Best Practices Guidebook, 2018)

Figure 2 (Federal Railroad Administration, 2016)
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Traffic Congestion and Travel Time Reliability
An important factor in transit evaluation is the degree to which a policy or program increases
transit ridership and reduces overall vehicle travel, thereby reducing traffic problems such as
congestion. Traffic congestion costs consist of incremental delay, stress, vehicle operating costs and
pollution that a vehicle imposes on other road users. Congestion reduction is a primary transportation
improvement objective. To reduce congestion, rail transit must attract travelers who would otherwise
drive, which requires fast, comfortable, convenient and affordable service. When rail transit is faster
than driving a portion of travelers shift mode until congestion declines to the point that transit attracts
no additional riders. As a result, the faster and more comfortable the transit service, the faster the
traffic speeds on parallel highways. To reduce congestion (Litman, 2015).
Reliability relates to the travel time variability of movement. It is well known that highway and
road travel times become more variable and less predictable as congestion increases and demand
approaches maximum facility capacity. The same can occur to varying degrees for air travel, bus travel,
and train travel as a consequence of either terminal congestion or high levels of infrastructure use. The
consequence of falling reliability is that travelers and/or operators build in extra “buffer” time (leaving
earlier than otherwise necessary) to ensure that on time arrivals even for trains, buses and airplanes. By
switching some travelers away from other modes, HS&IPR is often expected to have a positive impact on
highway travel times (Sriraj, Zou, Schlickman, & Weisbrod, 2017).
Measurements of travel reliability time and congestion are based on the reduced time cost of
travel (as a result of shorter scheduled travel time) before and after the introduction of an HS&IPR
project. The methodology is based on estimation of volume/capacity (V/C) ratio and reductions in
vehicle miles traveled (VMT) and vehicle hours traveled (VHT) for relevant infrastructure. The
estimations for these values under various alternative rail designs are shown below. In the case of
highways, there are well-developed statistical relationships between reliability and the V/C ratio for
various types of infrastructure settings. Estimating these benefits requires inputs of travel time
information, traveler vehicle operating time (VOT), and planning time index. The first two come from
demand model outputs; the third is produced through empirical findings (Fogarty, Eaton, Belzer, &
Ohland, 2008; Sriraj, Zou, Schlickman, & Weisbrod, 2017). Congestion impacts and travel time savings
are particularly important to Colorado Springs because of the extremely limited options for travel to and
from Denver.

Figure 2 – ICS VMT and VHT estimates (CDOT Division of Transit and Rail, 2014)

Figure 3 - Recommended Congestion Cost Values (Per vehicle-mile) (Litman, 2018)
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Travel Cost Effectiveness
Travelers choose to switch modes when the user’s total perceived benefits (measured and
psychic) outweigh the total perceived costs. For a rail passenger, the direct cost of travel may include
out-of-pocket expenses such as fares for line haul intercity rail, fares for access to/from intercity rail via
taxi or public transit), and if accessing via car, then all associated costs of fuel, vehicle wear-and-tear,
tolls and parking costs. For users of other modes, there are similarly fares for bus or airline travel and
vehicle costs if traveling by car.
People with access to quality public transit tend to spend less on transportation. Travelers who
switch to HS&IPR have net travel cost changes calculated as the difference in expense between the old
and new mode. Travelers of other modes may also see changes if the addition of HS&IPR services lead
them to a change in fares or fees (Ferrell, 2015; Sriraj, Zou, Schlickman, & Weisbrod, 2017). For a given
scenario, travel cost changes are estimated based on the forecast volume of travelers using each mode
and switching between modes. HS&IPR travel cost benefits are measured in dollar values for each trip
before and after the introduction of the HS&IPR project.

Social Benefits
Safety
As discussed in every study of rail transit benefits, safety is an important aspect of investing in
rail infrastructure. Traffic accidents impose significant costs, and despite traffic safety efforts, vehicle
accidents continue to be the largest cause of deaths and disabilities for people in the prime of life
(Litman, 2015). The automobile system kills 45,000 people per year in the US and leads to numerous
other injuries that reduce work hours, decrease individual living standards, and limit quality of life (Lane
& Sherman, 2013). Safety benefits result from reductions in vehicle accidents and are monetized based
on estimates of prevented crashes, which are measured through the number of injuries and fatalities,
and the extent of property damage. Injuries and fatalities are non-localized because they impact all
members of society—not just those living close to crash sites—through their influence on auto
insurance and healthcare costs. The most common localized safety impact is property damage resulting
from a collision. Safety is measured in terms of fatalities, injuries, and property damage, each of which
is generally monetized. A common unit of measurement is the number of occurrences per 100 million
vehicle miles traveled (Sriraj, Zou, Schlickman, & Weisbrod, 2017). The U.S. DOT provides guidance on
valuing fatalities and property damage in crashes. The primary metric involved is ‘value of a statistical
life” (VSL) which is an average of $9,600,000 ($2015) per fatality. The value of injuries is estimated at a
set fraction of that value and displayed below in figure 5. Auto property damage only crashes are valued
at $4,198 per vehicle (Federal Railroad Administration, 2016).
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Figure 4 - Value of Injuries (Federal Railroad
Administration, 2016)

Emissions
Transportation activities contribute significantly to localized air pollution. Rail transit projects
offer the potential to reduce the transportation system’s impact on the environment by lowering
emissions of air pollutants that result from production and combustion of transportation fuels. The
economic damages caused by exposure to air pollution represent externalities because their impacts are
borne by society as a whole in the form of healthcare costs, worker productivity decreases, and lower
quality of life. By lowering these costs, transportation projects that reduce emissions produce broadly
felt environmental benefits (U.S. DOT, 2017). Replacing cars travelers with rail transit results in reducing
the amount of pollutants being emitted throughout the transportation system. Transportation activities
account for roughly one-third of all greenhouse gas emissions produced in the United States annually,
and other emissions from transportation vehicles also contribute significantly to localized air pollution
(Federal Railroad Administration, 2016). Rail tends to reduce emissions in densely populated areas, such
as commercial centers and transit terminals, and so reduces people’s exposure to harmful emissions
such as CO, toxics and particulates, compared with conventional diesel buses (Litman, 2015).
Emissions are generally measured in U.S. tons per uncongested mile, congested mile, or hour.
The reason for distinguishing between congested and uncongested miles is because pollutants become
more localized at lower travel speeds. US EPA provides emission rates for all modes of transportation.
Emission rates vary by a vehicle’s size, age, and manufacturer (but not by geography), and are typically
valued in dollars per U.S. ton (Sriraj, Zou, Schlickman, & Weisbrod, 2017). The economic benefits from
reducing emissions of greenhouse gases and local air pollutants are also important to quantify. By far
the most common greenhouse gas emitted as a result of transportation related activity is carbon
dioxide, while the most common local air pollutants generated by transportation are sulfur dioxide,
nitrous oxides, fine particulate matter, and volatile organic compounds. The economic values for
reducing emissions of various pollutants are based on guidance from the U.S. EPA. The tables below
provide recommended values that may serve as a starting point to inform a BCA.

Figure 5 - Value of Avoided Emissions (2015$) (Federal Railroad Administration, 2016)
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Figure 6 - NPV of Social Cost of Carbon (SCC) (Federal Railroad Administration, 2016)

Health
In addition to reduced exposure to pollutants and increased safety from automobile accidents,
there is evidence that investing in rail transit creates benefits in in public health. Many experts consider
increased walking and cycling for daily transport one of the most practical ways to increase public fitness
and health and most transit trips include walking or cycling links, so public transit travel tends to
increase physical activity. Detailed studies indicate that public transportation users are more likely to
walk, walk longer average distances, and are more likely to meet recommended physical activity targets
by walking than non-transit users. Using comprehensive demographic, travel and health survey data
that accounts for income, education, commuting preferences, amount of non-travel physical activity and
healthcare resources, She, King and Jacobson (2017) found that each one percent increase in public
transit use is associated with a 0.221 percent decrease in county population obesity rates. This indicates
that public transit improvements can help reduce obesity.

Figure 7 - Walking Activity by Transit Use (Litman, 2009)

Public health benefits from increased walking and cycling caused by transit use are difficult to measure
and depend on the type of transit program implemented. To the degree that transit causes otherwise
sedentary people to walk or bicycle an hour or more a week it provides significant health benefits.
Because inadequate physical activity is such a large health risk, the public health benefits of increased
transit use and more transit oriented development may be comparable to transit’s traffic safety
A Framework for Analyzing the Benefits of High-Speed Rail to Colorado Springs
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benefits, although more research is needed to verify this (Litman, 2018). In addition, people who lack
adequate transportation to medical care generate high spillover costs to the health care system because
foregoing preventive care trips often leads to more expensive treatments later (Ferrell, 2015; Litman,
2018; Fogarty, Eaton, Belzer, & Ohland, 2008).

Quality of Life, Equity, and Livable Communities
Beneficial byproducts of investment in development around rail stations include enhanced
social interaction, neighborhood vitality, and quality of life, all of which are increasingly important
components of sustainable development (Lane & Sherman, 2013).
Broadly defined, livability focuses on tying the quality and location of transportation facilities to
broader opportunities, such as access to good jobs, affordable housing, quality schools, and safer streets
and roads. Incorporating livability approaches into transportation, land use, and housing policies can
help improve public health and safety, lower infrastructure costs, reduce combined household
transportation and housing costs, reduce vehicle miles traveled, and improve air and water quality,
among many other benefits (Federal Railroad Administration, 2016). Transportation projects can
provide benefits that cannot easily be monetized but nevertheless may improve the quality of life of
local or regional residents and visitors. Many of these benefits can be expected to be captured in
increased property values. Organizations seeking funding should attempt to monetize these types of
benefits to the extent possible; where doing so is not feasible, they should provide as much quantifiable
data on those impacts as possible, focusing on changes expected to be brought about by the
transportation improvement project itself (U.S. DOT, 2017).
Additionally, improved accessibility to transit and mobility signifies equitable development.
Many users of transit are members of disadvantaged populations, such as low-income elderly and the
disabled. Providing these groups with wider access to transportation encourages social mobility by
equalizing access. Transit helps achieve community equity objectives by increasing economic and social
opportunities for people who are economically, physically and socially disadvantaged, and helps achieve
equity objectives, such as helping physically and economically disadvantaged people access public
services, education and employment opportunities. Transit helps reduce the relative degree that nondrivers are disadvantaged compared with motorists (Litman, 2018).

Economic Benefits
Increased Property Values
Possibly the most frequently cited benefit of high-speed rail investment is increased property
values. Many other benefits get lumped in with this metric because property values are where the
monetary value of many benefits are realized and translated into the local economy. Land value
increases are a result of increased accessibility or attractiveness due to proximity of a station. Such
increases are largely a result of reductions in travel times or other benefits discussed above. As a result,
if projected increases in property values are to be included in a BCA, great care must be taken to avoid
double- counting the same benefits. Such projections should also only count the net increase in land
value as a benefit and should consider the net effect of both increases in land values induced by the
project in some areas and any potential reductions in land values in other areas (U.S. DOT, 2017). Highspeed rail stations generate land development impacts because their increased activity levels and
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greater accessibility both makes surrounding property locations more desirable as a place to live or
work. That can lead to increased attraction of residential investment and business activity into the area
– thus generating localized economic impacts. The most accurate way of calculating property value
increases is via a market analysis which considers the projected regional increase in demand for housing
and business sites, the supply of land and building sites in the vicinity of rail stations and further away
from them, and the attractiveness of siting new buildings in the rail station area relative to competing
sites. A combination of interviews and real estate statistics can be used to make this determination
(Sriraj, Zou, Schlickman, & Weisbrod, 2017). The table below provides multiple examples of impacts on
various aspects of property values from multiple rail projects.

Figure 8 - Rail Proximity Property Value Impacts (Litman, 2018)

Productivity Gains: Efficiency and Accountability
Transit is an important component of smart growth, which refers to policies designed to create
more resource efficient and accessible land use patterns. By attracting new travelers, reducing highway
congestion and providing a catalyst for more efficient land use, rail transit provides various cost savings
and efficiency gains, including congestion reduction, road and parking cost savings, consumer savings,
reduced crash damages, and improved public health. These economic savings and efficiency benefits
filter through the economy as savings to consumers, businesses and governments, making a region
more productive and competitive (Litman, 2018; 2009).
The economic theory of agglomeration suggests that firms and households enjoy positive
benefit spillovers from the spatial concentration of economic activity. These benefits may stem from
more effective exchange of information and ideas, access to larger and more specialized labor pools,
availability of a wider array of firms and services, or more efficient use of common resources and
facilities, such as transport and communications networks or hospitals and schools. The FRA recognizes
the potential for agglomeration benefits resulting from rail projects that impact the size of the labor
market and/or future concentration of economic activity at a location. However, the FRA believes the
scale, type, and overall potential for such benefits is highly context- and project specific, and U.S. DOT
has not yet developed guidance on how such impacts might be quantified (Federal Railroad
Administration, 2016).
A Framework for Analyzing the Benefits of High-Speed Rail to Colorado Springs
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Ladders of Opportunity and Accessibility
In recent years, leadership at the U.S. DOT and within the Executive Branch of the Federal
government has heightened the focus on transformative projects that create “Ladders of Opportunity”
within local communities. Ladders of Opportunity projects may increase connectivity to employment,
education, and other services and opportunities, support workforce development, and contribute to
community revitalization, particularly for disadvantaged groups (Federal Railroad Administration, 2016).
Access to broader markets can also generate economic productivity gains in several ways. Expanded
labor markets can provide businesses and workers with enhanced skill matching. Access to broader
customer markets for tourism, convention, and business travel can also provide scale or agglomeration
economies for operation of those business activities (Sriraj, Zou, Schlickman, & Weisbrod, 2017).
Creating an option for high-speed transit to Colorado Springs opens markets in Denver to consumers
and workers in Colorado Springs. Having the option to commute by rail to that larger market can widen
economic opportunities in the Pikes Peak region.
High-speed rail provides an additional accessibility benefit through its connections with airports.
Same-day travel thresholds become larger when out-of-state business and leisure travelers can fly into a
regional airport and then take high-speed rail to their destination. This intermodal connectivity
represents an added accessibility benefit because travel thresholds are typically measured for surface
transportation only. Connections between high-speed rail and airports provide access to long-distance
destinations or outlying market areas that were previously inaccessible within the same travel time.
This expansion translates into increased business productivity and visitor spending. The primary method
for measuring accessibility is to measure the scale of opportunities as a count of the number of workers,
residents, customers or business suppliers that can be reached within a given threshold of reasonable
travel time and cost (Sriraj, Zou, Schlickman, & Weisbrod, 2017).

Models Used in Forecasting Travel Demand
As part of the Colorado Department of Transportation’s Vision for High-Speed Transit, the ICS
included a complete cost benefit analysis of multiple scenarios. Their analysis was the result of three
metropolitan planning organizations along the Front Range (Pueblo, Denver, North), but was not
contributed to by the Pikes Peak Area Council of Governments. The process of forecasting travel
demand is crucial in identifying the benefits and costs of a project and is essential to acquire federal
funding. This process can be done in multiple ways: combining large traffic and demographic data sets
and econometric forecasting, or by using software tools such as TransCAD. The forecasting procedure
used in the ICS is detailed in this section and can be found in Appendix D of the 2014 Interregional
Connectivity Study.
The standard model used was a nested logit model, which is used to predict the market share of
inter-urban modes of travel. Stated Preference (SP) surveys were used to gather information on how
travelers assess and trade off different modal service characteristics. The forecasting process for
railroad inter-urban travel market demand consist of three stages:
1. Estimate growth of travel market to 2035 by growing base year origin-destination volumes to
2035. The growth rate is obtained from direct demand models.
2. Calculate share of demand for all travel mode choices through mode choice models. These
were developed from statistical analysis of SP survey data.
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3. Estimates induced ridership and add to forecast of diverted train trips to get total ridership
forecast. The induced volumes relate the percent change in demand to the percent change in
general costs.
Growth Models (CDOT Division of Transit and Rail, 2014)
Input data
 Base year auto trips by travel purpose
 Socioeconomic data – population, income, employment
 Auto level of service (LOS) characteristics at OD pair level
General cost function
This cost function is to determine the optimal highway route between origin-destination (OD) pairs.

𝐺𝐶 = (𝑡 ∗ 𝑉𝑂𝑇) + (𝑑 ∗ 𝑜𝑐) + 𝑡𝑐

Where:
GC = general cost (2012$)
VOT = Value of Time
d = distance b/w pairs
t = time b/w pairs
oc = vehicle operating cost ($0.16/mile for non-work, $0.32/mile for work)
tc = toll costs

Auto Direct Demand Model

𝐴𝑢𝑡𝑜 𝑉𝑜𝑙𝑢𝑚𝑒 = 𝛼 ∗ 𝑃𝑂𝑃

∗ 𝐸𝑀𝑃

∗ 𝐿𝑂𝑆

∗ exp −

∗ 𝐷𝑒𝑛𝑣𝑒𝑟

Where:
𝑃𝑂𝑃 =

𝑃𝑂𝑃

𝐸𝑀𝑃 =

𝐸𝑀𝑃

∗ 𝑃𝑂𝑃

∗ 𝐸𝑀𝑃
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LOS: generalized cost of traveling between origin-destination pairs includes auto congestion,
travel time, fuel costs, and toll costs.
Denver: constant representing the presence of Denver as a large city.
This model does not include income because employment and income are highly correlated.
For model coefficients, view table 16 on page 290 of ICS appendices.

Mode Choice Models

In Step 2, High Speed Rail (HSR) mode shares are calculated using mode choice models
developed using SP survey data (described in detail in Section 3: New Original Data Collection) collected
during this study. This section describes these inter-urban mode choice models. Several mode choice
models were specified, estimated and tested using the SP survey data. Various model forms were
examined, including binary diversion, multinomial logit choice and nested logit choice models; and for
the latter, alternative nesting structures were also examined.

Modeling Framework: the random utility model
Transportation modelers often use discrete choice models called random utility maximization (RUM)
models to forecast mode shares. These mode choice models relate the overall travel utility experienced
by users of each mode to the mode’s price and service levels, as well as to trip and user characteristics.
The general specification of the utility for each mode is as follows:

𝑈 =𝑉 +𝜀

where 𝑈 is the utility of mode i, 𝑉 the systematic (or deterministic) part of the utility; and 𝜖 the
stochastic error term.

It is common to use a linear specification for the systematic utility term, in which case the modal utility
can be further decomposed as follows:
𝑈 =𝛼 +

𝛽 𝑋 +𝜀

Where: 𝛼 is the modal constant of mode i;
𝛽 , 𝛽 … 𝛽 are mode-specific coefficients for N level of service variables (such as in vehicle time,
access time, costs, frequency, on time performance) or socio-economic characteristics (such as income,
large cities) for mode i;
𝑋 , 𝑋 … 𝑋 are values of the N level of service variables and socio-economic characteristics.
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Multinomial Logit Model
Assuming that the stochastic error terms are uncorrelated, the probability of choosing the HSR mode
(mode share) can be expressed as follows:

𝑀𝑁𝐿𝑆ℎ𝑎𝑟𝑒

/

=𝑒

/(𝑒

+𝑒

+𝑒

)

Nested Logit
In the case of a nested logit (NL) model, groups – or nests – of alternatives are allowed to have
correlated error terms, and the formulation is modified. For each nest m, the joint distribution of the
error terms of alternatives in the nest has an additional parameter 𝜏 that is a measure of the mutual
correlation of the error terms of those alternatives.

For a nested logit model with M nests, the probability of choosing HSR is expressed as follows:
𝑁𝐿𝑆ℎ𝑎𝑟𝑒

where: 𝐼𝑉 = ln ∑

𝑒

=

∗

𝑒
𝑒

∗ (𝑒

∗

/

𝑒

∗

∗

Bus Diversion Model
The bus inter-urban mode choice models use a binary diversion form and compute the probability that
an OD specific inter-urban bus traveler making a particular trip type will choose the HSR mode given the
LOS characteristics for each mode.

General specification of the utility for each mode i is as follows:

𝑉 = 𝛼 + (𝛽

∗ 𝑐𝑜𝑠𝑡) + (𝛽

∗ 𝐼𝑉𝑇) + (𝛽

∗ 𝐴𝑐𝑐𝑒𝑠𝑠𝑇𝑖𝑚𝑒) + (𝛽

∗ 𝑊𝑎𝑖𝑡𝑇𝑖𝑚𝑒)

Where:
Cost – cost of taking the bus or HSR includes fare, parking, and other access costs.
IVT – In-vehicle-time
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Access time – time to access and egress the station including terminal wait times.
Wait time – defined as ¼ of headway.

In the case of a binary logit model, the probability of choosing HSR is as follows:

𝑆ℎ𝑎𝑟𝑒

=𝑒

/(𝑒

+𝑒

)

Modal coefficients and constants are determined using professional judgment acquired from previous
HSR studies. These can be found on table 23 (p 298 in link).

Induced Demand Model

Induced trips are trips being made after the introduction of a new facility that would not have been
made before. The final step in the inter-urban HSR ridership forecasting process is to forecast the
volume of induced travel brought about by the HSR mode. Induced demand is estimated using a travel
utility function based on the mode choice model. Induced demand is calculated based on the impact
the introduction of the HSR mode has on the transportation system as a whole.

New travel introduced by HSR mode is:

𝐼𝑛𝑑𝑢𝑐𝑒𝑑 𝑇𝑟𝑎𝑣𝑒𝑙 = 𝑇

−𝑇

Total Travel on all modes is related to a composite generalized cost:

𝑇

= 𝑆𝐸

∗ 𝐺𝐶

where
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𝑇 = total travel volume between a particular OD pair on all modes.
𝑆𝐸

= socio economic characteristics of OD pair.

GC= generalized cost of travel between OD pairs.
a and q are modal coefficients or elasticity values.

Composite GC in this model is known as the logsum. It is calculated using utility estimates of each mode
from the mode choice models. For a MNL model, the logsum is:

𝐺𝐶 = ln( 𝑒

+𝑒

+𝑒

)

Consequently, it can be written as:

𝑇

= 𝑆𝐸 ∗ 𝐺𝐶
𝑇

= 𝑆𝐸 ∗ 𝐺𝐶

When applied to a given year, the SE variables without and with HSR are the same and cancel each other
out so that the percent increase in total travel becomes:

𝐼𝑛𝑑𝑢𝑐𝑒𝑑 𝑑𝑒𝑚𝑎𝑛𝑑 % =

𝑇

−𝑇
𝑇

=

𝐺𝐶

− 𝐺𝐶
𝐺𝐶

This calculation is done for each travel purpose and for each OD pair. The study found values of 8-10%
induced demand consistent with other HSR studies done in the United States.
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Summary
Investment in high-speed and intercity passenger rail produces a range of benefits in the
economy, society, the transportation system, and many other aspects of a community. Colorado
Springs can benefit greatly from a high-speed connection to Denver, the Front Range, and to the rest of
the country. The state is currently working on plans for implementing such a system, which can be
found at the Colorado Department of Transportation website. The Interregional Connectivity Study or
ICS (2014) outlines six possible rail system alignments and identifies the three options that have the
highest benefit-cost ratios and address all of the states goals for transportation. The subsequent
Interoperability Report (2017) builds upon the ICS by examining where it is possible for high-speed trains
to share existing track with the Denver commuter rail system. Variations of such corridors influence
travel times from Colorado Springs to pertinent locations, such as DIA and Denver Union Station.
Adopting goals specific to rail is an important step for the PPACG to take before they can properly assess
the possibilities of rail alignments in Colorado Springs. Next, they must conduct a thorough benefit-cost
analysis considering the elements in this paper and the studies used in creating it. This evaluation
process is a critical aspect of stakeholder engagement and public acceptance of a project.
Committing to high-speed rail is an opportunity for immediate increases in economic activity
and for long-term sustainable development. Colorado Spring’s growing population will put pressure on
the existing transportation system that will not be alleviated by adding another lane to I-25 (PPACG,
2015). Providing this option for intercity travel provides more opportunities for the Colorado Springs
workforce as well as encouraging homeownership in local neighborhoods by those who work in Denver.
Already one of the most recreation- and tourist-friendly areas in the nation, a high-speed travel option
makes the Olympic City even more attractive to potential visitors and residents who come to Denver.
These are some of the ways in which high-speed rail could be an investment in the future of Colorado
Springs.
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Appendix
Benefits Defined in Studies Reviewed
Evaluating Public Transit Benefits and Costs: Best Practices Guidebook (Litman, 2018)










Transit expenditures
Impacts on existing transit users
Mobility benefits
o User benefits
o Public service support
o Equity benefits
o Option value
o Reduced high risk drivers
o Increased productivity
Efficiency benefits
o Vehicle cost savings
o Avoided chauffeuring
o Congestion reductions
o Parking cost savings
o Increased health and safety
 Traffic safety
 Health impacts
 Community cohesion
 Personal security
o Energy conservation
o Pollution emission reductions
 Air
 Noise
 water
o Roadway costs
Travel time impacts
Land Use impacts
o Smart Growth
Economic Development Impacts
o Direct expenditures
o Consumer expenditures
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o
o
o
o
o
o

Productivity gains
Land use efficiencies
Strategic economic development objectives
Property values
Transit system efficiency improvements
Cumulative effects

Rail Transit in America: A comprehensive Evaluation of Benefits (Litman, 2015)











Increased Transit ridership and reduced vehicle travel
Congestion impacts
Cost effectiveness
Road and parking cost savings
Consumer financial impacts
Safety impacts
Energy and emission reductions
Economic development impacts
o Transportation system cost savings and efficiency gains
o Shifting consumer expenditures
o Agglomeration efficiencies
o Increased property values
o Community redevelopment
Other benefits
o Improved mobility for non-drivers
o Avoided chauffeuring
o Option value
o Community livability
o Improved public health

Using the Kaldor-Hicks Tableau to assess sustainability in cost-benefit analysis in transport: An
example framework for rail transit (Lane & Sherman, 2013)






Mobility and accessibility
o Mobility
o Accessibility
o Travel costs, time, and congestion
o Improved access to jobs and amenities
Economic and financial
o Maintenance costs fare receipts gained
o Capital costs and subsidies
o Operating costs
o Training costs
o Fare receipts gained
o Gasoline tax revenues
o Development benefit
Environmental and energy
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o Local air pollution
o Global air pollution
o Noise pollution
o Water pollution
o Climate change mitigation
o Land use
Safety and security
o Human health and safety
o Energy access and security
Social equity
o Equity
o Neighborhood and city image
o Livability and quality of life

Urban Transportation Center (Sriraj, Zou, Schlickman, & Weisbrod, 2017)












Travel time
Travel cost
Congestion and reliability
Safety
Noise
Emissions
Energy resource use
Accessibility (Labor, leisure, and business visitor markets)
Intermodal connectivity
Land development
Service operator and facility owner revenues and expenses

Benefit-Cost Guidance for rail projects (Federal Railroad Administration, 2016)







Modal Diversion
Benefits to users of the transportation system
o Reduced trip times
o Improved reliability
o Increased frequency
o Improved stations, facilities, or equipment
o Enhanced passenger amenities
Safety benefits
Environmental benefits
Other benefits
o Agglomeration economies
o State of good repair
o Resilience
o Noise pollution
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o
o

Livability
Ladders of opportunity
 Increase connectivity to employment
 Support workforce development
 Community revitalization for disadvantaged groups

Benefit-cost analysis guidance for TIGER and INFRA Applications (U.S. DOT, 2017)






Value of travel time savings
o Reliability
Vehicle operating costs
Safety benefits
Emissions reduction benefits
Other
o Benefits to existing and additional users
o Modal diversion
o Work zone impacts
o Resilience
o Noise
o Loss of emergency services
o Property value increases
o Quality of life

Mineta (Ferrell, 2015)






Traffic congestion
Jobs and the economy
Healthcare costs
Saving money
Safety and security

Texas DOT (Arndt, et al., 2008)




Transportation
o Increased transit ridership and decreased automobile traffic
o Cost effectiveness
o Travel time savings
o Congestion impacts
o Safety impacts
o Energy and emissions reduction
o Road and parking cost savings
Social
o Consumer financial impacts
o Improving accessibility for non-drivers
o Avoiding need to be chauffeured
o Future options
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Economic
o Creating more livable communities
o Improving public health
o Community redevelopment
o Increased property values

CDOT ICS Benefit-Cost Analysis
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