
COST-BENEFIT ANALYSIS FOR RULES GOVERNING STATEWIDE TRANSPORTATION PLANNING

In performing a cost-benefit analysis, each rulemaking entity must provide the information requested for the
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CCR:       DATE: August 31, 2021

RULE TITLE OR SUBJECT:

RULES GOVERNING STATEWIDE TRANSPORTATION PLANNING PROCESS AND TRANSPORTATION PLANNING REGIONS

1. The reason for the rule or amendment;

The proposed “RULES GOVERNING STATEWIDE TRANSPORTATION PLANNING PROCESS AND
TRANSPORTATION PLANNING REGIONS” will set a greenhouse gas standard for state and regional
transportation plans. The purpose of the Proposal is to ensure ongoing greenhouse gas emissions reductions
from Colorado’s transportation sector, which helps achieve the reduction goals set by HB19-1261. This rule
also responds to a requirement in SB21-260, directing CDOT and the Transportation Commission to address
GHGs through transportation planning.

Analysis Background

This analysis assumes that capital dollars for transportation will always be finite -- based on available federal,
state, and local resources -- and that the parameters and modeling requirements established in the rule will
help transportation planning agencies to prioritize those dollars in ways that better balance air pollution
reduction needs with other factors such as improving safety and reducing congestion, and ideally selecting a
portfolio of projects that achieve all of those ends. All of these factors, and others, tend to increase economic
competitiveness, and render transportation investments of all modes good economic investments.

In terms of the overall economic and societal benefits of the rule, which are described in more detail below, it
assumes that the public sector budget for transportation investment is relatively fixed and that this rule will
likely result in some meaningful yet nuanced and regionally tailored shifts in the nature of which projects are
prioritized.



The baseline for this analysis assumes a status quo that tallies the sum of regional transportation plans (RTPs)
across all five metropolitan planning areas. These RTPs include state projects that are within the Metropolitan
Planning Organization (MPO) boundaries For example: all CDOT projects within the Denver metropolitan area
are also included in the RTP for the Denver Regional Council of Governments (DRCOG). These long range
plans typically extend out for about 30 years, so unlike the more proximate plans established at both the state
and MPO levels, many of the projects included in these plans are notional and far away from delivery.
Generally speaking, these RTPs are inclusive of capital investments but do not include maintenance budgets,
which are typically paid for separately by the state and local governments respectively, without engagement by
the MPOs.

As these plans are not fully fiscally constrained, meaning that in actuality they contain more projects than can
be paid for with resource constraints, they typically fluctuate significantly before projects are transferred to
nearer term, fiscally constrained plans (e.g. the first four years of the state’s “ten year plan” and the MPO
transportation improvement plans or TIPs). The current sum of the long range RTPs for all five MPO areas is
approximately $28 billion of projects, many of which are not fully funded or planned. Notably, this baseline does
not include the state’s many planned projects in rural Colorado, outside of the boundaries of the MPO areas
and represented by rural transportation planning regions (TPRs). Virtually none of these rural projects would
trigger the need for GHG Mitigation Measures under this rule because, with rare exception, they do not add
capacity or change land use patterns. Rather, they are generally focused on state of good repair (e.g. repaving
projects), safety and resiliency improvements like adding shoulders and passing lanes, and increasingly,
supporting the economic vitality of communities by investing in revitalizing main streets across the state.

Using the sum of the RTPs as the baseline for the size of the transportation capital program that could be
subject to mode shift, the analysis below assumes that, over several periods of performance, it is estimated
that between a quarter and  a third of resources would need to be shifted towards transportation project types
that have air quality mitigation benefits -- as well as many societal co-benefits -- in order to achieve the targets
set in the rule (and notably, if total spending shifted either higher or lower than in the scenario described here, it
is likely that the proportions would be fairly similar). As explained in the table below, which assumes that
spending is roughly consistent across the periods of time identified, this number is significantly lower in the
immediate years and increases in the outyears. This, in large part, is because the early year projects are
assumed to add significant transit service, which carry operating costs that aggregate. However, while the
modeling assumes that about 20% of transit costs are paid back by farebox revenue, it does not factor in other
revenue sources that often become available as a transit system grows. For example, federal formula funds for
transit are allocated partially on the basis of existing ridership, so more ridership tends to result in more federal
funding.

Table 1
Net Neutral Investment Levels and Dollars Shifted to Multimodal Transportation and other Environmentally Beneficial

Transportation Investments
(net present value, millions of 2021 dollars)

Years Total RTPs + 10-Year Plan Total Shift to Mitigation Percent Shift

2022-2025 $3,842.07 $417.90 11%

2026-2030 $4,802.59 $974.90 21%

2031-2040 $9,605.17 $2,655.80 28%
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2041-2050 $9,605.17 $2,691.50 28%

Importantly, the scenario described above means that important capacity projects remain, but that these are
balanced out with other types of projects with offsetting impacts, like adding bus infrastructure to highway
projects, improving crosswalks to make them safer for pedestrians, opening up main streets for communities to
utilize downtowns with less car travel, improving first-and-last-mile connections to transit facilities, and more.
There is already precedent for adding these types of complementary features to highway projects.  For
example, construction of a managed lane on US36 included bus infrastructure for the flatiron flyer service. In a
similar vein building on that model, CDOT is currently constructing a series of “mobility hubs” as part of
capacity expansion along I-25 North in preparation to run bus rapid transit service in those managed lanes.  In
another example, design for the Floyd Hill expansion project includes plans to build out both a new microtransit
service operated by CDOT, as well as park-and-ride facilities to facilitate operation of that service.

Incorporating mitigation features into high priority capacity expansion projects is expected to complement
investment in project types that do not require mitigation measures -- such as repaving broken roads and fixing
bridges that are in poor or fair condition before they become worse and more expensive to fix. Thus, all dollars
shifted away from certain capacity projects are assumed to fund worthy transportation investments that
improve competitiveness, quality of place and life, safety, economic vitality, public health, air quality, and more.
A breakdown of these specific benefits is tabulated below.

An important aspect of this rule is that it does not require a specific set of measures to be implemented by the
State and its MPOs to achieve the rule’s targets. Those decisions are left to the implementing agencies who
will also have ongoing opportunity to propose new mitigation measures for modeling to ensure that they result
in emission reductions. Thus, in order to conduct this analysis, CDOT developed illustrative policy choice
packages that assume implementation of three broad categories of VMT reduction measures: (1) expansion of
transit service; (2) policies to encourage compact land use that reduces the need to drive by making it possible
for travelers to access more of their preferred destinations easily within denser areas, in a manner that also
facilitates strong and economically vibrant downtowns; and (3) various programs that expand travel choices
through a variety of different approaches that could include investing in bicycle and pedestrian infrastructure
and micro mobility services that assist with “first and last mile” connections to transit facilities; investments (e.g.
in digital infrastructure) that help support tele-travel as an alternative to physical travel and also offer more
workplace flexibility to employees in many work environments; or programs that encourage non-work travel by
modes other than a single occupancy vehicle (e.g. a jurisdiction that provides transit passes to its residents).

The projected cost of these policy choice packages is assumed to be absorbed into current transportation plan
budgets (a net neutral approach).

Per the provisions of 24-4-103(2.5)(a), Colorado Revised Statutes, the cost-benefit analysis must include the
following:

2. The anticipated economic benefits of the rule or amendment, which shall include economic growth,
the creation of new jobs, and increased economic competitiveness;

Anticipated Economic Benefits

Full implementation of this rule is expected to result in significant economic benefits in the form of cost savings
to travelers and to the general public. Travelers will benefit from reductions in vehicle operating costs as a
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result of expanded travel options (e.g., transit service, tele-travel, walking and bicycling), travel time savings,
and the need to use personal vehicles less because of being provided with more options through state and
regional transportation planning.  Implementation of the rule will also reduce economic costs associated with
carbon emissions, air pollution, motor vehicle crashes (road safety), and the health consequences of physical
inactivity.

Businesses are also expected to receive a share of the economic benefits. Examples include congestion
reduction that saves travel time for “on-the-clock” business travel, and reduced health care costs for
employees as a result of reduced air pollution, motor vehicle crashes, and physical inactivity. They may also
experience increased worker retention and satisfaction as a result of employees having expanded commute or
work from home options.

Additionally, policies that facilitate and reward downtown density tend to have a markedly positive impact on
“main street” small businesses such as restaurants and locally-owned retail. While these benefits can be
somewhat difficult to quantify in the aggregate and are thus not fully accounted for in this analysis, results from
the Colorado Department of Transportation’s “Revitalizing Main Street” program indicate that they are
significant and widespread across the state. Well over 100 grants awarded to more than 70 communities have
largely supported projects including downtown street repurposing and parklets, sidewalks and crosswalks, park
and street improvements, shared streets between cars and pedestrians, and wayfinding and signage
improvements.  Many recipients have affirmed to CDOT that these grants significantly improved business and
saved jobs during the COVID-19 pandemic, and, when surveyed, 67 percent of respondents said they would
not have implemented these innovations without the program.  Though grants supported many projects on a
pilot basis, survey results showed that 81 percent of projects are likely to be maintained or repeated on a
seasonal basis given their success.  This data provides qualitative indication of the economic development
benefits associated with many of the project types that this policy would encourage.

Table 2 shows the projected change in social costs through 2025, 2030, 2040, and 2050 respectively, for full
implementation of the proposed rule using the illustrative mix of strategies. The net benefits reflect the effects
of reduced highway investment as well as increased investment in GHG-reducing projects. Negative values
(shown in parentheses) represent a net cost savings. Future savings are discounted at a rate of 2.5 percent,
consistent with Colorado Senate Bill (SB) 21-260 which requires use of the social cost of carbon dioxide (CO2)
and other pollutants using a discount rate of 2.5 percent or less. The most substantial benefits are from
reduced crashes and reduced vehicle operating costs, resulting from reduced VMT. The net present value of
total social benefits is roughly $8 billion in the 2026-2030 timeframe and $17 billion between 2031 and 2040.

Table 2
Economic Benefits (Cost Savings)

(Net Neutral Investment Levels after Mode Shift )
(net present value, millions of 2021 dollars)

Timeframe Vehicle
Operating

Cost

Social Cost
of Carbon

Air
Pollution

Safety
(Crashes)

Traffic
Delay

Physical
Inactivity

Total Social
Cost Savings

2022 - 2025 $(372) $(60) $(21) $(481) $(774) $(17) $(1,724)
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2026 - 2030 $(1,781) $(258) $(82) $(2,332) $(3,098) $(75) $(7,626)

2031 - 2040 $(4,670) $(589) $(125) $(7,183) $(4,693) $(237) $(17,497)

2041 - 2050 $(4,210) $(323) $(42) $(9,027) $397 $(289) $(13,494)

A brief description of each of these economic benefits and how they were quantified is provided below. With
the exception of physical inactivity, which is related to increased bicycling and walking, all of these economic
benefits are derived from reductions in VMT and/or traffic delay. As described earlier, many of these benefits
accrue to businesses as they do to individuals (e.g. a reduction in crashes leads to less lost work time).
Additional detail on the assumptions underlying these estimates of economic benefits is provided in Appendix
A.

● Vehicle operating cost – Fuel and maintenance costs per mile driven. Costs per mile change over time
consistent with projected changes in fuel prices and the mix of the vehicle fleet including conventional
fuels (e.g. gasoline and diesel) versus zero emission vehicles (e.g. electric and hydrogen). Vehicle cost
savings provide travelers with more out-of-pocket money that they can spend on other goods and
services of higher value to them. Businesses also save money for work travel and goods movement
expenses. These savings benefit the state’s economy.

● Social cost of carbon – Global climate change is expected to result in a variety of negative economic
effects to the world and national economy, including Colorado. Examples include costs of flood
prevention and mitigation, health care costs associated with excessive heat, and fire prevention,
control, and damages. Carbon emissions are valued based on guidance issued by the Biden
Administration at a discount rate of 2.5 percent, consistent with Colorado Senate Bill (SB) 21-260. The1

social cost increases over time, from $83 per metric ton of CO2 emissions for emissions occurring in
2025 to $116 per metric ton of CO2 for emissions occurring in 2050.

● Air pollution – Costs associated with air pollution include higher health care costs, as well as damage to
structures and natural systems. Values per ton of particulate matter (PM) and oxides of nitrogen (NOx)
reduced are based on modeling conducted in support of Federal rulemakings on vehicle tailpipe
emission standards.

● Safety (crashes) – Costs associated with crashes resulting in fatalities or injuries include higher medical
costs, insurance costs, vehicle property damage, and lost workplace productivity. These costs impact
Colorado’s economy. Motor vehicle crash reductions are estimated based on national average fatality
and injury crash rates per VMT, and are valued based on federal guidance on the value of a statistical
life and average value of injury crashes.

● Traffic delay -- Traffic delay results in increased travel time for “on-the-clock” business travel and freight
movement, as well as more time spent traveling for commuting, errands, and other personal travel.
These time losses negatively impact Colorado’s economy. To estimate delay reduction associated with

1 “A Return to Science: Evidence-Based Estimates of the Benefits of Reducing Climate Pollution.” The White House, 2021.
https://www.whitehouse.gov/briefing-room/blog/2021/02/26/a-return-to-science-evidence-based-estimates-of-the-benefits-of-reducing-cli
mate-pollution/
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emissions-reducing transportation investments, hours of traffic delay reduced (per VMT reduced) are
derived from Texas Transportation Institute studies of national traffic congestion and mitigation
measures including transit expansion. For highway capacity expansion projects, which reduce delay,
hours of delay reduced are based on modeled relationships between volume, capacity, and travel time.
Capacity expansion projects consider the effects of “induced demand”, or increased traffic that is
observed to result over time after roads are expanded. This increased traffic may lead to net increases
in greenhouse gas emissions as a result of the project, and may offset to some degree the delay
reduction benefits.

● Physical inactivity -- A lack of physical activity is associated with increased mortality and other negative
health outcomes, increasing health care costs. Investments in walking and bicycling infrastructure and
transit services increase physical activity, reducing those associated costs. Physical inactivity in this
analysis is valued based on health care cost savings per mile of walking and bicycling activity.2

Additionally, there are several categories of benefits from mitigation measures that are real, and may be quite
large, but are difficult to quantify and therefore are not reflected in the chart above. These include:

● Reduced vehicle ownership costs - to the extent that areas comply with the GHG requirements by
making land use decisions that reduce the need to travel long distances, make areas more walkable
and bikeable, and add transit service, it is likely that this will enable more households to reduce their
vehicle ownership, for example going from from a 2 car to a 1 car family. This is particularly true for land
use changes, where there is a strong correlation between average number of vehicles per household
and land use types. While the analysis above captures reduced vehicle operating costs, it does not
capture the reduced costs from lower levels of vehicle ownership, including depreciation of vehicle
value due to reduced use per vehicle owned, lower cost due to owning fewer vehicles, etc.. Nationwide,
researchers have found that households within 1/2 mile of transit stations own on average 0.9 cars,
while households in the rest of the metropolitan regions owned, on average, 1.6 vehicles. According to3

AAA, the annual fixed cost to own a vehicle - including depreciation, insurance, license and registration
fees, and finance charges - was on average $6,200 in 2019, though these costs can range based on
the cost and type of the vehicle, and household size.4

● Downtown/main street economic revitalization - policies that support dense, walkable downtowns and
main streets tend to spark significant economic vitality in those areas, providing customers for
restaurants and small businesses. Investments in transit also spur economic benefits such as

4 Average Cost of Owning and Operating an Automobile, Bureau of Transportation Statistics.
https://www.bts.gov/content/average-cost-owning-and-operating-automobilea-assuming-15000-vehicle-miles-year
Polzin, S. E., Chu, X., & Raman, V. S. (2008). Exploration of a shift in household transportation spending from vehicles to public
transportation (No. NCTR 576-02). https://www.nctr.usf.edu/pdf/77722.pdf

3 Dorn, J. (2004). Hidden in plain sight: capturing the demand for housing near transit. Oakland, CA: Center for Transit-Oriented
Development. https://ctod.org/pdfs/2004HiddenPlainSight.pdf

2 An alternative estimate of physical activity benefits was conducted using estimates of deaths prevented and the value of a
statistical life based on U.S. Department of Transportation guidance. This method showed a much higher value of benefits --
nearly $23 billion in the 2031-2040 timeframe in addition to benefits shown above. This alone is  greater than the value of all
other social benefits combined and could be considered as a consistent approach relative to other transportation modeling, since
the cost benefit analysis for highway projects including capacity expansion projects typically incorporates the value of a
statistical life on the benefits side when considering the safety impact of that project, for example safety improvements resulting
from adding improved level of safety service at a chokepoint with an accident history. However, in the cases presented in the
tables above, the value of benefits is based only on health care cost savings deriving from active transportation, and therefore
represents a very conservative estimate of benefits.
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increased property values and agglomeration benefits from more efficient land use. These benefits are
real , but difficult to quantify and are not included in this analysis.5

● Increased access to jobs - Because Colorado already has a very complete roadway network,
households that have access to cars have the ability to access employment by driving. By contrast, for
residents who do not own cars or have disabilities that preclude driving, many jobs are essentially
inaccessible. A more robust transit network will increase access to jobs for these residents, and will
provide a larger pool of potential employees for businesses. As an example, within the DRCOG region
6% of households do not have cars and 9% of residents have mobility disabilities . While it is not6

quantified in this analysis, greater access to employment for these individuals could bring significant
economic and equity benefits.

3. The anticipated costs of the rule or amendment, which shall include the direct costs to the
government to administer the rule or amendment and the direct and indirect costs to business and
other entities required to comply with the rule or amendment;

Direct costs to the government to administer the rule

In terms of regulatory implementation, one reason why the Transportation Commission, rather than the Air
Quality Control Commission, is pursuing this rule is in order to optimize overhead and streamline
implementation resources within the organizations that already house transportation planning functions and
expertise.

However, there will be some administrative costs associated with implementing this policy change, especially
within the initial years of implementation.  Within the state, the Colorado Department of Transportation (CDOT)
is largely relying on existing staff positions to support the Transportation Commission’s rulemaking, however,
CDOT expects to hire three new positions to focus on functions related to implementation. This likely amounts
to a cost of up to $350,000 per year including employee benefits and other costs. Over time, it is possible that
the Colorado Department of Public Health and the Environment’s Air Pollution Control Division could hire an
additional staff modeler to support confirmation and verification of pollution reduction analytics. This cost would
amount to roughly another $125,000-$150,000 (including benefits).

Moreover, it is expected that some metropolitan planning organizations (MPOs) may require additional staff
members dedicated to emissions modeling, as well as additional modeling software. CDOT is exploring options
to streamline these overhead expenses and achieve economies of scale, especially as relates to centralizing
certain modeling and software capabilities for use as shared services between the state and MPOs. The
recently passed state legislation, SB 260, updates the Multimodal and Mitigation Options Fund (MMOF) to
allow funds directed into this program to be used for modeling support.

6 Denver Regional Active Transportation Plan, DRCOG, 2019, available at
https://drcog.org/sites/default/files/resources/DRCOG_ATP.pdf

5 See for example, Liu and Shi, Understanding Economic and Business Impacts  of Street Improvements for Bicycle and Pedestrian
Mobility: A Multi-City, Multi-Approach Exploration, National Institute for Transportation and Communities, April, 2020, available at
https://ppms.trec.pdx.edu/media/project_files/NITC-RR-1031-1161_Understanding_Economic_and_Business_Impacts_of_Street_Imp
rovements_for_Bicycle_and_Pedestrian_Mobility.pdf, which found significant increases in retail and food service income and
employment associated with bicycle and pedestrian access improvements.
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Costs to business and other entities required to comply with the rule

As described in detail in the background section above, it is assumed that costs to implementing agencies are
net neutral -- representing some shift in how dollars are prioritized rather than an overall change in the amount
of spending on transportation.  For example, some, but by no means all, dollars would shift from highway
capacity expansion projects to other types of transportation investment including but not limited to bus rapid
transit lanes or queue jumps as part of road projects; walking and bicycling facilities; additional transportation
services, including expanded transit service and ridesharing options; and/or consumer incentives to reduce
travel or encourage travel by more efficient, lower-emissions modes (such as ridesharing or telecommuting
incentives). Importantly, it is anticipated that all costs shifted towards these types of investments will
themselves result in mobility benefits and economic development, as well as improvements to air quality and
pollution reduction.

Importantly, as described above, it is assumed that only a portion -- roughly a third -- of capital program dollars
are shifted towards projects that also serve as mitigation, in addition to providing mobility benefits of their own.
This means that the most critical capacity projects are assumed to advance, likely paired with mitigation and
significant investment in achieving and maintaining a state of good repair for roads, bridges, tunnels, and other
transportation infrastructure assets across Colorado.

It is worthy of note that additional federal investment could augment overall resources, and especially those
resources geared towards transit and multimodal investments. For example, the Senate-passed Infrastructure
Investment and Jobs Act would expand transit formula funds over the next five years by about $39.5 billion, a
43% increase over the FAST Act. Under current FTA funding formulas, Colorado could receive more than $900
million over the course of 5 years, an increase of approximately $40 million a year.  The Act also contains $66
billion for Amtrak while Colorado continues to work towards passenger rail along the front range.

Businesses are not expected to incur significant direct costs to comply with the rule under the proposed
implementation of the rule. As noted previously, there are a variety of social benefits (cost savings) that will be
realized by the rule, some of which will accrue to Colorado’s businesses. Importantly, this rule does not require
that businesses implement trip reduction strategies that would have been required in a separate rulemaking
recently withdrawn by the Air Quality Control Commission (AQCC).  While businesses are encouraged to
pursue employee trip reduction on a voluntary basis, and MPO’s and CDOT through their Travel Demand
Management (TDM) programs are able to help and encourage businesses in this effort, nothing in this rule
requires it.

Lastly, both the benefit and cost assumptions within the rule assume that implementing agencies come into full
compliance with the rule over the period of performance. However, the way that the rule is structured, the
enforcement mechanism for non-compliance requires that a portion of an agency’s capital funds -- which for
MPOs are only those funds sub-allocated via the state as well as those specifically noted in Senate Bill 260 as
being conditioned in this manner -- become restricted to projects that are demonstrated to reduce pollution and
improve mobility.  The recipient retains discretion over what pollution reducing investments are made, so long
as those investments are approved as mitigations pursuant to the process set forth in the proposed rule. No
entity would lose funds as a result of the enforcement provisions becoming effectuated by not hitting the
targets in totality. The goal of this policy is to perpetuate serious conversation and planning for how the choices
that planning entities make can provide consumers with the choices that are needed to reduce pollution and
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improve quality of life, not to diminish the ability of any entity to invest these dollars in mobility solutions for
Coloradans.

4. Any adverse effects on the economy, consumers, private markets, small businesses, job creation,
and economic competitiveness; and

The proposed measures will affect Colorado industries in varying ways depending upon how spending
increases or decreases for different types of vehicles, fuels, and equipment. Multipliers from the IMPLAN
model were used to translate changes in spending for two industries directly affected by reductions in VMT --
gasoline and diesel sales and automotive maintenance and repairs -- into changes in direct gross state product
(GSP) for those industries. IMPLAN is an economic input-output model that contains data on how spending in
any one particular industry will directly and indirectly affect output, jobs, and other metrics in that industry and
other industries. The IMPLAN multipliers used are $0.18 million GSP change per $million spending change on
gasoline, and $0.67 million GSP change per $million spending change on automotive maintenance and
repairs. The different impacts reflect the fact that more of the money spent on maintenance and repairs stays
within the state of Colorado than money spent on gasoline and diesel fuel.

Table 3 shows the anticipated GSP effects for the combined VMT reduction measures for those directly
affected industries, compared to baseline projected GSP levels for each industry in each year. The estimated
effects are similar for both Comparison A and Comparison B since they reduce VMT to similar degrees to meet
the same GHG reduction targets.

Table 3
Impacts on Directly Affected Industries
(Gross State Product, 2021 $millions)

Spending Category 2022 - 2025 2026 - 2030 2031 - 2040 2041 - 2050
Gasoline and diesel sales ($54) ($231) ($479) ($288)

Automotive maintenance and repairs ($133) ($589) ($1,380) ($1,177)

These impacts should not be taken as a bottom line impact to Colorado’s economy as a whole. The changes in
costs and benefits described above will impact Colorado's economy in a variety of different ways. As shown in
Table 2, Colorado’s residents will save on vehicle operating costs as a result of increased travel options and
the need to travel less by personal vehicle. The other social benefits resulting from the rule are also expected
to result in economic impacts that may affect different sectors of the economy in a variety of ways. For
example, reduced traffic crashes and air pollution will reduce spending in the health care sector, but provide
consumers with correspondingly more money to spend on other goods and services that are of greater value to
them. These various indirect effects are not quantified in this analysis.

Jobs Impact

Generally speaking, research shows that state and local infrastructure investment, along with other forms of
government purchase of goods and services, rank amongst the highest categories of spending in terms of7

yielding a “fiscal multiplier” -- with that multiplier ranging between 0.4 and 2.5.  The macroeconomic impact of

7 https://www.brookings.edu/wp-content/uploads/2019/05/AutoStabilizers_framingchapter_web_20190506.pdf
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infrastructure spending, particularly when considering its impact as part of fiscal stimulus, does not tend to
differentiate between the mode of transportation investment, largely because these impacts tend to be
measured in terms of jobs created through fields like construction, engineering, and trucking which have more
to do with the amount of work done than the substance of the end product. To that end, a rule that results in
some shifting between project types should not have a significant net impact on jobs or the fiscal multiplier.

To the extent that there could be some shift in terms of how the modality of transportation spending impacts
jobs, this might reflect in the breakdown between capital and operating expenses. For instance, if some portion
of programmed transportation dollars shift to transit spending, that would likely entail a larger percentage of
dollars spent on operating expenses relative to capital expenses -- as the analysis below shows. This might
entail some shift in job type or classification, but should not result in a significant net change in jobs because,
much like capital expenses, operating expenses translate directly into jobs in fields such as equipment
operation (e.g. bus drivers), repair of both infrastructure and rolling stock (e.g. construction and mechanical
work), technology operations (e.g. software and logistics and mapping systems, etc). Notably, there is
significant overlap between the job types associated with capital versus operations. In sum, job impacts, much
like the fiscal multiplier, are assumed to be strong and consistent so long as they are invested in transportation
and irrespective of the specific type of transportation project that they support.

Table 4
NAICS Job Classifications for Transportation

NAICS Job Classifications8 NAICS CODE

Heavy and Civil Engineering Construction

The Heavy and Civil Engineering Construction subsector comprises establishments whose primary activity is the construction
of entire engineering projects (e.g., highways and dams), and specialty trade contractors, whose primary activity is the
production of a specific component for such projects. Specialty trade contractors in Heavy and Civil Engineering Construction
generally are performing activities that are specific to heavy and civil engineering construction projects and are not normally
performed on buildings. The work performed may include new work, additions, alterations, or maintenance and repairs.

237

Highway, Street, and Bridge Construction 2373

Other Heavy and Civil Engineering Construction 2375

Transit and Ground Passenger Transportation
Industries in the Transit and Ground Passenger Transportation subsector include a variety of passenger transportation
activities, such as urban transit systems; chartered bus, school bus, and interurban bus transportation; and taxis. These
activities are distinguished based primarily on such production process factors as vehicle types, routes, and schedules.

485

Urban Transit Systems 4851

Other Transit and Ground Passenger Transportation 4859

Interurban and Rural Bus Transportation 4852

5. At least two alternatives to the proposed rule or amendment that can be identified by the
submitting agency or a member of the public, including the costs and benefits of pursuing each of the
alternatives identified.

Two alternative implementation scenarios for the rule were considered, including:

8 https://www.bls.gov/iag/tgs/iag_index_naics.htm
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Alternative 1: A lower level of pollution savings based on modeling assumptions that only factored in
savings associated with travel choices: Programs to encourage non-work travel by non-single
occupancy vehicle modes; programs to support and encourage tele-travel (e.g., on-line health care,
education, and shopping) as a substitute for physical travel; investment in bicycle and pedestrian
infrastructure and micromobility services; and reduction of transit fares.  Essentially, this regulatory
alternative achieves the lowest cumulative pollution reduction targets and assumes fewer illustrative
choices by agencies to meet them.

Alternative 2: A pollution reduction scenario at a level where the model assumed an illustrative set of
actions including travel choices and expanded transit service.  Notably, since most of the costs
assumed in the rule relate to the ongoing cost of transit operations, this scenario would reflect most of
the costs associated with the current proposal.

In contrast to the illustrative package of policy choices used to evaluate the proposed rule, these alternatives
do not include additional land use policies to reduce vehicle travel. As a result, they are less likely to achieve
the required greenhouse gas reduction targets and therefore to support overall state goals for GHG reduction
and climate change.

The economic benefits (reductions in social costs) from these alternatives are presented in Table 5. The “travel
choices” alternative (Alternative 1) achieves the lowest greenhouse gas emission reductions. The “travel
choices + transit” alternative (Alternative 2) results in additional social cost savings and greenhouse gas
reductions. The proposed alternative for this rule (which includes travel choices, transit, and land use policies)
results in a further increase in greenhouse gas benefits. These considerations resulted in proposing this
alternative to analyze the effects of the final rule. As with the base alternative, the net costs of implementing
the rule to the public sector would assume similar levels of overhead (staffing) at implementing agencies but
would otherwise assume that topline funding remains the same with some portion shifted from planned
highway expansion into other, emissions-reducing modes and services.

Table 5
Net Present Value of Economic Benefits (Cost Savings) for Alternatives ($millions)

Scenario
Alternative 1:

Travel Choices

Alternative 2:
Travel Choices

+ Transit
2022 - 2025 $(1,527) $(1,644)

2026 - 2030 $(6,776) $(7,268)

2031 - 2040 $(14,852) $(16,102)

2041 - 2050 $(10,603) $(11,397)
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Appendix A.  Detailed Analysis of Economic Benefits and Costs

This appendix provides detailed information and assumptions supporting the estimates of economic benefits
and costs for the proposed Colorado transportation greenhouse gas (GHG) reduction rule. Information is
presented for each of the illustrative measures that are assumed to be implemented to achieve the targets set
forth in the rule. This information includes a description of the measure and how it is expected to affect
economic benefits and costs; a table showing the various estimated costs and benefits of the measure; and
additional details about the key assumptions and data sources.

Some effects of the measures will show up as economic benefits to one party and costs to another party. For
example, reduced transit fares are an additional cost to the public sector (lost fare revenue), but a benefit to
consumers.

The social benefits were estimated based on the estimated reductions in vehicle-miles traveled (VMT) and
GHG emissions from each measure. VMT and GHG reductions, and the associated economic benefits, were
estimated cumulatively for the entire set of measures anticipated to be implemented under the proposed rule
and its two alternatives, rather than individually for each measure. VMT, GHG, and associated cost changes
are discussed in a separate section following the discussion of public sector implementation costs.

Analysis Timeframe

Implementation of measures is assumed to start in 2022 or 2023 depending on the measure. The year in which
measures are assumed to be fully implemented varies depending upon the measure.

The analysis considers impacts of the proposed rule in four timeframes: 2022-2025, 2026-2030, 2031-2040,
and 2041-2050. Economic benefits and costs were estimated based on a time-stream of costs incurred
between 2022 and 2050, expressed as net present values (NPV) for each timeframe. Costs are expressed in
2021 dollars.

Public Sector Costs

Travel Choices: Household-Based Trip Reduction

This set of measures includes programs combining information, incentives, and services to encourage
non-work trip reduction and mode shifting away from SOV travel. Trips may include school trips, shopping,
personal business, recreation, etc. This set of measures includes what are sometimes called “individualized
marketing” programs and incentive-based rideshare or trip reduction apps.

Individualized marketing programs and similar information/incentive-based programs were piloted in a number
of cities in the early 2000’s and some continue to be implemented today, with some evolution of the programs
(for example, to a focus on app-based incentives). One example is the Portland (OR) SmartTrips program,
operated by the Portland Bureau of Transportation since 2003. In recent years this program has pivoted to
focus on new households moving to the city and is now known as SmartTrips New Movers. Other agencies
implementing programs have included Bellevue and King County, WA; Cambridge, MA; Chicago; Salt Lake
City; San Francisco, and the Southern California Association of Governments. Washington State has proposed
to create a voluntary “all trips” grant program funded at $10 million per year that would expand on the success
of the state’s Commute Trip Reduction program to address non-work trips.
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These types of measures entail public sector investment in the form of staff time and materials for marketing,
information, and outreach. The program may also provide consumer cost savings as a result of reduced VMT
and associated vehicle operating costs, although consumers may also incur some additional costs for
expenditures on transit fares, bikeshare services, etc. All of these examples are illustrative of what
implementing agencies might select as part of their implementation strategies.  Importantly, as noted above,
this rule does not require any employer-based trip reduction programs that would have been required by a
proposed rule that was recently withdrawn by the Air Quality Control Commission (AQCC).

Table A.1 shows the estimated public sector implementation costs for this measure.

Table A.1
Costs for Household-Based Trip Reduction Programs (millions of 2021 dollars)

Description $ Value per Unit 2022-2025 2026-2030 2031-2040 2041-2050
Program costs $30 per HH per

year
$2.9 $6.2 $13 $13

Basis for cost estimates:

● Programs that have been in operation in the U.S. have typically reported administrative costs of around
$15 to $30 per year per household targeted. The Portland SmartTrips New Movers program is funded
at $250,000 per year at a cost of just under $30 per household.9

● The total cost is based on the assumed participation of 3.2 percent of Colorado households (77,300
households in 2030) as described in the discussion of VMT reduction estimates for this measure below.

Travel Choices: Tele-Travel

This set of measures includes programs to encourage the substitution of “virtual” travel for commute trips as
well as for non-work activities such as shopping, medical appointments, and education. Examples of state and
MPO policies and actions to support virtual travel may include but would not be limited to programs to
encourage and support employers in developing work from home policies; revision of health care regulations, if
needed, to permit or encourage remote services to the degree feasible and appropriate; and directives to
publicly funded post-secondary educational institutions to support distance learning.

Tele-travel will also be supported by investments to expand broadband infrastructure to cover all households in
the state. The Colorado Broadband Office is already supporting broadband expansion with the aid of Federal
grant programs as well as state funds. In the long run to maximize broadband use by all residents of Colorado,
support may also be needed for low-income households that cannot afford service even if it is available. For
this analysis it is assumed that additional state costs beyond ongoing infrastructure investment measures are
minimal and limited to program support to encourage tele-travel and broadband adoption.

Table A.2 shows the estimated public sector implementation costs for this measure.

Table A.2
Costs for Tele-Travel Programs (millions of 2021 dollars)

Description $ Value per
Unit

2022-2025 2026-2030 2031-2040 2041-2050

9 Portland Bureau of Transportation, “About Smart Trips”, https://www.portlandoregon.gov/transportation/
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Program administration
costs

$131,000 /
staff person

$0.7 $0.8 $0.6 $0.5

Basis for cost estimates:

● Program administration - Two additional full-time staff people through 2030 including fringe and
overhead for development and implementation of tele-travel programs, one staff person after 2030.

Travel Choices: Bicycle, Pedestrian, and Micro-Mobility Facilities, Policies, Initiatives

This set of measures includes bicycle and pedestrian infrastructure investment as well as incentives to support
micro-mobility services such as shared or privately owned electric bicycles and scooters.

Public sector costs include infrastructure costs for pedestrian and bicycle facilities, and subsidies for
low-income households to increase their participation in electrified micromobility options.

The costs for consumers who choose to purchase equipment like bicycles is subtracted from what those
consumers might be expected to save by not operating vehicles.  Importantly, though, micro-mobility options do
not in any way require specific individuals to use those options; they merely expand the universe for personal
choice. It is also assumed that the public sector provides an income-targeted subsidy in order to increase
participation by low-income households.

Table A.3 shows the estimated public sector implementation costs for this measure.

Table A.3
Costs for Bicycle, Pedestrian, and Micro-Mobility Facilities, Policies, Initiatives (millions of 2021 dollars)

Description $ Value per Unit 2022-2025 2026-2030 2031-2040 2041-2050
Infrastructure costs –
sidewalk

$170,000 / mile $100 $112 $187 $32

Infrastructure costs –
bicycle

$25,000 / mile of lane
$250,000 / mile of

special facility

$46 $50 $84 $15

Maintenance 10% of capital $46 $145 $496 $566
Electric micromobility
equipment subsidy

$250 / HH / year $0.4 $1.5 $5.9 $8.4

Basis for cost estimates:

● Data from the Denver region was used to estimate that there are about 18,800 miles of sidewalk in this
region. The DRCOG regional travel demand model includes data on sidewalk density for each traffic
analysis zone (TAZ). The model includes six area types, from central business district (CBD) to rural.
The number of miles of sidewalk in each area type was estimated by multiplying the sidewalk density in
each TAZ by the area of the TAZ, as shown in Table A.9, totalling nearly 19,000 existing miles. For
illustrative purposes, it is assumed that 1,900 new or improved miles of sidewalk are added by 2030
and 4,700 new or improved miles of sidewalk are added by 2050 in metro areas and smaller
communities across the state. These values represent 10 and 25 percent of the Denver region supply,
respectively. It is assumed that this work may include upgrading deficient sidewalks as well as
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constructing new sidewalks where none are currently provided. It is further assumed that this work
occurs over a 20-year period (2022 – 2041) at a cost of $170,000 per mile based on Florida DOT data.10

Table A.4
Existing Sidewalk Estimates, Denver Region

Area Type Sidewalk Miles
1 = Denver CBD 51
2 = CBD Fringe & Outlying CBD (ex. Boulder CBD) 448
3 = Urban Neighborhood 3,031
4 = Suburban Neighborhood 15,004
5 = Rural Area (Non-Mountainous) 224
6 = Rural Area (Mountainous) 37
Total 18,795

● Bicycle facilities: Construction is assumed of 2,500 linear miles of new bike lanes at $25,000 per mile
and 2,500 linear miles of new separated bike lanes and shared-use paths at an average cost of
$250,000 per mile, over a 20-year period, based on cost estimates from Cambridge Systematics
(2020). The estimate of the added length of facilities is described in the section on VMT reductions11

below and would occur in metro areas and smaller communities across the state.
● Sidewalk and bike facility maintenance: 10 percent annually of cumulative construction costs, based on

industry estimation rules.
● Cost per e-bike: eBikesHQ.com (2019), assumed to decline from $2,000 in 2019 declining to $1,500 by

2025. Bicycle lifetime of 6 years from ITF (2020).12

● Number of new e-bikes purchased: Change in annual bike-miles traveled based on e-bike speed
increase as described in the section on VMT reductions below, divided by 1,500 miles per bike per year
(1 round-trip, 3 days a week, average length 5 miles, or per ITF (2020)).

● To estimate a subsidy value (public sector share of e-bike costs), it is assumed that 11 percent of
households purchasing an e-bike are low-income (per statewide model) and receive a purchase
voucher from the state.

Transit – Expansion of Service Coverage, Frequency, and/or Hours

This measure includes expansion of transit service, including fixed-route and demand-responsive buses as
well as rail transit. It is also assumed that buses are electrified over time. However, the costs and benefits of
bus electrification are not considered here, since bus electrification is not a VMT reduction measure. The costs
shown in this section represent the incremental costs of adding service using existing technologies.

12 International Transport Forum (ITF). (2020). “Good to Go? Assessing the Environmental Performance of New Mobility.”

11 Cambridge Systematics, Inc. (2020) “Transportation and Climate Initiative - 2019/2020 TCI Investment Strategy Tool Documentation.”
Prepared for Georgetown Climate Center.

10 Florida DOT (n.d.). “Cost Per Mile Models for Long Range Estimating“,
https://www.fdot.gov/programmanagement/estimates/lre/costpermilemodels/cpmsummary.shtm.
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The public sector costs include additional operating costs for the expanded service, as well as additional
capital investment for vehicles to provide the service. These added costs are partially offset by added fare
revenue resulting from increased ridership (shown as a negative cost).

Travelers may incur some additional costs in the form of fares paid for new trips taken. These are subtracted
from the vehicle operating cost savings for this measure.

Table A.5 shows the estimated annual public sector implementation costs for this measure.

Table A.5
Costs for Transit Service Expansion (millions of 2021 dollars)

Description $ Value per Unit 2022-2025 2026-2030 2031-2040 2041-2050
Vehicle costs $435,000 per

bus
$38 $136 $394 $452

Operating costs See below $200 $718 $2,083 $292
New transit fare
revenue

$0.75 per trip ($68) ($243) ($706) ($809)

Basis of cost estimates:

● It is assumed that vehicle revenue-miles (VRM) are increased by 6 percent annually statewide between
2022 and 2030, with an annual increase of 2 percent between 2030 and 2050.

● Vehicle costs – $435,000 per new bus (NREL, 2017); An average of 3.11 buses are needed per
100,000 VRM of service, the average for the “motor bus” mode for all Colorado operators, from the
2019 National Transit Database (NTD).

● Operating costs – Average operating costs are assumed to be $5.96 per VRM. This is the average cost
for “rapid bus” service operating in Colorado as of 2019 according to reporting for the 2019 NTD. For
comparison, the cost per VRM for regular motor bus service is in the range of $3.89 to $6.28 for the
state’s smaller MPOs and is $9.20 for the Denver region. It is assumed that funds for additional transit
expansion under this rule would be directed into services such as bus rapid transit that are more
cost-effective from a GHG reducing perspective.

● New transit fare revenue/expenses – Public agencies recoup some of their operating costs through
increased fare revenue. The estimate is based on an average fare per trip of $0.75 based on 2019 NTD
data for all Colorado operators. Transit ridership is assumed to increase in proportion to service levels,
meaning that higher quality and frequency service results in more individuals choosing to use transit.

Transportation-Efficient Land Use

This measure includes policy changes and incentives, such as funding for planning and potential changes to
transportation project selection criteria, to encourage transit-supportive land use and walkable neighborhoods
that reduce vehicle-travel per household.

Land use measures are assumed to be achieved mainly through the operation of market forces responding to
market demand for mixed-use neighborhoods that are supported by changes to local plans and zoning
regulations. Therefore only minimal costs to the public sector are assumed for making administrative changes
to plans and zoning.
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Table A.6 shows the estimated annual public sector implementation costs for this measure.

Table A.6
Costs for Land Use Measures (millions of 2021 dollars)

Description $ Value per
Unit

2022-2025 2026-2030 2031-2040 2041-2050

Administrative costs $50,000 per
municipality

$7 $8 $13 $11

Basis for cost estimates:

● Administrative costs – 272 municipalities in Colorado at an average of $50,000 in planning costs per
municipality per five-year period for updating and revising plans and zoning.

Reduced Investment in Adding Additional Roadway Capacity

This analysis assumes a reduction, but by no means an elimination, in spending on roadway capacity
expansion relative to the “baseline” scenario of what is forecasted in long range regional transportation plans
(RTPs) over the next several decades.  That investment is anticipated to shift to other public investment in
transportation mobility, illustrating a “net revenue neutral” implementation of the rule.

Table A.7 shows the estimated annual public sector implementation costs saved as a result of implementing
fewer highway capacity expansion projects. These costs saved are assumed to be re-directed to other
investments that reduce GHG and help offset the inclusion of other roadway capacity expansion projects
remaining in the plans.

Table A.7
Assumed Cost Reduction for Roadway Capacity Expansion (millions of 2021 dollars)

Description $ Value per Unit 2022-2025 2026-2030 2031-2040 2041-2050
Construction costs $5 million per lane

mile (freeway)
$1.5 million per lane

mile (arterial)

$418 $985 $2,656 $2,692

Key assumptions in this analysis include:

● Freeway and arterial expansion costs average $5.0 million and $1.5 million per lane-mile, respectively.
● Mix of investment is 75 percent for freeway capacity and 25 percent for arterial capacity (on a dollar

basis).
● There is a lag of 2 years (for freeways) and 1 year (for arterials) between “spending” the funds and

realizing the benefits (i.e., roadway open to service).

Economic Benefits (Social Cost Savings)

The various social cost savings estimated in this document rely on estimated changes in vehicle-miles of
travel, traffic delay, and person-miles of walking and bicycling as a result of each measure. General modeling

16



tools used in this analysis are first discussed, followed by a discussion of assumptions specific to each
measure. The social cost savings analysis also draws on key assumptions documented above in the
assessment of public sector implementation costs.

Modeling Tools

To estimate VMT reductions, the Colorado Department of Transportation statewide travel demand model and
the Colorado implementation of the Energy and Emissions Reduction Policy Analysis Tool (EERPAT) were
used, along with off-model spreadsheet-based analysis where needed to prepare model inputs and process
model outputs.

The Colorado statewide travel demand model is a network-based model that predicts changes in traffic flows
by mode and location based on future changes in demographics, job locations, costs, transportation networks,
and other factors. At the time of the analysis the statewide model was set up for 2015, 2030, and 2045. Results
from 2030 and 2045 runs were interpolated to obtain 2040 estimates. Results from 2045 runs were
extrapolated to represent 2050.

EERPAT is a tool developed by the Federal Highway Administration and designed specifically for analysis of
greenhouse gas reduction measures. EERPAT models policies at the regional level. In the Colorado
application of the model, five regions are defined corresponding to the state’s MPOs:

● DRCOG (Denver Regional Council of Governments) – Greater Denver area.
● GVMPO (Grand Valley MPO) – Grand Junction area.
● NFRMPO (North Front Range MPO) – Fort Collins area.
● PACOG (Pueblo Area Council of Governments) – Pueblo area.
● PPACG (Pikes Peak Area Council of Governments) – Colorado Springs area.

The statewide model and EERPAT each have strengths for evaluating different measures, so the best model
for each measure was selected and the results then combined. Only personal light-duty vehicle travel within
Colorado is considered, along with emissions from bus service that changes as part of the scenarios. To
ensure a consistent baseline of VMT, percent VMT reductions from EERPAT for measures modeled in EERPAT
were applied to total VMT from the statewide model.

GHG emissions were modeled using the U.S. Environmental Protection Agency Motor Vehicle Emission
Simulator (MOVES3) emission factor model, based on VMT changes from the statewide model and EERPAT.
The GHG modeling was conducted by the Colorado Department of Public Health and Environment – Air
Pollution Control Division. The MOVES model accounts for Colorado-specific factors such as the age of the
vehicle fleet, the distribution of VMT by different vehicle types and road types, and the speeds at which
vehicles travel. MOVES provides GHG emissions in carbon dioxide equivalents (CO2e) considering tailpipe
emissions of CO2, methane, and nitrous oxide. VMT changes for each measure, estimated as described below,
were summed for all measures and used to revise MOVES inputs.

Travel Choices: Tele-Travel

This strategy is evaluated using adjustments to statewide travel demand model inputs and outputs assuming
that through incentives and voluntary options, more telework becomes feasible. Note that the model does not
assume a policy that requires businesses to limit employee trips.

● Telework is modeled by increasing the fraction of workers choosing to telework compared to the base
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year level.
● Tele-school is modeled by adjusting the mode-specific constant for higher education trips so that home

schooling meets a target percentage.
● Other tele-travel is modeled by making adjustments to model output VMT to reflect an assumed market

size of households reducing their travel and percent reduction in “personal business” travel per
household.

The assumed effects of tele-travel policies are as follows:

● Telework (telecommuting): The percentage of workers teleworking at least part-time is increased by a
factor of 3, from 6.3 percent to 18.9 percent, compared to baseline levels, reflecting a continuation of
trends observed during the COVID pandemic.13

● Online participation in postsecondary education: The statewide model includes school trips. It is
assumed that higher education students “tele-commute” 40 percent of the time, or on average about 2
days a week for a full-time course load. This is applied as a post-model adjustment to the statewide
activity-based model (ABM) trip roster. The model would reflect similar values from an emissions
perspective if students walked to class rather than participating virtually.

● Other substitution of travel: Other types of trips (medical, retail, etc.) are not individually modeled but
are included as part of a personal business trip type. The number of households reducing their
“personal business” travel is estimated using the following assumptions:

o Expansion of broadband infrastructure – The Colorado Broadband office tracks broadband
coverage and supports programs to expand coverage, including tracking Federal grant
programs. An overlay of 2021 broadband coverage on household data from the 2019 American
Community Survey (ACS) estimates that 1.97 million of 2.39 million households in Colorado
(82.6 percent) currently are in broadband service areas. It is assumed that infrastructure14

expansion by 2030 will reach nearly all (97 percent) of the state’s households with broadband
access, or an additional 344,000 households.

o It is also assumed that an additional 5 percent of Colorado households already served by
broadband expand their use of teletravel in the future.

● Newly participating households are estimated to take 10 percent fewer “personal business” trips as a
result of tele-travel options. This is applied as a post-model adjustment to the ABM trip roster.15

Travel Choices: Bicycle, Pedestrian, and Micro-Mobility Facilities, Policies, Initiatives

This strategy is evaluated using a variety of adjustments to the statewide model, including increasing
intersection density to represent expanded/more connected pedestrian networks; increasing walk and bike
speeds to represent improved transit access and increased use of e-bikes and e-scooters; and adjusting
various model parameters to reflect overall conditions that encourage walking and biking by all demographic

15 While the statistics will vary for Colorado, the 2017 National Household Travel Survey shows an average annual VMT per U.S.
household of 19,642, of which 31.8 percent is for shopping or other personal business (McGuckin and Fucci 2018, Table 6a). A 10
percent reduction in personal business travel would be a 3.2 percent reduction in overall travel for these households or 642 VMT per
year. The Colorado statewide model may show different results, as changes in personal business travel may affect other types of travel.

14 Per the Colorado Broadband Office, broadband is defined as a minimum of 25 megabits per second (Mbps) download and 3 Mbps
upload. See https://broadband.co.gov/ for a map of broadband coverage. The overlay was done at the Census block group level,
assuming that households are evenly distributed within a block group.

13 During the height of the pandemic (May 2020), work-at-home rates were as high as 35 percent. More recently (October 2020 to
January 2021), the rate stabilized around 22 percent. Source: Data from Bureau of Labor Statistics, Current Population Survey
Supplement, as analyzed by University of Colorado Leeds School of Business and presented to Denver Regional Transit District, April
13, 2021.
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groups. The model was adjusted so that the increase in bicycling matched a target estimate of total
bicycle-miles of travel based on increasing bicycle travel related to additional bicycle infrastructure (new annual
bike-miles traveled per new lane/path mile) as observed in other U.S. cities.

Pedestrian and Bicycle Improvements

To model improved pedestrian conditions, intersection density was increased 10 percent in 2030 over the
baseline, or 25 percent in 2050, in the “suburban” area type, representing the application of policies to increase
street network connectivity. Numerically this is equivalent to an increase of 16 four-way intersections in each
zone. This was applied only to area types 2 (outlying CBD & fringe), 3 (urban), and 4 (suburban). While the
statewide model does not include data on sidewalk density, the relative increase in intersection density is
consistent with the increase in sidewalk density assumed for cost estimation above. Intersection density was
increased by 5 percent in 2030 and 15 percent in 2050 for the “urban” area type, with the smaller increase
reflecting the generally more connected nature of streets in urban areas.

The total miles of bicycle facilities needed to achieve a complete network in all of the urbanized land area of
Colorado (census-defined urbanized areas) was estimated by assuming a build-out of separated bike lanes or
shared-use paths at one-mile intervals, along with on-street bike lanes every ½ mile in between. Previous
research, considering literature and models on the effectiveness of bike investment in the U.S., has estimated
the number of new bicycle-miles of travel per year per mile of new facility in urban and suburban
neighborhoods of various densities (Cambridge Systematics, 2020). The values used in that analysis are
shown in Table A.8. These are applied to the proportion of land in CBD or “CBD fringe”, “urban”, and “suburban”
area types as defined in the statewide model. Values from that study are multiplied by the required length of
facilities to build out a network.

Table A.8
New Bicycle Travel per New Facility-Mile

Area Type: Core/High Urban Medium Urban Suburban
Statewide Model Area Type: CBD (1) or CBD

Fringe (2)
Urban (3) Suburban (4) Average

New annual bike-miles per
new facility mile

146,000 82,000 26,000 64,000

% of urban land area in
Colorado MPO areas

14% 39% 48%

To estimate the extent of bike network added, a build-out of bike lanes and paths is assumed at ½ mile spacing
for the entire urbanized area within Colorado (1,256 square miles) over a 20-year period between 2022 and
2041. This corresponds to 5,000 new miles of facility or 250 new miles per year. This is assumed to be split
equally between on-street bike lanes and specialized facilities including physically separated bike lanes, bike
boulevards, and off-street paths. The resulting increase in bicycle-miles of travel (BMT) compared to baseline
conditions as estimated by the statewide model for years 2030 and 2045 is shown in Table A.9.

Table A.9
Bicycle Travel Increase From Facility Investment

Year
Baseline BMT

(millions)
New

Facility-Miles
Additional BMT

(millions)
Total BMT
(millions)

% Over Base
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2030 346 2,250 144 474 37%
2045 405 5,000 320 717 77%

Additional statewide model adjustments to estimate the effects of improved walking and bicycling conditions
included:

● Gender-specific constants for walking and biking: zeroing out negative terms for females; transferring
positive coefficient for males to the bike or walk constant.

● Zeroing out negative terms for under age 20 other tour purposes.
● Reduction of disutility (negative interaction term) equivalent to 1.5 miles for rural area type term for bike

to school tours.
● Walking interaction terms related to age 35 and age 50 thresholds changed to age 75 for work walk

tours, other walk tours, other bike tours, and walk trip mode.
● Vehicular speed reduction of 2 to 11 mph, typically 6 mph, for access-oriented (versus mobility-oriented)

facility types. Only applied in non-rural area types; applied to facility types 3 (principal arterial), 4 (minor
arterial), and 5 (collector & local); peak and off-peak input speeds also adjusted if they would exceed
the new free-flow speed.

● Walking speed (through perception of walking time) on transit access links increased to 5 mph from a
base of 3 mph.

● Biking speed on transit access links increased from 12 to 13 or 14 mph.

Electric Bicycles

It is assumed that with a connected network of infrastructure in place to serve walk and bike trips, electric
bicycle (e-bikes) will become more widely used. To represent electrification, the average speed of bicycling in
the statewide model was increased by 33 percent. The share of bikes that are e-bikes was assumed to be 2516

percent in 2030 and 50 percent in 2050, so the average speed increase across all bicycle trips is modeled as 8
percent in 2030 (from 12 to 13 mph) and 16 percent in 2050 (from 12 to 14 mph).

Transit: Expansion of Service Coverage, Frequency, and/or Hours

The VMT effects of transit expansion are modeled in EERPAT using the following inputs:

● Transit_growth.csv: Ratio of future transit revenue miles to base year transit revenue miles, as well as
proportion of transit revenue miles that are electrified rail transit.

In 2019, based on data reported by Colorado’s transit operators to the National Transit Database, 81 million
vehicle revenue-miles of service were provided by all modes in Colorado’s five metro areas. For this measure it
is assumed that transit revenue-miles will increase by 6.0 percent per year between 2022 and 2030 (69
percent total growth between 2019 and 2030), and by 2.0 percent a year between 2030 and 2050 (151 percent
total growth between 2019 and 2050) compared to base year (2019) service levels. This compares with a
statewide growth in transit VRM of 2.9 percent annually (76 percent) between 2000 and 2019 (3.1 percent for
the Regional Transit District, 1.2 percent average for other operators in the state).

16 On average, e-bikes require 24% less total EE (kcal/kg/min) than conventional bicycles - Langford, B. C., Cherry, C. R., Bassett, D.
R., Jr., Fitzhugh, E. C., & Dhakal, N. (2017). Comparing physical activity of pedal-assist electric bikes with walking and conventional
bicycles. Journal of Transport & Health, 6, 463–473. 1/(1 – 0.24) ~= 1.33.
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The VMT reduction percentage was carried over into the statewide model by reducing the ABM trip roster by
the same percentage for trips by residents of MPO zones.

Transportation-Efficient Land Use

This strategy is modeled in EERPAT using the following input:

● metropolitan_urban_type_proportions.csv: proportions of households in urban mixed-use areas.

Urban mixed-use areas are defined for this analysis as statewide model TAZs categorized as “urban” or higher
area type (AreaType = 1, 2, or 3) with a population density of at least 2,000 per square mile and a retail/service
job density (Entertainmentemployement + Retailemployement + Restaurantemployement) of at least 500 per
square mile. This was the density threshold used in the Carbon-Free Boston study (Cambridge Systematics,
2019) which was based on evaluation of different thresholds and qualitative comparison against community
characteristics such as walkability.

The base year (2015) number and percent of households in mixed-use urban areas was estimated using
statewide model estimates of households and the mixed-use variable. This calculation was repeated for 2030
and 2045 to estimate the number of households in mixed-use areas under baseline forecast growth conditions
in the future. The 2015 and 2030 data were interpolated to estimate 2023 values as the start year for additional
land use policy implementation.

The 2023 percent of households in mixed-use areas ranges from 11 percent in the GVMPO region to 33
percent in the Denver region. Between 2023 and 2030, the fraction of growth in mixed-use areas ranges from
10 percent in the NRFMPO region to 43 percent in the Denver region. Under the policy scenario, this is
assumed to increase to 75 percent in the Denver region and to 50 percent in other MPO regions between 2023
and 2050.

It is also assumed that some areas of existing households redevelop over time into mixed-use areas, through
infill commercial development in neighborhood business districts. It is assumed that 4 percent of existing
households per decade are in areas that change from non-mixed use to mixed-use. The resulting values of
baseline and scenario projections for the percent of households in mixed-use areas, including new households
and redeveloped areas, are shown in Table A.10..

Table A.10
Households in Mixed-Use Areas

 Households in Mixed-Use Areas

% of 2023-2030
Growth in

Mixed-Use Areas

% of 2030-2045
Growth in

Mixed-Use Areas

MPO
Region 2023

2030
Base

2030
Scenari

o
2045
Base

2045
Scenari

o Base
Scenari

o Base
Scenari

o
DRCOG 32.5% 33.5% 38.5% 33.8% 47.1% 42.9% 75.0% 35.7% 75.0%
GVMPO 11.2% 12.4% 18.7% 16.8% 29.9% 20.3% 50.0% 34.7% 50.0%
NFRMPO 18.3% 17.1% 25.5% 16.2% 36.8% 10.0% 50.0% 13.4% 50.0%
PACOG 14.5% 16.0% 20.5% 14.7% 29.6% 28.9% 50.0% 6.1% 50.0%
PPACG 21.6% 20.9% 26.4% 21.9% 34.5% 13.9% 50.0% 27.3% 50.0%
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The VMT reduction percentage was carried over into the statewide model by reducing the ABM trip roster by
the same percentage for trips by residents of MPO zones.

Reduced Investment in Roadway Capacity

Capacity additions can increase GHG emissions and other social costs related to vehicle-travel in the long
term as a result of induced demand effects. Reducing spending on these capacity projects is likely to provide
social benefits in the form of reduced GHG emissions, air pollution, vehicle operating costs, and crash costs
associated with vehicle-travel. However, it is likely to increase costs related to travel time and delay. It is
important to note that the alternative investments provided by funding made available for other projects will
help offset the impacts of any roadway travel time increases.

Key assumptions to estimate the social costs and benefits of reduced road capacity investment include:

● Expanded roads have a base VMT of approximately 20,000 VMT per lane-mile for freeways and 10,000
VMT per lane-mile for arterials. This assumes a freeway lane capacity of 2,000 vehicles per lane per
hour with 10 percent of daily traffic in the peak hour. Arterial capacities are reduced by half to account
for intersection delay. Analysis of modeling conducted by Cambridge Systematics for a hypothetical
freeway widening project in Virginia confirms that 20,000 VMT per lane-mile is a reasonable value.

● The long-run demand elasticity is assumed to be 0.67 for freeways and 0.5 for arterials. This elasticity
represents the ratio of percent growth in VMT to percent growth in lane-miles. An elasticity of 0.5
means that a 10 percent increase in lane-miles in a given area would result in a 5 percent increase in
VMT in that area. The value of 0.67 is consistent with recent modeling of corridor highway expansion
projects conducted by Cambridge Systematics and is at the low end of recent values reported in a
literature review, which found values ranging from 0.67 to 1.06 in the U.S. That report also estimated17

that induced demand elasticities for arterials are 75 percent those of freeways. Since some of the
induced demand in corridor studies may be due to growth being shifted from other locations in the
same state, it is likely that overall induced demand for a statewide program of investments (such as is
being evaluated in the Colorado analysis) is lower than levels found in corridor-specific studies.

● It is assumed that it takes five years to reach full response to induced demand, with effects in years 1-4
scaled up linearly between 0 and the final value.

● Delay savings (minutes saved per base VMT) are estimated based on modeling conducted by
Cambridge Systematics. The value is 0.20 minutes per VMT at a demand elasticity of 0.67, which
corresponds to a 3 mph average speed increase compared with a base speed of 30 mph. The delay
savings are scaled to be zero at an induced demand elasticity of 1.0, and to increase in inverse
proportion to the elasticity.

● Fuel savings per hour of delay are estimated at 0.44 gal/hour (mixed traffic – autos and trucks) for 2012
vehicles based on data from the 2012 Texas Transportation Institute Urban Mobility Report. These are
scaled for 2022 and future vehicles based on actual and projected changes in fuel efficiency (mpg) and
levels of fleet electrification.  Energy use and GHG emissions from EVs are assumed not to be
sensitive to the level of congestion or delay.

17 Volker, J.M.B., and S. L. Handy (2021). The Induced Travel Calculator and Its Applications. University of California Institute of
Transportation Studies, UC-ITS-2021-04.
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● Delay reduction from highway expansion is valued at $16.50 per hour per the 2016 U.S. DOT
benefit-cost analysis guidance and is calculated after induced demand effects.

Total VMT and Vehicle Operating Cost Savings

Table A.11 shows baseline forecast VMT emissions for light-duty vehicles and the total projected VMT
reductions for the illustrative implementation of the proposed rule and the two alternatives considered.

Table A.11
VMT by Year, Light-Duty Vehicles

Vehicle-Miles of Travel
(millions)

Scenario 2030 2040 2050
Baseline VMT Estimate 63,551 71,069 78,587
Change from Baseline
Proposed Rule Implementation: Travel
Choices + Transit + Land Use

(6,943) (8,378) (9,814)

Alternative 1: Travel Choices (5,876) (6,197) (6,146)
Alternative 2: Travel Choices + Transit (6,633) (7,593) (8,138)

Vehicle operating costs are based on gasoline and electricity consumption rates (miles per gallon equivalent)
for conventional and electric vehicles from NREL (2017) and fuel and electricity costs from the U.S.18

Department of Energy Outlook Annual Energy Outlook (AEO) 2021 Reference Case. For conventional and
electric vehicles, a “weighted average” fuel efficiency is estimated based on the split of light duty vehicles and
light duty trucks. Vehicle maintenance costs are also sourced from NREL (2017) and weighted by the LDV/LDT
split. Table A.12 displays fuel prices, energy efficiency, and fuel and maintenance cost per mile for both
conventional and electric vehicles from 2020 through 2050.

Table A.12
Light-Duty Vehicle Operating and Maintenance Costs (2021 $)

Operating Cost Inputs 2020 2025 2030 2040 2050

Gasoline Price ($/gge) 2.22 2.37 2.58 2.91 3.06

Electricity Price ($/gge) 3.91 3.80 3.69 3.60 3.31
Conventional Energy Efficiency (mpgge) 32.9 33.7 33.4 33.6 34.1
EV Energy Efficiency (mpgge) 104.7 109.7 111.6 116.9 125.2
Conventional Vehicle Cost – Fuel ($/mi) 0.067 0.070 0.077 0.087 0.090
EV Cost – Fuel ($/mi) 0.037 0.035 0.033 0.031 0.026
Conventional Vehicle Cost – Maintenance
($/mi)

0.036 0.038 0.040 0.041 0.041

EV Cost – Maintenance ($/mi) 0.029 0.030 0.032 0.033 0.033

To calculate total per-vehicle operation and maintenance costs, an annual VMT of 10,450 per vehicle is
assumed. This is based on the number of vehicles forecast in 2030 (vehicles growing from current levels in

18 Wood, E., et al. (2017). National Plug-In Electric Vehicle Infrastructure Analysis. National Renewable Energy Laboratory.
23



proportion to population) multiplied by miles per vehicle to match the VMT estimates provided by the statewide
model.

The total electrified light duty fleet each year is estimated based on state targets, including around 940,000
vehicles in 2030 and 100 percent EV sales by 2040. Using projections from the AEO 2021 Reference Case on
vehicle stock growth through 2050, as well as a vehicle turnover model, the EV vehicle stock for 2025, 2030,
2040, and 2050 is estimated alongside vehicle sales, as shown in Table A.13.

Table A.13
Light-Duty Vehicle Electrification Projections

Vehicle Category 2020 2025 2030 2040 2050

All Light-Duty Vehicle Stock 5,090,968 5,585,48
4

6,080,00
0

6,546,667 7,590,000

EV Stock 39,908 221,357 943,318 3,739,278 6,290,115

EV Sales % 5% 17% 50% 100% 100%
EV Sales 17,818 66,858 21,800 458,267 531,300
EV% of Stock 1% 4% 16% 57% 83%

GHG Emission Reductions and Social Cost of Carbon Savings

Table A.14 shows projected total GHG emissions from on-road sources for the rule and alternatives, while
Table A.15 shows the expected GHG reductions in 2025, 2030, 2040, and 2050 respectively, for the rule and
alternatives. As noted above, the results assume a high level of electrification of the future vehicle fleet. As a
result, the absolute GHG reductions from VMT measures are substantially lower in 2050 than in 2030, even
though the cumulative effects of the measures on VMT will increase over time and be greatest in 2050.

Table A.14
GHG Emissions by Year and Alternative, All On-Road Vehicles

GHG Emissions
(million metric tons)

Scenario 2030 2040 2050
Proposed Rule Implementation: Travel
Choices + Transit + Land Use

18.1 12.5 7.9

Alternative 1: Travel Choices 18.4 12.8 8.1
Alternative 2: Travel Choices + Transit 18.2 12.6 8.0

24



Table A.15
GHG Emissions Change from Baseline Forecast by Year

GHG Emissions Change in Year
(million metric tons)

Scenario 2030 2040 2050
Proposed Rule Implementation: Travel
Choices + Transit + Land Use (1.70) (1.20) (0.70)
Alternative 1: Travel Choices (1.43) (0.88) (0.44)
Alternative 2: Travel Choices + Transit (1.62) (1.09) (0.59)

To estimate the social cost of carbon savings, greenhouse gas emissions in years between 2030 and 2050
were interpolated, and annual emissions savings before 2030 were ramped up from zero in 2022 to the 2030
level. The social cost of carbon value in each year was then applied to the greenhouse gas emissions in that
year. The values used for the social cost of carbon based on the Biden administration guidance are shown in
Table A.16 (The White House, 2021).

Table A.16
Social Cost of CO2, 2020-2050 (in 2020 dollars per metric ton of CO2)

Emissions Year 2.5% Discount Rate
2020 76
2025 83
2030 89
2035 96
2040 103
2045 110
2050 116

Other Social Benefits

Other social benefits were valued based on the following data sources and key assumptions.

Air Pollution

These costs are associated with human health impacts – including mortality and morbidity – as well as crop
and forest damage, ecosystem damage (e.g., from acid deposition, ozone damage, and particulate matter
deposition), damage to buildings and materials, and reduced visibility. The costs of air pollution are primarily
driven by human health.
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Changes in emissions of particulate matter (PM) and oxides of nitrogen (NOx) were estimated based on
tailpipe emission rates (grams per mile) in each future year, multiplied by changes in light-duty vehicle VMT.
Emission rates for internal combustion engine vehicles were sourced from runs of the U.S. EPA MOVES2014
model conducted by Cambridge Systematics in June 2021 for years 2032 and 2040. Emission rates for years
prior to 2032 were interpolated with 2017 rates from analysis for the Carbon Free Boston study (2019)
conducted by Cambridge Systematics. Emission rates for 2033-2039 were interpolated between 2022 and
2040 rates, and the 2040 rate was used for years after 2040. Tailpipe emissions from electric vehicles were
assumed to be zero.

Damage values ($/kg) are based on the U.S. EPA regulatory impact analysis for light-duty vehicle fuel
economy and GHG standards (U.S. EPA, 2010), as reviewed by CS in 2012 for use in the Federal Transit
Administration (FTA) New Starts Environmental Benefits Template. Table A.15 shows the damage values used.
The damage values are the same as used by FTA in its most current (FY 2021) version of the New Starts and
Small Starts reporting templates, with the exception that 2010 dollars have been converted to 2016 dollars
using a consumer price index multiplier of 1.1. The EPA values are based on nationwide modeling using
county-scale data on emissions, air pollution, and population exposure. The EPA and FTA sources list different
damage values for mobile vs. electricity generation sources; the mobile source values are used here. The
values used are an average of those provided by FTA for years 2025 and 2035.

Table A.17
Pollutant Damage Values ($/kg)

Pollutant Damage Value ($/kg)
PM2.5 $976

NOx $17.69

Safety

Safety costs represent costs associated with crashes resulting in fatalities or injuries. To estimate safety
benefits, fatality and injury motor vehicle crashes are assumed to be reduced in proportion to VMT reduced.
Average rates of 0.013 fatalities and 0.195 injuries per million vehicle-miles are used, based on Fatality
Analysis Reporting System (FARS) fatality data from 2000-2009 and injury rates reported by the Bureau of
Transportation Statistics (BTS) in National Transportation Statistics (Table 2-17: “Motor Vehicle Safety Data”).
These rates were recommended by Cambridge Systematics for the FTA in 2012 and are still being applied by
FTA for use in New Starts and Small Starts project evaluation.19

Crash reduction benefits are valued at $9.6 million per fatality based on the latest (2016) U.S. DOT guidance
on value of a statistical life. Disabling injuries are valued at $490,000 based on the value provided in FTA’s
latest (FY 2021) New Starts and Small Starts reporting templates. The injury value has been inflated by FTA
since the original 2012 work (when it was $323,000) and is applied to the fatality and injury rates stated in the
previous paragraph.

Traffic Delay

19 See: Federal Transit Administration, New Starts Environmental Benefits Template, available at
http://www.fta.dot.gov/12304.html.
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Hours of traffic delay reduced per VMT reduced are derived from data in the Texas A&M Transportation
Institute (TTI) 2012 Urban Mobility Report (UMR). This report estimated potential nationwide reductions in VMT
due to shifting to transit, and associated savings in travel delay. These values were used to estimate an
average delay savings of 0.015 hours per mile of vehicle-travel reduced, representing a weighted average
across metro area sizes. Delay savings were valued at $16.50 per hour based on U.S. DOT 2021 Benefit-Cost
Analysis Guidance.

Physical Inactivity

A lack of physical activity is associated with increased mortality and other negative health outcomes.
investments in walking and bicycling infrastructure and transit services increase physical activity, reducing
those associated costs. Physical inactivity is valued based on health care cost savings of $0.21 per mile of
walking and bicycling activity based on Gotschi (2011). Gotschi analyzed three investment plans in Portland,
Oregon. Bicycle health benefits are estimated using a per-capita health care costs of $544 annually attributable
to inactivity (i.e., less than 30 minutes of activity per day), which he derives from three literature sources, with
values adjusted for inflation. New bicyclists are assumed to realize these benefits by increasing physical
activity from 15 to 45 minutes daily. Gotschi also cites the World Health Organization’s Health Economic
Assessment Tool (HEAT) for cycling, which uses a relative risk estimate for all cause mortality of 0.72 for 3
hours of bicycling to work per week, from a large Danish cohort study.  Gotschi’s resulting estimates of
cumulative bike miles and cumulative health care savings between 1991 and 2040 equate to about $0.18 in
benefit per additional bike mile of travel, which was inflated to $0.21 per mile for this study.20

An alternative estimate of physical activity benefits was conducted using estimates of deaths prevented and
the value of a statistical life based on U.S. Department of Transportation guidance. Output from the HEAT
developed for a study done by Cambridge Systematics in Massachusetts was used to estimate the benefits of
increased bicycling and walking, along with additional analysis by Cambridge Systematics for use of this
information in the Transportation and Climate Initiative Investment Strategy Tool. HEAT provides estimates of21

benefits in terms of reduced mortality based on the daily increase in walk or bicycle person-kilometers traveled
or walk or bicycle person-hours traveled. The walk and bike PMT increases and deaths prevented were used22

to estimate an overall rate of 1.7 deaths prevented per million new walking PMT, and 0.5 deaths prevented per
million new bicycling PMT. These factors were applied to the estimated increases in walking and bicycling due
to active transportation and public transportation investments. (Due to data limitations the current analysis only
includes new bicycle travel, as shown in Table A.7). Deaths prevented by physical activity were valued at the
same $9.6 million value of a statistical life used in the safety analysis.

22 The HEAT tool and documentation are available at: https://www.who.int/gho/health_equity/assessment_toolkit/en/
21 Cambridge Systematics, Inc. (2020), ibid.

20 Gotschi, T. (2011).  “Costs and Benefits of Bicycling Investments in Portland, Oregon.”  Journal of Physical Activity and Health,
2011, 8(Suppl 1).
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