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Dedication

This Handbook is intended to provide tools and methods to people who are doing the
hard work on the ground. The hard work of reducing our impact on climate change,
making communities more resilient to the effects of climate change, and promoting health
and equity among communities that bear disproportionate environmental burdens. The
hard work to include everyone in what Dr. Martin Luther King Jr. referred to as “an
inescapable network of mutuality” in his 1967 Christmas Sermon on Peace.

What we do today will either remedy or perpetuate past environmental injustices. What
we do today will shape our climate tomorrow. Our communities are being changed by
climate and will change more.

When we understand the tons of carbon emitted, the feet of sea level rise, and the degrees
of temperature change, we will know better the consequences of our actions. When we
listen, respect, engage, involve, and empower all people affected by our actions, we will
know better the diverse concerns, needs, and hopes of all our communities.

With this understanding, we can and must take action to reduce our contributions to
climate change, to make our communities more resilient, and to implement solutions that
are informed by and responsive to the people most affected by new plans, projects, and
programs. We need to do this with and for the people left out too often in the past to
mold a better future for this generation and the generations to come. We need to do this
for a state, a country, and a planet that is changing rapidly due our actions and inactions.

This Handbook is dedicated to all Californians—whose health, wellbeing, and safety are
at the heart of all our efforts. We build and design communities for people, yet often the
human perspective is lost amidst discussions around emissions, thresholds of significance,
vehicle miles traveled, and site plans. We aim to re-center people in this conversation—
especially the people whose voices have been marginalized and excluded from
participating in the planning that shapes all our lives. At its core, the Handbook is
designed and developed by people, for people, and for the sake of creating livable,
prosperous, resilient communities in which all can thrive, now and into the future.

DEDICATION | iii
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An Important Consideration

CAPCOA prepared this Handbook to provide a common platform of information and
tools for evaluating greenhouse gas reduction measures, climate vulnerabilities and
promoting equity to support sustainable, resilient, and equitable land use planning and
project design. It was prepared in collaboration with academia, agencies, community
organizations and leaders, local governments, nongovernmental organizations, and
technical experts. The quantification methods, tools, and recommendations provided in
this Handbook were developed based on the latest science and literature available at the
time of publication.

Our understanding of climate science and accepted practice for how equity and
environmental justice can and should be addressed in land use planning continues to
evolve. Regulations, policies, and government programs to reduce greenhouse gas
emissions are likewise dynamic. Future legislation, litigation, public opinion, and scientific
research may influence how climate change, emissions reduction, and health and equity
are reviewed and addressed in our community.

In light of these considerations, this Handbook should be viewed as a planning resource.
It provides strategies, tools, and analytical methods to facilitate integrated and resilient
decision making, despite potential future planning uncertainty. The Handbook should not
be used to dictate public policy or provide legal advice.

AN IMPORTANT CONSIDERATION | iv
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Introduction

CHAPTER 1

Background

Climate change is already having profound impacts on people and
planning in California. Local governments, institutions, project developers,
and communities across the state must prepare for growing climate impacts
while working to reduce their greenhouse gas (GHG) emissions. These are
real challenges, but they also represent new opportunities. We can design
and build healthier neighborhoods, develop solutions for clean air, and
create more equitable, resilient communities and economies. This
Handbook offers data and methods to help effectively achieve these
objectives.

Local governments and communities are increasingly experiencing the effects of climate
change and, in response, are developing measures and plans to mitigate and adapt to
those effects. Climate change is principally driven by human actions, particularly burning
fossil fuels like coal, oil, and natural gas that emit GHGs. GHGs trap heat in the
atmosphere, which slowly increases global average temperatures, causing additional
cascading effects such as extreme heat and heat waves, melting polar ice, disappearing
snowpack, rising sea levels, changing precipitation patterns, ocean acidification, and
more extreme or more frequent weather events.

To slow the pace of climate change and prevent its worst effects from materializing, local,
state, and national governments must design measures that mitigate (i.e., lessen the
severity or even eliminate) the root cause of the issue: GHG emissions from human
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activities. To do so, they need tools and resources to accurately assess and quantify GHG
emissions, and to design effective methods to reduce emissions.

In response to this need, the California Air Pollution Control Officers Association
(CAPCOA) prepared this report, Handbook for Analyzing Greenhouse Gas Emission
Reductions, Assessing Climate Vulnerabilities, and Advancing Health and Equity: Designed
for Local Governments, Communities, and Project Developers (hereafter referred to as the
“Handbook”). The Handbook provides methods to quantify GHG emission reductions
from a specified list of measures, primarily focused on project-level actions. The
Handbook also includes a method to assess potential benefits of different climate
vulnerability reduction measures, as well as measures that can be implemented to
improve health and equity, again at the project level.

CAPCOA included a wide range of measures in the Handbook that are frequently used to
reduce GHG emissions, bolster communities against expected climate impacts, and
enhance community health and equity. To focus on the most effective measures, they were
screened using the following factors:

= Feasibility of quantifying emissions reductions or benefits.
= Availability of robust and meaningful data, including peer reviewed studies.

= Ability of measures (alone or in combination with other measures) to appreciably
reduce GHG emissions, reduce climate vulnerabilities, and improve health and equity.

This does not mean that other measures should not be considered or may not be effective
or quantifiable; on the contrary, there are many ways to reduce emissions of GHGs,
reduce climate vulnerabilities, and improve health and equity. CAPCOA seeks to provide
a high-quality quantification tool to local governments, communities, and stakeholders
with the broadest applicability possible. CAPCOA encourages users to be bold and
creative as they approach the challenges of climate change and equity and does not
intend for the Handbook to limit the scope of measures considered.

In addition to CAPCOA, other organizations that helped to prepare this Handbook
include the Sacramento Metropolitan Air Quality Management District, with contract
support from ICF, Fehr & Peers, and STl, who performed the technical analysis.

Process and Approach for Handbook Development

The Handbook builds on CAPCOA's previous efforts to provide accurate and reliable
quantification measures. In 2010, CAPCOA published Quantifying Greenhouse Gas
Mitigation Measures: A Resource for Local Government to Assess Emissions Reductions from
Greenhouse Gas Mitigation Measures (hereafter referred to as the “2010 Handbook”).
Since that time, climate science has evolved and GHG reduction practices have advanced in

sophistication. New priorities have also arisen, such as strengthening climate resilience and
infusing health and equity into integrated planning efforts. Therefore, CAPCOA decided it
was time to develop an updated and expanded resource to provide the latest data and
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methods to quantify GHG emissions

reductions, climate change vulnerability S~
reductions, and equity improvements in a '@'

single resource: The Handbook. ‘ -

The IHccr;il.bookk dfvell(opmen’r process WHAT'S NEW IN THIS
involved five key tasks. HANDBOOK?

1. Identifying and evaluating new and
emerging GHG reduction measures
and removing outdated measures

from the 2010 Handbook.

2. Evaluating and selecting climate risk
reduction and health and
equity measures.

This Handbook is an updated and
expanded resource from the 2010
Handbook. It provides the following.

Updated data and new measures to
quantify GHG emission reductions.

Method to identify and score future
potential climate hazards.

3. Developing methods to quantify GHG Measures fo quantify reduced
emissions reduction measures and vulnerability to climate change.
identify associated co-benefits. Measures to improve health and equity.

4. Developing methods to assess climate
change vulnerability and a framework
to quantify reductions in climate vulnerabilities.

5. Developing health and equity measures.

The development process was a collaborative and methodical effort that involved careful
review and input from experts in agencies, academia, public organizations, non-
governmental organizations (NGOs), and other stakeholder groups. A technical advisory
committee (TAC) was formed to provide ongoing guidance, peer review, and quality
control assurance at each step of the process. The Handbook was drafted and finalized
through an iterative process that incorporated comments and suggestions from the
Sacramento Metropolitan Air Quality Management District, the TAC, and the public.

The Handbook was primarily funded by a California Department of Transportation
(Caltrans) Senate Bill (SB) 1 Adaptation Planning Grant. Additional funding was provided
by the Sacramento Metropolitan Air Quality Management District, the California
Department of Public Health, and the Bay Area Air Quality Management District.

Intent and Audience

The purpose of the Handbook is to provide local governments with accurate, reliable, and
standardized emission reduction quantification methods for land use, climate action, and
long-term planning. It also aims to support and enhance the consideration of climate
vulnerabilities, health, and equity during the planning process. The Handbook is intended
to support the efforts of local governments to address GHG emissions and vulnerabilities
to climate change in their planning efforts and environmental review of new projects, and
to achieve more equitable outcomes when addressing these impacts. The Handbook will
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also be useful for project proponents and other parties interested in enhancing resiliency,
sustainability, and equitable development.

The guidance provided in the
Handbook specifically addresses
appropriate procedures to apply
quantification methods to achieve
accurate and reliable results. The
Handbook includes background
information on programs and
concepts associated with the
quantification of GHG emissions and
climate change vulnerability. The

Handbook does not provide policy
guidance on any of these issues, nor
does it dictate how a jurisdiction should address questions of policy. Policy considerations
are left to individual agencies and their governing boards. The Handbook is intended to
create a standardized approach to quantifying GHG reduction and climate change
resilience measures so the effectiveness of these measures can be considered and
compared on a common basis.

Using the Handbook

The Handbook is organized as follows.

= Chapter 1: Introduction — provides an overview of the Handbook and its contents.

= Chapter 2: Integrated and Resilient Planning — discusses the changing climate, its
impacts on society and public health, federal and state planning efforts to address the
problem, and how equity and resilience can be improved.

= Chapter 3: Measures to Reduce GHG Emissions — provides details on measures and
methods to quantify and reduce GHG emissions, accompanied by measure factsheets.

» Chapter 4: Assessing Climate Exposures and Measures to Reduce Vulnerabilities —
outlines a method to assess climate change vulnerability and the potential benefits of
different climate risk reduction measures at the project level.

= Chapter 5: Measures for Advancing Health and Equity — describes measures to improve
public health and social equity.

» Chapter 6: Resources to Support Resilient and Equitable Emission Reduction Planning —
presents additional resources that can help resilient and equitable planning efforts.

= Appendix A: Key Terms and Definitions — defines the key terms used in the Handbook.

= Appendix B: Federal and State Planning Framework — describes federal and state
regulations and policies related to reducing GHG emissions, increasing climate
resilience, and improving public health and social equity.

= Appendix C: Emission Factors and Data Tables — provides the emission factors and
data used to estimate GHG emission reductions.
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= Appendix D: Climate Vulnerability Worksheets — contains worksheets planners can use
to assess climate vulnerability.

= Appendix E: Measure Index — crosswalks the Handbook measures to cross-cutting
themes across all chapters (e.g., active transportation).

Because the quantification and analysis methods in the Handbook were developed to meet
the highest standards for accuracy and reliability, CAPCOA believes they will be generally
accepted for most purposes, though the decision to accept any quantification method rests
with the reviewing agency and Handbook user. The methods contained in the Handbook
include generalized information about the measures, including considerations and best
practices for successful implementation and assumptions that influence the expected
measure outcome. These assumptions include emissions factors, energy usage rates,
climate exposures for a specific location, and other data from various sources (most
commonly from published data from public agencies). The data were carefully reviewed to
ensure they represent the best information available. The use of generalized information
allows the quantification methods to be applied across a range of circumstances, including
variations in location, climate, and population density, among others.

For instances in which high quality,

project-specific data are available, L
those data should be used instead of _@-
the more generalized data presented 2 \ed/ \

in the Handbook. The quantification
and analysis methods provided in this
Handbook allow for such
substitutions. Handbook users should

APPROPRIATE USES OF
THE HANDBOOK

confirm any substituted data meets Explore emissions reduction measures
quality standards and will not result and identify methods to quantify GHG
in an inappropriate or under- or reductions for a program or plan.
overestimation of measure benefits. Learn about co-benefits of reducing
CAPCOA will not be able to provide GHG emissions.

Conduct a preliminary assessment of

case-by-case review of adjustments ¢ ! !
climate vulnerability for a project or a plan.

or project-specific data inputs. More
information on the measures and
analysis data are provided in |dentify ways to include and empower
Chapter 3, Measures to Reduce GHG snersred enel memnelEs
Emissions, Chapter 4, Assessing communities and address their concerns.
Climate Exposures and Measures to

Reduce Vulnerabilities, and Chapter

5, Measures for Advancing Health and Equity.

Explore ways to make a project or plan
more climate resilient.

Equally important to understanding how to effectively use the Handbook is knowing its
limitations and potential misuses. This will help safeguard against inappropriate application
of the Handbook in certain contexts. The Handbook should not be used to dictate public
policy or provide legal advice. While the list of measures presented in the Handbook is
comprehensive, it should not be used to exclude or reject other strategies from
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consideration. As discussed above, there are many ways to reduce emissions, reduce
climate vulnerabilities, and improve health and equity, some of which may not be captured
in this Handbook or may be developed after its publication. Conversely, the Handbook
measures and quantitative methods (including available defaults) should not be
automatically applied to a project without thoughtful consideration of project-specific
circumstances. Finally, the Handbook should not be used to complete an environmental
justice analysis pursuant to Executive Order 12898 or the National Environmental Policy Act
(NEPA). The Handbook may be used as a starting point for these types of analyses, but it
does not constitute guidance for compliance with the executive order or NEPA requirements.

References

California Air Pollution Control Officers Association (CAPCOA). 2010. Quantifying
Greenhouse Gas Mitigation Measures: A Resource for Local Government to Assess
Emission Reductions from Greenhouse Gas Mitigation Measures. August. Prepared by
CAPCOA in association with Northeast States for Coordinated Air Use Management,
National Association of Clean Air Agencies, Environ, and Fehr & Peers.
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Integrated and
Resilient Planning

CHAPTER 2

The Changing Climate

The Earth’s climate is dynamic and has shifted over time. However, changes
in the global climate have accelerated over the past 50 years due to human
activities. Underserved and low-income communities are disproportionately
impacted by the effects of climate change, as well as other environmental
burdens, including air pollution. Various federal and state regulations have
been adopted to reduce greenhouse gas (GHG) emissions, improve
environmental justice and social equity, and help communities plan for and
adapt to anticipated changes in our climate. Beyond regulation, developers
and decisionmakers can build future equity and resilience through informed
and holistic project planning.

California is already seeing the effects of climate change on its natural resources,
populations, and infrastructure. Major environmental indicators have shifted; since the start
of the twentieth century, peak runoff in the Sacramento River now occurs nearly a month
earlier, and glaciers in the Sierra Nevada have lost about 70 percent of their area. The state
has experienced major climate events in recent years, including a drought from 2012-2016
that heavily affected the agricultural sector and resulted in statewide water conservation
efforts, followed by an extremely wet winter in 2016-2017 that caused significant loss of life
and damage to infrastructure. The frequency, size, and devastation of wildfires have also
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increased: 12 of the 20 largest wildfires (in terms of acres burned) in the state’s recorded
history occurred between December 2017 and the writing of this Handbook, including five
in 2020 and four in 2021 alone (Cal Fire 2021).

As human activities and natural processes continue to increase GHG emissions across the
globe, the impacts of climate change are likely to continue and worsen in the future.
Specifically, the following climate hazards are projected to occur in California over the
next century (Bedsworth, et al. 2018).

= Increase in annual average maximum daily temperature of up to 5.8°F by 2050 and
up to 8.8°F by 2100.

= Increase in intensity of atmospheric river events, with northern California experiencing
more wet extremes and southern California becoming drier.

= Increase in frequency and intensity of drought.

* Increase in the amount of precipitation falling as rain (instead of snow) and a
corresponding decrease in accumulated snowpack.

= Increase in high wildfire risk conditions and projected increase in number of acres
burned by wildfire.

* Increase in sea level rise along the coast, ranging from about 0.7 to 2.3 feet, by 2050.

These and other climate hazards will negatively impact public health and infrastructure.
Increased temperatures, increased humidity, and a higher frequency of extreme heat
events will lead to worsening air quality and increased risk of dehydration, respiratory
problems (e.g., asthma), and cardiovascular problems (e.g., heart attacks) among
individuals. Cumulative deterioration of public health from heat-related ailments and
other climate stressors are projected to increase emergency room visits and
hospitalizations (Ziegler, Morelli, and Fawibe 2017). Extreme events like heat waves,
flooding, and wildfires can cause loss of life and directly damage buildings and
infrastructure. Extreme weather events can shutdown critical services and inhibit
individuals from reaching healthcare and other critical supports. Power infrastructure and
supply chains can also be disrupted (No Harm Canada n.d.). Climate hazards can also
have significant indirect impacts, such as increased water prices during drought conditions
and reduced recreational opportunities along coastal communities from sea level rise.

Certain populations will be more vulnerable to climate change and its associated direct
and indirect impacts. For example, children, seniors, and persons with underlying medical
conditions (e.g., chronic heart disease) may be more susceptible to developing negative
health outcomes from exposure to worsening air quality (CARB 2021). As discussed
further below, the adverse impacts of climate change are also expected to
disproportionately affect communities of color and underserved and low-income
communities, which may have fewer resources to respond to changing conditions
(Milanes et al. 2018).

To adapt to an uncertain future, California planners will need to anticipate climate
change risks and build communities that remain resilient in the face of a changing
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climate. The resources and guidance presented in the Handbook provide tools to support
resilient planning.

Social Environment and Public Health

Exposure to Environmental Burdens

Underserved and low-income

communities have historically suffered N
from disproportionately higher rates of -@-
pollution and other environmental hazards N/

compared to more affluent communities.
Socioeconomic determinants of public
health—Ilike educational attainment,

CalEPA designates disadvantaged
communities as the 25 percent highest

housing costs, linguistic isolation, poverty, scoring census tracts using results of
and unemployment rates—are shaped by CalEnviroScreen. Low-income

public policy and planning. Past communities are census tracts with
exclusionary housing and planning median household incomes at or below
practices segregated and redlined certain 80 percent of the statewide median
populations. These policies made it more income or at or below the state income
difficult for communities of color and low- et it e e )

income and immigrant populations to
access critical resources necessary to
support healthy, thriving, and prosperous lives.

Structural and institutional racism continue to persist and shape California communities.
Nearly one-quarter of children under 5 years old in California are currently living in
poverty (August et al. 2021). Low-income populations often reside in neighborhoods that
score among the lowest for key environmental and social indicators, such as access to
clean water (Urban Environment & Social Inclusion Index 2021).The California
Environmental Protection Agency (CalEPA) designates communities in California as
disadvantaged or low-income for the purposes of allocating climate investments. Figure
2-1 shows these communities and highlights the considerable number of locations
currently designated as disadvantaged, low-income, or both (CalEPA 2021).

The impacts of disproportionate exposure to environmental burdens are often felt at the
individual, household, and community level (Gochfeld and Burger 2011; Katz 2012). For
example, studies have found that low-income individuals have higher rates of
hospitalization and greater risk of mortality when exposed to air pollution (Cakmalk,
Dales, and Judek 2006; Finkelstein et al. 2003). Communities with lower levels of
education have higher rates of respiratory illnesses, such as childhood asthma, because
of greater exposure to air pollution (August et al. 2021). Unemployment and poverty may
also force individuals to live in areas with greater levels of environmental degradation
(August et al. 2021). These disparities can magnify and exacerbate the spread and impact
of disease and environmental disasters, as evidenced most recently by COVID-19:
individuals of color have been hospitalized with COVID-19 at 3 to 4 times the rate of white
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persons and have fatality rates about 2 to 2.5 times greater, according to the Centers for
Disease Control and Prevention (CDC) (2021).

Figure 2-1. CalEPA Designated Disadvantaged and Low-Income Communities
in California’
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Improving conditions in communities over-burdened by pollution and other environmental
hazards will require targeted and systematic changes in funding and policy priorities. The
resources and guidance presented in this Handbook provide tools to support more
equitable planning.

! Senate Bill 535-designated disadvantaged communities represent the 25% highest scoring census tracts in
CalEnviroScreen, version 3.0.
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Vulnerability to Climate Change

Underserved communities are expected to be disproportionally affected by the health,
economic, and physical consequences of climate change. Individuals in these communities
are likely to face a double threat from climate change to their health: they have higher
exposure to climate hazards and have higher sensitivity to environmental stressors (August
et al. 2021). Factors that contribute to higher exposure include occupation, time spent in
risk-prone locations, ability to respond to extreme events, socioeconomic status, and the
condition of community infrastructure (Gamble et al. 2016). Communities of color, low-
income communities, outdoor workers, those with limited English language skills, children,
the elderly, and people who are unhoused are all groups with higher vulnerability to climate
hazards (Ebi et al. 2018; Gamble et al. 2016). These populations already experience
higher rates of chronic medical conditions that can be worsened by climate change
(Gamble et al. 2016).

Figure 2-2, which has been adapted from Gamble et al. (2016), illustrates the intersection
of various social determinants on health and vulnerability to climate change.
Implementing policies and processes to address underlying social factors that exacerbate
health outcomes from climate exposures will improve the overall resilience and wellbeing
of our communities.

Figure 2-2. Intersections of Social Determinants on Health and Vulnerability
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Governance

Various tools and resources are available to help decisionmakers prioritize people and
places for investments based on combined climate and health vulnerability. The
California Department of Public Health’s (2020) Climate Change and Health Vulnerability
Indicators for California identifies the following three categories of indicators.

INTEGRATED AND RESILIENT PLANNING | 11



Handbook for Analyzing GHG Emission Reductions, Assessing Climate Vulnerabilities, and Advancing Health and Equity

= Exposure indicators: heat, air quality, drought, wildfires, and sea level rise

= Population sensitivity indicators: children and elderly, poverty, education, race and
ethnicity, outdoor workers, vehicle ownership, linguistic isolation, disability, health
insurance, and violent crime rate

= Adaptive capacity indicators: air conditioning ownership, tree canopy, impervious
surfaces, and public transit access.

CCHVIlz is an online platform that allows users to visualize the indicator data across
California (CDPH n.d.). Indicators are available at the census tract level or the next
smallest scale available, such as the county or regional level.

The California Healthy Places Index (HPI) developed by the Public Health Alliance of
Southern California (2021) showcases community conditions that predict life expectancy
and can be used to compare and explore factors influencing health by census tract across
California. The HPI reflects a combination of 25 community characteristics that are
weighted and validated against life expectancy. Climate change exposures, social
vulnerability, and adaptive capacity indicators are included as separate “decision support”
layers that can be overlaid with the HPI map and scores. The indicators are grouped into
eight policy action areas (economic, education, transportation, social, neighborhood,
housing, clean environment, and healthcare access). Detailed policy guides offer specific
solutions for healthier communities.

Federal and State Planning Efforts

Regulations are essential to helping economies and societies prosper. They provide
structure and limits for government agencies, businesses, civil society organizations, and
citizens. They also help realize public benefits like increased safety, improved health,
economic opportunities, and fairness. Regulations often set goals to guide future planning
and development efforts and create strategies and mechanisms to achieve those goals.

This section describes important federal and state regulations, policies, and legislation
related to GHG emissions reductions, climate change vulnerability and adaptation, and
social equity. These various requirements directly influence and inform planning efforts
across California and are important to consider when reviewing measures in later
chapters. Appendix B, Federal and State Planning Framework, provides greater detail on
these efforts and resources for further reading.

The regulatory landscape is constantly shifting as amendments, revocations, and new
requirements are adopted. The text in this section was drafted in 2021 and reflects the
regulatory landscape as of this date. Readers may need to conduct additional research to
ensure they have the latest information. Potential resources that may be consulted to
provide updated information include the State’s Adaptation Clearinghouse, the Alliance of
Regional Collaboratives for Climate Adaptation legislative tracking site, and the Berkeley
Law California Climate Policy Dashboard.

INTEGRATED AND RESILIENT PLANNING | 12


https://resilientca.org/
https://arccacalifornia.org/
https://arccacalifornia.org/
https://www.law.berkeley.edu/research/clee/research/climate/climate-policy-dashboard/
https://www.law.berkeley.edu/research/clee/research/climate/climate-policy-dashboard/

Handbook for Analyzing GHG Emission Reductions, Assessing Climate Vulnerabilities, and Advancing Health and Equity

Federal Regulations and Requirements

There is no comprehensive federal law specific to climate change, societal equity, or the
reduction of GHG emissions. However, in 2021, the United States rejoined the Paris
Agreement to reduce national GHG emissions and the federal government submitted the
United States’ Nationally Determined Contribution (NDC), which aims to reduce national
GHG emissions by 50 to 52 percent by 2030 from 2005 levels. The NDC, executive
orders, and other goals and efforts of the Biden Administration make up a new “whole-
of-government” approach to reduce GHG emissions, increase climate resilience, improve
equity, and boost economic growth (White House 2021q).

Clean Air Act and Greenhouse Gases

The federal Clean Air Act (CAA) was enacted in 1963 and has been amended numerous
times since, most recently in 1990. The CAA established federal national ambient air quality
standards (NAAQYS) for six criteria pollutants and specifies future dates for achieving
compliance. These standards were set to improve air quality and public health outcomes.
For local areas not meeting those standards, states must submit and implement a State
Implementation Plan that demonstrates how the standards will be met (U.S. EPA 2021).

In 2009, the U.S. Environmental
Protection Agency (U.S. EPA) released
its final Greenhouse Gas Reporting Rule
(Reporting Rule). The Reporting Rule is
a response to the 2008 Consolidated
Appropriations Act, which required U.S.
EPA to develop mandatory reporting of
GHGs above appropriate thresholds.
The rule applies to most entities that
emit 25,000 metric tons of carbon
dioxide equivalent or more per year.
Starting in 2010, facility owners were
required to annually report their GHG emissions (U.S. EPA 2016).

U.S. EPA signed the Endangerment Finding and Cause or Contribute Finding for
Greenhouse Gases under Section 202(a) of the CAA in 2009. Under the Endangerment
Finding, EPA found that the current and projected concentrations of the six key GHGs—
carbon dioxide (CO,), methane (CH4), nitrous oxide (N,O), perfluorinated carbons (PFCs),
sulfur hexafluoride (SFs), and hydrofluorocarbons (HFCs)—in the atmosphere threaten the
public health and welfare of current and future generations (U.S. EPA 2020).

Fuel Efficiency Standards

The Corporate Average Fuel Economy (CAFE) standards were first enacted in 1975 to
reduce energy consumption by improving the fuel economy of vehicles. The standards set
fleet-wide averages that each automaker must meet. By improving the fuel efficiency of
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vehicles, the standards improve national energy security, save consumers money, and
reduce GHG emissions.

In 2011, the U.S. EPA and the National Highway Traffic Safety Administration (NHTSA)
issued a Final Rule for Phase 2 GHG Emissions Standards and Fuel Efficiency Standards
for Medium- and Heavy-duty Engines and Vehicles. This rule includes three regulatory
categories of heavy-duty vehicles—combination tractors, heavy-duty pickup trucks and
vans, and vocational vehicles—and applies to model years 2014-2018. Phase 2 of these

standards were established in 2016 for model years 2019-2027 (U.S. EPA 2020b).

The passenger vehicle standards were updated in 2012 CAFE for model years 2017-
2025 to incorporate stricter fuel economy requirements that required new passenger cars
and light trucks to reach 54.5 miles per gallon by 2025. The program also included
incentives to encourage adoption of new technologies to improve vehicle performance,
such as electric vehicles (U.S DOT 2014).

In 2018, the Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule was proposed, which
would amend prior CAFE and GHG emissions standards and create new standards for
model year 2021-2026 vehicles and reduce fuel economy requirements. In September
2019, NHTSA and U.S. EPA established "The Safer Affordable Fuel-Efficient (SAFE)
Vehicles Rule Part One: One National Program,” which withdrew California’s ability to
create its own fuel economy standards under the CAA. The rule was finalized in 2020.?
The SAFE rule has been legally challenged by California and many other states (NHTSA
2020). On April 22, 2021, NTHSA issued a notice of proposed rulemaking to repeal the
SAFE Vehicles Rule (49 Code of Federal Regulations Parts 531 and 533). The public
comment period for this repeal concluded on June 11, 2021.

Environmental Planning

Signed in 1970, the National Environmental Policy Act (NEPA) was enacted to minimize
the negative environmental impacts of new development. It requires federal agencies to
incorporate environmental considerations (including related social and economic effects)
into planning and decision-making processes through a systematic interdisciplinary
approach (U.S. EPA 2020).

Environmental Justice and Equity

Title VI of the Civil Rights Act of 1964 specifically prohibits discrimination based on race,
color, or national origin by any program or activity that receives federal funds. All federal
agencies help execute the provisions of Title VI. Violators of the act may lose federal
funding for projects or programs.

Executive Order 12898, signed in 1994, directs all federal agencies to make achieving
environmental justice part of their mission. Agencies are directed to identify and address

2 CARB’s EMFAC2021 accounts for future fuel economy and emissions impacts of the SAFE Vehicles Rule. While prior
versions of EMFAC, including EMFAC2014 and EMFAC2017, do not account for the rule, CARB (2019a, 2020) has
published off-model adjustment factors that can be used to adjust emissions output from EMFAC2014 and EMFAC2017.
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disproportionately high and adverse human health or environmental effects of agency
programs, policies, and activities on minority and low-income populations.

Pursuant to Executive Order 12898, the Council on Environmental Quality (CEQ) issued
Federal Actions to Address Environmental Justice in Minority Populations and Low-Income
Populations to help agencies carry out the order. The guidance includes six principles for
environmental justice analyses and provides guidance for how to assess human health or
environmental effects on low-income, minority, and tribal communities (CEQ 1997).
Following this guidance, federal agencies have developed plans and strategies to address
environmental justice through agency actions.

In 2021, President Biden signed
Executive Order 13985, which advances
racial equity by addressing issues that
have historically created inequity and
advances civil rights, social justice, and
equal opportunity. It declares that the
government will address historic failures
to invest sufficiently, justly, and equally
in underserved communities, and will

increase investment in underserved
communities by promoting equitable -
delivery of government benefits and The Soul Consoling Tower was built by Ryozo Kado in 1943

. . to remember the lives lost at the Manzanar War Relocation
opportunities (White House 2021b).

o« K. L)

Center, where over 11,000 Japanese Americans were

. . . imprisoned during World War Il by Executive Order 9066.
Also signed in 2021, Executive Order

13990 recommits the executive branch to using scientific evidence in decision-making
processes to advance public health and environment outcomes. More specifically, it states
the administration’s intent to ensure clean air and water, limit pollution and hold polluters
responsible, reduce exposure to toxic chemicals, enhance environmental justice, and
create well-paying union jobs. It also requires federal agencies to review federal
regulations and actions that conflict with these objectives, with input from environmental
justice organizations and other stakeholders (White House 2021¢).

State Regulations and Rules

California has adopted numerous statewide laws, regulations, and policies to address
GHG emissions reductions, climate adaptation, and equity. California has been a
trailblazer and standard setter for climate-related regulations and programs. For
example, California passed the Pavley 1 rule in 2002, which set the nation’s first GHG
standards for automobiles, and the state’s GHG cap-and-trade program was the first
multi-sector cap-and-trade program for GHG emissions in North America.

GHG Reduction Goals and Strategies

Executive Order S-3-05, signed in 2005, states that California is vulnerable to the effects
of climate change and to help mitigate it, establishes GHG emissions reduction targets for
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state agencies and requires the CalEPA to report the impacts of global warming on
California and progress be made toward reducing GHG emissions through 2050 (Office
of Governor 2005).

In 2006, Assembly Bill 32, the California Global Warming Solutions Act of 2006,
established a cap on statewide GHG emissions and created a regulatory framework to
reduce emissions to 1990 levels by 2020, which has been achieved. The California Air
Resources Board (CARB) adopted a GHG cap-and-trade program in 2011 as a key
mechanism to reduce GHG emissions and achieve California’s GHG reduction goal. The
cap-and-trade program created a market-based system that set an overall emissions limit
(a “cap”) for specific sectors, which is reduced annually. Revenues from the program are
appropriated to state agencies to implement programs that reduce GHG emissions (C2ES
n.d.). The cap-and-trade program was initially slated to sunset in 2020 but the passage of
Senate Bill (SB) 398 in 2017 extended the program through 2030.

Executive Order B-30-15, signed in 2015, established the connection between reducing
GHG emissions to limit future climate change and adapting to current and future climate
change impacts. It set a statewide interim GHG reduction target to reduce GHG emissions
by 40 percent below 1990 levels by 2030 (Office of the Governor 2015). SB 32 (passed in
2016) legislatively adopted this 2030 target. CARB adopted the 2017 Climate Change
Scoping Plan in November 2017 to meet the GHG reduction requirement set forth in SB 32.
CARB is currently working on the 2022 Scoping Plan Update that will assess progress toward
achieving the 2030 target and outline a path to achieving carbon neutrality by midcentury.

Executive Order B-55-18 set a new state goal to achieve carbon neutrality as soon as
possible (and no later than 2045) and to achieve and maintain net negative emissions
thereafter. It also states that all policies and programs undertaken to achieve the goal
should support climate adaptation, resource conservation, biodiversity, and improve
public health in urban and rural communities, particularly low-income and underserved
communities (Office of Governor 2018).

Complementary to the state’s larger GHG reduction goals, SB 605 (2014) directed CARB,
in coordination with other State agencies and local air districts, to develop a comprehensive
Short-Lived Climate Pollutants (SLCP) Reduction Strategy. SLCPs include CH4, HFC, and
anthropogenic black carbon. These pollutants have relatively short atmospheric lifetimes but
much greater influence on the climate, compared to CO,. SB 1383 directed CARB to
approve and implement the SLCP Reduction Strategy to achieve specific SLCP reduction
targets. CARB adopted the SLCP Reduction Strategy in March 2017 as a framework for
achieving the reduction targets set by SB 1383 (BAAQMD 2020).

Clean Energy and Conservation

SB 1078 (2002) and SB 107 (2006), California’s Renewables Portfolio Standard (RPS)
obligates investor-owned utilities (IOUs), energy service providers (ESPs), and Community
Choice Aggregations (CCAs) to increase the proportion of energy generated from
renewable energy sources. The most recent RPS target was established by SB 100 in
2018, which set a target to source 60 percent of energy from renewables by 2030 and
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mandated 100 percent of electricity come from carbon-free energy sources by 2045
(California Legislative Information 2018).

The California Green Building
Standards Code (Part 11, Title 24),
known as CALGreen, was adopted in
2007 as part of the California Building
Standards Code. The code includes
voluntary and mandatory standards
related to sustainable site development,
energy efficiency, water conservation,
material conservation, and reducing
internal air contaminants (California
Building Standards Commission 2019).
SB 350, which was signed in 2015,
requires a doubling of energy efficiency (electrical and natural gas) by 2030, including
improvements to the efficiency of existing buildings. As of the writing of this Handbook,
the 2019 standards are the latest CALGreen standards. The 2022 standards are in
development and will take effect on January 1, 2023.

The State has made water conservation a priority. The California Water Action Plan was
developed by CNRA in 2016 and sets forth a collection of actions to improve reliable
water supply, restore the state’s ecosystems, and build a resilient and sustainable water
resource system. The Water Action Plan also emphasizes diversified regional supply
portfolios to increase resiliency to droughts, floods, population growth, and climate
change (CNRA 2016).

Mandatory recycling requirements to reduce landfilled waste and associated GHG
emissions were originally established in 2011 through AB 341. AB 1826 was passed in
2014 and requires businesses that generate two cubic yards per week of solid waste
(beginning on January 1, 2020) to arrange for recycling services for organic waste (e.g.,
food and lawncare waste).

In 2019, CARB and other state agencies jointly released the 2030 Natural and Working
Lands Climate Change Implementation Plan. The plan outlines specific conservation,
restoration, and management activities that will improve resiliency, maintain a natural
carbon sink, and improve environmental quality. The plan sets a 2030 goal to at least
double the pace and scale of state-supported land activities by 2030 and beyond, among
other goals. The plan estimates that these activities will increase emissions by 12.4-35.9

MMTCO,e by 2030 and reduce emissions by 83.1-84.2 MMTCO.e by 2045 (CARB 2019b).

Vehicle Fuel Efficiency

Pavley | (AB 1493) set the nation’s first GHG standards for automobiles and required
CARB to adopt vehicle standards that lower GHG emissions from new light-duty vehicles
to the maximum extent feasible beginning in 2009 (CARB 2021a). In 2012, CARB
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strengthened the Pavley standards through the Advanced Clean Cars regulations, which
limit GHG emissions from passenger vehicles for model years 2017-2025 (CARB 2021b).

Executive Order S-01-07 establishes a statewide goal to reduce the carbon intensity of
California’s transportation fuels by at least 10 percent by 2020. In 2018, CARB passed
amendments to the Low Carbon Fuel Standard that set a target to reduce fuel carbon
intensity by 20% by 2030, compared to a 2010 baseline (CARB 2018b).

The Innovative Clean Transit (ICT) regulation requires all public transit agencies to
gradually transition to 100 percent zero-emission bus fleets by 2040. Large and small
transit agencies must submit their ZEB rollout plans by July 1, 2020 and July 1, 2023,
respectively. State funding to transit agencies is contingent upon the agencies’ compliance
(CARB 2021d). To further accelerate the transition of zero-emission heavy-duty vehicles,
CARB adopted the Advanced Clean Truck Regulation in June 2020. The regulation
requires the sale of zero-emission medium-and-heavy-duty vehicles as an increasing
percentage of total annual California sales from 2024 to 2035. By 2035, zero-emission
truck/chassis sales must be 55 percent of Class 2b-3 truck sales, 75 percent of Class 4-8
straight truck sales, and 40 percent of truck tractor sales. By 2045, every new medium-
and-heavy-duty truck sold in California will be zero-emission (ICCT 2020). This effort is
currently in litigation.

Climate Adaptation

Executive Order S-13-08 requires the California Natural Resources Agency (CNRA) to
develop a Climate Adaptation Strategy (CAS) in partnership with local, regional, state,
and federal entities. It also required the development of a California Sea Level Rise
Assessment Report that is reviewed every two years. Among other directives, it directs state
agencies planning construction projects to assess the vulnerability to sea level rise and
other climate change impacts (Adaptation Clearinghouse 2008). In 2009, California
adopted a statewide CAS that summarized climate change impacts and recommended
adaptation strategies for seven sectors.

Executive Order B-30-15 requires the CNRA update the state’s CAS every 3 years and
orders state agencies to take current and future climate impacts into account in all
planning and investment decisions (Office of Governor 2015). In 2018, the CNRA
updated the CAS to describe ongoing climate actions and recommend cost-effective and
achievable next steps to respond to climate change in 11 sectors (CNRA 2018).

SB 246 establishes an integrated climate adaptation and resiliency plan to coordinate
regional and local efforts with state strategies. The program emphasizes climate equity
considerations throughout all sectors and regions to help develop holistic strategies for
climate adaptation (California Legislative Information 2015). As a result of SB 246, in
2020, a new version of the California Climate Adaptation Planning Guide was developed
by the California Emergency Management Agency and CNRA to include new
requirements for local adaptation planning.
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SB 379 ensures that climate adaptation is
infegrated into local jurisdictions’ general
plan processes. It requires California cities
and counties to integrate climate adaptation
into the safety element of their general plans
by conducting a vulnerability assessment to
identify local climate change risks and then
develop adaptation and resilience goals,
policies, objectives, and implementation
measures based on the assessment (OPR
2017). Furthermore, SB 1035 requires local
planning agencies to review and revise the
safety element of city or county general plans as necessary to address new climate
adaptation risks and resiliency strategies. Planning agencies must do this during each
revision of the housing element of the general plan or a local hazard mitigation plan, and

not less than once every 8 years (California Legislative Information 2018b).

The State Water Resources Control Board has taken a variety of actions to respond to
climate change, including the adoption of the Comprehensive Response to Climate
Change. It requires the State Water Board to integrate proactive measures to respond to
climate change in all its actions. The resolution also outlines specific measures to reduce
GHG emissions, improve ecosystem resilience, and respond to climate change impacts
(State Water Board 2017).

In response to the increasing frequency and intensity of wildfires across California, the
Wildfire Preparedness and Response bill was signed in 2018. It allocates $200 million
annually from 2019-2024 to fund grants to fire departments, cities, counties, and nonprofit
organizations to help reduce forest fuel loads with thinning and prescribed burns in high-
risk areas. The California Department of Forestry and Fire Protection (CalFire) distributes the
funding and provides technical assistance. The bill also requires utilities to create and
implement wildfire mitigation plans (Adaptation Clearinghouse 2018).

The California Coastal Commission adopted the Sea Level Rise Policy Guidance in 2015
and an update in 2018. The guidance provides an overview of the sea level rise science
and broad recommendations for how to plan for and address sea level rise impacts. The
guidance is broadly applicable and is used by the Coastal Commission, local
governments, project applicants, and other stakeholders. The Coastal Commission
describes the guidance as “a menu of options” that local planners can select from as
appropriate, rather than a checklist of requirements (CCC 2019).

Social Equity

SB 1000 requires cities and counties with disadvantaged communities to include an
environmental justice element in their general plans to ensure that local governments
address environmental justice when planning long-term land use and growth goals and
policies. Local governments must identify any disadvantaged communities and develop
measures to mitigate and reduce health risks that can be attributed to the environment

INTEGRATED AND RESILIENT PLANNING | 19



Handbook for Analyzing GHG Emission Reductions, Assessing Climate Vulnerabilities, and Advancing Health and Equity

(Strategic Growth Council 2021). SB 32 (discussed above) also includes an environmental
justice component that requires GHG reduction targets to be met in a way that benefits
the most disadvantaged communities (California Legislative Information 2016a). The
GHG cap-and-trade program (discussed above) requires 35 percent of program revenue
to be directed toward environmentally disadvantaged and low-income communities
(California Legislative Information 2016a).

AB 2722 was signed in 2016 to help create more sustainable cities, to address climate
justice, and to help California meet its GHG emissions reduction goals. To achieve this,
the California Strategic Growth Council created the Transformative Climate Communities
program, which issues grants to develop and implement transformative climate plans. The
funds are used to create and implement cross-cutting community plans that improve air
and water quality, reduce emissions, and provide climate, economic, employment, and
health benefits to disadvantaged communities (California Legislative Information 2016b).

AB 617 requires the State to develop a statewide annual reporting system for emissions of
criteria air pollutants and toxic air contaminants for certain stationary sources. It also
requires the State to prepare a monitoring plan for emissions and to prepare a statewide
strategy to reduce emissions of toxic air contaminants and criteria pollutants in
communities that experience a high cumulative exposure burden, in consultation with
environmental justice groups and other stakeholders. (California Legislative Information,
2017). In response, CARB established the Community Air Protection Program (CAPP),
which focuses on reducing pollution exposure to communities that are most affected by air
pollution. The CAPP provides funds for deploying clean technologies in communities and
to retrofit pollution controls on industrial sources (CARB 2021c).

Planning Guidance

The California Environmental Quality
Act (CEQA) guidelines, first established
in 1970, explain how to determine if an

activity is subject to environmental
review, what steps are involved in the
process, and what documents are
required. With respect to GHG
emissions, the guidelines require
agencies to describe, calculate, or
estimate the amount of GHG emissions
that are expected to result from a
project. They also require a

Photo Credit: Port of San Francisco, March 2019

determination of whether a project would

exacerbate physical climate change effects (OPR 2021). SB 743 required revisions to the
CEQA Guidelines (which occurred in 2018 and became effective in 2020) to establish
new impact analysis criteria for the assessment of a project’s transportation impacts. The
intent behind SB 743 and revising the CEQA Guidelines was to integrate and better
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balance the needs of congestion management, infill development, active transportation,
and GHG emissions reduction (Caltrans 2021).

SB 375 provides a planning process that coordinates land use planning, regional
transportation plans, and funding priorities to help California meet its GHG reduction
goals. SB 375 requires regional transportation plans developed by metropolitan planning
organizations fo incorporate a sustainable communities strategy (SCS) in their regional
transportation plans (Institute for Local Government 2015). The goal of the SCS is to reduce
regional vehicle miles traveled through land use planning and transportation planning.

Building Future Equity and Resilience through
Better Planning

As discussed in Social and Environment and Public Health, underserved and low-income
communities and communities of color experience disproportionate environmental and
climate change impacts. It is important that resources be targeted to historically over-
burdened communities when planning for an equitable and climate-resilient future. Equally,
decisionmakers must consider potential unintended consequences that may arise from
implementation of emission reduction or adaptation measures. Striving for equity may also
mean considering non-traditional measures that create socioeconomic co-benefits.

Planners can support more equitable development by engaging directly with local
communities. Community-driven processes allow community members and organizations
to set adaptation priorities and influence investments, identify inequities in planning, direct
resources to the most at-risk areas and groups, and promote democracy and
transparency in government (Georgetown Climate Center 2017).

The GHG emission reduction and climate adaptation measure descriptions presented in
Chapters 3 and 4 include equity considerations. Chapter 5, Measures for Advancing
Health and Equity, presents a non-exhaustive list of measures, examples, and resources to
promote future health and equity in project and community planning. Chapter 6,
Resources to Support Resilient and Equitable Emission Reduction Planning, provides
resources and guidance on incorporating equity into resilient planning.
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Measures to Reduce
GHG Emissions

CHAPTER 3

The California Air Pollution Control Officers Association (CAPCOA) has
included a wide range of measures that are frequently used to reduce
greenhouse gas (GHG) emissions and provide other benefits, like improved
air quality, energy and fuel savings, and water conservation. This chapter
provides methods and data to quantitively evaluate many of the measures.
While there is no one-size-fits-all approach to GHG planning, the guidance
presented in this chapter has been developed to broadly apply across
project types, land use types, and California regions.

Categorizing Measures

When thinking about minimizing GHG emissions in a community or for a project, it is
useful to organize GHG reduction measures into categories. The standard method of
categorizing emissions is to group them by economic sector, such as transportation or
energy. Consistent with this practice, the emission reduction measures presented in this
chapter are categorized into the following nine sectors. Measures in each sector apply to
a similar emissions source or process, as described below.
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= Transportation: Measures that promote
transit and alternative transportation,
support use of alternatively fueled
vehicles, or encourage land use planning
practices that reduce vehicle trips and
vehicle miles traveled (VMT). Measures
within the transportation sector are
separated into six subsectors: Land Use,
Neighborhood Design, Parking or Road
Pricing/Management, Transit, Trip
Reduction Programs, and Clean Vehicles
and Fuels.

= Energy: Measures that target energy

EMISSIONS SECTORS

Categorizing emissions by sector is
standard practice for GHG inventories
and reduction plans, but users should
note that there is often variation in the
scope and nomenclature of sectors. For
example, the sectors in this Handbook

.. . d t ali tly with th liforni
efficiency improvements/reduced natural © not align exactly with the California

gas consumption, renewable energy
generation, building electrification, or

Air Resources Board or U.S.
Environmental Protection Agency

. i tories b f diff i
methane (CH4) recovery at landfills and nveniories because of ciiierences i

scale and intended use. Users should
wastewater treatment plants.

take care when comparing sectors in this
= Water: Measures that reduce water

demand and/or use a less energy-
intensive water source.

Handbook to other inventories or plans.

* Lawn and Landscaping: Measures that promote zero-emission landscaping equipment
over conventional fossil fuel-powered counterparts.

= Solid Waste: Measures that require alternative waste management pathways, such as
recycling and composting, to increase landfill waste diversion.

= Natural and Working Lands: Measures that enhance the sequestration capacity of
natural lands or reduce the intensity of emissions from working lands.

= Construction: Measures that promote efficient construction management practices or
alternatively fueled construction equipment.

= Refrigerants: Measures to reduce or replace high global warming potential (GWP)
refrigerants with lower impact compounds.

= Miscellaneous: General measures that will reduce GHG emissions through the
implementation of novel or off-site projects defined by the user.

The nine emission sectors are illustrated in Figure 3-1. The figure shows all quantified
GHG reduction measures included in this chapter. Users may click on an individual
measure to navigate directly to the quantification method for that measure. Figure 3-1
does not include non-quantified measures. These measures are presented later in this
chapter in Supporting or Non-Quantified GHG Reduction Measures.
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Figure 3-1. Navigation Trees for Quantitative GHG Reduction Measures
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@ Transportation

LAND USE

T-1. Increase Residential Density

T-2. Increase Job Density

T-3. Provide Transit-Oriented Development

T-4. Integrate Affordable and Below Market Rate Housing
T-17. Improve Street Connectivity

TRIP REDUCTION PROGRAMS
T-5. Implement Commute Trip Reduction Program (Voluntary)

T-6. Implement Commute Trip Reduction Program (Mandatory
Implementation and Monitoring)

T-7. Implement Commute Trip Reduction Marketing

T-8. Provide Ridesharing Program

T-9. Implement Subsidized or Discounted Transit Program
T-10. Provide End-of-Trip Bicycle Facilities

T-11. Provide Employer-Sponsored Vanpool

T-12. Price Workplace Parking

T-13. Implement Employee Parking Cash-Out

T-23. Provide Community-Based Travel Planning

PARKING OR ROAD
PRICING/MANAGEMENT

T-14. Provide Electric Vehicle Charging Infrastructure

T-15. Limit Residential Parking Supply

T-16. Unbundle Residential Parking Costs from Property Cost
T-24. Implement Market Price Public Parking (On-Street)

ONONONONONONONONG®

ONONONONG)

O

NEIGHBORHOOD DESIGN

T-18. Provide Pedestrian Network Improvement

T-19-A. Construct or Improve Bike Facility

T-19-B. Construct or Improve Bike Boulevard

T-20. Expand Bikeway Network

T-21-A. Implement Conventional Carshare Program
T-21-B. Implement Electric Carshare Program

T-22-A. Implement Pedal (Non-Electric) Bikeshare Program
T-22-B. Implement Electric Bikeshare Program

T-22-C. Implement Scootershare Program

TRANSIT

T-25. Extend Transit Network Coverage or Hours

T-26. Increase Transit Service Frequency

T-27. Implement Transit-Supportive Roadway Treatments
T-28. Provide Bus Rapid Transit

T-29. Reduce Transit Fares

CLEAN VEHICLES AND FUELS
T-30. Use Cleaner-Fuel Vehicles
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ENERGY EFFICIENCY IMPROVEMENTS

E-1. Buildings Exceed 2019 Title 24 Building Envelope Energy
Efficiency Standards

E-2. Require Energy Efficient Appliances

E-3-A. Require Energy Efficient Residential Boilers

E-3-B. Require Energy Efficient Commercial Packaged Boilers

E-4. Install Cool Roofs and/or Cool Walls in Residential Development
E-5. Install Green Roofs in Place of Dark Roofs

E-6. Encourage Residential Participation in Existing Demand
Response Program(s)

E-7. Require Higher Efficacy Public Street and Area Lighting
E-8. Replace Incandescent Traffic Lights with LED Traffic Lights
E-9. Utilize a Combined Heat and Power System

RENEWABLE ENERGY GENERATION

E-10-A. Establish Onsite Renewable Energy Systems—Generic
E-10-B. Establish Onsite Renewable Energy Systems—Solar Power
E-10-C. Establish Onsite Renewable Energy Systems—Wind Power
E-11. Procure Electricity from Lower Carbon Intensity Power Supply

BUILDING DECARBONIZATION

E-12. Install Alternative Type of Water Heater in Place of Gas
Storage Tank Heater in Residences

E-13. Install Electric Ranges in Place of Gas Ranges

E-14. Limit Wood Burning Devices and Natural Gas/Propane
Fireplaces in Residential Development

E-15. Require All-Electric Development
E-16. Require Zero Net Energy Buildings
E-17. Require Renewable-Surplus Buildings

METHANE RECOVERY
E-18. Establish Methane Recovery in Landfills
E-19. Establish Methane Recovery in Wastewater Treatment Plants

ONONONONONONO)

O 00O

0 6 o o oo

W-1. Use Reclaimed Non-Potable Water O  LL-1. Replace Gas Powered Landscape Equipment
with Zero-Emission Landscape Equipment

W-2. Use Grey Water

W-3. Use Locally Sourced Water Supply
W-4. Require Low-Flow Water Fixtures
W-5. Design Water-Efficient Landscapes
W-6. Reduce Turf in Landscapes and Lawns
W-7. Adopt a Water Conservation Strategy

“% Natural and Working Lands

N-1. Create New Vegetated Open Space

N-2. Expand Urban Tree Planting

N-3. Implement Management Practices to Improve the Health

and Function of Natural and Working Lands

N-4. Require Best Management Practices for Manure Management

R-1. Use Alternative Refrigerants Instead of High-GWP Refrigerants

R-2. Install Secondary Loop and/or Cascade Supermarket Systems in
Place of Direct Expansion Systems

R-3. Install Transcritical CO, Supermarket Systems in Place of
High-GWP Systems

R-4. Install Microchannel Heat Exchangers in A/C Equipment in Place
of Conventional Heat Exchanger

R-5. Reduce Service Leak Emissions

R-6. Reduce Operational Leak Emissions

R-7. Reduce Disposal Emissions

O S-1. Institute or Extend Recycling
Services

O  S-2.Implement Organics
Diversion Program

y
. .
D Construction

O (-1-A. Use Electric or Hybrid Powered Equipment
O  (-1-B. Use (leaner-Fuel Equipment

O (-2 Limit Heavy-Duty Diesel Vehicle Idling

O  (-3. Use Local Construction Contractors

g . .
h Refrigerants C Miscellaneous

QO  M-1. Establish a Carbon Sequestration Project
O M-2. Establish Offsite Mitigation
O  M-3. Implement an Innovative Strategy for GHG Mitigation
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Selecting Measures

The GHG reduction measures presented in this chapter are diverse. Users are
encouraged to carefully review the measure factsheets to determine which measures are
most applicable to their project and capable of achieving their GHG reduction goals.
There are several reasons a user might implement measures to reduce GHG emissions.
Some measures may be implemented voluntarily, simply because users are seeking to
reduce their GHG footprint. Other users may be obligated under law or statute to mitigate
current or future impacts of specific actions or activities. This can include project-level
impacts, such as those evaluated under the California Environmental Quality Act (CEQA),
or plan-level impacts, such those resulting from the implementation of a general plan or
climate action plan.

When considering which measures are applicable from the Handbook, the underlying
reasons and context for reducing GHG emissions should be incorporated into the
decision-making process. For example, if a user is seeking to achieve substantial GHG
reductions to comply with a CEQA requirement, measures that have the greatest potential
to reduce emissions may be most applicable. Or, if a city is aiming to implement a
climate action plan by engaging the community, measures that inspire community
members and are easily accessible and affordable may be the most applicable.

Other factors for determining measure applicability include the project type, scale, and
locational context. Some measures are broad and applicable to many types of projects
(e.g., Measure E-2, Require Energy Efficient Appliances), while others have a narrower
scope of application (e.g., Measure E-19, Establish Methane Recovery in Wastewater
Treatment Plants). Additionally, certain measures are suitable for urban environments,
while others are best implemented in rural contexts. The measure factsheets presented in
GHG Reduction Measure Factsheets and Quantification Methods later in this chapter
summarize these and other important considerations for measure selection to support
informed decision making.

Consideration of Measure Co-Benefits

Co-benefits, or additional benefits that often are associated with emissions reduction
measures, are valuable elements of climate action planning. Citing co-benefits has
become increasingly prevalent in justifying funding, planning, and implementing of
emission reduction measures. Like the quantification of GHG reductions, only those
benefits with literature and methodologies to support their accurate and reliable
guantification are presented in this chapter. Where quantification is not achievable, co-
benefits are noted qualitatively for each measure.

The co-benefit categories considered in this Handbook include the following and are
visually depicted in the measure factsheets by the corresponding icons.
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Improved air quality. Criteria pollutant reductions.

Energy and fuel savings. Electricity, natural gas, refrigerant, propane,
gasoline, or diesel reductions.

VMT reductions. Reductions in vehicle miles traveled.

Water conservation. Water use reductions.

Enhanced pedestrian or traffic safety. Reduced collisions;
pedestrian/bicyclist safety.

Improved public health. Toxic air contaminant reductions (including
exposure); increased physical activity; improved public safety.

Improved ecosystem health. Improved biological diversity and soil and
water quality.

Enhanced energy security. Systemwide load reduction; local energy
generation, levelling out peaks.

Enhanced food security. Stability of food systems; improved household
access to food.

B D 6 & Bs o

o) Social equity. Address existing social inequities (e.g., housing/anti-
displacement, community engagement, availability of disposable income).

This Handbook assigns co-benefits to measures that are likely to result from measure
implementation; however, it should be noted that the achievement of co-benefits is not
guaranteed because many co-benefits are dependent on how the measure is implemented.
Determining what co-benefits apply to an individual measure in a specific circumstance is
not an exact science, and there is no single methodology that can be uniformly applied for
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this purpose. When considering co-benefits that may be achieved, it is best to
comprehensively think through the implications of implementing that measure. For
example, Measure E-12, Install Alternative Type of Water Heater in Place of Gas Storage
Tank Heater in Residences, reduces GHG emissions because it eliminates the onsite
combustion of natural gas. Because combusting natural gas also results in emissions of
other air pollutants that can cause adverse health effects, this measure would also improve
air quality and achieve public health benefits. These co-benefits would be achieved by the
measure in all project applications. Depending on where and how the measure is
implemented, it may also address disparities in social equity and protect a homeowner or
renter from rapid changes in fossil fuel prices, especially if solar energy is produced locally
or on site. Users are encouraged to use the co-benefit icons identified for each measure as
a starting point for this type of thought exercise and expand or revise for their specific
project or application.

Note that while all measures achieve at least one co-benefit, some measures may also
yield a disbenefit. For example, measures that electrify a fossil-fuel source will lead to
improved air quality and fuel savings but increased electricity consumption. Potential
disbenefits are discussed, where appropriate, for individual measures.

Quantifying GHG Reductions

The emissions quantification methods in this chapter are designed to provide GHG
estimates using readily available data and user-specified information. In general,
emission reductions are quantified (1) as a percentage of emissions from a given source
or activity, or (2) as absolute emissions reductions from a given source or activity
implementation of the measure. Where appropriate, some measures refer readers to
external tools to quantify GHG reductions.

Quantification methods that provide a percent reduction rely on the underlying
assumption that GHG emissions are proportional to the emissions source. For example,
emissions reductions achieved by transportation measures are estimated using the
expected percent reduction in vehicle trips or VMT, with an associated adjustment to
account for the relationship between VMT reduction and vehicle emissions, as described
further in the Transportation section. For these measures, users will need to multiply the
reduction percentage by the amount of emissions that would be generated by that source
without implementation of the measure to calculate the absolute reductions.? This
Handbook does not include methods for inventorying emissions from specific sources or
under various scenarios, such as baseline or existing conditions. There are several tools
and models available for inventorying project-level GHG emissions, including CAPCOA's
California Emissions Estimator Model (CalEEMod).

Quantification methods that calculate absolute reductions estimate the amount of
emissions that would be released as a result of the source or activity with implementation

2 The reduction percentage is denoted as a positive value when specified in text or in tables as a “reduction,” and is
denoted as a negative value when calculated in equations.
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of the measure (e.g., the reduction in water sector GHG emissions achieved from using
reclaimed water). GHGs evaluated in this Handbook include carbon dioxide (CO,), CHy,
nitrous oxide, and commonly used refrigerants. All GHG reductions are expressed in
metric tons (MT) of carbon dioxide equivalents (CO2e), where individual GHGs that would
be reduced by a measure are converted to COze by multiplying emissions by their GWP.
GWP represent a ratio of the heat trapping characteristic of a gas compared to CO,,
which has a GWP of 1. This Handbook primarily uses GWPs from the Intergovernmental
Panel on Climate Change’s (IPCC) (2007) Fourth Assessment Report, consistent with
statewide GHG emissions reporting protocol.® For commonly used refrigerants, GWPs
were obtained from the IPCC’s Fourth Assessment Report and databases from CARB and
the World Meteorological Organization.

Measures presented in this chapter address those reductions over which a user can
exercise direct control, as well as indirect emissions associated with electrical generation
and the use of natural gas.

Quantification Accuracy and Reliability

IPCC (2006) defines good practices for GHG emissions quantification as those that
“contain neither over- nor underestimates so far as can be judged, and in which
uncertainties are reduced as far as practicable.” Part of the challenge in developing
methods that meet this standard of good practice is assuring the accuracy of the methods.
This Handbook defines accuracy as the closeness of the agreement between the result of
a measurement or calculation and the true value, or a generally accepted reference
value. When a method is accurate, it will, for a particular case, produce a quantification
of emissions that is as close to the actual emissions as can practicably be done with
information that is reasonably available.

Quantification methods that meet the standard of good practice must also be reliable,
which is different from being accurate. A reliable method will yield accurate results across
a range of different cases, not only in one case. In some cases, the accuracy of
quantification may be sacrificed to achieve reliability. This is because a method that can
be applied across a range of scenarios must be generalized to some extent. For example,
methods for transportation sector measures do not, for the most part, differentiate
between peak and off-peak vehicle trips, even though off-peak trips will have a lower
emission impact because of the effects of congestion on travel time and engine
performance. To fully address all the factors that affect the emissions associated with
vehicle trips for a specific project, a far more detailed analysis would be needed, and it
would not be readily applied to other situations. The methods contained in this Handbook

3 The Handbook uses the IPCC’s (2007) Fourth Assessment Report because CARB currently (as of 2021) calculates COqe
values for the statewide GHG inventory using GWPs from this report. GWPs are regularly reassessed by the IPCC, which
published updated GWPs in their Fifth Assessment Report (IPCC 2014). Readers are encouraged to consult the latest IPCC
assessment report and CARB statewide inventory guidance available at the time of their analysis to determine if alternative
GWPs should be used.
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have been developed to provide the best balance between accuracy and reliability,
because accessibility and ease of use is an important consideration.

The quantification methods included in this Handbook will only be accurate to the degree
that a project adheres to the assumptions, limitations, and other criteria specified for a
given measure. Most of the quantification methods provide default assumptions for user
consideration. The default values are based on the most up-to-date regional-, state-, or
national-level data and may not be appropriate for all projects. Accordingly, it is
recommended that defaults only be used if they adequately reflect analysis conditions, and
no local or project-specific information is available. When a range of effectiveness may be
quantified for a specific measure depending on defaults, this Handbook often presents
those defaults that would yield the lower end of reductions to avoid overstating potential
measure benefits. Where defaults are not available for a specific assumption, data must be
provided by the user for the calculations to be valid. The quality of the data provided by the
user will substantially affect the quality of the results achieved. Data supplied by the user
could be a rough estimate, based on a small, onetime sample, or derived through a full
project-specific study. Using a rough estimate for any of the data inputs will yield results that
are less accurate than if higher quality data inputs are provided.

Users are encouraged to consider the intended use of the quantification, to make sure
that the results achieved will be sufficiently rigorous to support the conclusions drawn from
them. When quantification is performed for CEQA or other regulatory compliance, it is
recommended that project-specific data be as robust as possible. Approximations and
unsubstantiated numbers are discouraged. Moreover, it is strongly recommended that the
source(s) and/or basis of all project-specific data supplied by the user be clearly identified
in the analysis and the limitations of the data be discussed.

Measure Scales

GHG reduction measures can be applied at different scales or geographic levels. Some
measures may only be applicable at the project-level, whereas others may be more
appropriate within a broader planning context, such as for a general plan or climate
action plan. Geographic levels considered in this Handbook include the Project/Site and
Plan/Community. Project/Site refers to measures that reduce emissions at the scale of a
parcel, employer, or development project. Plan/Community refers to measures that
reduce emissions at the scale of a neighborhood (e.g., specific plan, general plan,
climate action plan), corridor, or entire municipality (e.g., city- or county-level).

The transportation measures can be quantified at either the Project/Site scale or the
Plan/Community scale, but never both. While some of the transportation measures could
be implemented at both scales in practice, the quantification methods presented in this
Handbook are limited to only the scale for which there is literature to defensibly support
emissions quantification. For example, a bike-sharing program could be implemented at
the Project/Site scale for employees to use at a business park, and it could be implemented
at the Plan/Community scale by a municipality in their downtown district. However, there is
limited defensible research on the GHG reductions associated with small scale, site-specific
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bike-share programs. Therefore, only the Plan/Community scale version of this measure is
quantified in this Handbook. The Transportation section notes each instance in which a
transportation measure could be implemented at a scale for which this document does not
provide a quantification method.

Some non-transportation measures can be quantified at both the Project/Site scale and
the Plan/Community scale. For example, a multi-family development at the Project/Site
scale may construct homes without wood-burning devices, while a specific plan for new
single-family housing at the Plan/Community scale could require that all future homes
prohibit wood-burning devices. The quantification method for this measure would be the
same, regardless of the scale of application.

Combining Measure Reductions

When quantifying measures, it is important to be mindful of potential interactions among
different measures. Often, combining measures can lead to better emission reductions
than implementing a single measure by itself. For example, for Measure LL-1, Replace
Gas Powered Landscape Equipment with Zero-Emission Landscape Equipment, to succeed,
electrical outlets on the exterior of buildings should be accessible so that the electric
landscaping equipment can be charged. Measure LL-3, Electric Yard Equipment
Compatibility, should, therefore, be considered as a supporting action to equipment
electrification. Where appropriate, these synergistic relationships are noted within the
individual measure quantification methods. However, the compounding effect of
combining these select measures is not quantified in this Handbook.

Unfortunately, the effects of combining some measures are not always beneficial, linear,
complementary, or accurate. There are two primary reasons for this. The first reason is that
there may be diminishing returns when certain measures are implemented together to
reduce a particular source of emissions. For example, there may be six measures to
increase ridership on a public transit line, any one of which might increase transit ridership
by 20 percent. But implementing all these measures will not necessarily increase ridership
by 120 percent. In fact, for each successive measure applied, it is likely that a lesser effect
will be observed. The second reason is that there may be competition between measures.
For example, a campaign to increase ridership on a commuter rail line may be
implemented while a new public transit bus line is established with overlapping service
areas. Although the ridership campaign might be expected to cause 5 percent of drivers to
switch to rail, some of those potential new riders might use the new bus service instead,
making the ridership campaign less effective. At the same time, the new bus line might also
be expected to reduce vehicle trips by 5 percent, but the actual reduction may be lower if
some of the ridership comes from rail passengers. Together, the ridership campaign for the
rail line and the new bus line may only reduce vehicle trips by 7 percent, and not the 10
percent predicted from summing the estimates of their independent effectiveness.

Where appropriate, guidance for combining measure reductions is provided within the
intfroductions to each sector. Likewise, the quantification methods for each measure
identify any applicable calculation maximums.
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Combining Sector Reductions

The following procedures must be followed when combining measures among the nine
sectors where the GHG reduction achieved by individual measures is calculated as a
percentage of emissions from a given source or activity. Specifically, the relative
magnitude of emissions between sectors must be considered. Users should first determine
the percent contribution made by each individual sector to the overall project GHG
emissions. This percent contribution by a sector should then be multiplied by the reduction
percentages from measures in that sector to determine the scaled GHG emission
reductions. This should be done for each sector to be combined. The scaled GHG
emissions for each sector can then be added together to give a total GHG reduction for
the combined measures in all sectors.

For example, consider a project with total GHG emissions that come from the following
sectors: transportation (50 percent), building energy use (40 percent), water (6 percent),
and solid waste (4 percent). This project implements transportation measures that result in
a 10 percent reduction in VMT. The project also implements measures that result in a
combined 30 percent reduction in water usage. The overall reduction in GHG emissions is
calculated in the below example.

% Reductiont,gnsport = 50% total emissions X 10% sector reduction = 5% total reduction

% Reductionyger = 6% total emissions X 30% sector reduction = 1.8% total reduction
% Reductiontg, = 5% + 1.8% = 6.8% total reduction

As discussed above, GHG reductions for some measures in this Handbook are
expressed in terms of the absolute MT CO»e that would be reduced. Reductions from
these measures should be combined following the same approach as shown above.
However, rather than multiplying percentages, users can simply subtract the expected
reductions from the sector emissions.

Users may need to combine sector reductions that are a product of measures where
reductions are given as both percentages and absolute values. This can be achieved by
modifying the above equations to include actual project emissions. The following equations
extend the above project example to include a 10 MT COze reduction achieved by waste
sector measures. Uncontrolled project emissions are assumed to be 2,000 MT COxe.

Absolute Reductiont,qnsport = 2,000 MT COqe X 50% total emissions X 10% sector reduction
= 100 MT COye reduction
Absolute Reductionygier = 2,000 MT COye X 6% total emissions X 30% sector reduction
= 36 MT COye reduction
Absolute Reductionyqgte = 10 MT COsqe
Absolute Reductiontyig = 100 MT COse + 36 MT COqe + 10 MT COqe = 146 MT COye
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Limitations and Uncertainty

There are uncertainties associated with any type of estimation method. It is important to
understand the limitations to properly apply the quantification methods presented in this
Handbook. The following briefly discusses key limitations for user awareness and
consideration.

Combination of Data Sources

Developing quantification methods for some of the measures required the use of multiple
sources of data. Any time data are derived from different sources, there may be slight
discrepancies in the underlying methodologies and data. When the information between
two data sets is combined, the discrepancies may affect the ultimate quantification of
emissions, either over- or underestimating them. It is not possible to determine the precise
magnitude of error that combining data sets induces in the final quantification; however,
every effort has been made to minimize potential errors through thorough review of
available data and exclusion of incompatible data sets.

Level of Detail for Underlying Assumptions

Many of the calculations require users to input project-specific data or assumptions.
Certain information about a project may not be known to the user and must be either
estimated or assumed based on standard procedures. Likewise, users may rely on the
available defaults provided in the Handbook to enable emissions quantification of
applicable measures. While defaults provided in this Handbook are based on credible
sources for use in emissions quantification, they are often based on historical regional,
state, and national-level data and may produce an inaccurate representation of project-
specific conditions or lead to an overestimate or underestimate of associated emissions.
This limitation can be minimized to the extent the user can provide better quality data.

Use of Case Studies

Case studies generally have detailed information on reductions that may be achieved in
practice by a measure. While these studies provide valuable insight that can support
measure quantification, there may be features or characteristics in the case study that do
not translate to a specific project and, therefore, may over- or underestimate the GHG
emission reductions. Where case studies were used, they were carefully reviewed to
ensure the study methods and data meet the quality requirements of this Handbook.

Prediction of Future Behavior

Some of these methods predict future behavior (e.g., water use and energy consumption)
using historical data and trends. Although this is a commonly accepted practice, current
behavior is not likely to remain constant over time due to technological improvements and
increasing awareness of resource conservation. This limitation can be minimized to the
extent the user can provide better quality data.
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Combining Multiple Measures

Projects may involve the application of more than one measure. As discussed above,
combining measures can have an additive effect on GHG reductions, or result in
diminishing returns. This limitation is minimized through the establishment of sector and
measure reduction caps, as described within the individual measure methods, as
applicable. However, users should still exercise good judgement when selecting measures
to ensure that the resulting quantification is appropriate and accurate.

Exclusion of Lifecycle and Biogenic CO; Emissions

Except for solid waste measures and certain measures in the refrigerants and
transportation sectors, the quantification methods do not include analysis of full lifecycle
emissions, which are those that are emitted from the energy and resources used
throughout the lifecycle of a product or material. Lifecycle emissions include the extraction
of raw resources, physical distribution, use of the product or material, and disposal at the
end of a product’s life. It is challenging to quantify these lifecycle emissions because
identifying all the inputs that are necessary, especially for a generalized guidance
document such as this Handbook, is infeasible. Because of these difficulties, lifecycle
considerations are only included in the quantitative methods for those measures that
cannot be quantified without a lifecycle analysis. The Transportation, Solid Waste, and
Refrigerants sections discuss lifecycle considerations specific to those sectors. For all other
measures, the quantification methods do not include analysis of full lifecycle emissions.

Except for Measure E-14, Limit Wood Burning Devices and Natural Gas/Propane
Fireplaces in Residential Development, the methods do not address biogenic CO,
emissions. Biogenic CO, emissions result from materials that are derived from living cells,
as opposed to CO, emissions derived from fossil fuels, limestone, and other materials
that have been transformed by geological processes. Biogenic CO, contains carbon that
is present in organic materials, including wood, paper, vegetable oils, animal fat, and
waste from food, animals, and vegetation (such as yard or forest waste). Biogenic CO,
emissions are excluded from these GHG emissions quantification methods because they
are the result of materials in the biological/physical carbon cycle, rather than the
geological or anthropogenic carbon cycle.

Extent Reductions are Achieved in Practice

The reduction methods presented in this Handbook are based on specific underlying data
and assumptions for how each measure should be implemented. The quantification
methods will yield the most accurate and reliable results when the user adheres to all
implementation requirements described in this Handbook. In practice, there is likely to be
a wide range of how individual measures are implemented given project-specific
considerations, such as cost to implement the measure, physical constraints, availability of
technology, and regulatory restrictions.
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GHG Reduction Measure Factsheets and
Quantification Methods

Anatomy of the Factsheets

All quantified GHG reduction measures in this Handbook include a one-page measure
factsheet. The factsheet highlights important considerations for each measure. They
describe the measure, locational context, scale of application, implementation
requirements, cost considerations, and options to expand measure effectiveness. The
factsheets also show key measure indicators, such as the GHG reduction potential, co-
benefits, and considerations for climate resilience and health and equity. Where available,
the GHG reduction potential is provided as the estimated maximum percent reduction in
emissions. For those measures where GHG reductions are calculated as absolute emissions,
the GHG reduction potential is identified as small, moderate, large, or varies. This
qualitative ranking characterizes the estimated quantity of reductions relative to the
magnitude of emissions generated by the source. For example, Measure E-15, Require All-
Electric Development, has the potential for a large reduction in GHG emissions from
building energy use if all end uses are electrified and the local utility provides zero-carbon
electricity. It's important to note that, while this measure could achieve a “large” reduction
in building energy emissions, the overall reduction in project emissions could be small if
building energy emissions are only a fraction of the project total.

Figure 3-2 illustrates the factsheet layout and annotates key content.
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Figure 3-2. Annotated Outline of the Measure Factsheet

Each measure is numbered
alphanumerically with the first letter of the
emissions sector serving as the letter code
(e.g., E = Energy).

T-25. Extend Transit Network Coverage or Hours

Each measure includes a
descriptive title

Measure Description

® Summarizes the measure af a high level and explains how the
o i o wonsi sonice o etonding the amereion measure reduces GHG.

hours to enhance the service near the project site. Starting services
earlier in the morning and/or extending services to late-night
hours can accommodate the commuting times of alternative-shift
workers. This will encourage the use of transit and therefore

reduce VMT and associated GHG emissions. dentifies the measure subsector (Transportation and Energy
Provides an overview of each @—— GHG Mitigation Potential Subsector ® sector measures only).
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Following each measure’s factsheet is the measure’s quantification method. Accurate and
reliable quantification of GHG reduction measures depends on properly identifying and
understanding the important variables that affect the emissions from a source or activity.
A consistent framework and presentation are used for all measure quantification methods
to provide a clear summary of quantification variables and usable instructions on
appropriate application of the method.

The quantification methodology for each measure is comprised of the mathematical
formula(s), summary of all variables used in the formula, explanation of any calculation
caps or maximums, an example calculation, and information on quantified co-benefits.
The variables in the GHG reduction formula(s) are shown as letters (e.g., A, B) and are
defined in the table that immediately follows the equation. The table categorizes variables
as outputs, user inputs, or constants, assumptions, and defaults. Bolded variables are
required user inputs (i.e., variables for which no defaults are available).

Only those measures with literature to defensibly support emissions quantification are
discussed in this Handbook. Examples of credible sources consulted for this Handbook
include government agency-sponsored studies, peer-reviewed scientific literature, case
studies, government-approved modeling software, and widely adopted protocols.
Additional measures for user consideration are presented in Supporting or Non-
Quantified GHG Reduction Measures. Methods for quantifying these measures have not
yet been developed, are not fully supported by available research, or require specific
details that are difficult to address under a methodology with general applicability. Users
are encouraged to consider including these non-quantified measures into their projects,
as described further below.

The measure factsheets and quantification methods follow Supporting or Non-Quantified
GHG Reduction Measures. As discussed above, measures are grouped into nine emission
sectors. Information relevant to the general quantification of all measures within a sector
is presented at the introduction of each sector. Users may manually scroll through the
factsheets in this chapter or use Figure 3-1 (above) to automatically navigate to a specific
measure’s factsheet.

Supporting or Non-Quantified GHG Reduction
Measures

As a supplement to the GHG reduction measures shown in the factsheets, there are
supporting or non-quantified measures that may be of interest to users. Although not
quantitatively evaluated in the Handbook, supporting or non-quantified measures may
achieve emissions reductions and co-benefits on their own or may enhance the ability of
quantified measures to attain expanded reductions and co-benefits. These measures may,
therefore, strengthen implementation of a project mitigation strategy or community plan.

Beyond their potential to expand the efficacy of a reduction plan, supporting or non-
quantified measures provide users with more options to develop a comprehensive set of
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mitigation strategies. For example, this section can be used as a resource for expanded
CEQA mitigation to identify additional measures that may be feasible and applicable to a
specific project. Local governments developing a climate action plan or update to their
general plan may also find this section useful as inspiration for new or more comprehensive
policies. Many of the measures will achieve co-benefits (e.g., water conservation), in
addition to GHG reductions, and may therefore be impactful throughout several elements
of a local general plan (e.g., air quality, conservation, environmental justice).

While benefits of supporting or non-quantified measures may not be quantitively captured
(or fully captured), the measures can be implemented using many of the same
mechanisms as for quantified measures. When identified in a CEQA document, measures
can be incorporated into a project’s mitigation monitoring and reporting program to
ensure that they are implemented and enforced. Cities and counties can update their
municipal codes to require measures or certain measure components, which would
ensure that the measures are implemented through new development or renovations in
existing development. Measures can also be included as a set of best management
practices that a local government or project sponsor encourages or incentivizes.

Table 3-1 presents the list of supporting or non-quantified GHG reduction measures.
Note that these measures are numbered sequentially to follow the quantified measures
within each sector (refer to the measure factsheets at the conclusion of this section). The
table defines the measure’s sector, scale of application, locational context, and likely co-
benefits. For simplicity, these measure “descriptors” have been abbreviated in Table 3-1
as follows.

= Shaded rows identify the sector and subsector (in parentheses, where applicable) for
each group of measures. For example, “Transportation (Land Use).”

= The scale of application is abbreviated as one of the following:
— P/S = Project/Site

— P/C = Plan/Community L,
— All = Project/Site and Plan/Community _@_

= For transportation measures, abbreviations for —b
locational context refer to the level of <
deve!opmen’r at The. census ’rrgc’r level. The three LOCATIONAL CONTEXT
locational contexts identified in the Handbook are
suburban (S), urban (U), and rural (R). Most The following neighborhoods are
transportation measures are applicable to provided as representative examples
development within at least one of these three for the three locational context areas.

locational context areas. Suburban — Malibu, Davis, Santee

The three locational contexts were developed from
the eight neighborhood types described in
Quantifying the Effect of Local Government Actions

on VMT (Salon 2014), as summarized below. Rural — Coronado, Mather, most of
Alpine County

Urban — Central Berkeley, Downtown
Los Angeles, Downtown San Jose

— S = suburb with multifamily housing; suburb
with single-family homes
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— U = urban low transit; central city urban; urban high transit
— R = rural; rural-in-urban

= Remaining columns identify co-benefits that may be achieved by the measure where:

— @= may be achieved by the measure
— ®©= may be achieved by the measure depending on local implementation specifics
— O= likely not achieved by the measure

Table 3-2 includes a more detailed description of each non-quantified measure, including
equity considerations that lead agencies and project sponsors should review to ensure that
measure implementation is as equitable as possible. Users should also refer to Chapter 4,
Assessing Climate Exposures and Measures to Reduce Vulnerabilities, and Chapter 5,
Measures for Advancing Health and Equity, for additional context on adaptation and
equity that is also relevant to the supporting or non-quantified measures.

Finally, note that the inclusion of a measure in this section does not preclude it from
quantification or indicate that it is impossible to quantify the benefits of the measure. If a
user has access to specific data or methods, or if quantification guidance becomes
available in the future, then users can quantitatively evaluate measures in those
circumstances, if desired.
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Table 3-1. Summary of Supporting or Non-Quantified GHG Reduction Measures and Descriptors

Co-Benefits

Scale of Application
Locational Context
Improved Air Quality
Energy and Fuel Savings
VMT Reductions

Water Conservation
Enhanced Pedestrian or
Traffic Safety

Improved Public Health
Improved Ecosystem
Health

Enhanced Energy Security
Enhanced Food Security
Social Equity

# Measure Title

Transportation (Land Use)

T-31-A  Locate Project in Area with High Destination Accessibility  P/S U, S e o o O ® O @) o ©

T-31-B  Improve Destination Accessibility in Underserved Areas PPC US ®e o o O ® ® O @) c e

T-32 Orient Project Toward Transit, Bicycle, or Pedestrian P/S USSR, @ @ @ O ® L ©) @) ©) ®
Facility Rb R

T-33 Locate Project near Bike Path/Bike Lane P/S U,S ®e o o O ® ® O (@) o ©

Transportation (Neighborhood Design)

T-34 Provide Bike Parking All All e & o O L { @) O @) ®
T-35 Provide Traffic Calming Measures P/C Al e o o O L ® O O o ©
T-36 Create Urban Non-Motorized Zones P/C U e o o O o o O O o ©
T-37 Dedicate Land for Bike Trails P/C Al ®e & o O [ ® O O O ®

Transportation (Trip Reduction Programs)

@)
O
O)

T-38 Provide First and Last Mile TNC Incentives pPC USSR @€ @ @ O ® ® O
T-39 Implement Preferential Parking Permit Program P/S US ®e o o O L L ©) @) O ©)
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Co-Benefits
" ~
2 5 £ s £
< £ 3 c 5§ 3 ¢ g 3
.0 "5 s v o £ T O 2 3
— o —_ — - 1)
g T G 3 ¢ 2 & £ 3z 5 3
i 8 = &L 9 & o > 5 9 2 8 >
g ¢ 2 -5 5 ¢ £F & & w2 2
S T 3 538383 F % OZ &
o 9 > P &) [ E > > c 2 2 —_
-— o ()] 2 o (ol c c
) o} = et - o O i o = = o o O
c § 225 E % ozoERo: £ o3
# Measure Title A S £E § 5 2 &£ E Ex & uown
T-40 Implement School Bus Program P/S Al e o o O ® O O ©
T-41 Implement a School Pool Program P/S Al e o o O o o O O O ®
T-42 Implement Telecommute and/or Alternative Work P/S  All ®© ©® o 0 © © ®) @) ®) O]

Schedule Program

Transportation (Transit)

T-43 Provide Real-Time Transit Information P/C Al e o o O o o O @) O ®
T-44 Provide Shuttles (Gas or Electric) P/S U,S e ® o O J J @) O @) ®
T-45 Provide On-Demand Microtransit All u,s ®e o o O ® L O @) ©) O]
T-46 Improve Transit Access, Safety, and Comfort pPC USSR, @€ @ @ O L L ©) (@) ®) ®
R<
T-47 Provide Bike Parking Near Transit P/IC U,S ®e o o O ® ® O ©) O ©
T-48 Implement Area or Cordon Pricing P/C U e o o O L L @) O @) @)
T-49 Replace Traffic Controls with Roundabout P/C All e o o O o o O O O O
T-50 Required Project Contributions to Transportation P/C Al e o o O L L ©) @) O @)

Infrastructure Improvement
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# Measure Title A 2 £E § $ 2 6 £ ExT § W A
T-51 Install Park-and-Ride Lots P/C S,R e o o O o ©) @) @) ®
T-52 Designate Zero Emissions Delivery Zones P/C U ®e o o O o o O O ®

|

Transportation (Clean Vehicles and Fuels)

Z
°
°
°
o
o
o
O
°
o
©

T-53 Electrify Loading Docks P/S

|

°
°
¢}
¢
o
°
o
°
o
o

T-54 Install Hydrogen Fueling Infrastructure All

Energy (Energy Efficiency Improvements)

E-20 Install Whole-House Fans P/S — ©C e O O O O O o O ®
E-21 Install Cool Pavements All — ® ® O O ] ] (] o O ®
E-22 Obtain Third-party HYAC Commissioning and P/S — O e O O O O O J @) ®

Verification of Energy Savings

Energy (Renewable Energy Generation)

E-23 Use Microgrids and Energy Storage Al — © e O O O ® O ® o ©
E-24 Provide Battery Storage Al — © @ O O ©) ® O o o ©

Energy (Building Decarbonization)

E-25 Install Electric Heat Pumps Al — ®e ¢ O O O ® O © o ©
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Co-Benefits
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Lawn and Landscaping

|

LL-2 Implement Yard Equipment Exchange Program P/S — ®e o O ©) L [ ] L ©) O]
LL-3 Electric Yard Equipment Compatibility P/S — © O O O ©) L ©) (@) @) @)
S-3 Require Edible Food Recovery Program Partnerships with Al — © ® O © ©) © ®) (@) [ ] [
Food Generators
S-4 Recycle Demolished Construction Material P/S — O e O O O O ® O O O
S-5 IEource Wood Materials from Urban Wood Re-Use Al — c e e e O O ® O O O
rogram

Natural and Working Lands

N-5 Establish a Local Farmer's Market P/C — e o o O o O O O (] ®
N-6 Establish Community Gardens P/C — ® O O O o e [ @) [ ] ®
C-4 Use Local and Sustainable Building Materials Al — c e e O O O © O o O
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Co-Benefits
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o 5 < = 2
c = 2 =
> S c [+] =)
S £ 3 S & 8 E 3 2
2 x T W 2 = r 9
— (3] > _ -5 ':7, o 173 s (75)
S T g 9 g s 9 = > s °
o o = = 9 O > =) o c o >
2. - < ° g c o & w w w £
S - - <
[ c -8 S © 8 Q Ut; _8 _8 9 o] LE
o o > > Qo Q > > c Q Q
= o oD ¥ 5 £c£u o o= c c =
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s § 23§ :oE% o2y O£ £ 3
# Measure Title A 2 £E § $ 2 £ E Ex & wi »
M-4 Require Environmentally Responsible Purchasing P/S — © ® O ® o O O] (@) ©) ©)
M-5 Fund Incentives for Green Technologies P/IC — ®© o © ® ©®© © ® ® O] ®

Sector abbreviations: T = transportation; E = energy; W = water; LL = lawn and landscaping; S = solid waste; N = natural and working lands; C =
construction; M = miscellaneous.

Scale of application column abbreviations: P/S = Project/Site; P/C = Plan/Community; All.

Locational context column abbreviations: — = non-applicable; R = rural; S = suburban; U = urban. Where applicable, the Handbook provides
three land use distinctions within the R locational context category, where R @ = rural only if the project is in master-planned community; R ® = rural
only if the project is adjacent to commuter a rail station with convenient rail service to a major employment center; R € = rural only if there is available
transit and the project is close to jobs/services.

Co-benefits columns symbols: ® = may be achieved by the measure; ©® = may be achieved by the measure depending on local implementation
specifics; O = likely not achieved by the measure.
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Table 3-2. Description of Supporting or Non-Quantified GHG Reduction Measures

Transportation (Land Use)

T-31-A. Locate Project in Area with High Destination Accessibility

The measure requires development in an area with high accessibility to destinations.
Destination accessibility is measured in terms of the number of jobs or other attractions
(e.g., schools, supermarkets, and health care services) that are reachable within a given
travel time or travel distance, and tends to be highest at central locations and lowest at
peripheral ones. When destinations are nearby, the travel time between them is less, thus
increasing the potential for people to walk and bike to those destinations and, therefore,
reducing the vehicle miles traveled (VMT) and associated greenhouse gas (GHG) emissions.
As an implementation consideration, projects should consider accessibility by people of all
functional abilities and incorporate design principles such as Universal Design.* See
Measure T-31-B for a variation of this measure.

T-31-B. Improve Destination Accessibility in Underserved Areas

This measure accounts for the VMT reduction that would be achieved by constructing job centers
or other aftractions (e.g., schools, supermarkets, and health care services) for residents in
underserved areas (e.g., food deserts). When destinations are nearby, the travel time between
them is less, thus increasing the potential for people to walk and bike to those destinations,
reducing VMT and associated GHG emissions. As an implementation consideration, projects
should consider accessibility by people of all functional abilities and incorporate design
principles such as Universal Design. See Measure T-31-A for a variation of this measure.

T-32. Orient Project Toward Transit, Bicycle, or Pedestrian Facility

This measure requires projects to minimize setback distance between the project and
planned or existing transit, bicycle, or pedestrian corridors. A project that is designed
around an existing or planned transit, bicycle, or pedestrian corridor encourages sustainable
mode use. As an implementation consideration, projects should consider accessibility by
people of all functional abilities and incorporate design principles such as Universal Design.

T-33. Locate Project near Bike Path/Bike Lane

This measure requires projects to be located within 0.5-mile bicycling distance to an existing
Class | or IV path or Class Il bike lane. A project that is designed around an existing or
planned bicycle facility encourages sustainable mode use. The project design should include
a comparable network that connects the project uses to the existing off-site facilities that
connect to work/retail destinations. As an implementation consideration, projects should
provide sufficient and convenient bicycle parking and long-term storage, ideally near the
bike lane itself, for residents, employees, and visitors, and a bicycle repair station with tools
and equipment. This measure can be implemented with Measure T-9.

Transportation (Neighborhood Design)
T-34. Provide Bike Parking

This measure requires projects provide short-term and long-term bicycle parking facilities to
meet peak season maximum demand. Parking can be provided in designated areas or
added within rights-of-way, including by replacing parking spaces with bike parking corrals.
Ensure that bike parking can be accessed by all, not just project employees or residents.

4 Universal Design is a concept that is comprised of seven principles that seek to make buildings and infrastructure
accessible to all people. Accessibility is achieved by considering and implementing each principle during the design process.
A project designed by Universal Design standards would ensure that adjacent transit facilities are accessible to people with
diverse abilities, preferences, and language skills.
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T-35. Provide Traffic Calming Measures

This measure requires projects to include pedestrian/bicycle safety and traffic calming measures
above jurisdictional requirements. Roadways should also be designed to reduce motor vehicle
speeds and encourage pedestrian and bicycle trips with traffic calming features. Traffic calming
features may include marked crosswalks, count-down signal timers, curb extensions, speed
tables, raised crosswalks, raised intersections, median islands, tight corner radii, roundabouts
or mini-circles, on-street parking, planter strips with street trees, chicanes/chokers, and others.
Providing traffic calming measures encourages people to walk or bike instead of using a
vehicle. This mode shift will result in a decrease in vehicle miles traveled. In 2017, 3,904
people were killed and 277,160 injured by vehicle collisions in California; traffic calming can
reduce injuries and death, which improves health (State of California et al., 2018). Traffic
calming also promotes active transportation, which improves physical health.

T-36. Create Urban Non-Motorized Zones

The measure requires projects to convert a percentage of its roadway miles to transit malls,
linear parks, or other non-motorized zones. These features encourage non-motorized travel
and thus a reduction in vehicle miles traveled. This measure is only applicable to projects
located in urban environments. Consider access issues for paratransit users and those with
mobility impairments.

T-37. Dedicate Land for Bike Trails

This measure requires projects to provide for, contribute to, or dedicate land for the
provision of off-site bicycle trails linking the project to designated bicycle commuting routes
in accordance with an adopted citywide or countywide bikeway plan. Existing desire paths
can make good locations, as it represents a community-identified transportation need.

Transportation (Trip Reduction Programs)

T-38. Provide First and Last Mile TNC Incentives

This measure requires a first-last mile partnership between a municipality/transit agency and
a fransportation network company (TNC) for subsidized, shared TNC rides to or from the
local transit station within a specific geographic area. This measure encourages a shift to
transit mode for longer trips. Consider providing inclusive mechanisms so people without
bank accounts, credit cards, or smart phones can access the incentives.

T-39. Implement Preferential Parking Permit Program

This measure requires projects provide preferential parking in terms of free or reduced
parking fees, priority parking, or reserved parking in convenient locations (such as near
public transportation or building entrances) for commuters who carpool, vanpool, ride-share
or use sustainably fueled vehicles. Projects should also provide wide parking spaces to
accommodate vanpool vehicles. Commercial preferential parking can accommodate
workers who work non-standard hours by providing opportunities to participate. Residential
preferential parking can consider an equitable distribution of permits, giving priority to
owners of sustainably fueled vehicles.

T-40. Implement School Bus Program

This measure will provide school bus service transporting students to a school project. A
school bus service can reduce the number of private vehicle trips to drop-off or pick-up
students, thereby reducing VMT and associated GHG emissions, as well as onsite air
pollution emissions, especially if the bus is zero emissions. Best practices include
concentrating service for students who live further away from schools, providing service both
before and after school, and encouraging parents to utilize the service. This measure is
more effective at schools that draw students from a larger enrollment area, such as high
schools or private schools.
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T-41. Implement a School Pool Program

This measure requires projects create a ridesharing program for school children. Most
school districts provide bussing services to public schools only. School pool helps match
parents to transport students to private schools, or to schools where students cannot walk or
bike but do not meet the requirements for bussing. A school pool program can help reduce
onsite air pollutant emissions at the school by reducing private vehicle trips, especially if the
pool vehicle is zero emissions.

T-42. Implement Telecommute and/or Alternative Work Schedule Program

This measure requires projects to permit employee telecommuting and/or alternative work
schedules and monitor employee involvement to ensure forecasted participation matches
observed participation. While this measure certainly reduces commute-related VMT, recent
research has shown that total VMT from telecommuters can exceed VMT from non-
telecommuters (Goulias et al. 2020). In addition, telecommuting affects commercial and
residential electricity use, complicating the calculation of the net effect and attribution of
emissions. More specifically, an office with fewer employees could result in a decrease in the
project’s energy used to operate equipment and provide space heating and air conditioning.
Conversely, an increase in telecommuters using their private homes as workspaces could
result in a residential increase in energy for those same end uses and appliances. While this
measure is currently not quantified and, according to some studies, could result in total VMT
increases and other disbenefits, it is recommended that users review the most recent
literature at the time of their project initiation to see if new findings more conclusively
support a quantifiable emissions reduction.

Transportation (Transit)

T-43. Provide Real-Time Transit Information

This measure requires projects provide real-time bus/train/ferry arrival time, travel time,
alternative routings, or other transit information via electronic message signs, dedicated
monitor or interactive electronic displays, websites, or mobile apps. This makes transit service
more convenient and may result in a mode shift from auto to transit, which reduces VMT.

T-44. Provide Shuttles (Gas or Electric)

This measure will provide local shuttle service through coordination with the local transit
operator or private contractor. The shuttles will provide service to and from commercial
centers to nearby transit centers to help with first and last mile connectivity, thereby
incentivizing a shift from private vehicles to transit, reducing associated GHG emissions.
Electric shuttle vehicles provide a marginally more effective reduction to GHG emissions
compared to gas- or diesel-fueled shuttles due to their use of less emissions-intensive electric
power. Shuttles that serve only the project residents and/or employees may be seen as
increasing gentrification and exclusionary. Consider allowing all people to use the shuttle,
regardless of status. Note that this measure can also be implemented at the Project/Site
scale by a large employer as part of a Trip Reduction Program.

T-45. Provide On-Demand Microtransit

This measure will provide small-scale, on-demand public transit services that can offer fixed
routes and schedules or flexible routes and on-demand scheduling (e.g., Metro Micro)
through coordination with the local transit operator or private contractor. Microtransit aims
to offer shorter wait times and improved reliability compared to the bus and rail system to
further incentivize alternative transportation modes that are less emissions-intensive than
private vehicle trips. On-demand rides can be booked using smartphone applications or call
centers. Note that this measure may also be applicable at the Project/Site scale for a large
employer (e.g., Google’s Via2G pilot) as part of a Trip Reduction Program.
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T-46. Improve Transit Access, Safety, and Comfort

This measure requires projects improve transit access and safety through sidewalk/crosswalk
safety enhancements, bus shelter improvements, improved lighting, and other features.
Work with the community to determine barriers to use, most desired improvements, and
other access challenges.

T-47. Provide Bike Parking Near Transit

This measure requires the project to provide short-term and long-term bicycle parking near
rail stations, transit stops, and freeway access points where there are commuter or rapid bus
lines. Include locations for shared micromobility devices as well as higher-security parking
for personal bicycles.

Transportation (Parking or Road Pricing/Management)

T-48. Implement Area or Cordon Pricing

This measure requires projects implement a cordon pricing scheme. The pricing scheme will
set a cordon (boundary) around a specified area to charge a toll to enter the area by
vehicle. The cordon location is usually the boundary of a central business district or urban
center but could also apply to substantial development projects with limited points of access.
The toll price can be based on a fixed schedule or be dynamic, responding to real-time
congestion levels. It is critical to have an existing, high quality transit infrastructure for the
implementation of this strategy to reach a significant level of effectiveness. The pricing
signals will only cause mode shifts if alternative modes of travel are available and reliable.
This measure should provide an exception for low-income residents or workers within the
pricing zone.

T-49. Replace Traffic Controls with Roundabout

This measure requires projects install a roundabout as a traffic control device to smooth
traffic flow, reduce idling, eliminate bottlenecks, and manage speed. In some cases,
roundabouts can improve traffic flow and reduce emissions. The emission reduction
depends heavily on what the roundabout is compared to (e.g., uncontrolled intersection,
stop sign, traffic signal). Design roundabout so cyclists have the option to join traffic or
bypass the roundabout with an adjacent path.

T-50. Required Project Contributions to Transportation Infrastructure Improvement

This measure requires projects contribute to traffic-flow improvements or other multi-modall
infrastructure projects that reduce emissions and are not considered as substantially growth
inducing. The local transportation agency should be consulted for specific needs. Larger
projects may be required to contribute a proportionate share to the development and/or
continuation of a regional transit system. Contributions may consist of dedicated right-of-
way, capital improvements, or easements. Ensure the jurisdictional fee system does not
disadvantage infill projects over greenfield projects.

T-51. Install Park-and-Ride Lots

This measure requires projects install park-and-ride lots near transit stops and high
occupancy vehicle lanes. Park-and-ride lots also facilitate car- and vanpooling. Parking lots
can also incorporate cool pavements, tree canopy, or solar photovoltaic shade canopies to
reduce the urban heat island effect as well as evaporative emissions from parked vehicles
and dedicated electric vehicle parking spots and/or charging infrastructure.
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T-52. Designate Zero Emissions Delivery Zones

This measure requires the municipality to designate certain curbside locations as commercial
loading zones exclusively available for zero-emission commercial delivery vehicles. Doing so
replaces tailpipe diesel emissions from last-mile delivery vehicles as well as heavy duty
drayage trucks moving goods with less emissions-intensive electric vehicles and potentially
micromobility for food and parcel delivery. Locations should be prioritized based on land
use density and existing exposure from air pollution.

Transportation (Clean Vehicles and Fuels)

T-53. Electrify Loading Docks

This measure will require that Transport Refrigeration Units and auxiliary power units (APUs)
be plugged into the electric grid at the loading dock instead of running on diesel. The
indirect GHG emission from electricity generation can partially offset the emissions reduction
from fuel reductions. Electrifying loading docks can reduce exposure to air pollutants for
workers and drivers.

T-54. Install Hydrogen Fueling Infrastructure

The measure requires projects to implement accessible hydrogen fuel cell fueling
infrastructure. Drivers of fuel cell electric vehicles (FCEV), from individual passenger vehicles
to haul truck fleets, will be able to refuel using this infrastructure. The expansion of hydrogen
fueling locations indirectly supports the uptake of FCEV in place of the typical internal
combustion engine vehicle fueled by carbon-emitting gasoline and diesel.

Energy (Energy Efficiency)
E-20. Install Whole-House Fans

This measure requires installation of whole-house fans. Whole-house fans draw cooler outdoor
air through open windows, exhaust the warmer air into the attic, and then expel the air outside
through attic vents. Whole-house cooling using a whole house fan can substitute for an air
conditioner most of the year in most climates, resulting in a reduction in emissions associated
with building energy use. Whole-house fans may be inappropriate in locations near sources
that generate air pollutants during the evening hours, such as major roads and freeways.

E-21. Install Cool Pavements

This measure will install cool pavements in place of dark pavements. Cool pavements help
to lower ambient outdoor air temperatures when compared to dark-colored, heat-absorbent
pavements such as asphalt. This reduces the electricity needed to provide cooling, but in
some climates, can also increase the energy emissions to provide heating, thereby reducing
associated GHG emissions depending on the project parameters (e.g., climate, carbon
intensity of local utility). Prioritize cool pavement installation in neighborhoods with high
urban heat island effects, large amounts of paved areas, low tree canopy, or high
vulnerability due to age, employment, income, linguistic isolation, and other indicators.

E-22. Obtain Third-party HYAC Commissioning and Verification of Energy Savings

This measure requires third-party review of heating ventilation and air conditioning (HVAC)
systems to ensure proper installation and construction of energy reduction features. A user
can obtain HYAC commissioning and third-party verification of energy savings in thermal
efficiency components including HVAC systems, insulation, windows, and water heating.
Note that the 2019 Title 24 Standards requires Home Energy Rating System (HERS)
verification for all new low-rise residential building (3 stories or less). Taller residential
buildings and non-residential buildings may or may or not require a HERS verification
depending on other buildings elements.
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Energy (Renewable Energy Generation)

E-23. Use Microgrids and Energy Storage

This measure requires management of a microgrid. Microgrids offer the opportunity to
deploy more zero-emission electricity sources, thereby reducing GHG emissions. The
microgrid manager (e.g., local energy management system) can balance generation from
non-controllable renewable power sources, such as solar, with distributed, controllable
generation, such as natural gas-fueled combustion turbines. They can also use energy
storage and the batteries in electric vehicles to balance energy distribution and usage within
the microgrid. Reliable electricity is vital for public health, especially vulnerable populations
and people dependent on medical equipment.

E-24. Provide Battery Storage

This measure requires strategically deployed battery storage. Energy storage has no direct
emissions effect. When deployed strategically, energy storage can make the grid more flexible,
unlocking renewable energy and reducing GHG emissions. When deployed non-strategically,
owners of energy storage assets are more likely to charge their facilities during off-peak
periods when power prices are lower, in order to supply power during more expensive peak
hours. Off-peak generation times such as nighttime hours are more likely to be dominated by
conventional power sources, which, with the exception of nuclear and hydropower, are likely
to be more emissions-intensive (Bistline and Young 2020). In California, the value of energy
storage stems primarily from its ability to reduce renewable curtailment, thereby displacing
fossil-fueled generation (Arbabzadeh et al. 2019). While this measure is currently not
quantified and, according to some studies, could result in regional GHG and criteria pollutant
emissions increases, it is recommended that users (1) review the most recent literature at the
time of their project initiation and (2) evaluate any changes in policy or market for renewable
energy to see if new findings more conclusively support a quantifiable emissions reduction.

Energy (Building Decarbonization)

E-25. Install Electric Heat Pumps

This measure requires installation of electric heat pumps as alternatives to conventional
furnaces or air conditioners. Electric heat pumps use electricity to transfer heat between cool
and warm spaces to either provide cooling or heating. When cooling is needed during the
summer months, the pumps move warmer inside air to outside. The pumps operate in
reverse during the winter, moving warmer outdoor air into the building to provide heat.
Because heat pumps move warm air instead of generating heat, they are more efficient than
conventional heating and cooling systems. When electric heat pumps replace fossil-fuel
heating or cooling sources, they achieve a dual efficiency and decarbonization benefit. The
most common types of heat pumps collect heat from the air (are air-to-air), water (water-to-
air), or ground (geothermal-to-air). The performance and emissions reductions achieved by
electric heat pumps depend heavily on the system type, cooling and heating loads, climate
zone, season, and other project-specific variables.
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Lawn and Landscaping

LL-2. Implement Yard Equipment Exchange Program

This measure requires the project to participate in an established yard equipment exchange
program, supplement an established program, or implement a new program. When
conventional gasoline-powered yard equipment (e.g., lawn mowers, leaf blowers and
vacuums, shredders, tfrimmers, and chain saw) are exchanged for electric and rechargeable
battery-powered yard equipment, direct GHG emissions from fossil-fuel combustion are
displaced by indirect GHG emissions associated with the generation of electricity used to
power the equipment. Commercial users of yard equipment should be targeted for this
measure given their comparatively low adoption rate of electric yard equipment relative to
residential users. If the specific equipment being replaced through the program is known,
reductions may be quantified using the method described under Measure LL-1.

LL-3. Electric Yard Equipment Compatibility

This measure requires projects provide electrical outlets on the exterior of buildings as
necessary for sufficient powering of electric lawnmowers and other landscaping equipment.
For Measures LL-1 and LL-2 to be successfully implemented, electrical outlets on the exterior
of buildings must be accessible so that the electric landscaping equipment can be charged.

Solid Waste

S-3. Require Edible Food Recovery Program Partnerships with Food Generators

This measure requires food service, wholesale, and retail sources of edible food partner with
food recovery programs. Food recovery programs collect edible foods from commercial
production and distribution channels that would otherwise be transported to a landfill and
redistribute them for consumption. This measure would avoid emissions from the
decomposition of non-diverted organic material in landfills.

S-4. Recycle Demolished Construction Material

This measure requires recycling of construction waste. Recycling demolished construction
material reduces GHGs by displacing new construction materials, thereby reducing the need
for new raw material acquisition and manufacturing. If the process of recycling construction
materials is less carbon-intensive than the processes required to harvest and produce new
construction materials, recycling results in a net reduction in GHG emissions. Using local
recycled construction material would also reduce emissions associated with the
transportation of new construction materials, which are typically manufactured farther away
from a project site. Finally, recycling avoids sending materials to landfills. Wood-based
materials decompose in landfills and contribute to methane (CH,) emissions. Ensure onsite
processing does not create nuisance issues for nearby residents.

S-5. Source Wood Materials from Urban Wood Re-Use Program

This measure requires projects to source wood materials from urban wood re-use programs.
In areas where removed trees are sent to landfills, they decompose and contribute to CH,4
emissions. Wood re-use programs extend a tree’s lifetime by converting it into a range of
products and prolonging the sequestration benefit. Re-uses range from logs, lumber,
woodchips, mulch, compost, biochar, animal fuel, paper products, engineered wood,
furniture, and cellulosic ethanol.
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Natural and Working Lands

N-5. Establish a Local Farmer's Market

This measure would establish a local farmer’s market to provide project residents with a
more local source of food, potentially reducing the number of trips and VMT by both
consumers and food distribution to grocery stores and supermarkets. If the food sold at the
local farmer’s market is produced organically, it can also contribute to GHG reductions by
displacing carbon-intensive food production practices. Work with local non-profits or
foundations to provide Electronic Benefit Transfer (EBT) acceptance at the market, which
facilitates access for lower-income populations. The USDA offers resource and guidance for
farmer’s markets accepting EBT, while some foundations offer multiplier programs, in which
$1 of EBT funds becomes a greater value if spent at a farmer’s market.

N-6. Establish Community Gardens

This measure would establish a community garden to provide project residents with locally
sourced food, potentially reducing the number of trips and VMT by both consumers and
food distribution to grocery stores and supermarkets. Community gardens can also
contribute to GHG reductions by displacing carbon-intensive food production practices.
Work with community residents and community-based organizations to make sure the
gardens are designed inclusively and are open to all residents.

Construction

C-4. Use Local and Sustainable Building Materials

This measure requires using building materials that are locally sourced and processed (i.e.,
close to the project site, as opposed to in another state or country). This reduces VMT and
therefore GHG emissions from fuel combustion. Using sustainable building materials, such
as recycled concrete or sustainably harvested wood, also reduces GHG emissions due to the
less carbon-intensive production process. Unlike measures that reduce GHG emissions
during the operational lifetime of a project, using local and sustainable building materials
mitigates emissions prior o the actual operational lifetime of a project.

Miscellaneous

M-4. Require Environmentally Responsible Purchasing

This measure requires projects to implement an environmentally responsible purchasing
plan. Examples of environmentally responsible purchases include but are not limited to:
purchasing products made from recycled materials or with sustainable packaging;
purchasing post-consumer recycled paper, paper towels, and stationery; purchasing and
stocking communal kitchens with reusable dishes and utensils; choosing sustainable
cleaning supplies; purchasing products from restaurants, farms, or ranches that source
materials or goods from locations that use soil conservation practices; and leasing
equipment from manufacturers who will recycle the components at their end of life.
Choosing locally made and distributed products reduces the distance required to transport
the products from the distribution or manufacturing center to the project, thus reducing
GHG emissions associated with transportation.
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M-5. Fund Incentives for Green Technologies

This measure would fund incentives for green technologies. Examples of green technologies
include energy-efficient and zero-emission vehicle fleets and off-road equipment, building
electrification upgrades, low-flow fixtures in buildings, or energy-efficient stationary sources.
The user may choose to contribute to an existing municipal energy fund or establish a new
energy fund for the project. Recipients of energy fund grants could include neighborhood
developers, home and commercial space builders, homeowners, and utilities. Energy funds
allow recipients flexibility in choosing efficiency strategies while still achieving the desired
effects of reduced energy use and associated GHG emissions. If coupled with local
apprenticeship and job training, this measure can help provide workforce development in
green jobs for the local community.

References

Arbabzadeh, M., R. Sioshansi, J. Johnson, and G. Keoleian. 2019. The role of energy
storage in deep decarbonization of electricity production. Nature Communications
10(1):1-11. Available: https://www.nature.com/articles/s41467-019-11161-5.pdf.
Accessed: October 2021.

Bistline, J., and D. Young. 2020. Emissions impacts of future battery storage
deployment on regional power systems. Applied Energy 264:114678. Available:
https://www.sciencedirect.com/science/article/abs/pii/S0306261920301902.
Accessed: October 2021.

Goulias, K., R. Su, and E. McBride. 2020. Revisiting the Impact of Teleworking on
Activity-Travel Behavior Using Recent Data and Sequence-Based Analytical Techniques.
Pacific Southwest Region University Transportation Center. December. Available:
https://metrans.org/assets/research/psr-19-15_goulias_final-report.pdf. Accessed:
October 2021.

Intergovernmental Panel on Climate Change. 2006. 2006 IPCC Guidelines for National
Greenhouse Gas Inventories. Prepared by the National Greenhouse Gas Inventories
Programme, Eggleston H. S., L. Buendia, K. Miwa, T. Ngara and K. Tanabe. (eds).
Published: IGES, Japan.

Intergovernmental Panel on Climate Change (IPCC). 2007. Climate Change 2007: The
Physical Science Basis. Contribution of Working Group | to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change [Solomon, S., D. Qin, M.
Manning, Z. Chen, M. Marquis, K. B. Averyt, M. Tignor and H.L. Miller (eds.)].
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA,
996 pp. Available: https://www.ipcc.ch/report/ard/wg1/. Accessed: January 2021.

MEASURES TO REDUCE GHG EMISSIONS | 60



Handbook for Analyzing GHG Emission Reductions, Assessing Climate Vulnerabilities, and Advancing Health and Equity

Intergovernmental Panel on Climate Change (IPCC). 2014. Climate Change 2013: The
Physical Science Basis. Contribution of Working Group | to the Fifth Assessment Report
of the Intergovernmental Panel on Climate Change [Stocker, T. F., D. Qin, G.-K.
Plattner, M. Tignor, S. K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P. M.
Midgley (eds.)]. Cambridge, United Kingdom, and New York, NY: Cambridge
University Press. Available:
https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapter08 FINAL.pdf.
Accessed: September 2021.

Salon, D. 2014. Quantifying the Effect of Local Government Actions on VMT. Institute of
Transportation Studies, University of California, Davis. Prepared for the California Air
Resources Board and the California Environmental Protection Agency. Available:
https://ww?2.arb.ca.gov/sites/default/files/classic/research/apr/past/09-343.pdf.
Accessed: August 2021.

State of California, California State Transportation Agency, Department of California
Highway Patrol. 2018. 2017 Annual Report of Fatal and Injury Motor Vehicle Traffic
Crashes. Available:
https://www.chp.ca.gov/InformationManagementDivisionSite/Documents/2017%20AN
NUAL%20REPORT%20CALIFORNIA.pdf. Accessed: November 2021.

MEASURES TO REDUCE GHG EMISSIONS | 61


https://ww2.arb.ca.gov/sites/default/files/classic/research/apr/past/09-343.pdf
https://www.chp.ca.gov/InformationManagementDivisionSite/Documents/2017%20ANNUAL%20REPORT%20CALIFORNIA.pdf
https://www.chp.ca.gov/InformationManagementDivisionSite/Documents/2017%20ANNUAL%20REPORT%20CALIFORNIA.pdf

Transportation

Fossil-fuel powered vehicles are the primary
source of GHG emissions within the
transportation sector. On-road vehicles
traditionally use gasoline and diesel fuel and
release emissions based on the amount of fuel
combusted and the emission factor of the engine.
Cleaner-fueled and electric powered vehicles can
also generate GHG emissions, but often at far
lower intensities.

Transportation emissions can be reduced by
improving the emissions profile of the vehicle fleet
or by reducing VMT. Most of the measures quantified in this Handbook aim to reduce VMT and
encourage mode shifts from single-occupancy vehicles to shared (e.g., transit) or active modes of
transportation (e.g., bicycle). This can be accomplished by coordinating trip reduction or incentive
programs; optimizing the land use of the project study area; enhancing road, bike and
pedestrian networks; implementing parking policies; or improving transit systems.

Most of the emission reductions are determined by
WHAT'S ELASTICITY? evaluating the elasticity of a measure relative to the
. amount of VMT that may be reduced by the measure.
Elasticity refers to how much one . .
A few transportation measures are aimed at
improving the emissions profile of the vehicle fleet.
These measures promote alternative fuels and vehicle
types. The emission reductions from these measures
are based on the improved emission factors and on

changes to the assumed vehicle fleet mix.

variable changes, relative to a change
in another variable. For example, the
elasticity of a VMT reduction measure
would measure how much VMT is
reduced in proportion to the increase
in bicycle lanes.
This section provides guidance for combining
emission reductions from transportation measures
and adjusting VMT reductions to expected GHG savings. The measure factsheets and
quantification methods for individual measures follow. Use the graphic on the following page to
click on an individual measure to navigate directly to the measure’s factsheet.

Selecting and Combining Transportation Measures

Depending on how VMT has been quantified for a project or program, users should exercise
caution when selecting transportation measures to avoid double counting VMT benefits that may
already be accounted for in the model used to produce the unmitigated or baseline VMT estimate.
For example, regional travel demand models are generally sensitive to built environment and
transit service variables (e.g., density, proximity to transit). VMT estimates developed for a project or
program that use such models may, therefore, already account for VMT reductions associated with
certain measures in this Handbook (e.g., T-1, Increase Residential Density).
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@ Transportation

LAND USE NEIGHBORHOOD DESIGN

O  T-l.Increase Residential Density O  T-18. Provide Pedestrian Network Improvement
O  T-2.Increase Job Density O  T-19-A. Construct or Improve Bike Facility
O  T-3.Provide Transit-Oriented Development O  T-19-B. Construct or Improve Bike Boulevard
O T4 Integrate Affordable and Below Market Rate Housing O  T-20. Expand Bikeway Network
O  T-17. Improve Street Connectivity O  T-21-A. Implement Conventional Carshare Program
O  T-21-B. Implement Electric Carshare Program
TRIP REDUCTION PROGRAMS O T-22-A.Implement Pedal (Non-Electric) Bikeshare Program
O  T-5. Implement Commute Trip Reduction Program (Voluntary) O T-22-B. Implement Electric Bikeshare Program
O T Impleme'nt Cummute.Tri[.: Reduction Program (Mandatory O T-22-C. Implement Scootershare Program
Implementation and Monitoring)
O  T-7.Implement Commute Trip Reduction Marketing TRANSIT
O T8 Provide Ridesharing Program O  T-25. Extend Transit Network Coverage or Hours
O  T9.Implement Subsidized or Discounted Transit Program O T-26. Increase Transit Service Frequency
O T10. Provide End-of-Trip Bicycle Facilities O T-27. Implement Transit-Supportive Roadway Treatments
O  T-11. Provide Employer-Sponsored Vanpool O  T-28. Provide Bus Rapid Transit
QO  T-12 Price Workplace Parking O  T-29. Reduce Transit Fares
QO  T-13.Implement Employee Parking Cash-Out
O  T-23. Provide Community-Based Travel Planning CLEAN VEHICLES AND FUELS

O

T-30. Use Cleaner-Fuel Vehicles
PARKING OR ROAD
PRICING/MANAGEMENT

O  T-14. Provide Electric Vehicle Charging Infrastructure

O T-15. Limit Residential Parking Supply

O  T-16. Unbundle Residential Parking Costs from Property Cost
O T-24. Implement Market Price Public Parking (On-Street)

Interactions between transportation measures are complex and sometimes counterintuitive, whereby
combining measures can have a substantive impact on reported emission reductions. To safeguard
the accuracy and reliability of the methods, while maintaining their ease of use, the following rules
should be followed when combining reductions achieved by transportation measures.

Combining Measures Across Scales

The first level of organization for the transportation measures is the scale of application. There
are 16 quantified measures at the Project/Site scale that can be combined with each other and
17 quantified measures at the Plan/Community scale that can be combined with each other.* The
GHG reductions of transportation measures from different scales of application should never be
combined. While it may be possible that a user’s project involves measures that affect vehicle trips
or VMT at both scales, it is likely that combining the percent reduction from measures of different
scales would not be valid. This rule does not apply to non-transportation measures that calculate
the emissions reduction in terms of absolute emissions.

4 There is one additional quantified transportation measure: Measure T-30, Use Cleaner-Fuel Vehicles. All below discussion related to
combining measures and determining maximums does not apply to this measure, which is part of the Clean Vehicles and Fuels subsector.
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Combining Measures within a Subsector

The second level of organization for the transportations measures is the subsector. Transportation
measures are separated into six subsectors: Land Use, Neighborhood Design, Trip Reduction
Programs, Parking Management, Transit, Parking or Road Pricing/Management, and Clean
Vehicles and Fuels.

Effectiveness levels for multiple measures within a subsector may be multiplied to determine a
combined effectiveness level. Because the combination of measures and independence of
measures are complicated, this Handbook recommends that measure reductions within a
subsector be multiplied unless the user can provide substantial evidence indicating that emission
reductions are independent of one another and that they should therefore be added. This will
take the following form:

Reductiongpsector = 1 —[(1 —A) X (1 =B) x (1 = Q)]

Where A, B, and C are the individual measure reduction percentages for the measures to be
combined in each subsector.

Each measure has a maximum allowable reduction, discussed in the quantification methods for
each measure. The user should calculate the reduction from each measure, compare it to the
individual measure maximum, and use the lower value of the two in the equation above.

In addition, each subsector has a maximum allowable reduction. These were derived by combining
the maximum allowable reduction of each individual non—-mutually-exclusive measure within the

subsector using the above formula (see table below for more details). The subsector maximum is
intended to ensure that emissions are not double counted when measures within the subsector are
combined. The subsector maximums are provided in the below table by scale of application.

Subsector Quantified Measures ° Subsector Maximum o< d e f
P/S Land Use 4 65%

Neighborhood Design — —

Trip Reduction Programs 9 45% commute VMT

Parking or Road Pricing/ 3 35%

Management

Transit — —
P/C Land Use 1 30%

Neighborhood Design 9 10%

Trip Reduction Programs 1 2.3% commute VMT

Parking or Road Pricing/ 1 30%

Management

Transit 5 15%

P/S = project/site; P/C = plan/community; VMT = vehicle miles traveled.

@ Excludes Measure T-30, Use Cleaner-Fuel Vehicles, within the Clean Vehicles and Fuels subsector and all supporting or non-
quantified measures from other subsectors.

b — = no measure within the subsector at the specified scale.

¢ Where a subsector consists of only one measure, the subsector maximum listed is the individual measure maximum.

4 Most maximums were conservatively rounded down to the nearest multiple of five or whole number.
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e Measure T-1 and Measure T-2 were assumed to be mutually exclusive for the purpose of deriving a project’s single land use type
maximum emissions reduction. More specifically, residential density (T-1) only applies to residential development, and job density
only applies to commercial development (T-2). Similarly, Measure T-26 and Measure T-27 were assumed to be mutually exclusive
with Measure T-28 for the purpose of deriving a plan/community’s total transit-related emissions reduction. Measure T-28
accounts for the VMT reduction associated with increased transit frequency (T-26) and decreased transit travel time from transit
supportive roadway treatments (T-27). It was assumed that bus rapid transit (BRT) (T-28) would cover all of the community’s transit
routes, and therefore no additional frequency or time improvements would be attainable (T-26 and T-27).

f Measures within the Trip Reduction Programs primarily reduce VMT from employee commute trips, whereas all other measures
reduce VMT from all trips associated with the relevant land use type.

The user should calculate the reduction from each subsector, compare it to the corresponding
sector maximum, and use the lower value of the two.

Combining Measures Across Subsectors

There is limited research directly analyzing the combined VMT impact on a project/site or
plan/community from implementation of all, or a majority, of the non—-mutually-exclusive
transportation sector measures provided in this Handbook. However, a University of California,
Davis study compared household VMT across different place types in California and found that
the difference in average VMT in single-family suburban neighborhoods and central city
neighborhoods was approximately 70 percent.” Central city neighborhoods are more likely to
have implemented transportation strategies like those measures included in the Handbook, when
compared to suburban neighborhoods. The Handbook therefore adopts 70 percent as a
maximum for the combined VMT impact from the following four subsectors: Land Use,
Neighborhood Design, Parking or Road Pricing/Management, and Transit.

Reduction ypi-subsector = 1 — [(1 —Land) x (1 — Design) X (1 — Parking) X (1 — Transit)] <70%

Note that this multi-subsector maximum purposefully excludes the Trip Reduction Program
subsector. This is because measures in the Trip Reduction Program subsector are often
implemented at the Project/Site scale based on the individual employer and are not as directly
correlated with place type as the other subsectors. For example, all central city neighborhoods have
a high residential and commercial density (i.e., Measure T-1 and Measure T-2 from the Land Use
subsector), and most single-family suburban neighborhoods have low density. Conversely, not all
employers in a central city neighborhood provide their employees with discounted transit passes
(Measure T-9 from the Trip Reduction Program subsector), and the same is equally likely for the
much smaller group of employers in a single-family suburban neighborhood.

Limitations of Maximums and Caps

The words maximum and cap are used interchangeably to describe either the highest percent
reduction in GHG emissions or the highest expected value for a variable in the GHG reduction
formula. Each subsector has a maximum allowable reduction and individual measures have a
maximum allowable reduction, which is often based on one or more of the capped GHG
reduction variables. In most instances, these values are a rule of thumb, or practical
approximation, to limit the unrealistic influence of multiplicative measure variables. Where the

° Salon, D. 2014. Quantifying the Effect of Local Government Actions on VMT. Institute of Transportation Studies, University of
California, Davis. Prepared for the California Air Resources Board and the California Environmental Protection Agency. February.
Available: https://ww2.arb.ca.gov/sites/default/files/classic/research/apr/past/09-343.pdf. Accessed: October 2021.
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maximum is derived based on a more precise methodology (e.g., research results), the source is
cited. Users should always confirm the appropriateness of these maximums for their project.

Adjusting VMT Reductions to Emission Reductions

Most of the transportation measures in this Handbook reduce GHG emissions and criteria
pollutants (co-benefit) by reducing the source metric of VMT.¢ The below equation highlights the
main variables used to calculate VMT in a study area. Note that VMT decreases if any of the
following occurs: (1) vehicle ownership declines, (2) vehicle trips are reduced, (3) vehicle trip
lengths are reduced, or (4) any combination of these three variables.

vehicles trips distance (miles) miles

VMT = X - X - =
study area ~ vehicle-day trip study area-day

Vehicles emit pollutants during all hours of the day. The magnitude of these emissions varies with the
activity phase, such as running on the road, idling while stationary, sitting outside in the sun
(evaporative), or starting up. The quantification methods presented in this Handbook account for
emissions that occur during the three major emission processes of running, evaporation, and starting.”

Emissions generated by these processes are determined, in part,® by the above VMT variables: (1)
emissions from evaporation are a factor of vehicle ownership, (2) emissions from starting are a
factor of vehicle ownership and number of vehicle starts (i.e., trips), and (3) emissions from running
are a factor of vehicle ownership and number of vehicle trips and distance per trip (i.e., VMT).

Emissions,q, = Emissionse,q, + Emissionsgq + Emissions,,

L vehicles pollutant mass (grams) grams
Emissionse,q, = X - =
study area vehicle-day study area-day
L vehicles trips pollutant mass (grams) grams
Emissionsgq = X - X - =
study area ~ vehicle-day trip-day study area-day
L vehicles trips miles  pollutant mass (grams) grams
Emissions,,, = - - - - =
study area ~ vehicle-day trip distance (miles) study area-day

GHG and criteria pollutant reductions achieved by transportation measures are primarily
presented in terms of a percent reduction, where the total emissions reduction was determined
based on a ratio comparison to the VMT reduction. In other words, if a measure reduces VMT by
some percent, the total emissions are reduced by the same percent (or a fraction of that percent,
as described below). As discussed above, VMT can be reduced by decreasing any of the three
variables of vehicle ownership, number of vehicle trips, and trip distance. The ratio comparison
between reductions in VMT and emissions depends on the pollutant and which VMT variable(s)
decrease with implementation of a transportation measure.

6 Exceptions include Measures T-14, Provide Electric Charging Infrastructure, and T-30, Use Cleaner-Fuel Vehicles.

7 A fourth emission process is idling. EMFAC estimates idle exhaust emissions only for heavy-duty vehicles that idle for extended
periods of time while loading or unloading goods. This document analyzes emissions primarily from passenger vehicles and thus
focuses on the three relevant emission processes of evaporation, starting, and running.

8 Vehicle emissions are also a function of the chosen analysis year, project location, and fleet mix. When using EMFAC, future year
emissions decline over time, reflecting assumed changes in fleet mix for the location and cleaner engine and fuel technologies.
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1. Less vehicle ownership. If a transportation measure reduces VMT by decreasing vehicle
ownership, the measure would decrease running, starting, and evaporative emissions by the
same rate.” The measures where this applies are Measures T-15, Limit Residential Parking
Supply, and T-16, Unbundle Residential Parking Costs from Property Cost, where the VMT
reduction is a function of avoided vehicle ownership in residents disincentivized to park offsite
or pay the separate cost of parking for a vehicle. For these measures, there is a 1:1
relationship between reductions in VMT and emissions because these measures reduce all
emission processes at the same rate, not just running emissions.

2. Fewer vehicle trips. If a transportation measure reduces VMT by decreasing the number of
vehicle trips, the measure would decrease running emissions and starting emissions by
approximately the same rate. This applies to all transportation measures except Measures T-14,
Provide Electric Vehicle Charging Infrastructure; T-15, Limit Residential Parking Supply; T-16,
Unbundle Residential Parking Costs from Property Cost; and T-30, Use Cleaner-Fuel Vehicles.
This is because each measure would result in, at minimum,'° fewer vehicle trips by promoting
alternative modes of transportation in place of single-occupancy vehicles.

These measures would not decrease evaporative emissions, which are a function of vehicle
ownership. However, this does not affect the ratio comparison between reductions in VMT
and GHG emissions because there are no evaporation GHG emissions (i.e., 100 percent of
CO,, CHy4, and nitrous oxide (N2O) from vehicles are from running and starting). This is also
true for nitrogen oxides (NOx) particulate matter (PM2.5 and PM10), carbon monoxide (CO),
and sulfur dioxide (SOx). Therefore, for these measures and pollutants, there is a 1:1
relationship between reductions in VMT and emissions.

Reactive organic gases (ROG) from vehicles include not only running and starting emissions,
but also evaporative emissions.'' Running and starting ROG emissions represent
approximately 87 percent of total ROG emissions in passenger vehicles.'? This adjustment
factor should be applied when converting the percent GHG reduction to the percent reduction
in total ROG emission.

% reduction in ROG emissions = % reduction in GHG X 87%

This is noted in the co-benefits section of Improved Air Quality for each applicable
transportation measure.

3. Shorter vehicle trips. If a transportation measure reduces VMT by only decreasing the distance
of vehicle trips, the measure would not reduce starting or evaporative emissions. There are no
transportation measures in this Handbook where this scenario occurs and, therefore, an
adjustment factor is not developed.

? Assuming emission factor variables are held constant.

9 Many of these measures also result in shorter vehicle trips. In these instances, the VMT reduction is either largely a function of the
reduction in vehicle trips or is an equal function of the reduction in vehicle trips and the reduction in trip distances. There are no
measures where the VMT reduction is largely a function of the reduction in trip distances with a lesser contribution from the reduction
in vehicle trips.

1 See EMFAC2017 User’s Guide for more detail on these emission processes. Available:
https://ww3.arb.ca.gov/msei/downloads/emfac2017-volume-i-users-guide.pdf.

12 Combined emissions from the EMFAC vehicle types of LDA, LDT1, and LDT2.
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The criteria pollutants CO, NO,, SO, and PM are local pollutants that can potentially affect
populations near the emissions source. Accordingly, measures that reduce localized criteria
pollutant emissions can improve ambient air quality. Measures that reduce emissions of ozone
precursors (NOx and ROG), which are regional pollutants, can improve regional air quality.

Note that the Handbook’s use of a ratio comparison of VMT reduction to GHG and criteria
pollutant reductions makes two key assumptions that may not be valid for every user’s project. It
is important users consider the validity of these assumptions on a project-by-project basis and
either (1) perform any post-processing to the emissions reductions achieved by the transportation
measures to better reflect their project conditions, or (2) provide a qualitative disclaimer about the
accuracy of the estimated reductions considering the below assumptions.

1. Vehicle class is assumed to remain unchanged with implementation of a measure. Say a user is
interested in calculating the plan/community-level GHG reduction from Measure T-22-B,
Implement Electric Bikeshare Program. The user has community-level VMT without the measure
and elects to calculate community-wide mobile emissions using EMFAC. The user calculates in
EMFAC that the existing percent of the community VMT by vehicle class is 75 percent light-duty
vehicles and 25 percent non-light-duty vehicles. In this example, the average emission factor for
light-duty vehicles is 250 grams CO; per mile and for non-light-duty vehicles is 400 grams
CO; per mile. The average community emission factor, as weighted by VMT, would be 288
grams per mile [(75% X 250 grams CO; per mile) + (25% X 400 grams CO, per mile)]. Users
then estimate vehicle emissions prior to implementation of Measure T-22-B by applying this
average vehicle emission factor to their community-level VMT.

The user then implements Measure T-22-A, Implement Pedal (Non-Electric) Bikeshare
Program, and reduces GHG emissions from vehicle travel by 4 percent by replacing vehicle
trips with bikeshare trips. The majority of those replaced vehicle trips are private trips as light-
duty vehicles. As a result, the percent of the community VMT by vehicle class is now 70
percent light-duty vehicles and 30 percent non-light-duty vehicles, effectively increasing the
community average vehicle emission factor, as weighted by VMT, from 288 grams per mile to
295 grams per mile [70% X 250 grams CO; per mile) + (30% X 400 grams CO,, per mile)].
This increase in the community average vehicle emission factor lessens the GHG reduction
that would be achieved from reduced vehicle trips.

Conversely, the circumstances could be such that a measure increases the GHG reduction
that would be achieved from reduced vehicle trips. For example, Measure T-22-A may
replace existing vehicle trips that are primarily from more emissions-intensive non-light-duty
vehicles (e.g., transit buses). In this case, the percent of the community VMT by the less—
emissions-intensive light-duty vehicle would be higher, reducing the community average
vehicle emission factor. This decrease in the community average vehicle emission factor
would increase the GHG reduction that would be achieved from reduced vehicle trips.

The Handbook method cannot predict or know how each measure could affect the user’s
specific fleet mix. Therefore, the fleet mix is assumed to remain constant before and after
implementation of all transportation measures.
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2. Vehicle speeds are assumed to remain unchanged with implementation of a measure. The logic
of this assumption is similar to the first assumption. Say a user is interested in calculating the
plan/community-level GHG reduction from Measure T-20, Expand Bikeway Network. The user
elects to calculate community-wide mobile emissions prior to implementation of the measures
using EMFAC and aggregated vehicle speeds. In this example, EMFAC aggregates the vehicle
speeds in the user’s community at approximately 30 miles per hour (mph)."® The user
implements Measure T-20 and expansion of the bikeway network reduces the average vehicle
speed to approximately 25 mph. Because vehicles are slightly more GHG emissions-intensive at
25 mph compared to 30 mph, the GHG reduction achieved by the measure would be less if
the impact of vehicle speeds were included in the quantification method.

Conversely, the circumstances could be such that a measure increases the GHG reduction
that would be achieved from reduced vehicle trips. For example, Measure T-11, Provide
Employer-Sponsored Vanpool, replaces private vehicle trips with shared vanpool trips,
reducing the number of cars on the road. If roadways are currently congested and causing
vehicles to move at low speeds, implementation of this measure could alleviate roadway
congestion and increase vehicle speeds to a speed in which they are less GHG emissions
intensive. The decrease in the community average vehicle emission factor would increase the
GHG reduction that would be achieved from reduced vehicle trips.

The Handbook method cannot predict or know how each measure could affect vehicle speeds
under the various use cases. Therefore, the vehicle speeds are assumed to remain constant
before and after implementation of all transportation measures.

Use of Transportation Quantification Methodologies for Senate Bill 375
Compliance

As described in Appendix B, Federal and State Planning Framework, Senate Bill (SB) 375 requires
metropolitan planning organizations (MPOs) to incorporate a SCS in their regional transportation
plans (RTPs) and submit it to the California Air Resources Board (CARB) for review. The goal of
the SCS is to reduce regional passenger vehicle VMT and associated GHG emissions through
land use and transportation planning. CARB requires MPOs quantify the passenger vehicle VMT
reductions achieved by their SCSs using a specific method. It is therefore not recommended that
MPOs use the transportation measure quantification methodologies found in this Handbook
when preparing their SCSs.

13 Vehicle running emission factors are, in part, dependent on vehicle speed. Vehicles are generally more emissions-intensive at
speeds that are very low (e.g., 5 mph) and very high (e.g., greater than 70 mph), though this varies by pollutant and vehicle class.
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Climate Resilience

Increased density can put people closer to
resources they may need to access during
an extireme weather event. Increased density
can also shorten commutes, decreasing the
amount of time people are on the road and
exposed to hazards such as exireme heat

or flooding.

Health and Equity Considerations

Neighborhoods should include different
types of housing to support a variety of
household sizes, age ranges, and incomes.

Measure Description

This measure accounts for the VMT reduction achieved by a project
that is designed with a higher density of dwelling units (du)
compared to the average residential density in the U.S. Increased
densities affect the distance people travel and provide greater
options for the mode of travel they choose. Increasing residential
density results in shorter and fewer trips by single-occupancy vehicles
and thus a reduction in GHG emissions. This measure is best
quantified when applied to larger developments and developments
where the density is somewhat similar to the surrounding area due to
the underlying research being founded in data from the
neighborhood level.

Subsector
Land Use

Locational Context

Urban, suburban

Scale of Application
Project/Site

Implementation Requirements

This measure is most accurately quantified when applied to larger
developments and/or developments where the density is
somewhat similar to the surrounding neighborhood.

Cost Considerations

Depending on the location, increasing residential density may
increase housing and development costs. However, the costs of
providing public services, such as health care, education, policing,
and transit, are generally lower in more dense areas where things
are closer together. Infrastructure that provides drinking water and
electricity also operates more efficiently when the service and
transmission area is reduced. Local governments may provide
approval streamlining benefits or financial incentives for infill and
high-density residential projects.

Expanded Mitigation Options

When paired with Measure T-2, Increase Job Density, the
cumulative densification from these measures can result in a
highly walkable and bikeable area, yielding increased co-benefits
in VMT reductions, improved public health, and social equity.
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GHG Reduction Formula
B-C

A= C

x D

GHG Calculation Variables

ID Variable \Z107 Unit Source
Output
A Percent reduction in GHG emissions from project 0-30.0 % calculated
VMT in study area
User Inputs
B Residential density of project development [] du/acre  user input

Constants, Assumptions, and Available Defaults

C Residential density of typical development 9.1 du/acre  Ewing et al.
2007

D Elasticity of VMT with respect to residential density -0.22 unitless Stevens
2016

Further explanation of key variables:

= (C) — The residential density of typical development is based on the blended average
density of residential development in the U.S. forecasted for 2025. This estimate includes
apartments, condominiums, and townhouses, as well as detached single-family housing
on both small and large lots. An acre in this context is defined as an acre of developed
land, not including streets, school sites, parks, and other undevelopable land. If reductions
are being calculated from a specific baseline derived from a travel demand forecasting
model, the residential density of the relevant transportation analysis zone should be used
instead of the value for a typical development.

= (D) — A meta-regression analysis of five studies that controlled for self-selection found

that a 0.22 percent decrease in VMT occurs for every 1 percent increase in residential
density (Stevens 2016).

GHG Calculation Caps or Maximums

Measure Maximum

(Amex) The percent reduction in GHG emissions (A) is capped at 30 percent. The purpose for
the 30 percent cap is to limit the influence of any single built environmental factor (such as
density). Projects that implement multiple land use strategies (e.g., density, design, diversity)
will show more of a reduction than relying on improvements from a single built
environment factor.
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Subsector Maximum

(2 Amaxr., hrough T-4 <65%) This measure is in the Land Use subsector. This subcategory

includes Measures T-1 through T-4. The VMT reduction from the combined implementation
of all measures within this subsector is capped at 65 percent.

Example GHG Reduction Quantification

The user reduces VMT by increasing the residential density of the project study area. In this
example, the project’s residential density would be 15 du per acre (B), which would reduce
GHG emissions from project VMT by 14.2 percent.

du du
15=-9.1 =
A = gc Q€ % .0.22 = -14.2%
9.1 4u
oac

Quantified Co-Benefits

% Improved Local Air Quality

The percent reduction in GHG emissions (A) would be the same as the percent
reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

437 Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A).

@ VMT Reductions

The percent reduction in VMT would be the same as the percent reduction in GHG
emissions (A).

Sources

= Ewing, R., K. Bartholomew, S. Winkelman, J. Walters, and D. Chen. 2007. Growing Cooler: The
Evidence on Urban Development and Climate Change. October. Available:
https://www.nrdc.org/sites/default/files/cit 07092401a.pdf. Accessed: January 2021.

= Stevens, M. 2016. Does Compact Development Make People Drive Less? Journal of the American
Planning Association 83:1(7-18), DOI: 10.1080/01944363.2016.1240044. November. Available:
https://www.researchgate.net/publication/309890412 Does Compact Development_ Make People
Drive_Less. Accessed: January 2021.

=
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Climate Resilience

Increased density can put people closer to
resources they may need to access during
an extreme weather event. Increased
density can also shorten commutes,
decreasing the amount of time people are
on the road and exposed to hazards such
as extreme heat or flooding.

Health and Equity Considerations

Increased job density may increase nearby

housing prices. Jurisdictions should consider

the jobs-housing balance and consider
measures to reduce displacement and
increase affordable housing.

Measure Description

This measure accounts for the VMT reduction achieved by a project
that is designed with a higher density of jobs compared to the
average job density in the U.S. Increased densities affect the
distance people travel and provide greater options for the mode of
travel they choose. Increasing job density results in shorter and
fewer trips by single-occupancy vehicles and thus a reduction in
GHG emissions.

Subsector
Land Use

Locational Context

Urban, suburban

Scale of Application
Project/Site

Implementation Requirements

This measure is most accurately quantified when applied to larger
developments and/or developments where the density is
somewhat similar to the surrounding neighborhood.

Cost Considerations

Areas with increased job density generally have higher economic
gross metropolitan product (GMP) and job growth. Prosperity,
measured as GMP per job, also grows faster in areas with
increased job density. Decreased commute times and car use may
also generate funds for public transit and reduce the need for
infrastructure spending on road maintenance.

Expanded Mitigation Options

When paired with Measure T-1, Increase Residential Density, the
cumulative densification from these measures can result in a
highly walkable and bikeable area, yielding increased co-benefits
in VMT reductions, improved public health, and social equity.
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GHG Reduction Formula
B-C

A=C

x D

GHG Calculation Variables

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions from 0-30.0 % calculated

project VMT in study area
User Inputs
B  Job density of project development [] jobs per acre user input
Constants, Assumptions, and Available Defaults
C  Job density of typical development 145 jobs per acre ITE 2020
D  Elosticity of VMT with respect to job density -0.07 unitless Stevens 2016

Further explanation of key variables:

= (C) — The jobs density is based on the calculated density of a development with a floor-
area ratio of 1.0 and 300 square feet (sf) of building space per employee:

sf
43,560 acre % 1.0 sf _ 145 employees
3 sf acre acre
employee

If reductions are being calculated from a specific baseline derived from a travel
demand forecasting model, the job density of the relevant transportation analysis zone
should be used for this variable instead of the default value presented above.

= (D) — A meta-regression analysis of two studies that controlled for self-selection found

that a 0.07 percent decrease in VMT occurs for every 1 percent increase in job density
(Stevens 2016).

GHG Calculation Caps or Maximums

Measure Maximum

(Amex) The percent reduction in GHG emissions (A) is capped at 30 percent. The purpose for
the 30 percent cap is to limit the influence of any single built environmental factor (such as
density). Projects that implement multiple land use strategies (e.g., density, design, diversity)
will show more of a reduction than relying on improvements from a single built
environment factor.

=
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Subsector Maximum

(2 Amaxr., hrough T-4 <65%) This measure is in the Land Use subsector. This subcategory

includes Measures T-1 through T-4. The VMT reduction from the combined implementation
of all measures within this subsector is capped at 65 percent.

Example GHG Reduction Quantification

The user reduces VMT by increasing the job density of the project study area. In this example,
the project’s job density would be 400 jobs per acre (B), which would reduce GHG emissions
from project VMT by 12.3 percent.

job job
400 192 _ 145 199
A = acre b acre « .0.07 = -12.3%
]45 acre

Quantified Co-Benefits

=25 Improved Local Air Quality
=
The percent reduction in GHG emissions (A) would be the same as the percent

reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

{% Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A).

@ VMT Reductions

The percent reduction in VMT would be the same as the percent reduction in GHG
emissions (A).

Sources

= |nstitute of Transportation Engineers (ITE). Trip Generation Manual. 10" Edition. Available:
https://www.ite.org/technical-resources/topics/trip-and-parking-generation/trip-generation-10th-
edition-formats/. Accessed: January 2021.

= Stevens, M. 2016. Does Compact Development Make People Drive Less? Journal of the American
Planning Association 83:1(7-18), DOI: 10.1080/01944363.2016.1240044. November. Available:
https://www.researchgate.net/publication/309890412 Does_Compact_Development Make People
Drive_Less. Accessed: January 2021.
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Climate Resilience

Providing TOD puts a large number of
people close to reliable public
transportation, diversifying their
transportation options during an extreme
weather event.

Health and Equity Considerations

TOD may increase housing prices, leading
to gentrification and displacement. Please
refer to the Accountability and Anti-
Displacement and Housing section in
Chapter 5, Measures for Advancing Health
and Equity, for potential strategies to
minimize disruption to existing residents.
TOD coupled with affordable housing
options can help to support equity by
helping to lower transportation costs for
residents and increase active mobility.

Measure Description

This measure would reduce project VMT in the study area relative
to the same project sited in a non-transit-oriented development
(TOD) location. TOD refers to projects built in compact, walkable
areas that have easy access to public transit, ideally in a location
with a mix of uses, including housing, retail offices, and
community facilities. Project site residents, employees, and visitors
would have easy access to high-quality public transit, thereby
encouraging transit ridership and reducing the number of single-
occupancy vehicle trips and associated GHG emissions.

Subsector
Land Use

Locational Context

Urban and suburban. Rural only if adjacent to commuter rail
station with convenient rail service to a major employment center.

Scale of Application
Project/Site

Implementation Requirements

To qualify as a TOD, the development must be a residential or
office project that is within a 10-minute walk (0.5 mile) of a high
frequency transit station (either rail, or bus rapid transit with
headways less than 15 minutes). Ideally, the distance should be no
more than 0.25 to 0.3 of a mile but could be up to 0.5 mile if the
walking route to station can be accessed by pedestrian-friendly
routes. Users should confirm “unmitigated” or “baseline” VMT
does not already account for reductions from transit proximity.

Cost Considerations

TOD reduces car use and car ownership rates, providing cost
savings to residents. It can also increase property values and
public transit use rates, providing additional revenue to
municipalities, as well as open new markets for business
development. Increased transit use will likely necessitate increased
spending on maintaining and improving public transit systems, the
costs of which may be high.

Expanded Mitigation Options

When building TOD, a best practice is to incorporate bike and
pedestrian access into the larger network to increase the likelihood
of transit use.
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GHG Reduction Formula

:(BxC)

A -D

GHG Calculation Variables

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions from 6.9-31.0 % calculated

project VMT in study area
User Inputs
None

Constants, Assumptions, and Available Defaults

B  Transit mode share in surrounding city Table T-3.1 % FHWA 2017a

C  Ratio of transit mode share for TOD area with 4.9 unitless Lund et al.
measure compared to existing transit mode 2004
share in surrounding city

D  Auto mode share in surrounding city Table T-3.1 % FHWA 2017b

Further explanation of key variables:

= (B and D) - Ideally, the user will calculate transit and auto mode share for a Project/Site at
a scale no larger than a census tract. Ideally, variables B and D will reflect travel behavior
in locations that are not already within 0.5 mile of a high-quality transit stop and may
instead substitute data from nearby tracts further from transit if such locations exist.
Potential data sources include the U.S. Census, California Household Travel Survey
(preferred), or local survey efforts. If the user is not able to provide a project-specific value
using one of these data sources, they have the option to input the mode share for one of
the six most populated core-based statistical areas (CBSAs) in California, as presented in
Table T-3.1 in Appendix C, Emission Factors and Data Tables. Transit mode share is likely
to be smaller for areas not covered by the listed CBSAs, which represent the most transit-
accessible areas of the state. Conversely, auto mode share is likely to be larger.

= (C) - A study of people living in TODs in California found that, on average, transit shares
for TOD residents exceed the surrounding city by a factor of 4.9 (Lund et al. 2004).

GHG Calculation Caps or Maximums

Measure Maximum

((BXC)mGX) The transit mode share in the project study area with the measure is capped at
27 percent. This is based on the weighted average transit commute mode share of five
surveyed sites in California where residents lived within 3 miles of rail stations (Lund et al.
2004). As transit mode share is typically higher for commute trips compared to all trips, 27
percent represents a reasonable upper bound for expected transit mode share in a TOD

=




T-3. Provide Transit-Oriented Development TRANSPORTATION | 78

area. Projects in the CBSAs of San Francisco-Oakland-Hayward and San Jose-Sunnyvale-
Santa Clara would have their transit mode share capped at 27 percent in the formula.

(Amax) For projects that use default CBSA data from Table T-3.1 in Appendix C, the maximum
percent reduction in GHG emissions (A) is 31.0 percent. This is based on a project in the
CBSA of San Francisco-Oakland-Hayward with a transit mode share that reaches the cap
((BXC)mOX). This maximum scenario is presented in the below example quantification.

Subsector Maximum

(2 Amaxr ; rough T-4 <65%) This measure is in the Land Use subsector. This subcategory

includes Measures T-1 through T-4. The VMT reduction from the combined implementation
of all measures within this subsector is capped at 65 percent.

Example GHG Reduction Quantification

The user reduces VMT by locating their project in a TOD location. Project site residents,
employees, and visitors would have easy access to high-quality public transit, thereby
encouraging transit use and reducing single occupancy vehicle travel. In this example, the
project is within the San Jose-Sunnyvale-Santa Clara CBSA with an existing transit mode
share (B) of 6.69 percent. Applying a 4.9 ratio of transit mode share for TOD area with the
measure compared to existing transit mode share in the surrounding city yields 33 percent,
which exceeds the 27 percent cap ((B x C)mgx). Therefore, 27 percent is used to define

(B x C). The existing vehicle mode share is 86.96 percent (D). The user would reduce GHG
emissions from project study area VMT (as compared to the same project in a non-TOD
location) by 31 percent.

27%

= 86.96% o'

Quantified Co-Benefits

D05 Improved Local Air Quality
O
The percent reduction in GHG emissions (A) would be the same as the percent

reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

{é Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A).

=
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@ VMT Reductions

The percent reduction in VMT would be the same as the percent reduction in GHG
emissions (A).

Sources

» Federal Highway Administration. 2017a. National Household Travel Survey—2017 Table Designer.
Travel Day PMT by TRPTRANS by HH_CBSA. Available: https://nhts.ornl.gov/. Accessed: January
2021.

= Federal Highway Administration. 2017b. National Household Travel Survey — 2017 Table Designer.
Average Vehicle Occupancy by HHSTFIPS. Available: https://nhts.ornl.gov/. Accessed: January 2021.

= Lund, H., R. Cervero, and R. Wilson. 2004. Travel Characteristics of Transit-Oriented Development in
California. January. Available: https://community-wealth.org/sites/clone.community-
wealth.org/files/downloads/report-lund-cerv-wil.pdf. Accessed: January 2021.
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GHG Mitigation Potential
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Climate Resilience

Increasing affordable housing creates the
opportunity for a greater diversity of people
to be closer to their desired destinations and
the resources they may need to access during
an extreme weather event. Close proximity to
destinations allows for more opportunities to
use active transportation and transit and to
be less reliant on private vehicles. Alleviating
the housing-cost burden also enables more
people to remain housed, and increases
people’s capacity to respond to disruptions,
including climate impacts.

Health and Equity Considerations

Neighborhoods should include different types
of housing to support a variety of household
sizes, age ranges, abilities, and incomes.

Measure Description

This measure requires below market rate (BMR) housing. BMR
housing provides greater opportunity for lower income families to
live closer to job centers and achieve a jobs/housing match near
transit. It is also an important strategy to address the limited
availability of affordable housing that might force residents to live
far away from jobs or school, requiring longer commutes. The
quantification method for this measure accounts for VMT reductions
achieved for multifamily residential projects that are deed restricted
or otherwise permanently dedicated as affordable housing.

Subsector
Land Use

Locational Context
Urban, suburban

Scale of Application
Project/Site

Implementation Requirements

Multifamily residential units must be permanently dedicated as
affordable for lower income families. The California Department
of Housing and Community Development (2021) defines lower-
income as 80 percent of area median income or below, and
affordable housing as costing 30 percent of gross household
income or less.

Cost Considerations

Depending on the source of the affordable subsidy, BMR housing
may have implications for development costs but would also have
the benefit of reducing costs for public services, similar to Measure
T-1, Increase Residential Density.

Expanded Mitigation Options

Pair with Measure T-1, Increase Residential Density, and Measure
T-2, Increase Job Density, to achieve greater population and
employment diversity.
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GHG Reduction Formula
A=BxC

GHG Calculation Variables

ID  Variable Value Unit Source
Output
A Percent reduction in GHG emissions from 0-28.6 % calculated

Project/Site VMT for multifamily residential
developments

User Inputs

B  Percent of multifamily units permanently 0-100 % user input
dedicated as affordable

Constants, Assumptions, and Available Defaults

C  Percent reduction in VMT for qualified units -28.6 % ITE 2021
compared to market rate units

Further explanation of key variables:

= (B) — This refers to percent of multifamily units in the project that are deed restricted or
otherwise permanently dedicated as affordable.

= (C) — The 11th Edition of the ITE Trip Generation Manual (ITE 2021) contains daily
vehicle trip rates for market rate multifamily housing that is low-rise and not close to
transit (ITE code 221) as well as affordable multifamily housing (ITE code 223). While
these rates do not account for trip length, they serve as a proxy for the expected
difference in vehicle trip generation and VMT generation presuming similar trip lengths
for both types of land use. If the user has information about trip length differences
between market rate and affordable housing, then adjusting the percent reduction
accordingly is recommended.

Users should note that the ITE trip rate estimates are based on a small sample of studies
for the affordable housing rate and that no stratification of affordable housing by
number of stories was available. This is an important distinction since the multifamily
low-rise vehicle trip rate applies to four or fewer stories. Therefore, this measure may not
apply to affordable housing projects with more than four stories.

GHG Calculation Caps or Maximums

Measure Maximum

(Amex) The maximum GHG reduction from this measure is 28.6 percent. This maximum
scenario is presented in the below example quantification.
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Subsector Maximum

(2 Amaxr., hrough T-4 <65%) This measure is in the Land Use subsector. This subsector includes

Measures T-1 through T-4. The VMT reduction from the combined implementation of all
measures within this subsector is capped at 65 percent.

Example GHG Reduction Quantification

The user reduces project VMT by requiring a portion of the multifamily residential units to
be permanently dedicated as affordable. In this example, the percent of units (B) is 100
percent, which would reduce GHG emissions from VMT by 28.6 percent.

A=100% x -28.6% = -28.6%

Quantified Co-Benefits

=25 Improved Local Air Quality
O

The percent reduction in GHG emissions (A) would be the same as the percent
reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

{é Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A).

@ VMT Reductions

The percent reduction in VMT would be the same as the percent reduction in GHG
emissions (A).

Sources

= California Department of Housing and Community Development. 2021. Income Limits. Available:
https://www.hcd.ca.gov/grants-funding/income-
limits/index.shtml#: ~:text=%E2%80%9 CAffordable%20housing%20cost%E2%80%9D%20for%20lowe
r,0f%20gross%20income%2C%20with%20variations. Accessed; November 2021.

= Institute of Transportation Engineers (ITE). 2021. Trip Generation Manual. 11th Edition. Available:
https://www.ite.org/technical-resources/topics/trip-and-parking-generation/. Accessed; November 2021.


https://www.hcd.ca.gov/grants-funding/income-limits/index.shtml#:~:text=%E2%80%9CAffordable%20housing%20cost%E2%80%9D%20for%20lower,of%20gross%20income%2C%20with%20variations
https://www.hcd.ca.gov/grants-funding/income-limits/index.shtml#:~:text=%E2%80%9CAffordable%20housing%20cost%E2%80%9D%20for%20lower,of%20gross%20income%2C%20with%20variations
https://www.hcd.ca.gov/grants-funding/income-limits/index.shtml#:~:text=%E2%80%9CAffordable%20housing%20cost%E2%80%9D%20for%20lower,of%20gross%20income%2C%20with%20variations
https://www.ite.org/technical-resources/topics/trip-and-parking-generation/

(Voluntary)

GHG Mitigation Potential

Up to 4.0% of GHG
emissions from project/site
employee commute VMT

Co-Benefits (icon key on pg. 34)
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Climate Resilience

CTR programs could result in less traffic,
potentially reducing congestion or delays on
major roads during peak AM and PM traffic
periods. When this reduction occurs during
extreme weather events, it better allows
emergency responders to access a hazard
site. Lower transportation costs would also
increase community resilience by freeing up
resources for other purposes.

Health and Equity Considerations

Design of CTR programs need to ensure
equitable access and benefits to all
employees are provided considering
disparate existing mobility options in
diverse communities.

T-5. Implement Commute Trip Reduction Program

Measure Description

This measure will implement a voluntary commute trip reduction
(CTR) program with employers. CTR programs discourage single-
occupancy vehicle trips and encourage alternative modes of
transportation such as carpooling, taking transit, walking, and
biking, thereby reducing VMT and GHG emissions. Voluntary
implementation elements are described in this measure.

Subsector

Trip Reduction Programs

Locational Context

Urban, suburban

Scale of Application
Project/Site

Implementation Requirements

Voluntary CTR programs must include the following elements to
apply the VMT reductions reported in literature.

= Employer-provided services, infrastructure, and incentives for
alternative modes such as ridesharing (Measure T-8),
discounted transit (Measure T-9), bicycling (Measure T-10),
vanpool (Measure T-11), and guaranteed ride home.

* Information, coordination, and marketing for said services,
infrastructure, and incentives (Measure T-7).

Cost Considerations

Employer costs may include recurring costs for transit subsidies,
capital and maintenance costs for the alternative transportation
infrastructure, and labor costs for staff to manage the program.
Where the local municipality has a VMT reduction ordinance, costs
may include the labor costs for government staff to track the
efficacy of the program.

Expanded Mitigation Options

Other strategies may also be included as part of a voluntary CTR
program, though they are not included in the VMT reductions
reported by literature and thus are not incorporated in the VMT
reductions for this measure.

This program typically serves as a complement to the more
effective workplace CTR measures such as pricing workplace
parking (Measure T-12) or implementing employee parking “cash-
out” (Measure T-13).
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GHG Reduction Formula
A=BxC

GHG Calculation Variables

ID  Variable Value Unit Source
Output
A Percent reduction in GHG emissions from 0-4.0 % calculated

project/site employee commute VMT
User Inputs
B  Percent of employees eligible for program 0-100 % user input
Constants, Assumptions, and Available Defaults
C  Percent reduction in commute VMT from eligible -4 % Boarnet et al.

employees 2014

Further explanation of key variables:

= (B) — This refers to the percent of employees that would be able to participate in the
program. Employees who might not be able to participate could include those who work
nighttime hours when transit and rideshare services are not available or employees who
are required to drive to work as part of their job duties. This input does not refer to the
percent of employees who participate in the program.

= (C) — A policy brief summarizing the results of employer-based trip reduction studies
concluded that these programs reduce total commute VMT for employees at
participating work sites by 4 to 6 percent (Boarnet et al. 2014). To be conservative, the
low end of the range is cited.

GHG Calculation Caps or Maximums

Measure Maximum

(Amex) The maximum GHG reduction from this measure is 4 percent. This maximum
scenario is presented in the below example quantification.

Subsector Maximum

(2 Amaxy.s hrough T-13 <45%) This measure is in the Trip Reduction Programs subsector. This

subcategory includes Measures T-5 through T-13. The employee commute VMT reduction
from the combined implementation of all measures within this subsector is capped at
45 percent.

Mutually Exclusive Measures

If this measure is selected, the user may not also take credit for Measure T-6, which
represents the same implementation activities as Measure T-5, except that the CTR program
would be mandatory. Users should select either Measure T-5 or T-6.

=
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If this measure is selected, the user may not also take credit for Measures T-7 through T-11.
Measure T-5 accounts for the combined GHG reductions achieved by each of these
individual measures. To combine the GHG reductions from T-5 with any of these measures
would be considered double counting. However, the user may take credit for Measures T-
12 through T-13 within the larger CTR subcategory, so long as the combined VMT
reduction does not exceed 45 percent, as noted above.

Example GHG Reduction Quantification

The user reduces employee commute VMT by requiring that employers of a project offer a
voluntary commute trip reduction program to their employees. In this example, the percent
of employees eligible (B) is 100 percent, which would reduce GHG emissions from
employee commute VMT by 4 percent.

A=100% X -4% = -4%
Quantified Co-Benefits

=25 Improved Local Air Quality
=
The percent reduction in GHG emissions (A) would be the same as the percent

reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

{? Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A).

@ VMT Reductions

The percent reduction in VMT would be the same as the percent reduction in GHG
emissions (A).

Sources

= Boarnet, M., H. Hsu, and S. Handy. 2014. Impacts of Employer-Based Trip Reduction Programs and
Vanpools on Passenger Vehicle Use and Greenhouse Gas Emissions. September. Available:
https://ww?2.arb.ca.gov/sites/default/files/2020-06/Impacts_of Employer-
Based Trip_Reduction_Programs_and Vanpools_on_Passenger Vehicle Use and Greenhouse Gas E
missions_Policy Brief.pdf. Accessed: January 2021.
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(Mandatory Implementation and Monitoring)
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GHG Mitigation Potential

@ 26% Up to 26.0% of GHG
.' \ emissions from project/site
employee commute VMT

Co-Benefits (icon key on pg. 34)
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Climate Resilience

Commute trip reduction programs could
result in less traffic, potentially reducing
congestion or delays on major roads during
peak AM and PM traffic periods. When this
reduction occurs during extreme weather
events, it better allows emergency
responders to access a hazard site. Lower
transportation costs would also increase
community resilience by freeing up resources
for other purposes.

Health and Equity Considerations

Design of CTR programs needs to consider
existing mobility options in diverse
communities and ensure equitable access
and benefit to all employees.

Measure Description

This measure will implement a mandatory CTR program with
employers. CTR programs discourage single-occupancy vehicle
trips and encourage alternative modes of transportation such as
carpooling, taking transit, walking, and biking, thereby reducing
VMT and GHG emissions.

Subsector

Trip Reduction Programs

Locational Context

Urban, suburban

Scale of Application
Project/Site

Implementation Requirements

The mandatory CTR program must include all other elements (i.e.,
Measures T-7 through T-11) described for the voluntary program
(Measure T-5) plus include mandatory trip reduction requirements
(including penalties for non-compliance) and regular monitoring
and reporting to ensure the calculated VMT reduction matches the
observed VMT reduction.

Cost Considerations

Employer costs may include recurring, direct costs for transit
subsidies, capital and maintenance costs for alternative
transportation infrastructure, and labor costs for staff to manage
the program. If the local municipality has a mandatory VMT
reduction ordinance, additional employer costs could include non-
compliance penalties if the municipality fines CTR programs that
do not meet a VMT goal. Municipal costs may include the labor
costs for government staff to track the efficacy of the program,
which may be outweighed by revenue generated from fines
collected from non-compliant businesses.

Expanded Mitigation Options

This program typically serves as a complement to the more
effective workplace CTR measures, such as pricing workplace
parking (Measure T-12) or implementing employee parking “cash-
out” (Measure T-13).
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GHG Reduction Formula
A=BXCxD

GHG Calculation Variables

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions from 0-26.0 % calculated

project/site employee commute VMT
User Inputs
B  Percent of employees eligible for program 0-100 % user input
Constants, Assumptions, and Available Defaults

C  Percent reduction in vehicle mode share of -26 % Nelson\Nygaard

employee commute trips Consulting
Associates 2015

D  Adjustment from vehicle mode share to 1 unitless assumed
commute VMT

Further explanation of key variables:

= (B) — This refers to the percent of employees that would be able to participate in the
program. This will usually be 100 percent. Employees who might not be able to participate
could include those who work nighttime hours when transit and rideshare services are not
available or employees who are required to drive to work as part of their job duties. This
input does not refer to the percent of employees who participate in the program.

= (C) — A multiyear study of mode share on Genentech’s South San Francisco campuses
tracked the long-run change in employee commute mode share with implementation of
mandatory CTR. Between 2006 and 2014, employee vehicle mode share (includes
single-occupied vehicles and carpools) decreased from approximately 90 percent to 64
percent, which is a 26 percent reduction (Nelson\Nygaard Consulting Associates 2015).

= (D) - The adjustment factor from vehicle mode share to commute VMT is 1. This assumes
that all vehicle trips will average out to typical trip length. Thus, it can be assumed that @
percentage reduction in vehicle trips will equal the same percentage reduction in VMT.

GHG Calculation Caps or Maximums

Measure Maximum

(Amex) The maximum GHG reduction from this measure is 26 percent. This maximum
scenario is presented in the below example quantification.

Subsector Maximum

(2 Amaxrs rough T-13 <45%) This measure is in the Trip Reduction Programs subsector. This

subcategory includes Measures T-5 through T-13. The employee commute VMT reduction from
the combined implementation of all measures within this subsector is capped at 45 percent.
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Mutually Exclusive Measures

If this measure is selected, the user may not also take credit for Measure T-5, which
represents the same implementation activities as Measure T-5, except that the CTR program
would be mandatory. Users should select either Measure T-5 or T-6.

If this measure is selected, the user may not also take credit for Measures T-7 through T-11.
Measure T-6 accounts for the combined GHG reductions achieved by each of these
individual measures. To combine the GHG reductions from T-6 with any of these measures
would be considered double counting. However, the user may take credit for Measure T-12
and T-13 within the larger CTR subcategory, so long as the combined VMT reduction does
not exceed 45 percent, as noted above.

Example GHG Reduction Quantification

The user reduces employee commute VMT by requiring that the employer of the proposed
project offer a mandatory CTR program to their employees. In this example, the percent of
employees eligible (B) is 100 percent, which would reduce GHG emissions from employee
commute VMT by 26 percent.

A=100% X -26% X 1= -26%

Quantified Co-Benefits

% Improved Local Air Quality

The percent reduction in GHG emissions (A) would be the same as the percent
reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

%r Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A).

@ VMT Reductions

The percent reduction in VMT would be the same as the percent reduction in GHG
emissions (A).

Sources

= Nelson/Nygaard Consulting Associates. 2015. Genentech-South San Francisco Campus TDM and
Parking Report. June. Available: http://ci-ssf-
ca.granicus.com/MetaViewer.php2view id=2&clip_id=859&meta_id=62028. Accessed: January 2021.

=
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GHG Mitigation Potential

Up to 4.0% of GHG
emissions from project/site
employee commute VMT

4%
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Co-Benefits (icon key on pg. 34)
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Climate Resilience

Commute trip reduction programs could
result in less traffic, potentially reducing
congestion or delays on major roads during
peak AM and PM traffic periods. When this
reduction occurs during extreme weather
events, it better allows emergency
responders to access a hazard site. Lower
transportation costs would also increase
community resilience by freeing up
resources for other purposes.

Health and Equity Considerations

Design of CTR programs needs to consider
existing mobility options in diverse
communities and ensure equitable access and
benefit to all employees. CTR programs may
need to include multi-language materials.

Measure Description

This measure will implement a marketing strategy to promote the
project site employer’s CTR program. Information sharing and
marketing promote and educate employees about their travel
choices to the employment location beyond driving such as
carpooling, taking transit, walking, and biking, thereby reducing
VMT and GHG emissions.

Subsector

Trip Reduction Programs

Locational Context

Urban, suburban

Scale of Application
Project/Site

Implementation Requirements

The following features (or similar alternatives) of the marketing
strategy are essential for effectiveness.

= Onsite or online commuter information services.
= Employee transportation coordinators.
= Onsite or online transit pass sales.

= Guaranteed ride home service.

Cost Considerations

Employer costs include labor and materials for development and
distribution of survey and marketing materials to promote the
program and educate potential participants.

Expanded Mitigation Options

This measure could be packaged with other commute trip
reduction measures (Measures T-8 through T-13) as a
comprehensive CTR program (Measure T-5 or T-6).
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GHG Reduction Formula
A=BXCxD

GHG Calculation Variables

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions from 0-4.0 % calculated

project/site employee commute VMT
User Inputs
B  Percent of employees eligible for program 0-100 % user input

Constants, Assumptions, and Available Defaults

C  Percent reduction in employee commute -4 % TRB 2010
vehicle trips
D  Adjustment from vehicle trips to VMT 1 unitless assumed

Further explanation of key variables:

= (B) — This refers to the percent of employees that would be able to participate in the
program. This will usually be 100 percent. Employees who might not be able to
participate could include those who work nighttime hours when transit and rideshare
services are not available or employees who are required to drive to work as part of
their job duties. This input does not refer to the percent of employees who actually
participate in the program.

= (C) — A review of studies measuring the effect of transportation demand management
measures on traveler behavior notes that the average empirically-based estimate of
reductions in vehicle trips for full-scale, site-specific employer support programs is 4 to 5
percent. To be conservative, the low end of the range is cited (TRB 2010).

* (D) — The adjustment factor from vehicle trips to VMT is 1. This assumes that all vehicle
trips will average out to typical trip length (“assumes all trip lengths are equal”). Thus, it
can be assumed that a percentage reduction in vehicle trips will equal the same
percentage reduction in VMT.

GHG Calculation Caps or Maximums

Measure Maximum

(Amax) The maximum GHG reduction from this measure is 4 percent. This maximum
scenario is presented in the below example quantification.

Subsector Maximum

(2 Amaxrs rough T-13 <45%) This measure is in the Trip Reduction Programs subsector. This

subcategory includes Measures T-5 through T-13. The employee commute VMT reduction
from the combined implementation of all measures within this subsector is capped at
45 percent.
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Mutually Exclusive Measures

If this measure is selected, the user may not also take credit for either Measure T-5 or T-6.
However, this measure may be implemented alongside other individual CTR measures
(Measures T-8 through T-13). The efficacy of individual programs may vary highly based
on individual employers and local contexts.

Example GHG Reduction Quantification

The user reduces employee commute VMT by requiring that employers of a project market
to employees travel options for modes alternative to single-occupied vehicles. In this
example, the percent of employees eligible (B) is 100 percent, which would reduce GHG
emissions from employee commute VMT by 4 percent.

A=100% X -4% X 1 = -4%

Quantified Co-Benefits

=25 Improved Local Air Quality
O

The percent reduction in GHG emissions (A) would be the same as the percent
reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

{% Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A).

@ VMT Reductions

The percent reduction in VMT would be the same as the percent reduction in GHG
emissions (A).

Sources

= Transportation Research Board (TRB). 2010. Traveler Response to Transportation System Changes
Handbook, Third Edition: Chapter 19, Employer and Institutional TDM Strategies. June. Available:
http://www.trb.org/Publications/Blurbs/163781.aspx. Accessed: January 2021.

=
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GHG Mitigation Potential

Up to 8.0% of GHG
emissions from project/site
employee commute VMT
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Climate Resilience

Ridesharing programs could result in less
traffic, potentially reducing congestion or
delays on major roads during peak AM and
PM traffic periods. When this reduction
occurs during extreme weather events, it
better allows emergency responders to
access a hazard site. Lower transportation
costs would also increase community
resilience by freeing up resources for

other purposes.

Health and Equity Considerations

Program should include all onsite workers,
such as contractors, interns, and service
workers. Because ridesharing is vehicle-
based, and some employees may not be in
areas with feasible rideshare networks,
design of programs need to ensure
equitable benefits to those with and without
access to rideshare opportunities.

Measure Description

This measure will implement a ridesharing program and establish
a permanent transportation management association with funding
requirements for employers. Ridesharing encourages carpooled
vehicle trips in place of single-occupied vehicle trips, thereby
reducing the number of trips, VMT, and GHG emissions.

Subsector

Trip Reduction Programs

Locational Context
Urban, suburban

Scale of Application
Project/Site

Implementation Requirements

Ridesharing must be promoted through a multifaceted approach.
Examples include the following.

= Designating a certain percentage of desirable parking spaces
for ridesharing vehicles.

= Designating adequate passenger loading and unloading and
waiting areas for ridesharing vehicles.

= Providing an app or website for coordinating rides.

Cost Considerations

Costs of developing, implementing, and maintaining a rideshare
program in a way that encourages participation are generally
borne by municipalities or employers. The beneficiaries include the
program participants saving on commuting costs, the employer
reducing onsite parking expenses, and the municipality reducing
cars on the road, which leads to lower infrastructure and roadway
maintenance costs.

Expanded Mitigation Options

When providing a ridesharing program, a best practice is to
establish funding by a non-revocable funding mechanism for
employer-provided subsidies. In addition, encourage use of low-
emission ridesharing vehicles (e.g., shared Uber Green).

This measure could be paired with any combination of the other
commute trip reduction strategies (Measures T-7 through T-13) for
increased reductions.
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GHG Reduction Formula
A=BxC

GHG Calculation Variables

ID  Variable Value Unit Source
Output
A Percent reduction in GHG emissions from 0-8.0 % calculated

project/site employee commute VMT
User Inputs
B  Percent of employees eligible for program 0-100 % user input
Constants, Assumptions, and Available Defaults

C  Percent reduction in employee commute VMT Table T-8.1 %  SANDAG 2019

Further explanation of key variables:

= (B) — This refers to the percent of employees that would be able to participate in the
program. This will usually be 100 percent. Employees who might not be able to
participate could include those who work nighttime hours when transit and rideshare
services are not available or employees who are required to drive to work as part of
their job duties. This input does not refer to the percent of employees who actually
participate in the program.

= (C) — The percent reduction in employee commute VMT by place type is provided in Table
T-8.1 in Appendix C. The reduction differs by place type because the willingness and
ability to participate in carpooling is higher in urban areas than in suburban areas. Note
that this measure is not applicable for implementation in rural areas (SANDAG 2019).

GHG Calculation Caps or Maximums

Measure Maximum

(Amax) The maximum GHG reduction from this measure is 8 percent.

Subsector Maximum

(2 Amaxrs rough T-13 <45%) This measure is in the Trip Reduction Programs subsector. This

subcategory includes Measures T-5 through T-13. The employee commute VMT reduction
from the combined implementation of all measures within this subsector is capped at
45 percent.

Mutually Exclusive Measures

If this measure is selected, the user may not also take credit for either Measure T-5 or T-6.
However, this measure may be implemented alongside other individual CTR measures
(Measures T-7 and T-9 through T-13). The efficacy of individual programs may vary highly
based on individual employers and local contexts.
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Example GHG Reduction Quantification

The user reduces employee commute VMT by requiring that employers of a project provide
a ridesharing program to their employees. In this example, the percent of employees eligible
(B) at a packaging and distribution center is 50 percent and the place type of the project is
urban (C). GHG emissions from employee commute VMT would be reduced by 4 percent.

A =50% X -8% = -4%

Quantified Co-Benefits

%) Improved Local Air Quality

The percent reduction in GHG emissions (A) would be the same as the percent
reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

{%’ Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A).

@ VMT Reductions

The percent reduction in VMT would be the same as the percent reduction in GHG
emissions (A).

Sources

= San Diego Association of Governments (SANDAG). 2019. Mobility Management VMT Reduction
Calculator Tool-Design Document. June. Available: https://www.icommutesd.com/docs/default-
source/planning/tool-design-document final 7-17-19.pdf2sfvrsn=ec3%eb3b_2. Accessed: January 2021.
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Program

GHG Mitigation Potential

Up to 5.5% of emissions from
employee/resident vehicles
accessing the site
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Climate Resilience

Subsidized and discounted transit programs
increase the capacity of low-income
populations to use transit to evacuate or
access resources during an extreme weather
event. They could also incentivize more people
to use transit, resulting in less traffic and better
allowing emergency responders to access a
hazard site during an extreme weather event.
Lower overall out-of-pocket costs would also
help increase community resilience by freeing
up resources for other purposes.

Health and Equity Considerations

Program should include all onsite workers,
such as contractors, interns, and service
workers.

Measure Description

This measure will provide subsidized or discounted, or free transit
passes for employees and/or residents. Reducing the out-of-pocket
cost for choosing transit improves the competitiveness of transit
against driving, increasing the total number of transit trips and
decreasing vehicle trips. This decrease in vehicle trips results in
reduced VMT and thus a reduction in GHG emissions.

Subsector
Trip Reduction Programs

Locational Context

Urban, suburban

Scale of Application
Project/Site

Implementation Requirements

The project should be accessible either within 1 mile of high-
quality transit service (rail or bus with headways of less than 15
minutes), 0.5 mile of local or less frequent transit service, or along
a designated shuttle route providing last-mile connections to rail
service. If a well-established bikeshare service (Measure T-22-A) is
available, the site may be located up to 2 miles from a high-
quality transit service.

If more than one transit agency serves the site, subsidies should be
provided that can be applied to each of the services available. If
subsidies are applied for only one service, all variable inputs
below should also pertain only to the service that is subsidized.

Cost Considerations

The employer cost is the recurring, direct cost for transit subsidies.
The subsidies will lower the per capita income of the transit
service, decreasing the revenue of the local transit agency. This
cost may be offset by increased revenue from increased ridership.
The beneficiaries include the program participants saving on
commuting cost, the employer reducing onsite parking expenses,
and the municipality reducing cars on the road, which leads to
lower infrastructure and roadway maintenance costs.

Expanded Mitigation Options

This measure could be paired with any combination of the other
commute trip reduction strategies (Measures T-7 through T-13) for
increased reductions.
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GHG Reduction Formula

C
A=§><G><D><E><F><H><I

GHG Calculation Variables

If subsidies or discounts target employees, the GHG reduction from this measure may be
limited to work-related employee trips only (i.e., home-to- work) and work-to-other, where at
least one trip end is work). If residents are targeted, the GHG reductions extend to all trips.

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions from 0-5.5 % calculated

employee/resident vehicles accessing the site

User Inputs
B  Average transit fare without subsidy [] $ user input
C  Subsidy amount [] $ user input
D  Percent of employees/residents eligible for 0-100 % user input
subsidy
E  Percent of project-generated VMT from 0-100 % user input

employees/residents

Constants, Assumptions, and Available Defaults

F  Transit mode share of all trips or work trips Table T-3.1 or % FHWA 2017
Table T-9.1
G  Elasticity of transit boardings with respect to -0.43 unitless Taylor et al.
transit fare price 2008
H  Percent of transit trips that would otherwise 50 % Handy &
be made in a vehicle Boarnet 2013
I Conversion factor of vehicle trips to VMT 1.0 unitless assumption

Further explanation of key variables:

= (B and C) — The average transit fare and subsidy amount can be presented as either a
fare per ride, or the cost of a monthly pass for typical transit service near the site. Pricing
should be based on the expected means of subsidy implementation; for instance, if a
monthly pass is provided to all residents, prices should be input on a monthly basis.

= (D) — The percentage of employees/residents associated with the site who have access to
the subsidy. If subsidy is provided as an employee benefit, care should be taken to
account for any contract or temporary workers who do not receive such benefits.

= (E) — The percentage of project-generated VMT from employees/residents is used to
adjust the percent reduction in GHG emissions from the scale of employee and/or
resident-generated VMT to project-generated VMT. If subsidies or discounts target
employees at an office development, this value would simply be 100 percent. If the
project site is a multifamily development with no onsite workers, this value would also be



T-9. Implement Subsidized or Discounted Transit Program TRANSPORTATION | 97 @

100 percent. If the project site is a retail development, this value would be less than 100
percent, as it does not account for retail shopper trips to the site. The share of total VMT
generated by employees for visitor-intensive uses, such as retail or medical offices, can
be roughly estimated by multiplying the total number of employees by two (to account
for both arrival and departure), divided by the total number of daily trips.

= (F) - Ideally, the user will calculate transit mode share for work trips or all trips of a
Project/Site at a scale no larger than a census tract. Potential data sources include the
U.S. Census, California Household Travel Survey (preferred), or local survey efforts.
Care should be taken not to present the reported commute mode share as retrieved
from the American Community Survey (ACS), unless the land use is office or
employment based and the tables are based on work location (rather than home
location). If the subsidies or discounts target employees and their commute trips, then
the mode share should use the home-to-work trip purpose. If the user is not able to
provide a project-specific value using one of the data sources described above, they
have the option to input the transit mode share for one of the six most populated CBSAs
in California. The transit mode share for work trips by CBSA is presented in Table T-9.1
in Appendix C (FHWA 2017). The transit mode share for all trips is provided in Table T-
3.1 in Appendix C.

= (G) — A cross-sectional analysis of transit use in 265 urbanized areas in the U.S. found
that a 0.43 percent decrease in transit boardings occurs for every 1 percent increase in
transit fare price (Taylor et al. 2008). A policy brief summarizing the results of transit
service strategies found this analysis to fall in the mid-point of observed, short-term
values (Handy & Boarnet 2013). Price elasticities of transit demand vary based on both
long-term and short-term demand, service type, and service location (Litman 2020 and
Handy & Boarnet 2013).

= (H) — Not all new transit trips replace a vehicle trip. The share of transit trips that would
otherwise be made by private vehicle ranges from less than 5 percent to 50 percent
across studies. This assumption is based on observed values for high quality BRT service
under the assumption that this measure is implemented alongside marketing measures
and is targeted primarily at reducing vehicle commute trips. (Handy & Boarnet 2013).
Note that this study looked at service improvements rather than fare changes and is
used as a proxy variable. If project-specific or location-specific information is available,
it should be substituted for this assumptive variable.

= (I) = The adjustment factor from vehicle trips to VMT is 1. This assumes that all vehicle
trips will average out to typical trip length (“assumes all trip lengths are equal”). Thus, it
can be assumed that a percentage reduction in vehicle trips will equal the same
percentage reduction in VMT. Subsidies or discounts targeting commute trips may have
a higher factor as they are generally longer than the trip lengths for other purposes.

GHG Calculation Caps or Maximums

Measure Maximum

(Amex) The GHG reduction is capped at 5.5 percent, which is based on the following
assumptions:

= (C=B) - The subsidy coverage is capped at 100 percent of the typical transit fare.
= (D) - All employees are eligible for the subsidy.
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= (E) — All project-generated VMT is from employee-generated VMT.

= (F) — Employees at an office development in the San Francisco-Oakland-Hayward CBSA
have a default transit mode share for work trips of 25.60 percent.

Subsector Maximum

(2 Amaxrs rough T-13 <45%) This measure is in the Trip Reduction Programs subsector. This

subcategory includes Measures T-5 through T-13. The employee commute VMT reduction
from the combined implementation of all measures within this subsector is capped at
45 percent.

Mutually Exclusive Measures

If this measure is selected, the user may not also take credit for either Measure T-5 or T-6.
However, this measure may be implemented alongside other individual CTR measures
(Measures T-7, T-8, T-10 through T-13). The efficacy of individual programs may vary
highly based on individual employers and local contexts.

Example GHG Reduction Quantification

In this example, the user reduces VMT by providing all employees (D) of a proposed office
development in the San Francisco-Oakland-Hayward CBSA a 100 percent transit subsidy in
the form of a $100 monthly transit pass (C=B). The user would reduce GHG emissions
from VMT by 5.5 percent.

A= (21% X —0.43) X 100% x 100% x 25.60% x 50% x 1 = -5.5%

Quantified Co-Benefits

%f) Improved Local Air Quality

The percent reduction in GHG emissions (A) would be the same as the percent
reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

{% Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A).

@ VMT Reductions

The percent reduction in VMT would be the same as the percent reduction in GHG
emissions (A).
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Sources

= Federal Highway Administration (FHWA). 2017. National Household Travel Survey—-2017 Table
Designer. Travel Day PMT by TRPTRANS by HH_CBSA, Workers by WRKTRANS by HH_CBSA.
Available: hitps://nhts.ornl.gov/. Accessed: January 2021.

* Handy, L. and S. Boarnet. 2013. Impacts of Transit Service Strategies on Passenger Vehicle Use and
Greenhouse Gas Emissions. Available:
http://www.arb.ca.gov/cc/sb375/policies/transitservice/transit_brief.pdf. Accessed: January 2021.

= Litman, T. 2020. Transit Price Elasticities and Cross-elasticities. Victoria Transport Policy Institute. April.
Available: https://www.vtpi.org/tranelas.pdf. Accessed: January 2021.

= Taylor, B., D. Miller, H. Iseki, and C. Fink. 2008. Nature and/or Nurture2 Analyzing the Determinants
of Transit Ridership Across US Urbanized Areas. Transportation Research Part A: Policy and Practice,
43(1), 60-77. Available:
https://citeseerx.ist.psu.edu/viewdoc/download2doi=10.1.1.367.5311&rep=rep 1 &type=pdf.
Accessed: January 2021.
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GHG Mitigation Potential
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Climate Resilience

End-of-trip bicycle facilities could take more
cars off the road, resulting in less traffic and
better allowing emergency responders to
access a hazard site during an extreme
weather event. They could also make it
easier for bicycle users to access resources in
an extreme weather event.

Health and Equity Considerations

Facilities should be inclusive of all gender
identities and expressions. Consider
including gender-neutral, single-occupancy
options to allow for additional privacy for
those who want it.

Measure Description

This measure will install and maintain end-of-trip facilities for
employee use. End-of-trip facilities include bike parking, bike
lockers, showers, and personal lockers. The provision and
maintenance of secure bike parking and related facilities encourages
commuting by bicycle, thereby reducing VMT and GHG emissions.

Subsector

Trip Reduction Programs

Locational Context

Urban, suburban

Scale of Application
Project/Site

Implementation Requirements

End-of-trip facilities should be installed at a size proportional to
the number of commuting bicyclists and regularly maintained.

Cost Considerations

Employer costs include capital and maintenance costs for
construction and maintenance of facilities and potentially labor
and materials costs for staff to monitor facilities and provide
marketing to encourage use of new facilities. The beneficiaries
include the program participants saving on commuting cost, the
employer reducing onsite parking expenses, and the municipality
reducing cars on the road, which leads to lower infrastructure and
roadway maintenance costs.

Expanded Mitigation Options

Best practice is to include an onsite bicycle repair station and
post signage on or near secure parking and personal lockers
with information about how to reserve or obtain access to
these amenities.

This measure could be paired with any combination of the other
commute trip reduction strategies (Measures T-7 through T-13) for
increased reductions.
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GHG Reduction Formula

_ Cx(E-(BxB)
a DXxF

A

GHG Calculation Variables

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions from 0.1-4.4 % calculated

employee project/site commute VMT
User Inputs
None

Constants, Assumptions, and Available Defaults

B  Bike mode adjustment factor 1.78 or  unitless Buehler 2012
4.86

C Existing bicycle trip length for all trips in Table miles FHWA 2017a
region T-10.1

D Existing vehicle trip length for all trips in Table miles FHWA 2017a
region T-10.1

E  Existing bicycle mode share for work trips Table % FHWA 2017b
in region T-10.2

F  Existing vehicle mode share for work trips Table % FHWA 2017b
in region T-10.2

Further explanation of key variables:

= (B) — The bike mode adjustment factor should be provided by the user based on type of
bike facility. A study found that commuters with showers, lockers, and bike parking at
work are associated with 4.86 times greater likelihood to commute by bicycle when
compared to individuals without any bicycle facilities at work. Individuals with bike
parking, but no showers and lockers at the workplace, are associated with 1.78 times
greater likelihood to cycle to work than those without trip-end facilities (Buehler 2012).

= (C and D) - Ideally, the user will calculate bicycle and auto trip length for a Project/Site
at a scale no larger than a census tract. Potential data sources include the U.S. Census,
California Household Travel Survey (preferred), or local survey efforts. If the user is not
able to provide a project-specific value using one of these data sources, they have the
option to input the trip lengths for bicycles and vehicles for one of the six most populated
CBSAs in California, as presented in Table T-10.1 in Appendix C (FHWA 2017a). Trip
lengths are likely to be longer for areas not covered by the listed CBSAs, which represent
the denser areas of the state.

* (E and F) - Ideally, the user will calculate bicycle and auto mode share for work trips for
a Project/Site at a scale no larger than a census tract. Potential data sources include the
U.S. Census, California Household Travel Survey (preferred), or local survey efforts. If
the user is not able to provide a project-specific value using one of these data sources,
they have the option to input the regional average mode shares for bicycle and vehicle
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work trips for one of the six most populated CBSAs in California, as presented in Table
T-10.2 in Appendix C (FHWA 2017b). If the project study area is not within the listed
CBSAs or the user is able to provide a project-specific value, the user should replace
these regional defaults in the GHG reduction formula. For areas not covered by the
listed CBSAs, which represent the denser areas of the state, bicycle mode share is likely
to be lower and vehicle share higher than presented in Table T-10.2.

GHG Calculation Caps or Maximums

Measure Maximum

(Amex) The maximum GHG reduction from this measure is 4.4 percent. This maximum
scenario is presented in the below example quantification.

Subsector Maximum

(2 Amaxr.s hrough T-13 <45%) This measure is in the Trip Reduction Programs subsector. This

subcategory includes Measures T-5 through T-13. The employee commute VMT reduction
from the combined implementation of all measures within this subsector is capped at
45 percent.

Mutually Exclusive Measures

If this measure is selected, the user may not also take credit for either Measure T-5 or T-6.
However, this measure may be implemented alongside other individual CTR measures
(Measures T-7, T-8, T-9, and T-11 through T-13). The efficacy of individual programs may
vary highly based on individual employers and local contexts.

Example GHG Reduction Quantification

The user reduces VMT by providing end-of-trip facilities for the project’s employees, which
encourages bicycle trips in place of vehicle trips. In this example, the type of bike facility
provided by the project is parking with showers, bike lockers, and personal lockers (B). The
project is within San Jose-Sunnyvale-Santa Clara CBSA, and the user does not have
project-specific values for trip lengths and mode shares and for bicycles and vehicles. Per
Tables T-10.1 and T-10.2 in Appendix C, inputs for these variables are 2.8 miles, 11.5
miles, 4.1 percent, and 86.6 percent, respectively (C, D, E, and F). GHG emissions from
employee commute YMT would be reduced by 4.4 percent.

2.8 miles X (4.1%— (4.86 x 4.1%)) .
A= 11.5 miles x 86.6% = -44%

Quantified Co-Benefits

%f) Improved Local Air Quality

The percent reduction in GHG emissions (A) would be the same as the percent
reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
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calculated by multiplying the percent reduction in GHG emissions (A) by an
adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

{? Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A).

@ VMT Reductions

The percent reduction in VMT would be the same as the percent reduction in GHG
emissions (A).

Sources

= Buehler, R. 2012. Determinants of bicycle commuting in the Washington, DC region: The role bicycle
parking, cyclist showers, and free car parking at work. Transportation Research Part D, 17, 525-531.
Available: http://www.pedbikeinfo.org/cms/downloads/DeterminantsofBicycleCommuting.pdf.
Accessed: January 2021.

= Federal Highway Administration (FHWA). 2017a. National Household Travel Survey-2017 Table
Designer. Travel Day PT by TRPTRANS by HH_CBSA. Available: https://nhts.ornl.gov/. Accessed:
January 2021.

= Federal Highway Administration (FHWA). 2017b. National Household Travel Survey-2017 Table Designer.
Workers by WRKTRANS by HH_CBSA. Available: hitps://nhts.ornl.gov/. Accessed: January 2021.
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Climate Resilience

Employer-sponsored vanpools could result in
less traffic, potentially reducing congestion
or delays on major roads during peak AM
and PM traffic periods. When this reduction
occurs during extreme weather events, it
better allows emergency responders to
access a hazard site.

Health and Equity Considerations

Consider using zero-emission or plug-in
electric vehicles (PHEVs) for additional
emission reduction benefits.

Measure Description

This measure will implement an employer-sponsored vanpool
service. Vanpooling is a flexible form of public transportation that
provides groups of 5 to 15 people with a cost-effective and
convenient rideshare option for commuting. The mode shift from
long-distance, single-occupied vehicles to shared vehicles reduces
overall commute VMT, thereby reducing GHG emissions.

Subsector

Trip Reduction Programs

Locational Context

Urban, suburban, rural

Scale of Application
Project/Site

Implementation Requirements

Vanpool programs are more appropriate for the building
occupant or tenant (i.e., employer) to implement and monitor than
the building owner or developer.

Cost Considerations

Employer costs primarily include the capital costs of vehicle
acquisition and the labor costs of drivers, either through incentives
to current employees or the hiring of dedicated drivers. The
beneficiaries include the program participants saving on
commuting cost, the employer reducing onsite parking expenses,
and the municipality reducing cars on the road, which leads to
lower infrastructure and roadway maintenance costs.

Expanded Mitigation Options

When implementing a vanpool service, best practice is to subsidize
the cost for employees that have a similar origin and destination
and provide priority parking for employees that vanpool.

This measure could be paired with any combination of the other
commute trip reduction strategies (Measures T-7 through T-13) for
increased reductions.
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GHG Reduction Formula

((1—B)><C><F)+(B><%><G)
A= (1I-B)xCxF)+ (BxD X F) -

GHG Calculation Variables

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions from  3.4-20.4 % calculated

project/site employee commute VMT
User Inputs
None

Constants, Assumptions, and Available Defaults

B Percent of employees that participate in 2.7 % SANDAG 2019
vanpool program

C  Average length of one-way vehicle Table miles per trip FHWA 2017
commute trip in region T-11.1

D  Average length of one-way vanpool 42.0 miles per trip SANDAG 2019
commute trip

E  Average vanpool occupancy (including 6.25 occupants SANDAG 2019
driver)

F Average emission factor of average 307.5 g COse per mile CARB 2020
employee vehicle

G  Vanpool emission factor 763.4 g COze per mile CARB 2020

Further explanation of key variables:

= (B) — The percent of employees that would participate in a vanpool program is based on
a survey of commuters in San Diego County (SANDAG 2019). If the project is not within
San Diego County or the user is able to provide a project-specific value for within San
Diego County, the user should replace the default employee participation rate in the
GHG reduction formula.

= (C) - Ideally, the user will calculate auto commute trip lengths for a Project/Site at a
scale no larger than a census tract. Potential data sources include the U.S. Census,
California Household Travel Survey (preferred), or local survey efforts. If the user is not
able to provide a project-specific value using one of these data sources, they have the
option to input the regional average one-way auto commute trip length for one of the six
most populated CBSAs in California, as presented in Table T-11.1 in Appendix C
(FHWA 2017). Trip lengths are likely to be longer for areas not covered by the listed
CBSAs, which represent the denser areas of the state.

= (D and E) — The average one-way vanpool commute trip length and occupancy are
based on data from the San Diego Association of Government’s regional vanpool
program (SANDAG 2019). If the project is not within San Diego County or the user is
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able to provide a project-specific value for within San Diego County, the user should
replace these defaults in the GHG reduction formula.

* (F and G) — The average GHG emission factors for employee commute and vanpool
vehicles were calculated in terms of COze per mile using EMFAC2017 (v1.0.3). The model
was run for a 2020 statewide average using diesel and gasoline fuel. The average of the
light-duty automobile (LDA) and light duty truck (LDT1/LDT2) vehicle categories represents
employee non-vanpool vehicles and the light-heavy duty truck (LHDT1) vehicle category
conservatively represents a large cargo vanpool vehicle. The running emission factors for
CO;, CH4, and N,O (CARB 2020) were multiplied by the corresponding 100-year GWP
values from the IPCC's Fourth Assessment Report (IPCC 2007). If the user can provide a
project-specific value (i.e., for a future year and project location), the user should run
EMFAC to replace the defaults in the GHG reduction formula.

GHG Calculation Caps or Maximums

Measure Maximum

(Amax) For projects in San Diego County that use default CBSA data from Table T-11.1 and
(Brmax), the maximum percent reduction in GHG emissions (A) is 20.4 percent. This
maximum scenario is presented in the below example quantification.

(Bmex) The percent of employees that participate in the vanpool program is capped at 15
percent, which is based on the high end of vanpool participation survey data for several
successful programs in the U.S. (SANDAG 2019).

Subsector Maximum

(2 Amaxr.s rough T-13 <45%) This measure is in the Trip Reduction Programs subsector. This

subcategory includes Measures T-5 through T-13. The employee commute VMT reduction
from the combined implementation of all measures within this subsector is capped at
45 percent.

Mutually Exclusive Measures

If this measure is selected, the user may not also take credit for either Measure T-5 or T-6.
However, this measure may be implemented alongside other individual CTR measures
(Measures T-7 through T-10, T-12, and T-13). The efficacy of individual programs may
vary highly based on individual employers and local contexts.

Example GHG Reduction Quantification

The user reduces employee commute VMT by requiring that the employer of the project to
sponsor a vanpool program. In this example, the project is in the San Diego-Carlsbad
CBSA and would have an average vehicle commute trip length of 14.52 miles (C). The
percent of employees that participate in the vanpool program is 15 percent (Bu..). GHG
emissions from employee commute would be reduced by 20.4 percent.
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A:
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Quantified Co-Benefits

=5 Improved Local Air Quality
O

The percent reduction in GHG emissions (A) would be the same as the percent
reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

4 Energy and Fuel Savings
S

The percent reduction in vehicle fuel consumption (H) can be calculated using the GHG
reduction formula except that (F) and (G) should be replaced by (l) and (J), as follows.

Fuel Use Reduction Formula
(1-B)xCxI)+ (BX%XJ)

H = _]
(1-B)xCxI)+BxDxI

Fuel Use Reduction Calculation Variables

ID Variable Value Unit Source
Output
H Percent reduction in fuel use from 4.7-21.4 % calculated

project/site employee commute VMT
User Inputs
None
Constants, Assumptions, and Available Defaults

I Fuel efficiency of average employee 0.03639 gallon (gal)  CARB 2020
vehicle per mile

J Fuel efficiency of vanpool vehicle 0.08328 gal per mile  CARB 2020

Further explanation of key variables:

= (I and J) — The average fuel efficiencies for employee commute and vanpool
vehicles were calculated using EMFAC2017 (v1.0.3). The model was run for a
2020 statewide average using diesel and gasoline fuel. The average of the LDA,

=
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LDT1, and LDT2 vehicle categories represents employee non-vanpool vehicles,
and the LHDT1 vehicle category conservatively represents a large cargo vanpool
vehicle. If the user can provide a project-specific value (i.e., for a future year and
project location), the user should run EMFAC to replace the defaults in the fuel
use reduction formula.

= Please refer to the GHG Calculation Variables table above for definitions of
variables that have been previously defined.

@ VMT Reductions

The percent reduction in VMT can be calculated using a modified version of the
GHG reduction formula, as shown below.

((1-B) x C) + (Bx%)_]

% VMT Reduction = C

Sources

= California Air Resources Board (CARB). 2020. EMFAC2017 v1.0.3. August. Available:
https://arb.ca.gov/emfac/emissions-inventory. Accessed: January 2021.

= Federal Highway Administration (FHWA). 2017. National Household Travel Survey—2017 Table
Designer. Travel Day VT by HH_CBSA by TRPTRANS by TRIPPURP. Available: https://nhts.ornl.gov/.
Accessed: January 2021.

= Intergovernmental Panel on Climate Change (IPCC). 2007. Climate Change 2007: The Physical
Science Basis. Contribution of Working Group | to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change [Solomon, S., D. Qin, M. Manning, Z. Chen, M. Marquis,
K. B. Averyt, M. Tignor and H.L. Miller (eds.)]. Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA, 996 pp. Available: https://www.ipcc.ch/report/ard/wg1/.
Accessed: January 2021.

= San Diego Association of Governments (SANDAG). 2019. Mobility Management VMT Reduction Calculator
Tool-Design Document. June. Available: https://www.icommutesd.com/docs/default-source/planning/tool-
design-document _final_7-17-19.pdf2sfvrsn=ec39eb3b_2. Accessed: January 2021.
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Climate Resilience

Priced workplace parking could incentivize
increased use of public transit and thus
result in less traffic, potentially reducing
congestion or delays on major roads during
peak AM and PM traffic periods. When this
reduction occurs during extreme weather
events, it better allows emergency
responders to access a hazard site.

Health and Equity Considerations

Parking pricing should include hourly and
daily options so part-time staff do not need
a monthly pass. If the project includes low-
waged employees that have fewer
transportation choices or time and resource
constraints, it is instead recommended to
consider implementing Measure T-13,
Implement Employee Parking Cash-Out, or
other transportation subsidy.

Measure Description

This measure will price onsite parking at workplaces. Because free
employee parking is a common benefit, charging employees to park
onsite increases the cost of choosing to drive to work. This is
expected to reduce single-occupancy vehicle commute trips, resulting
in decreased VMT, thereby reducing associated GHG emissions.

Subsector

Trip Reduction Programs

Locational Context
Urban, suburban

Scale of Application
Project/Site

Implementation Requirements
Implementation may include the following.
= Explicitly charging for employee parking.
= Implementing above-market rate pricing.

= Validating parking only for invited guests (or not providing
parking validation at all).

= Not providing employee parking and transportation
allowances.

In addition, this measure should include marketing and education
regarding available alternatives to driving.

Cost Considerations

Parking fees would be a direct, recurring cost for employees.
Employer costs include labor costs for program management
and monitoring, but this may be offset by revenue generated by
the program.

Expanded Mitigation Options

Best practice is to ensure that other transportation options are
available, convenient, and have competitive travel times (i.e.,
transit service near the project site, shuttle service, or a complete
active transportation network serving the site and surrounding
community), and that there is not alternative free parking available
nearby (such as on-street). This measure is substantially less
effective in environments that do not have other modes available
or where unrestricted street parking or other offsite parking is
available nearby and has adequate capacity to accommodate
project-related vehicle parking demand.
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GHG Reduction Formula

For calculating effectiveness of pricing residential parking, see Measure T-16, Unbundle
Residential Parking Costs from Property Cost. For calculating effectiveness of pricing
parking at visitor-intensive land uses, see Measure T-24, Implement Market Price Public
Parking (On-Street).

B-C
A= C

XExXxDXF

GHG Calculation Variables

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions from 0-20.0 % calculated

employee commute VMT

User Inputs
B  Proposed parking price [] $ user input
C  Baseline parking price [] $ user input
D  Share of employees paying for parking [] % user input

Constants, Assumptions, and Available Defaults

E  Elosticity of parking demand with -0.4 unitless Lehner &
respecting to parking price Peer 2019
F Ratio of vehicle trip reduction to VMT 1 unitless  assumption

Further explanation of key variables:

= (B) — Parking price can be provided on an hourly, daily, or monthly basis. Monthly
pricing is less effective than requiring daily or hourly payment since the price signal is
diluted to only once a month.

= (C) - If baseline parking price is $0 (that is, if parking is typically free), set C = V4 B,
allowing for the maximum 50 percent increase in price. Alternatively, for locations
that are located within 0.5 mile of transit service, set C = average transit fare to/from
the location.

= (D) — Many organizations allow some employees free parking benefits. VMT reductions
should be adjusted based on the share of employees that would be paying for parking.

= (E) — A meta-analysis of parking price studies found that a 0.40 percent decrease in
parking demand occurs for every 1 percent increase in parking price (Lehner & Peer
2019). Price elasticity of parking demand varies by location, day of the week, and time
of day.

= (F) — The adjustment factor from vehicle trips to VMT is 1. This assumes that all vehicle
trips will average out to typical trip length (“assumes all trip lengths are equal”). Thus, it
can be assumed that a percentage reduction in vehicle trips will equal the same
percentage reduction in VMT. Subsidies or discounts targeting commute trips may have
a higher factor as they are generally longer than the trip lengths for other purposes.
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GHG Calculation Caps or Maximums

Measure Maximum

(Amax) The GHG reduction from priced workplace parking is capped at 20 percent. This
maximum scenario is presented in the below example quantification.

(

B-C

c ) The percent increase in parking price is capped at 50 percent.
max

Subsector Maximum

(2 Amaxrs rough T-13 <45%) This measure is in the Trip Reduction Programs subsector. This

subcategory includes Measures T-5 through T-13. The employee commute VMT reduction
from the combined implementation of all measures within this subsector is capped at
45 percent.

Mutually Exclusive Measures

If this measure is selected, the user may not also take credit for Measure T-13, Implement
Employee Parking Cash-Out. While both measures focus on providing a price signal for
employees to consider other modes for their work commute, this measure actively charges
all employees to park, while Measure T-13 reimburses employees who do not park. Users
should select either Measure T-12 or T-13.

Example GHG Reduction Quantification

The user reduces VMT by increasing the price of a monthly parking permit. In this example,
the permit fee is increased from $50 (C) to $75 (B). If 100 percent of employees are subject
to parking pricing (D), the user would reduce GHG emissions from VMT by 20 percent.

_ $75-$50

A= 7350

X -0.4 X 100% x 1 = -20%

Quantified Co-Benefits

%f) Improved Local Air Quality

The percent reduction in GHG emissions (A) would be the same as the percent
reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

{% Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A).

=
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@ VMT Reductions

The percent reduction in VMT would be the same as the percent reduction in
GHG emissions (A).

Sources

= Lehner, S., Peer, S. 2019. The Price Elasticity of Parking: A Meta-analysis. Transportation Research Part
A: Policy and Practice 121 2019. Available:
http://sustainabletransportationsc.org/garage/pdf/parking_elasticity.pdf. Accessed: January 2021.



T-13. Implement Employee Parking Cash-Out

- '
GHG Mitigation Potential

Up to 12.0% of GHG
emissions from project/site
employee commute VMT

Co-Benefits (icon key on pg. 34)

2 4@ AP

&

Climate Resilience

Employee parking cash-out could incentivize
increased use of public transit and thus
result in less traffic, potentially reducing
congestion or delays on major roads during
peak AM and PM traffic periods. When this
reduction occurs during extreme weather
events, it better allows emergency
responders to access a hazard site.

Health and Equity Considerations
Non-applicable

Measure Description

This measure will require project employers to offer employee
parking cash-out. Cash-out is when employers provide employees
with a choice of forgoing their current subsidized/free parking for a
cash payment equivalent to or greater than the cost of the parking
space. This encourages employees to use other modes of travel
instead of single occupancy vehicles. This mode shift results in
people driving less and thereby reduces VMT and GHG emissions.

Subsector

Trip Reduction Programs

Locational Context

Urban, suburban

Scale of Application
Project/Site

Implementation Requirements

To prevent spill-over parking and continued use of single occupancy
vehicles, residential parking in the surrounding area must be
permitted, and public on-street parking must be market rate.

Cost Considerations

Employer costs include the recurring, direct cost for payment to
program participants and labor costs for program management.
Employees that participate in the program would achieve cost
savings through the cash-out benefit and potentially through
reduced vehicle ownership and usage.

Expanded Mitigation Options

This measure could be paired with many other commute trip
reduction strategies (Measures T-7 through T-11) for increased
reductions.
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GHG Reduction Formula
A=BxC

GHG Calculation Variables

ID  Variable Value Unit Source
Output
A Percent reduction in GHG emissions 0-12.0 % calculated

from project/site commute VMT
User Inputs
B  Percentage of employees eligible [] % user input
Constants, Assumptions, and Available Defaults

C  Percent reduction in commute VMT -12 % Shoup 2005
from implementation of measure

Further explanation of key variables:

= (B) — The percentage of employees eligible refers to the employees that would be able to
participate in the program. This will usually be 100 percent. Employees who might not
be able to participate could include those who work nighttime hours when transit and
rideshare services are not available or employees who are required to drive to work as
part of their job duties. This does not refer to the percentage of employees who end up
participating in the program.

= (C) — A study of eight California firms that complied with California’s 1992 parking
cash-out law found employee commute VMT decreased by an average of 12 percent
(Shoup 2005).

GHG Calculation Caps or Maximums

Measure Maximum

(Amax) The maximum percent reduction in GHG emissions (A) is 12.0 percent. This
maximum scenario is presented in the below example quantification.

Subsector Maximum

(2 Amaxr.s hrough T-13 <45%) This measure is in the Trip Reduction Programs subsector. This

subcategory includes Measures T-5 through T-13. The employee commute VMT reduction
from the combined implementation of all measures within this subsector is capped at
45 percent.

Mutually Exclusive Measures

If this measure is selected, the user may not also take credit for Measure T-12, Price
Workplace Parking. While both measures focus on providing a price signal for employees
to consider other modes for their work commute, this measure reimburses employees who

=
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do not park, while Measure T-12 actively charges all employees to park. Users should
select either Measure T-12 or T-13.

Example GHG Reduction Quantification

The user reduces project/site VMT by offering commuters the option to choose a cash
payment equal to or greater than the current parking subsidy offered by their employer. In
this example, all employees (i.e., 100 percent) are eligible to participate (B), which would
reduce GHG emissions from employee commute VMT by 12 percent.

A=100% X -12% = -12%

Quantified Co-Benefits

%) Improved Local Air Quality
The percent reduction in GHG emissions (A) would be the same as the percent

reduction in NOyx, CO, NO3, SO3, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

{é’ Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A).

@ VMT Reductions

The percent reduction in VMT would be the same as the percent reduction in GHG
emissions (A).
Sources

= Shoup, D. 2005. Parking Cash Out. Planners Advisory Service, American Planning Association.
Available: hitp://shoup.bol.ucla.edu/ParkingCashOut.pdf. Accessed: January 2021.



T-14. Provide Electric Vehicle Charging Infrastructure

e OV ‘
GHG Mitigation Potential
Up to 11.9% of GHG
emissions from vehicles

accessing the commercial or
multifamily housing building

11.9%
-

Co-Benefits (icon key on pg. 34)

24 @ A D

Climate Resilience

Providing electric vehicle charging
infrastructure increases fuel redundancy
for electric vehicles even if an extreme
weather event disrupts other fuel sources.
Electric vehicles could also provide benefits
to buildings and the grid, such as
emergency backup, energy reserves, and
demand response.

Health and Equity Considerations

Differential costs of PHEVs compared to
conventional vehicles are decreasing over
time, but at present are more expensive,
which means this measure could
disproportionately benefit those of greater
economic means. As costs come into parity
over time, this will be less of an issue.
Employer, electricity provider, and state
incentives for PHEV purchase could help
address near-term disparities.

Measure Description

Install onsite electric vehicle chargers in an amount beyond what is
required by the 2019 California Green Building Standards
(CALGreen) at buildings with designated parking areas (e.g.,
commercial, educational, retail, multifamily). This will enable drivers
of PHEVs to drive a larger share of miles in electric mode (eVMT), as
opposed to gasoline-powered mode, thereby displacing GHG
emissions from gasoline consumption with a lesser amount of
indirect emissions from electricity. Most PHEVs owners charge their
vehicles at home overnight. When making trips during the day, the
vehicle will switch to gasoline mode if/when it reaches its maximum
all-electric range.

Subsector
Parking or Road Pricing/Management

Locational Context

Urban, suburban, rural

Scale of Application
Project/Site

Implementation Requirements

Parking at the chargers must be limited to electric vehicles.

Cost Considerations

The primary costs associated with electric vehicle charging
infrastructure include the capital costs of purchasing and installing
charging stations, electricity costs from use of stations, and
maintenance costs of keeping the charging stations in working
order. Costs initially fall to the station owners, either municipalities
or private owners, but can be passed along to station users with
usage fees. Depending on station placement and charging times
required for PHEVs, businesses near charging stations can derive
benefits from patronage of station users.

Expanded Mitigation Options

In addition to increasing the percentage of electric miles for
PHEVs, the increased availability of chargers from implementation
of this measure could mitigate consumer “range anxiety” concerns
and increase the adoption and use of battery electric vehicles
(BEVs), but this potential effect is not included in the calculations as
a conservative assumption. Expanded mitigation could include
quantification of the effect of this measure on BEV use.
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GHG Reduction Formula

A

_BXDX(F-E) x(G—(HXIxKXL)

-C xJ

GHG Calculation Variables

ID Variable
Output

A Percent reduction in GHG emissions from
vehicles accessing the office building or
housing

User Inputs

B Number of chargers installed at site

C  Total vehicles accessing the site per day
Constants, Assumptions, and Available Defaults

D  Average number of PHEVs served per day
per charger installed

E Percent of PHEV miles in electric mode
without measure

F Percent of PHEV miles in electric mode with
measure

G  Average emission factor of PHEVY in gasoline
mode

H  Energy efficiency of PHEV in electric mode

I Carbon intensity of local electricity provider

J Average emission factor of non-electric
vehicles accessing the site

K conversion fromlbto g

Conversion from kWh to MWh

Further explanation of key variables:

Value

0-11.9

[]
[]

46

80

205.1

0.327

Tables E-4.3
and E-4.4

307.5

454
0.001
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Unit

%

integer

integer

integer
%
%

g COqe per
mile

kilowatt
hours (kWh)

per mile

Ib COze per
megawatt

hour (MWHh)
g COqe per

mile
g per lb

MWh per
kWh

Source

calculated

user input

user input

CARB 2019
CARB
2020a

CARB 2017

CARB

20200; U.S.

DOE 2021
CARB

2020b; U.S.

DOE 2021

CA Utilities
2021

CARB
2020a

conversion

conversion

= (D) — The average number of PHEVs served per day per charger installed is 2 vehicles
(CARB 2019). If the user can provide a project-specific value, they should replace the

default in the GHG reduction formula.

= (E) - Based on the EMFAC2017 model (v1.0.3), 46 percent of miles traveled by PHEVs in
California are eVMT, and 54 percent are in gasoline mode (CARB 2020q).

=
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= (F) — A review of EV user surveys and analytics included in the CARB’s Advanced Clean
Cars Mid-Term Report suggest that PHEV owners can reach 80 percent eVMT with access
to adequate supportive charging infrastructure (CARB 2017).

= (G) - As described for (J), the average GHG emission factor for gasoline vehicles is
307.5 grams of COse per mile.

= The fuel efficiency of a PHEV in gasoline mode is calculated as 66.7 percent of the fuel
consumption rate of a gasoline vehicle, based on the assumption that a gasoline hybrid
vehicle has 50 percent higher fuel economy (miles per gal [mpg]) than a comparable
gasoline vehicle, based on a comparison of the gasoline and hybrid Toyota Camry and
Corolla models (U.S. DOE 2021). This percentage is applied to the average GHG
emission factor for gasoline vehicles to determine the average emission factor for PHEVs
in gasoline mode as (66.7%x%307.5 g COse per mile). If the user can provide a project-
specific value by running EMFAC based on the future year of a project, they should
replace the default in the GHG reduction formula.

= (H) — Scaled from a light-duty automobile gasoline equivalent fuel economy 30.3 mpg
(CARB 2020a), an energy efficiency ratio (EER) of 2.5 (CARB 2020b), and an
assumption of 33.7 kWh electricity per gallon of gasoline (U.S. DOE 2021).

= (I) = GHG intensity factors for major California electricity providers are provided in Tables
E-4.3 and E-4.4 in Appendix C. If the project study area is not serviced by a listed
electricity provider, or the user is able to provide a project-specific value (i.e., for the
future year not referenced in Appendix C), the user should replace the default in the GHG
calculation formula. If the electricity provider is not known, the user may elect to use the
statewide grid average carbon intensity.

= (J) — The average GHG emission factor for non-electric vehicles accessing the site was
calculated in terms of COse per mile using EMFAC2017 (v1.0.3). The model was run for
a 2020 statewide average of LDA, LDT1, and LDT2 vehicles using diesel and gasoline
fuel. The running emission factors for CO,, CH4, and N,O (CARB 2020a) were
multiplied by the corresponding 100-year GWP values from the IPCC’s Fourth
Assessment Report (IPCC 2007). If the user can provide a project-specific value (i.e., for
a future year and project location), the user should run EMFAC to replace the default in
the GHG reduction formula.

GHG Calculation Caps or Maximums

Measure Maximum

(Amax) The percent reduction in GHG emissions (A) is capped at 11.9 percent, which is
based on the following assumptions used to generate a maximum scenario:

= (B) — number of chargers installed = 20. CALGreen provides a non-residential voluntary
Tier 2 measure that requires projects with 201 or more parking spaces to allocate 10
percent of total parking spaces for “EV Capable” parking spaces (or 20 parking spaces)
(CBSC 2019). Note that EV Capable parking spaces do not actually have EV chargers
installed, though they do have electrical panel capacity, a dedicated branch circuit, and a
raceway to the EV parking spot to support future installation of charging stations.
Therefore, using the number of EV Capable parking spaces as a proxy for EV chargers as a
high-end estimate is conservative.
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= (C) - total vehicles accessing the site = 200. Per the CALGreen voluntary measure, the
number of total parking spaces that correspond with 20 “EV Capable” parking spaces
is 201.

= (D) — PHEVs served per day per charger installed = 7. This value is the max (D). This
assumes that all PHEV drivers would coordinate sharing of the limited number of
chargers at the site. Value is based on data from the National Renewable Energy
Laboratory (CARB 2019).

= () = carbon intensity of local electricity provider = 0 Ib COze per MWh. This assumes
that the local electricity provider is powered 100 percent by renewables and thus has a
carbon intensity of zero.

Subsector Maximum

(ZAmGXT-Mihrough 116 =35%) This measure is in the Parking or Road Pricing/Management

subsector. This subcategory includes Measures T-14 through T-16. The VMT reduction from
the combined implementation of all measures within this subsector is capped at 35 percent.

Example GHG Reduction Quantification

The user will install electric vehicle chargers at their proposed office or multifamily housing
development, which will enable employees or residents with PHEVs to drive a larger share of
miles in electric mode, as opposed to gasoline-powered mode, thereby displacing GHG
emissions from gasoline consumption with a lesser amount of indirect emissions from indirect
electricity. In this example, 20 chargers (B) will be installed at a workplace with 200 daily
employee vehicles accessing the site (C). The electricity provider for the project area is the
Sacramento Municipal Utility District (SMUD) and the analysis year is 2022. The carbon
intensity of electricity is therefore 344 Ib CO,e per MWh (l). The GHG impact is calculated as
a 3.4 percent reduction from the total emissions from vehicles accessing the site.

A=

PHEVs _ g COpe kWh Ib COye g MWh
charger-day X (80% — 46%) x (205.1 e (0.327—miIe X 344 wWh - X 454E x 0.001 kW—h))
g CO,e

miles

20 x 2

= 3.4%

-200 vehicles x 307.5

Quantified Co-Benefits

While the measure will achieve fuel savings, it will also increase electricity consumption.
This section defines the methods for quantifying Improved Local Air Quality and fuel
savings, as well as increased electricity consumption.

%) Improved Local Air Quality

Local criteria pollutants will be reduced by the reduction in fossil fuel combustion.
The percent reduction in criteria pollutants can be calculated using the GHG
reduction formula. Electricity supplied by statewide fossil-fueled or bioenergy power
plants will generate criteria pollutants. However, because these power plants are
located throughout the state, electricity consumption from vehicles charging will not
generate localized criteria pollutant emissions. Consequently, for the quantification
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of criteria pollutant emission reductions, either the electricity portion of the equation
can be removed, or the electricity intensity (I) can be set to zero.

{é, Fuel Savings (Increased Electricity)

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in criteria pollutant emissions. The percent increase in electricity use (M)
from this measure can be calculated as follows.

Electricity Use Increase Formula

BxDx(F-E)xJxNxO

M= -CxP

Electricity Use Increase Calculation Variables

ID Variable Value Unit Source
Output
M Increase in electricity from PHEVs [] % calculated
User Inputs
N  Existing electricity consumption [ kWh per year user input
of project/site
O  Days per year with vehicles 260-365 days per year user input
accessing the site
P  Average annual YMT of vehicles [] miles per day user input
accessing the site per vehicle

Constants, Assumptions, and Available Defaults

None

Further explanation of key variables:

= (N) — The user should take care to properly quantify building electricity using
accepted methodologies (such as CalEEMod).

= (O) - If the proposed development is a workplace in which employees access
the site an average of 5 days per week, the user should input 260 workdays. If
the development is multifamily dwelling, the user should input 365 days.

= Please refer to the GHG Calculation Variables table above for definitions of
variables that have been previously defined.

Sources

California Air Resources Board (CARB). 2017. Advanced Clean Cars Mid-Term Report, Appendix G:
Plug-in Electric Vehicle In-Use and Charging Data Analysis. Available:
https://ww2.arb.ca.gov/resources/documents/2017-midterm-review-report. Accessed: January 2021.
California Air Resources Board (CARB). 2019. Final Sustainable Communities Strategy Program and
Evaluation Guidelines Appendices. November. Available:
https://ww2.arb.ca.gov/sites/default/files/2019-
11/Final%20SCS%20Program%20and%20Evaluation%20Guidelines%20Appendices.pdf. Accessed:
January 2021.

=
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= California Air Resources Board (CARB). 2020a. EMFAC2017 v1.0.3. August. Available:
https://arb.ca.gov/emfac/emissions-inventory. Accessed: January 2021.

= California Air Resources Board (CARB). 2020b. Unofficial electronic version of the Low Carbon Fuel
Standard Regulation. Available: https://ww?2.arb.ca.gov/sites/default/files/2020-
07/2020 lcfs_fro_oal-approved _unofficial 06302020.pdf

= California Air Resources Board (CARB). 2021. OFFROAD2017-ORION. Available:
https://arb.ca.gov/emfac/emissions-inventory. Database queried by Ramboll and provided
electronically to ICF. March 2021.

= California Utilities. 2021. Excel database of GHG emission factors for delivered electricity, provided to
the Sacramento Metropolitan Air Quality Management District and ICF. January through March 2021.

= California Building Standards Commission (CBSC). 2019. Green Building Standards Code, Title 24,
Part 11. Appendix A5 — Nonresidential Voluntary Measures. Table A5.601 Nonresidential Buildings:
Green Building Standards Code Proposed Performance Approach. July. Available:
https://codes.iccsafe.org/content/ CAGBSC2019/appendix-a5-nonresidential-voluntary-measures.
Accessed: May 2021.

= Intergovernmental Panel on Climate Change (IPCC). 2007. Climate Change 2007: The Physical
Science Basis. Contribution of Working Group | to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change [Solomon, S., D. Qin, M. Manning, Z. Chen, M. Marquis,
K. B. Averyt, M. Tignor and H.L. Miller (eds.)]. Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA, 996 pp. Available: https://www.ipcc.ch/report/ard/wgl/.
Accessed: January 2021.

= U.S. Department of Energy (U.S. DOE). 2021. Download Fuel Economy Data. January. Available:
https://www.fueleconomy.gov/feg/download.shiml. Accessed: January 2021.


https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-approved_unofficial_06302020.pdf
https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-approved_unofficial_06302020.pdf
https://codes.iccsafe.org/content/CAGBSC2019/appendix-a5-nonresidential-voluntary-measures

T-15. Limit Residential Parking Supply

GHG Mitigation Potential

Up to 13.7% of GHG
emissions from resident
vehicles accessing the site

13.7%
[

Co-Benefits (icon key on pg. 34)

2 4 @ b D

D

Climate Resilience

Limiting residential parking supply could
incentivize increased use of public transit
and thus result in less traffic, potentially
reducing congestion or delays on major
roads during peak AM and PM traffic
periods. When this reduction occurs during
extreme weather events, it better allows
emergency responders to access a hazard
site. Evacuation plans and plans for
transport to cooling/heating/clean air
centers during power outages or unhealthy
air quality events, however, would need to
consider needs of households without access
to private vehicles.

Health and Equity Considerations

Limiting parking supply can reduce the cost of
housing development and, potentially,
increase housing supply and decrease
housing expenses. However, this may
negatively impact residents that do not have a
viable alternative to personal vehicle travel.

Measure Description

This measure will reduce the total parking supply available at a
residential project or site. Limiting the amount of parking available
creates scarcity and adds additional time and inconvenience to
trips made by private auto, thus disincentivizing driving as a mode
of travel. Reducing the convenience of driving results in a shift to
other modes and decreased VMT and thus a reduction in GHG
emissions. Evidence of the effects of reduced parking supply is
strongest for residential developments.

Subsector
Parking or Road Pricing/Management

Locational Context
Urban, suburban

Scale of Application
Project/Site

Implementation Requirements

This measure is ineffective in locations where unrestricted street
parking or other offsite parking is available nearby and has
adequate capacity to accommodate project-related vehicle
parking demand.

Cost Considerations

Reducing residential parking supply, especially in high density
residential areas, can have high-cost savings if it reduces the need
for additional investment in parking infrastructure. Some of these
savings may be offset by investments in alternative transport
solutions, which will need to be robust to ensure that residents can
effectively travel to work and all other destinations without a car.

Expanded Mitigation Options

When limiting parking supply, a best practice is to do so at sites that
are located near high quality alternative modes of travel (such as a
rail station, frequent bus line, or in a higher density area with
multiple walkable locations nearby). Limiting parking supply may
also allow for more active uses on any given lot, which may support
Measures T-1 and T-2 by allowing for higher density construction.
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GHG Reduction Formula

B-C
A=- B XDXEXF

GHG Calculation Variables

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions from resident  0-13.7 % calculated

vehicles accessing the site

User Inputs
B  Residential parking demand [] parking spaces  user input
C  Project residential parking supply [] parking spaces  user input
D Percentage of project VMT generated by residents [ % user input

Constants, Assumptions, and Available Defaults

E  Percent of household VMT that is commute based 37 % Caltrans
2012
F  Percent reduction in commute mode share by 37 % Chatman
driving among households in areas with scarce 2013
parking

Further explanation of key variables:

= (B) — The user can calculate the parking demand in the ITE Parking Generation Manual
based on the project building square footage or number of du. For residential projects,
this demand varies based on the size of each unit, and ranges from 1.0 spaces/unit for
one-bedroom apartments to 2.6 spaces/unit for single-family homes with 3+ bedrooms.

= (D) — Available research on changes in parking supply focuses on residential land uses.
Therefore, reductions are applied only to the share of VMT generated by residents of a
project. For most residential projects, this will be 100 percent; however, for mixed-use
projects, the user will need to provide project-specific data.

= (E) — The percent of household VMT that is commute-based varies from location to
location; the statewide average is 37 percent (Caltrans 2012). If the user can provide a
project-specific value based on their project type and area, they should replace the
default in the GHG reduction formula.

= (F) — A study found that among households with limited off-street parking (<1 space per
adult), there was a 37 percent decrease in auto mode share for commute trips. The
method above pro-rates this reduction based on how much the project’s parking supply
is reduced from demand rates calculated in the ITE Parking Generation Manual (ITE
2019). In addition, this reduction is applied to commute trips only due to the limitations
of the research.
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GHG Calculation Caps or Maximums

Measure Maximum

(Amax) The percent reduction in GHG emissions is capped at 13.7 percent. This occurs for
projects that have no onsite parking (C), 100 percent of VMT arising from residential land
use (D), and 37 percent of all VMT arising from commute trips (E). This maximum scenario
is presented in the below example quantification.

(C>B) Parking supply is considered to be limited when demand (C) exceeds supply (B). If
demand is equal to or less than supply, then implementation of this measure would not
result in a GHG reduction.

Subsector Maximum

(ZAmGXT-Mihrough 116 =35%) This measure is in the Parking or Road Pricing/Management

subsector. This subcategory includes Measures T-14 through T-16. The VMT reduction from
the combined implementation of all measures within this subsector is capped at 35 percent.

Example GHG Reduction Quantification

The user reduces VMT by reducing a project’s parking supply. In this example, the parking
demand per ITE is 100 parking spaces (B) and the project would not supply any parking
spaces (C). The user would reduce GHG emissions from VMT by 13.7 percent.

100 spaces — 0 spaces

A=-
100 spaces

X 100% X 37% X 37% = -13.7%

Quantified Co-Benefits

%f) Improved Local Air Quality

The percent reduction in GHG emissions (A) would be the same as the percent
reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

{% Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A).

@ VMT Reductions

The percent reduction in VMT would be the same as the percent reduction in GHG
emissions (A).

=
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Sources

= California Department of Transportation (Caltrans). 2012. California Household Travel Survey (CHTS).
Available: https://www.nrel.gov/transportation/secure-transportation-data/tsdc-california-travel-
survey.html. Accessed: January 2021.

= Chatman, D. 2013. Does TOD need the T2 On the importance of factors other than rail access.
Journal of the American Planning Association 79(1). Available: https://trid.trb.org/view/1243004.
Accessed: January 2021.

= |Institute of Transportation Engineers (ITE). 2019. Parking Generation Manual. 5™ Edition. February.
Available: https://ecommerce.ite.org/IMIS/ltemDetail2iProductCode=PG5-ALL. Accessed: May 2021.


https://ecommerce.ite.org/IMIS/ItemDetail?iProductCode=PG5-ALL

T-16. Unbundle Residential Parking Costs from

Property Cost

GHG Mitigation Potential

Up to 15.7% of GHG
emissions from project VMT
in the study area

& 157%
| N

Co-Benefits (icon key on pg. 34)

2 4@ O 6

Climate Resilience

Unbundling residential parking costs from
property costs could incentivize increased
use of public transit and thus result in less
traffic, potentially reducing congestion or
delays on major roads during peak AM and
PM traffic periods. When this reduction
occurs during extreme weather events, it
better allows emergency responders to
access a hazard site.

Health and Equity Considerations

The unbundling of parking costs would help
decrease housing costs for individuals who do
not own personal vehicles.

Measure Description

This measure will unbundle, or separate, a residential project’s
parking costs from property costs, requiring those who wish to
purchase parking spaces to do so at an additional cost. On the
assumption that parking costs are passed through to the vehicle
owners/drivers utilizing the parking spaces, this measure results in
decreased vehicle ownership and, therefore, a reduction in VMT
and GHG emissions. Unbundling may not be available to all
residential developments, depending on funding sources.

Subsector

Parking or Road Pricing/Management

Locational Context

Urban, suburban

Scale of Application
Project/Site

Implementation Requirements

Parking costs must be passed through to the vehicle
owners/drivers utilizing the parking spaces for this measure to
result in decreased vehicle ownership.

Cost Considerations

Unbundling residential parking costs from property costs may
decrease revenue for property owners. This loss may be partially
offset by reduced costs needed to maintain parking facilities with
less car occupancy and the potential for non-resident parking as a
supplementary income stream. For residents, reduced fees and the
ability to go without owning a car is a major cost benefit.
Municipalities also benefit from a reduction of cars on the road,
which can lead to lower infrastructure and roadway

maintenance costs.

Expanded Mitigation Options

Pair with Measure T-19-A or T-19-B to ensure that residents who
eliminate their vehicle and shift to a bicycle can safely access the
area’s bikeway network.
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GHG Reduction Formula

B
A—EXDXE

GHG Calculation Variables

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions from project 0-15.7 % calculated

VMT in study area
User Inputs
B  Annual parking cost per space [] $ per year user input

Constants, Assumptions, and Available Defaults

C  Average annual vehicle cost $9,282  $ peryear AAA 2019

D Elosticity of vehicle ownership with respect to total -0.4 unitless Litman 2020
vehicle cost

E  Adjustment factor from vehicle ownership to VMT 1.01 unitless FHWA 2017

Further explanation of key variables:

= (B) — For most projects, this represents a monthly parking fee multiplied by 12. For
deeded parking spaces, an estimate of the additional cost to a mortgage may be used,
or the total cost may be prorated over 30 years. Costs to park will vary widely based on
location; however, this value should consider if other nearby offsite parking options are
available at lower cost. See Table T-16.1 in Appendix C for examples of monthly
parking prices for different facility types.

= (C) — The average vehicle cost per year in 2019 was $9,282, based on a car driven
15,000 miles per year. Costs include gasoline, maintenance, insurance, license and
registration, loan finance charges, and depreciation but do not include parking (AAA

2019).

= (D) — A synthesis of literature reported that, on the low end, a 0.4 percent decrease in
vehicle ownership occurs for every 1 percent increase in total vehicle costs (Litman 2020).

= (E) — The adjustment factor from vehicle ownership to VMT is based on the following
(FHWA 2017):

- The average Californian household with 1 vehicle drives 11,117 miles per vehicle
while households with 2 vehicles drives 11,223 miles per vehicle.

- The reduction of 1 vehicle from a 2-vehicle household leads to a 0.94 percent
decrease in VMT per vehicle.

11,117.50 11,2230
- SO'E:]_ \',|'|I223 miles = = 1.01

vehicle
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GHG Calculation Caps or Maximums

Measure Maximum

(Amax) The GHG reduction from unbundled parking is capped at 15.7 percent, which is
based on the use of (B in the GHG reduction formula.

(Bmex) The annual cost of parking space is capped at $3,600, or $300 per month. At monthly
costs above $300, the cost of parking represents more than a 30 percent increase in total
vehicle cost. In addition, this reflects the upper maximum of observed parking prices outside of
extremely dense downtown areas (such as San Francisco’s SOMA neighborhood).

Subsector Maximum

(ZAmGXT-14through 116 =35%) This measure is in the Parking or Road Pricing/Management

subsector. This subcategory includes Measures T-14 through T-16. The VMT reduction from
the combined implementation of all measures within this subsector is capped at 35 percent.

Example GHG Reduction Quantification

The user reduces VMT by unbundling the parking costs from property costs of a project,
discouraging vehicle ownership, and therefore reducing VMT. In this example, the annual
parking cost per space is $1,800 (B), which would reduce GHG emissions from project study
area VMT (as compared to the same project with bundled parking costs) by 7.8 percent.

i
A <$ ,800

W) X -0.4 x 1.01 = -7.8%

Quantified Co-Benefits

%) Improved Local Air Quality
The percent reduction in GHG emissions (A) would be the same as the percent

reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

{é’ Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A).

@ VMT Reductions

The percent reduction in VMT would be the same as the percent reduction in
GHG emissions (A).

=
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Sources

= AAA. 2019. Your Driving Costs. September. Available: https://exchange.aaa.com/wp-
content/uploads/2019/09/AAA-Your-Driving-Costs-2019.pdf. Accessed: January 2021.

= Federal Highway Administration (FHWA). 2017. National Household Travel Survey — 2017 Table
Designer. Annual VMT / Vehicle by Count of Household Vehicles in California. Available:
https://nhts.ornl.gov/. Accessed: March 2021.

= Litman, T. 2020. Parking Requirement Impacts on Housing Affordability. June. Available:
https://www.vipi.org/park-hou.pdf. Accessed: January 2021.



T-17. Improve Street Connectivity

GHG Mitigation Potential

& 30% Up to 30.0% of GHG
.' emissions from vehicle travel
in the plan/community

Co-Benefits (icon key on pg. 34)

24 @ A D

&S

Climate Resilience

Improving street connectivity could increase
route redundancy, allowing faster and more
efficient travel during extreme weather
events, evacuations, or for emergency
vehicles requiring access to hazard sites.

Health and Equity Considerations

Multiple active modes routing options
allows vulnerable road users to choose
based on perceived safety, comfort, speed,
and other factors.

Measure Description

This measure accounts for the VMT reduction achieved by a
project that is designed with a higher density of vehicle
intersections compared to the average intersection density in the
U.S. Increased vehicle intersection density is a proxy for street
connectivity improvements, which help to facilitate a greater
number of shorter trips and thus a reduction in GHG emissions.

Subsector
Land Use

Locational Context
Urban, suburban

Scale of Application

Plan/Community

Implementation Requirements

Projects that increase intersection density would be building a new
street network in a subdivision or retrofitting an existing street
network to improve connectivity (e.g., converting cul-de-sacs or
dead-end streets to grid streets).

Cost Considerations

Capital and infrastructure costs for improved street connectivity
may be high. Depending on the location, losses may also be
incurred through the reduction of sellable land due to the
increased street footprint. Benefits come mainly from the reduction
of traffic on arterial streets, which reduces congestion and allows
for safer use of nonmotorized transportation, such as bikes. These
outcomes, in turn, can reduce car usage, which provides costs
savings to commuters and municipalities.

Expanded Mitigation Options

Pair with Measure T-18, Provide Pedestrian Network Improvement,
to best support use of the local pedestrian network.
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GHG Reduction Formula
B-C

A=C

x D

GHG Calculation Variables

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions 0-30.0 % calculated

from vehicle travel in plan/community

User Inputs
B Intersection density in project site with [] intersections user input
measure per sq mile

Constants, Assumptions, and Available Defaults

C  Average intersection density 36 intersections  Fehr & Peers 2009
per sq mile
D  Elosticity of VMT with respect to -0.14 unitless Stevens 2016

intersection density

Further explanation of key variables:

= (C) - The average intersection density is based on the standard suburban intersection
density in the U.S. (Fehr & Peers 2009). This density is approximately equivalent to block
faces of 750 to 800 feet, or cul-de-sac—style built environments, which are appropriate
for suburban areas.

= (D) — A meta-regression analysis of 15 studies found that a 0.14 percent decrease in
VMT occurs for every 1 percent increase in intersection density (Stevens 2016).

GHG Calculation Caps or Maximums

Measure Maximum

(Amex) The percent reduction in GHG emissions (A) is capped at 30 percent. The purpose of
the 30 percent cap is to limit the influence of any single built environmental factor (such as
intersection density).

Subsector Maximum

Same as (Ane). Measure T-17 is the only measure at the Plan/Community scale within the
Land Use subsector.

Example GHG Reduction Quantification

The user reduces VMT by constructing their project with a higher intersection density than
the surrounding city. In this example, the project intersection density (B) would be 72

=
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intersections per square mile (sq mile), which would reduce GHG emissions from project
VMT by 14 percent.

int int

72 sq mile 36 sq mile
A= . X -0.14 = -14%
int
sq mile

Quantified Co-Benefits

%) Improved Local Air Quality

The percent reduction in GHG emissions (A) would be the same as the percent
reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

{% Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A).

@ VMT Reductions

The percent reduction in VMT would be the same as the percent reduction in
GHG emissions (A).

Sources

= Fehr & Peers. 2009. Proposed Trip Generation, Distribution, and Transit Mode Split Forecasts for the
Bayview Waterfront Project Transportation Study.

= Stevens, M. 2016. Does Compact Development Make People Drive Less? Journal of the American
Planning Association 83:1(7-18), DOI: 10.1080/01944363.2016.1240044. November. Available:
https://www.researchgate.net/publication/309890412_Does_Compact_Development Make People
Drive_Less. Accessed: January 2021.

=




T-18. Provide Pedestrian Network Improvement

GHG Mitigation Potential

emissions from vehicle travel
in the plan/community

Co-Benefits (icon key on pg. 34)

2 4 @ b D

D

Climate Resilience

Improving pedestrian networks increases
accessibility of outdoor spaces, which can
provide health benefits and thus improve
community resilience. This can also improve
connectivity between residents and
resources that may be needed in an
extreme weather event.

Health and Equity Considerations

Ensure that the improvements also include
accessibility features to allow for people of
all abilities to use the network safely and
conveniently. Ensure that sidewalks connect
to nearby community assets, such as
schools, retail, and healthcare.

Measure Description

This measure will increase the sidewalk coverage to improve
pedestrian access. Providing sidewalks and an enhanced
pedestrian network encourages people to walk instead of drive.
This mode shift results in a reduction in VMT and GHG emissions.

Subsector
Neighborhood Design

Locational Context

Urban, suburban, rural

Scale of Application

Plan/Community

Implementation Requirements

The GHG reduction of this measure is based on the VMT reduction
associated with expansion of sidewalk coverage expansion, which
includes not only building of new sidewalks but also improving
degraded or substandard sidewalk (e.g., damaged from street tree
roots). However, pedestrian network enhancements with non-
quantifiable GHG reductions are encouraged to be implemented,
as discussed under Expanded Mitigation Options.

Cost Considerations

Depending on the improvement, capital and infrastructure costs
may be high. However, improvements to the pedestrian network
will increase pedestrian activity, which can increase businesses
patronage and provide a local economic benefit. The local
municipality may achieve cost savings through a reduction of cars
on the road leading to lower infrastructure and roadway
maintenance costs.

Expanded Mitigation Options

When improving sidewalks, a best practice is to ensure they are
contiguous and link externally with existing and planned
pedestrian facilities. Barriers to pedestrian access and
interconnectivity, such as walls, landscaping buffers, slopes, and
unprotected crossings should be minimized. Other best practice
features could include high-visibility crosswalks, pedestrian hybrid
beacons, and other pedestrian signals, mid-block crossing walks,
pedestrian refuge islands, speed tables, bulb-outs (curb
extensions), curb ramps, signage, pavement markings, pedestrian-
only connections and districts, landscaping, and other
improvements to pedestrian safety (see Measure T-35, Provide
Traffic Calming Measures).
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GHG Reduction Formula
C
A - (E— ]) X D

GHG Calculation Variables

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions from 0-6.4 % calculated

household vehicle travel in plan/community

User Inputs
B  Existing sidewalk length in study area [] miles user input
C  Sidewalk length in study area with measure [] miles user input

Constants, Assumptions, and Available Defaults

D  Elosticity of household VMT with respect to the -0.05 unitless Frank et al.
ratio of sidewalks-to-streets 2011

Further explanation of key variables:

= (B and C) — Sidewalk length should be measured on both sides of the street. For
example, if one 0.5-mile-long street has full sidewalk coverage, the sidewalk length
would be 1.0 mile. If there is only sidewalk on one side of the street, the sidewalk length
would be 0.5 mile. The recommended study area is 0.6 mile around the pedestrian
network improvement. This represents a 6- to 10-minute walking time.

= (D) - A study found that a 0.05 percent decrease in household vehicle travel occurs for

every 1 percent increase in the sidewalk-to-street ratio (Frank et al. 2011; Handy et al.
2014).

GHG Calculation Caps or Maximums

Measure Maximum

(Amax) The percent reduction in GHG emissions (A) is capped at 3.4 percent, which is based
on the following assumptions:

= 35.2 percent of vehicle trips are short trips (2 mile or less, average of 1.29 miles) and
thus could easily shift to walking (FHWA 2019).

= 64.8 percent of vehicle trips are longer trips that are unlikely to shift to walking (2 miles
or more, average of 10.93 miles) (FHWA 2019).

35.2% x 1.29 miles
n e = 0,
SO Amax= 44 5% x 10.93 mies — 047
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Subsector Maximum

(ZAmGXT_]Sihrough 199 =10%) This measure is in the Neighborhood Design subsector. This

subcategory includes Measures T-18 through T-22-C. The VMT reduction from the
combined implementation of all measures within this subsector is capped at 10 percent.

Example GHG Reduction Quantification

The user reduces household VMT by improving the pedestrian network in the study area. In
this example, the existing sidewalk length (B) is 9 miles, and the sidewalk length with the
measure (C) would be 10 miles. With these conditions, the user would reduce GHG
emissions from household VMT within the study area by 0.6 percent.

A = <10 miles

- — 1] X -0.05 =-0.6%
9 miles

Quantified Co-Benefits

%) Improved Local Air Quality
The percent reduction in GHG emissions (A) would be the same as the percent

reduction in NOyx, CO, NO3, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

{é’ Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A).

@ VMT Reductions

The percent reduction in household VMT would be the same as the percent
reduction in GHG emissions (A).

@ Improved Public Health

Users are directed to the Integrated Transport and Health Impact Model (ITHIM)
(CARB et al. 2020). The ITHIM can quantify the annual change in health outcomes
associated with active transportation, including deaths, years of life lost, years of
living with disability, and incidence of community and individual disease.

Sources

= California Air Resources Board (CARB), California Department of Public Health (CDPH), and Nicholas
Linesch Legacy Fund. 2020. Integrated Transport and Health Impact Model. Available:
https://skylab.cdph.ca.gov/HealthyMobilityOptionTool-ITHIM/#Home. Accessed: September 17, 2021.

= Federal Highway Administration (FHWA). 2019. 2017 National Household Travel Survey Popular
Vehicle Trip Statistics. Available: https://nhts.ornl.gov/vehicle-trips. Accessed: January 2021.
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=  Frank, L., M. Greenwald, S. Kavage, and A. Devlin. 2011. An Assessment of Urban Form and
Pedestrian and Transit Improvements as an Integrated GHG Reduction Strategy. WSDOT Research
Report WA-RD 765.1, Washington State Department of Transportation. April. Available:
www.wsdot.wa.gov/research/reports/fullreports/765.1.pdf. Accessed: January 2021.

= Handy, S., S. Glan-Claudia, and M. Boarnet. 2014. Impacts of Pedestrian Strategies on Passenger
Vehicle Use and Greenhouse Gas Emissions: Policy Brief. September. Available:
https://ww?2.arb.ca.gov/sites/default/files/2020-
06/Impacts_of Pedestrian_Strategies_on_Passenger Vehicle Use_and_Greenhouse Gas_Emissions_P
olicy Brief.pdf. Accessed: January 2021.
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GHG Mitigation Potential

0.8% Up'10‘0.8% of GHQ
emissions from vehicles
parallel roadways

——

Co-Benefits (icon key on pg. 34)
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Climate Resilience

Constructing and improving bike facilities
can incentivize more bicycle use and
decrease vehicle use, which have health
benefits and can thus improve community
resilience. This can also improve connectivity
between residents and resources that may
be needed in an extreme weather event.

Health and Equity Considerations

Prioritize low-income and underserved areas
and communities with lower rates of vehicle
ownership or fewer transit options. Make
sure that the bicycle facility connects to a
larger existing bikeway network that
accesses destinations visited by low-income
or underserved communities.

Measure Description

This measure will construct or improve a single bicycle lane
facility (only Class I, 1I, or IV) that connects to a larger existing
bikeway network. Providing bicycle infrastructure helps to
improve biking conditions within an area. This encourages a
mode shift on the roadway parallel to the bicycle facility from
vehicles to bicycles, displacing VMT and thus reducing GHG
emissions. When constructing or improving a bicycle facility, a
best practice is to consider local or state bike lane width
standards. A variation of this measure is provided as T-19-B,
Construct or Improve Bike Boulevard.

Subsector
Neighborhood Design

Locational Context

Urban, suburban

Scale of Application

Plan/Community. This measure reduces VMT on the roadway
segment parallel to the bicycle facility (i.e., the corridor). An

adjustment factor is included in the formula to scale the VMT
reduction from the corridor level to the plan/community level.

Implementation Requirements

The bicycle lane facility must be either Class |, I, or IV. Class | bike
paths are physically separated from motor vehicle traffic. Class IV
bikeways are protected on-street bikeways, also called cycle tracks.
Class Il bike lanes are striped bicycle lanes that provide exclusive
use to bicycles on a roadway.

Cost Considerations

Capital and infrastructure costs for new bike facilities may be high.
The local municipality may achieve cost savings through a
reduction of cars on the road leading to lower infrastructure and
roadway maintenance costs.

Expanded Mitigation Options

Implement alongside Measures T-22-A, T-22-B, and/or T-22-C to
ensure that micromobility users can ride safely along bicycle lane
facilities and not have to ride along pedestrian infrastructure,
which is a risk to pedestrian safety.
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GHG Reduction Formula

E><(C+D)><E><G

_ [
A=-BXx H

GHG Calculation Variables

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions from 0-0.8 % calculated

displaced vehicles on roadway parallel to
bicycle facility

User Inputs
B  Percent of plan/community VMT on parallel 0-100 % user input
roadway
C  Active transportation adjustment factor Table T-19.1 unitless CARB 2020
D  Credits for key destinations near project Table T-19.2 unitless CARB 2020
E  Growth factor adjustment for facility type Table T-19.3 unitless CARB 2020
Constants, Assumptions, and Available Defaults
F Annual days of use of new facility Toble T-19.4  days per year NOAA 2017
G  Existing regional average one-way bicycle Table T-10.1  miles pertrip  FHWA 2017
trip length
H  Existing regional average one-way vehicle ~ Table T-10.1  miles per trip  FHWA 2017
trip length
| Days per year 365 days per year standard

Further explanation of key variables:

= (B) — The percent of total plan/community VMT within the roadway parallel to the bike
facility should represent the expected total VMT generated by all land use in that area,
including office, residences, retail, schools, and other uses. The most appropriate source
for this data is from a local travel demand forecasting model. An alternate method uses
VMT per worker or VMT per resident as calculated for SB 743 compliance and screening
purposes multiplied by the population in the area.

= (C, D, and E) — The active transportation adjustment factor, key destination credit, and
growth factor adjustment should be looked up by the user in Tables T-19.1 through T-
19.3 in Appendix C. The active transport adjustment factor is based on the existing
annual average daily traffic (AADT) of the facility, length of the proposed bike facility,
and the city population. The key destination credit is based on the number of key
destinations within 0.5-mile of the facility. The growth factor is based on the type of
proposed bicycle facility.

= (F) = The annual days of use for the new facility should be looked up by users in Table T-
19.4 based on the county in which the project is located. The days of use is based on the
number of days per year where there is no rainfall (i.e., <=0.1 inches) (NOAA 2017).
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* (G and H) - Ideally, the user will calculate bicycle and vehicle trip lengths for the
corridor at a scale no larger than the surrounding census tract. Potential data sources
include the U.S. Census, California Household Travel Survey (preferred), or local survey
efforts. If the user is not able to provide a project-specific value using one of these data
sources, they have the option to input regional average one-way bicycle and vehicle trip
lengths for one of the six most populated CBSAs in California provided in Table T-10.1
in Appendix C (FHWA 2017).

GHG Calculation Caps or Maximums

Measure Maximum

(Amex) For projects that use CBSA data from Table T-10.1 in Appendix C, the maximum
percent reduction in GHG emissions (A) is 0.8 percent. This is based on a neighborhood
project the size of a large corridor (B = 100%) within the CBSA of Sacramento-Roseville-
Arden-Arcade that uses the highest values for (C, D, and E) in Tables T-19.1 through T-
19.3 and annual use days for Sacramento County (F) in Table T-19.4. This maximum
scenario is presented in the below example quantification.

(Cmex) The active transportation adjustment factor (C) was determined for roadways with AADT
ranging from 1 to 30,000 (CARB 2020). Roadways with AADT greater than 30,000 are
generally not appropriate for bicycle facilities. Care should be taken by the user in interpreting
the results from this equation for a project roadway with AADT greater than 30,000.

Subsector Maximum

(ZAmOXT_]8through 122.c =10%) This measure is in the Neighborhood Design subsector. This

subcategory includes Measures T-18 through T-22-C. The VMT reduction from the
combined implementation of all measures within this subsector is capped at 10 percent.

Example GHG Reduction Quantification

The user reduces VMT by constructing a bicycle facility that displaces vehicle trips with
bicycle trips. In this example, the following assumptions are made to obtain inputs from
Tables T-19.1 through T-19.3 in Appendix C:

= Percent of plan/community VMT on parallel roadway (B) = 100%. The project would
establish a bike corridor the whole length of a central commercial thoroughfare. It is
assumed this main street makes up the entire neighborhood.

= Active transportation adjustment factor (C) = 0.0207. Existing AADT on the roadway
parallel to the proposed bicycle facility is 10,000, the facility length is 2.5 miles, and the
project site is in a university town with a population of 200,000.

= Key destination credit (D) = 0.003. There are 10 key destinations within 0.25 mile of the
project site.

=  Growth factor adjustment (E) = 1.54. The bike facility would be a new Class IV bikeway.
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The project is within the Sacramento-Roseville-Arden-Arcade CBSA and the user does not
have project-specific values for average bicycle and vehicle trip lengths. Accordingly, the
inputs of 2.9 miles and 10.9 miles, respectively (G and H), from Table T-10.1 in
Appendix C are assumed. The user would displace GHG emissions from project study
area VMT by 0.8 percent.

307 days

365 days x (0.0207 + 0.003) x 1.54 x 2.9 miles

10.9 miles

A =-100% X = -0.8%

Quantified Co-Benefits

%f) Improved Local Air Quality

The percent reduction in GHG emissions (A) would be the same as the percent
reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

{? Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A).

@ VMT Reductions

The percent reduction in VMT would be the same as the percent reduction in GHG
emissions (A).

@ Improved Public Health

Users are directed to the ITHIM (CARB et al. 2020). The ITHIM can quantify the
annual change in health outcomes associated with active transportation, including
deaths, years of life lost, years of living with disability, and incidence of community
and individual disease.

Sources

= California Air Resources Board (CARB). 2020. Quantification Methodology for the Strategic Growth
Council’s Affordable Housing and Sustainable Communities Program. September. Available:
https://ww2.arb.ca.gov/sites/default/files/classic/cc/capandtrade/auctionproceeds/draft_sgc ahsc g
m_091620.pdf. Accessed: January 2021.

= California Air Resources Board (CARB), California Department of Public Health (CDPH), and Nicholas
Linesch Legacy Fund. 2020. Integrated Transport and Health Impact Model. Available:
https://skylab.cdph.ca.gov/HealthyMobilityOptionTool-ITHIM/#Home. Accessed: September 17, 2021.

= Federal Highway Administration (FHWA). 2017. National Household Travel Survey—-2017 Table
Designer. Travel Day PT by TRPTRANS by HH_CBSA. Available: https://nhts.ornl.gov/. Accessed:
January 2021.
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= National Oceanic and Atmospheric Administration (NOAA). 2021. Global Historical Climatology
Network—Daily (GHCN-Daily), Version 3. 2015-2019 Average of Days Per Year with Precipitation
>0.1 Inches. Available: https://www.ncei.noaa.gov/access/search/data-search/daily-
summaries¢bbox=38.922,-120.071,38.338,-
119.547&place=County: 127 6&dataTypes=PRCP&startDate=2015-01-
01T00:00:00&endDate=2019-01-01T723:59:59. Accessed: May 2021.
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Up to 0.2% of GHG
emissions from vehicles on
roadway

0.2%
%

Co-Benefits (icon key on pg. 34)
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Climate Resilience

Constructing and improving bike boulevards can
incentivize more bicycle use and decrease vehicle
use, which have health benefits and can thus
improve community resilience. This can also
improve connectivity between residents and
resources that may be needed in an extreme
weather event.

Health and Equity Considerations

Prioritize low-income and underserved areas and
communities with lower rates of vehicle
ownership or fewer transit options. Make sure
that the bicycle boulevard connects to a larger
existing bikeway network that accesses
destinations visited by low-income or
underserved communities.

Measure Description

Construct or improve a single bicycle boulevard that connects to a larger
existing bikeway network. Bicycle boulevards are a designation within
Class Il Bikeway that create safe, low-stress connections for people
biking and walking on streets. This encourages a mode shift from
vehicles to bicycles, displacing VMT and thus reducing GHG emissions. A
variation of this measure is provided as T-19-A, Construct or Improve
Bike Facility, which is for Class I, Il, or IV bicycle infrastructure.

Subsector
Neighborhood Design

Locational Context

Urban, suburban

Scale of Application

Plan/Community. This measure reduces VMT on the roadway segment
parallel to the bicycle facility (i.e., the corridor). An adjustment factor is
included in the formula to scale the VMT reduction from the corridor level
to the plan/community level.

Implementation Requirements
The following roadway conditions must be met.

=  Functional classification: local and collector if there is no more than a
single general-purpose travel lane in each direction.

= Design speed: <= 25 miles per hour.
= Design volume <= 5,000 average daily traffic.

= Treatments at major infersections: both directions have traffic signals
(or an effective control device that prioritizes pedestrian and bicycle
access such as rapid flashing beacons, pedestrian hybrid beacons,
high-intensity activated crosswalks, TOUCANS), bike route signs,
“sharrowed” roadway markings, and pedestrian crosswalks.

Cost Considerations

Capital and infrastructure costs for new bike boulevards may be high,
though lower than implementing the same length of protected bicycle lanes
(Class IV). After the bike boulevard is complete, the local municipality may
achieve cost savings from reduced infrastructure and roadway
maintenance costs.

Expanded Mitigation Options

Construct boulevards with forced turns for vehicles every few blocks to
minimize through traffic while ensuring that speed and volume metrics
are met. Implement alongside Measures T-22-A, T-22-B, and/or T-22-C
to ensure that micromobility users can ride safely along bicycle lane
facilities and not pedestrian infrastructure, which is a risk to pedestrian
safety.
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GHG Reduction Formula

Dx (F-(CxP)
ExXG

A=B X

GHG Calculation Variables

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions from 0-0.2 % calculated
displaced vehicles on roadway with bicycle
boulevard
User Inputs
B  Percent of plan/community VMT on roadway to 0-100 % user input

have bicycle boulevard

Constants, Assumptions, and Available Defaults

C  Bike mode adjustment factor 1.14 unitless Schwartz
2021
D  Existing bicycle trip length for all trips in region Table miles FHWA 2017a
T-10.1
E  Existing vehicle trip length for all trips in region Table miles FHWA 2017a
T-10.1
F  Existing bicycle mode share for work trips in Table % FHWA 2017a
region T-10.2
G  Existing vehicle mode share for work trips in Table % FHWA 2017a
region T-10.2

Further explanation of key variables:

= (C) — The bike mode adjustment factor is based on a database of before/after bicycle
counts for 10 projects in four U.S. cities that invested in bicycle boulevards. Bicycle
ridership increased on average by 114 percent (Schwartz 2021).

= (D and E) - Ideally, the user will calculate bicycle and vehicle trip lengths for the corridor
at a scale no larger than the surrounding census tract. Potential data sources include the
U.S. Census, California Household Travel Survey (preferred), or local survey efforts. If
the user is not able to provide a project-specific value using one of these data sources,
they have the option to input regional average one-way bicycle and vehicle trip lengths
for one of the six most populated CBSAs in California provided in Table T-10.1 in
Appendix C (FHWA 2017a).

* (F and G) - Ideally, the user will calculate bicycle and auto mode share for work trips for
a Project/Site at a scale no larger than a census tract. Potential data sources include the
U.S. Census, California Household Travel Survey (preferred), or local survey efforts. If
the user is not able to provide a project-specific value using one of these data sources,
they have the option to input the regional average mode shares for bicycle and vehicle
work trips for one of the six most populated CBSAs in California, as presented in Table
T-10.2 in Appendix C (FHWA 2017b). If the project study area is not within the listed
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CBSAs or the user is able to provide a project-specific value, the user should replace
these regional defaults in the GHG reduction formula. For areas not covered by the
listed CBSAs, which represent the denser areas of the state, bicycle mode share is likely
to be lower and vehicle share higher than presented in Table T-10.2.

GHG Calculation Caps or Maximums

Measure Maximum

(Amex) For projects that use CBSA data from Tables T-10.1 and T-10.2 in Appendix C, the
maximum percent reduction in GHG emissions (A) is 0.2 percent. This is based on a
neighborhood project the size of a large corridor (B = 100%) within the CBSA of San Jose-
Sunnyvale-Santa Clara that uses the highest values for (C, D, and E) in Tables T-19.1
through T-19.3 and annual use days for Sacramento County (F) in Table T-19.4. This
maximum scenario is presented in the below example quantification.

Subsector Maximum

(ZAmOXT_]M1rough 122.c =10%) This measure is in the Neighborhood Design subsector. This

subcategory includes Measures T-18 through T-22-C. The VMT reduction from the
combined implementation of all measures within this subsector is capped at 10 percent.

Example GHG Reduction Quantification

The user reduces VMT by providing a bicycle boulevard on the targeted roadway, which
encourages bicycle trips in place of vehicle trips. In this example, it is assumed this main
street makes up the entire plan areaq, i.e., (B) is 100 percent. The project is within San Jose-
Sunnyvale-Santa Clara CBSA and the user does not have project-specific values for trip
lengths and mode shares for bicycles and vehicles. Per Tables T-10.1 and T-10.2, inputs
for these variables are 2.8 miles, 11.5 miles, 4.1 percent, and 86.6 percent, respectively
(D, E, F, and G). GHG emissions from plan/community VMT would be reduced by

0.2 percent.

2.8 miles x (4.1% — (1.14 x 4.1%))

— 0, — _ 0,
A =100% x 11.5 miles x 86.6% 0.2%

Quantified Co-Benefits

%f) Improved Local Air Quality

The percent reduction in GHG emissions (A) would be the same as the percent
reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.
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{L, Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A).

'_j VMT Reductions

The percent reduction in VMT would be the same as the percent reduction in
GHG emissions (A).

Improved Public Health

Users are directed to the ITHIM (CARB et al. 2020). The ITHIM can quantify the
annual change in health outcomes associated with active transportation, including
deaths, years of life lost, years of living with disability, and incidence of community
and individual disease.

Sources

= California Air Resources Board (CARB), California Department of Public Health (CDPH), and Nicholas
Linesch Legacy Fund. 2020. Integrated Transport and Health Impact Model. Available:
https://skylab.cdph.ca.gov/HealthyMobilityOptionTool-ITHIM/#Home. Accessed: September 17, 2021.

=  Federal Highway Administration (FHWA). 2017a. National Household Travel Survey—2017 Table
Designer. Travel Day PT by TRPTRANS by HH_CBSA. Available: https://nhts.ornl.gov/. Accessed:
January 2021.

=  Federal Highway Administration (FHWA). 2017b. National Household Travel Survey-2017 Table Designer.
Workers by WRKTRANS by HH_CBSA. Available: https://nhts.ornl.gov/. Accessed: January 2021.

= Schwartz, S. 2021. Planning for Stress Free Connections: Estimating VMT Reductions. February.



T-20. Expand Bikeway Network

Measure Description

This measure will increase the length of a city or community
bikeway network. A bicycle network is an interconnected system of
bike lanes, bike paths, bike routes, and cycle tracks. Providing
bicycle infrastructure with markings and signage on appropriately
sized roads with vehicle traffic traveling at safe speeds helps to
improve biking conditions (e.g., safety and convenience). In
addition, expanded bikeway networks can increase access to and
from transit hubs, thereby expanding the “catchment area” of the
transit stop or station and increasing ridership. This encourages a
mode shift from vehicles to bicycles, displacing VMT and thus

o reducing GHG emissions. When expanding a bicycle network, a
0.5% gniiliigﬁss/;)r;);%:ﬁcle travel best practice is to consider bike lane width standards from local
— in the plan/community agencies, state agencies, or the Nahonal Asspaahqn of City

Transportation Officials” Urban Bikeway Design Guide.

GHG Mitigation Potential

Co-Benefits (icon key on pg. 34) Subsector

[s) . Neighborhood Design
= 6[, j imf ( 5 \
BE®) S @ gy

Locational Context

Urban, suburban

Climate Resilience Scale of Application

Plan/Communit
Expanding bikeway networks can incentivize Y

more bicycle use and decrease vehicle use, : :

which have health benefits and can thus Implementation Requirements
improve community resilience. This can also
improve connectivity between residents and
resources that may be needed in an extreme
weather event.

The bikeway network must consist of either Class I, Il, or
IV infrastructure.

Cost Considerations

Capital and infrastructure costs for expanding the bikeway network
may be high. Construction of these facilities may also increase
vehicle traffic, leading to more congestion and temporarily longer

Health and Equity Considerations

Prioritize low-income and underserved areas trip times for motorist. However, the local municipality may
and communities with lower rates of vehicle achieve cost savings through a reduction of cars on the road
ownership or fewer transit options. Make leading to lower infrastructure and roadway maintenance costs.
sure that destinations visited by low-income

or underserved communities are served by Expanded Mitigation Options

the network. As networks expand, ensure safe, secure, and weather-protected

bicycle parking facilities at origins and destinations. Also,
implement alongside T-22-A, T-22-B, and/or T-22-C to ensure
that micromobility options can ride safely along bicycle lane
facilities and not have to ride along pedestrian infrastructure,
which is a risk to pedestrian safety.

TRANSPORTATION | 146



T-20. Expand Bikeway Network TRANSPORTATION | 147 @

GHG Reduction Formula

C-B

B >><D><F><H

Ex G

A=-1><<

GHG Calculation Variables

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions from 0-0.5 % calculated

employee commute vehicle travel in
plan/community

User Inputs
B  Existing bikeway miles in plan/community [] miles user input
C  Bikeway miles in plan/community with [] miles user input
measure

Constants, Assumptions, and Available Defaults

D  Bicycle mode share in plan/community Table T-20.1 % FHWA 2017

E  Vehicle mode share in plan/community Table T-3.1 % FHWA 2017

F Average one-way bicycle trip length in Table T-10.1 miles per FHWA 2017
plan/community trip

G  Average one-way vehicle trip length in Table T-10.1 miles per FHWA 2017
plan/community trip

H  Elosticity of bike commuters with respect to 0.25 unitless Pucher &
bikeway miles per 10,000 population Buehler 2011

Further explanation of key variables:

= (B) — The existing bikeway miles in a plan/community should be calculated by measuring
the distance of all Class |, I, lll, and IV bikeways within the plan/community. This
information can sometimes be found in a city’s bicycle master plan, if a plan has been
prepared and is up to date.

= (D, E, F, and G) - Ideally, the user will calculate bicycle and auto mode share and trip
length for a plan/community at the city scale. Potential data sources include the
California Household Travel Survey (preferred) or local survey efforts. If the user is not
able to provide a project-specific value using one of these data sources, they have the
option to input the mode shares and trip lengths for bicycles and vehicles for one of the
six most populated CBSAs in California, as presented in Table T-3.1, T-10.2, and T-
20.1 in Appendix C. Trip lengths are likely to be longer for areas not covered by the
listed CBSAs, which represent the denser areas of the state. Similarly, it is likely for areas
outside of the area covered by the listed CBSAs to have vehicle mode shares higher and
bicycle mode shares lower than the values provided in the tables.

= (H) — A multivariate analysis of the impacts of bike lanes on cycling levels in the 100
largest U.S. cities found that a 0.25 percent increase in commute cycling occurs for
every 1 percent increase in bike lane distance (Pucher & Buehler 2011).
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GHG Calculation Caps or Maximums

Measure Maximum

(Amax) For projects that use CBSA data from Tables T-3.1, T-10.2, and T-20.1 in Appendix
C, the maximum percent reduction in GHG emissions (A) is 0.5 percent. This is based on a
project within the CBSA of San Jose-Sunnyvale-Santa Clara that has no existing bike lane
infrastructure. This maximum scenario is presented in the below example quantification.
C-B
5 e
conservatively capped at 1000 percent. If there is no existing bike lane infrastructure in
the plan/community, (B) should be set to (1/11xC), resulting in a percentage change of
1000 percent.

) The maximum percent increase in bike lane miles in the plan/community is

Subsector Maximum

(ZAmOXTJSihrough 129 =10%) This measure is in the Neighborhood Design subsector. This

subcategory includes Measures T-18 through T-22-C. The VMT reduction from the
combined implementation of all measures within this subsector is capped at 10 percent.

Example GHG Reduction Quantification

The user reduces employee commute VMT by increasing the length of a bicycle network
within a plan/community, which displaces commute vehicle trips with bicycle trips. In this
example, the existing bikeway length in the plan/community (B) is O miles and the length
with the measure (C) is 11 miles. The project is within the San Jose-Sunnyvale-Santa Clara
CBSA, yielding the following inputs from Tables T-3.1, T-10.2, and T-20.1 in Appendix C.
= Bicycle mode share (D) = 0.79 percent.

= Vehicle mode share (E) = 91.32 percent.

= Average one-way bicycle trip length (F) = 2.8 miles.

= Average one-way vehicle trip length (G) = 11.5 miles.

The user would displace GHG emissions from project study area employee commute VMT
by 0.5 percent.

. (1000%) X 0.79% X 2.8 miles x 0.25
T 91.32% X 11.5 miles

) = -0.5%

Quantified Co-Benefits

%f) Improved Local Air Quality

The percent reduction in GHG emissions (A) would be the same as the percent
reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
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adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

{%’ Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A).

@ VMT Reductions

The percent reduction in employee commute VMT would be the same as the percent
reduction in GHG emissions (A).

@ Improved Public Health

Users are directed to the ITHIM (CARB et al. 2020). The ITHIM can quantify the
annual change in health outcomes associated with active transportation, including
deaths, years of life lost, years of living with disability, and incidence of community
and individual disease.

Sources

= California Air Resources Board (CARB), California Department of Public Health (CDPH), and Nicholas
Linesch Legacy Fund. 2020. Integrated Transport and Health Impact Model. Available:
https://skylab.cdph.ca.gov/HealthyMobilityOptionTool-ITHIM/#Home. Accessed: September 17, 2021.

= Federal Highway Administration (FHWA). 2017. National Household Travel Survey — 2017 Table
Designer. Travel Day PMT by TRPTRANS by HH_CBSA. Available: https://nhts.ornl.gov/. Accessed:
January 2021.

= Pucher, J., and Buehler, R. 2011. Analysis of Bicycling Trends and Policies in Large North American
Cities: Lessons for New York. March. Available: http://www.utrc2.org/sites/default/files/pubs/analysis-
bike-final_0.pdf. Accessed: January 2021.



T-21-A. Implement Conventional Carshare Program

GHG Mitigation Potential

Up to 0.15% of GHG
emissions from vehicle travel
in the plan/community

0.15%

—0

Co-Benefits (icon key on pg. 34)

% 4D A

Climate Resilience

Carshare programs can increase
accessibility and provide redundancy to
vehicles that can be used to evacuate or
obtain resources during an extreme
weather event. Carshare programs can
allow residents to give up or avoid car
ownership, leading to cost savings that can
help build economic resilience.

Health and Equity Considerations

Provide inclusive mechanisms so people
without bank accounts, credit cards, or smart
phones can access the system.

Measure Description

This measure will increase carshare access in the user’s
community by deploying conventional carshare vehicles.
Carsharing offers people convenient access to a vehicle for
personal or commuting purposes. This helps encourage
transportation alternatives and reduces vehicle ownership,
thereby avoiding VMT and associated GHG emissions. A
variation of this measure, electric carsharing, is described in
Measure T-21-B, Implement Electric Carshare Program.

Subsector
Neighborhood Design

Locational Context
Urban, suburban

Scale of Application

Plan/Community

Implementation Requirements

The GHG mitigation potential is based, in part, on literature
analyzing one-way carsharing service with a free-floating
operational model. This measure should be applied with caution
if using a different form of carsharing (e.g., roundtrip, peer-to-
peer, fractional).

Cost Considerations

The costs incurred by the carshare program service manager
(typically a municipality or carshare company) may include the
capital costs of purchasing vehicles; costs of storing, maintaining,
and replacing the fleet; and costs for marketing and
administration. Some of these costs may be offset by income
generated through program use.

Expanded Mitigation Options

When implementing a carshare program, best practice is to
discount carshare membership and provide priority parking for
carshare vehicles to encourage use of the service.
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GHG Reduction Formula

_Bx(E-D)

A C

GHG Calculation Variables

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions from 0-0.15 % calculated

vehicle travel in plan/community

User Inputs
B Number of vehicles deployed in [ integer user input
plan/community
C  VMT in plan/community without measure [ VMT per day user input
Constants, Assumptions, and Available Defaults
D  Conventional VMT avoided with measure 68.2  VMT per day Martin and
per vehicle  Shaheen 2016
E  Conventional VMT added with measure 24.4  VMT per day Martin and

per vehicle  Shaheen 2016

Further explanation of key variables:

= (B) — The number of cars in the carshare program is selected by the carshare provider,
but its magnitude is relative to the size of the service area. A study of several carsharing
programs (Martin and Shaheen 2016) documented a range of carshare fleet sizes for
different North American cities: Calgary (590), San Diego (406), Seattle (640),
Vancouver (920), Washington, D.C. (626).

= (C) - The total plan/community VMT should represent the expected total VMT generated
by all land use in that area. The most appropriate source for this data is from a local
travel demand model.

= (D) — Conventional VMT avoided per deployed carshare vehicle was derived based on a
study of conventional-engine based car share programs in Calgary, Seattle, Vancouver,
and Washington, D.C. It accounts for VMT avoided from carshare users who sold their
personal vehicles and carshare users who decided not to purchase a personal vehicle,
both directly because of the availability of carshare (Martin and Shaheen 2016).

= (E) — Conventional VMT added per deployed carshare vehicle was derived based on a
study of conventional-engine based car share programs in Calgary, Seattle, Vancouver,
and Washington, D.C. It accounts for the VMT of the carshare vehicles (Martin and
Shaheen 2016).
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GHG Calculation Caps or Maximums

Measure Maximum

(Amax) The maximum GHG reduction from this measure is 0.15 percent. This maximum
scenario is presented in the below example quantification.

Subsector Maximum

(Z/S\MXT_]gfhrough 122.c =10%) This measure is in the Neighborhood Design subsector. This

subcategory includes Measures T-18 through T-22-C. The VMT reduction from the
combined implementation of all measures within this subsector is capped at 10 percent.

Example GHG Reduction Quantification

The user reduces plan/community VMT by deploying carshare vehicles. In this example, the
project would be in the city of San Diego, which in 2017 had a VMT per day of
24,101,089 miles (C) (SANDAG 2019). Assuming twice the number of vehicles used in the
Car2go San Diego program (B), the GHG emissions from plan/community VMT would be
reduced by 0.15 percent.

. VMT VMT
812 vehicles x (24.4 day-vehicle doy'vehicle)
A = VT =-0.15%
24,101,089 dav
ay

Quantified Co-Benefits

%) Improved Local Air Quality

The percent reduction in GHG emissions (A) would be the same as the percent
reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

{? Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A).

@ VMT Reductions

The percent reduction in VMT would be the same as the percent reduction in
GHG emissions (A).
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Sources

=  Martin, E. and S. Shaheen. 2016. The Impacts of Car2go on Vehicle Ownership, Modal Shift, Vehicle
Miles Traveled, and Greenhouse Gas Emissions: An Analysis of Five North American Cities. July.
Available: https://tsrc.berkeley.edu/publications/impacts-car2go-vehicle-ownership-modal-shift-
vehicle-miles-traveled-and-greenhouse-gas. Accessed: March 2021.

= San Diego Association of Governments (SANDAG). 2019. Mobility Management VMT Reduction
Calculator Tool — Design Document. June. Available: https://www.icommutesd.com/docs/default-
source/planning/tool-design-document final_7-17-19.pdf2sfvrsn=ec39eb3b_2. Accessed: January 2021.



T-21-B. Implement Electric Carshare Program

GHG Mitigation Potential

Up to 0.18% of GHG
emissions from vehicle travel
in the plan/community

0.18%

—0

Co-Benefits (icon key on pg. 34)

24 @ A

ED

Climate Resilience

Electric carshare programs can increase
accessibility and provide redundancy to
vehicles that can be used to evacuate or
obtain resources during an extreme weather
event. Electric vehicles also provide fuel
redundancy by allowing an alternative fuel
source if an extreme event disrupts other fuel
sources; however, they may decrease
resilience if they are the only option
available during a power outage.

Health and Equity Considerations

Provide inclusive mechanisms so people
without bank accounts, credit cards, or smart
phones can access the system.

Measure Description

This measure will increase carshare access in the user’'s community
by deploying electric carshare vehicles. Carsharing offers people
convenient access to a vehicle for personal or commuting
purposes. This helps encourage transportation alternatives and
reduces vehicle ownership, thereby avoiding VMT and associated
GHG emissions. This also encourages a mode shift from internal
combustion engine vehicles to electric vehicles, displacing the
emissions-intensive fossil fuel energy with less emissions-intensive
electricity. Electric carshare vehicles require more staffing support
compared to conventional carshare programs for shuttling electric
vehicles to and from charging points. A variation of this measure,
conventional carsharing, is described in Measure T-21-A,
Implement Conventional Carshare Program.

Subsector
Neighborhood Design

Locational Context

Urban, suburban

Scale of Application
Plan/Community

Implementation Requirements

The GHG mitigation potential is based, in part, on literature
analyzing one-way carsharing service with a free-floating
operational model. This measure should be applied with caution
if using a different form of carsharing (e.g., roundtrip, peer-to-
peer, fractional).

Cost Considerations

Costs incurred by the service manager (e.g., municipality, carshare
company) may include the capital costs of purchasing vehicles;
costs of storing, maintaining, and replacing the fleet; and costs for
marketing and administration. Some of these costs may be offset
by income generated through program use. Participants’ recurring
costs of renting a carshare vehicle may be offset by the cost
savings from access to cheaper transportation.

Expanded Mitigation Options

When implementing a carshare program, best practice is to
discount carshare membership and provide priority parking for
carshare vehicles to encourage use of the service.
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GHG Reduction Formula

A=-1X

BX (ExGxHXIxJ)—(DxF)
CxF

GHG Calculation Variables

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions 0-0.18 % calculated

from vehicle travel in plan/community

User Inputs
B Number of electric vehicles deployed [ integer user input
in plan/community
C  VMT in plan/community without [ VMT per day user input
measure

Constants, Assumptions, and Available Defaults

D  Conventional VMT avoided with 54.8 VMT per day Martin and
measure per EV Shaheen 2016

E  Electric VMT added with measure 13.7 VMT per day Martin and

per EV Shaheen 2016

F  Emission factor of non-electric light 307.5 g COqe per CARB 2020a
duty fleet mix mile

G  Energy efficiency of carshare electric 0.327 kWh per mile CARB 2020b;
vehicle U.S. DOE 2021

H  Carbon intensity of local electricity Tables E-4.3 lb COqe per CA Utilities
provider ond E-4.4 MWh 2021

I Conversion from |b to g 454 g per b conversion

J Conversion from kWh to MWh 0.001 MWh per kWh conversion

Further explanation of key variables:

(B) — The number of cars in the carshare program is selected by the carshare provider,
but its magnitude is relative to the size of the service area. A study of several carsharing
programs (Martin and Shaheen 2016) documented a range of carshare fleet sizes for
different North American cities: Calgary (590), San Diego (406), Seattle (640),
Vancouver (920), Washington, D.C. (626).

(C) = The total plan/community VMT should represent the expected total VMT generated
by all land use in that area. The most appropriate source for this data is from a local
travel demand forecasting model.

(D) — Conventional VMT avoided per deployed carshare vehicle was derived based on a
study of an electric vehicle carshare program in San Diego. It accounts for VMT avoided
from carshare users who sold their personal vehicles and carshare users who decided
not to purchase a personal vehicle, both directly because of the availability of carshare
(Martin and Shaheen 2016).

=
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= (E) - Electric VMT added per deployed carshare vehicle was derived based on a study of
an electric vehicle carshare program in San Diego. It accounts for the VMT of the
carshare vehicles and includes staff-driven VMT needed to bring the vehicles to charging
points (Martin and Shaheen 2016).

= (F) — The average GHG emission factor for non-electric vehicles was calculated in terms of
COqe per mile using EMFAC2017 (v1.0.3). The model was run for a 2020 statewide

average of LDA, LDT1, and LDT2 vehicles using diesel and gasoline fuel. The running
emission factors for CO,, CH4, and NoO (CARB 2020a) were multiplied by the

corresponding 100-year GWP values from the IPCC's Fourth Assessment Report (IPCC
2007). If the user can provide a project-specific value (i.e., for a future year and project
location), the user should run EMFAC to replace the default in the GHG reduction formula.

= (G) - Scaled from light-duty automobile gasoline equivalent fuel economy (G from
Measure T-14) based on energy efficiency ratio (EER) of 2.5 (CARB 2020b) and an
assumption of 33.7 kWh electricity per gallon of gasoline (U.S. DOE 2021).

= (H) — GHG intensity factors for major California electricity providers are provided in Tables
E-4.3 and E-4.4 in Appendix C. If the project study area is not serviced by a listed
electricity provider, or the user is able to provide a project-specific value (i.e., for the
future year not referenced in Appendix C), the user should replace the default in the GHG
calculation formula. If the electricity provider is not known, the user may elect to use the
statewide grid average carbon intensity.

GHG Calculation Caps or Maximums

Measure Maximum

(Amex) The maximum GHG reduction from this measure is 0.18 percent. This maximum
scenario is presented in the below example quantification.

Subsector Maximum

(ZAmC‘XTJBihrough 199 =10%) This measure is in the Neighborhood Design subsector. This

subcategory includes Measures T-18 through T-22-C. The VMT reduction from the
combined implementation of all measures within this subsector is capped at 10 percent.

Example GHG Reduction Quantification

The user reduces plan/community VMT by deploying carshare vehicles. In this example, the
project would be in the city of San Diego, which in 2017 had a VMT per day of
24,101,089 miles (C) (SANDAG 2019). Assuming twice the number of vehicles used in the
Car2go San Diego program (B), and a commitment by the carshare service provider to
purchase zero-carbon electricity for all carshare charging stations (H), the GHG emissions
from plan/community VMT would be reduced by 0.18 percent.

=
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A=
eVMT kWh Ib COse g MWh) _ cVMT g CO,e
812 x ((13'7d0y'vehic|e x 0.327 mile 0 MWh < 454Ib * 0.001 kWh (54'8d0y~vehic|e x 307.5 mile )
-1 % VT e =-0.18%
24,101,089 1 x 307.59=225
ay mile

Quantified Co-Benefits

%f) Improved Local Air Quality

Local criteria pollutants will be reduced by the reduction in vehicle fuel
consumption. Electricity supplied by statewide fossil-fueled or bioenergy power
plants will generate criteria pollutants. However, because these power plants are
located throughout the state, electricity consumption from electric vehicles will not
generate localized criteria pollutant emissions. Accordingly, the percent reduction in
NOy, CO, NO,, SO,, and PM (K) is calculated using a simplified version of the
GHG reduction formula, as follows:

B x -D
C

Reductions in ROG emissions can be calculated by multiplying the percent reduction
in other criteria pollutant emissions (K) by an adjustment factor of 87 percent. See
Adjusting VMT Reductions to Emission Reductions above for further discussion.

K=-1x

4 Fuel Savings (Increased Electricity)
S

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in criteria pollutant emissions (K). The percent increase in electricity use (L)
from this measure can be calculated using a variation of the GHG reduction
formula, as follows.

Electricity Use Increase Formula

1 BXEXGXN
M
Electricity Use Increase Calculation Variables
ID Variable Value Unit Source
Output
L Increase in electricity from electric [] % calculated
vehicles
User Inputs
M Existing electricity consumption of [] kWh per year user input

plan/community
Constants, Assumptions, and Available Defaults

N  Days per year carshare program 365 days per year assumed
operational
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Further explanation of key variables:

= (M) — The user should take care to properly quantify building electricity using
accepted methodologies (such as CalEEMod).

= Please refer to the GHG Calculation Variables table above for definitions of
variables that have been previously defined.

@ VMT Reductions

The percent reduction in VMT (O) is calculated using a simplified version of the
GHG reduction formula that excludes the variables related to emission factors, as
follows.

B x (E—D)

O=-1x C

Sources

= California Air Resources Board (CARB). 2020a. EMFAC2017 v1.0.3. August. Available:
https://arb.ca.gov/emfac/emissions-inventory. Accessed: January 2021.

= California Air Resources Board (CARB). 2020b. Unofficial electronic version of the Low Carbon Fuel
Stproved_unofficial 06302020.pdf

= California Utilities. 2021. Excel database of GHG emission factors for delivered electricity, provided to
the Sacramento Metropolitan Air Quality Management District and ICF. January through March 2021.

= Intergovernmental Panel on Climate Change (IPCC). 2007. Climate Change 2007: The Physical
Science Basis. Contribution of Working Group | to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change [Solomon, S., D. Qin, M. Manning, Z. Chen, M. Marquis,
K. B. Averyt, M. Tignor and H.L. Miller (eds.)]. Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA, 996 pp. Available: https://www.ipcc.ch/report/ard/wgl1/.
Accessed: January 2021.

* Martin, E. and Shaheen, S. 2016. The Impacts of Car2go on Vehicle Ownership, Modal Shift, Vehicle
Miles Traveled, and Greenhouse Gas Emissions: An Analysis of Five North American Cities. July.
Available: https://isrc.berkeley.edu/publications/impacts-car2go-vehicle-ownership-modal-shift-
vehicle-miles-traveled-and-greenhouse-gas. Accessed: March 2021.

= San Diego Association of Governments (SANDAG). 2019. Mobility Management VMT Reduction Calculator
Tool — Design Document. June. Available: https://www.icommutesd.com/docs/default-
source/planning/tool-design-document final_7-17-19.pdf2sfvrsn=ec39eb3b_2. Accessed: January 2021.

= U.S. Department of Energy (U.S. DOE). 2021. Download Fuel Economy Data. January. Available:
https://www.fueleconomy.gov/feg/download.shtml. Accessed: January 2021.
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GHG Mitigation Potential

Up to 0.02% of GHG
emissions from vehicle travel
in the plan/community

0.02%
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Co-Benefits (icon key on pg. 34)
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Climate Resilience

Bikeshare programs can incentivize more
bicycle use and decrease vehicle use, which
have health benefits and can thus improve
community resilience. This can also improve
connectivity between residents and
resources that may be needed in an
extreme weather event.

Health and Equity Considerations

Provide inclusive mechanisms so people
without bank accounts, credit cards, or smart
phones can access the system.

Measure Description

This measure will establish a bikeshare program. Bikeshare
programs provide users with on-demand access to bikes for short-
term rentals. This encourages a mode shift from vehicles to
bicycles, displacing VMT and thus reducing GHG emissions.
Variations of this measure are described in Measure T-22-B,
Implement Electric Bikeshare Program, and Measure T-22-C,
Implement Scootershare Program.

Subsector
Neighborhood Design

Locational Context

Urban, suburban

Scale of Application

Plan/Community

Implementation Requirements

The GHG mitigation potential is based, in part, on literature
analyzing docked (i.e., station-based) bikeshare programs. This
measure should be applied with caution if using dockless (free-
floating) bikeshare.

Cost Considerations

The costs incurred by the service manager (e.g., municipality or
bikeshare company) may include the capital costs for purchasing a
bicycle fleet; installing accessible and secure docking stations;
storing, maintaining, and replacing the fleet; and marketing and
administration. Some of these costs may be offset by income
generated through program use. Program participants will benefit
from the cost savings from access to cheaper transportation
alternatives (compared to private vehicles, private bicycles, or use
of ride-hailing services). The local municipality may achieve cost
savings through a reduction of cars on the road leading to lower
infrastructure and roadway maintenance costs.

Expanded Mitigation Options

Best practice is to discount bikeshare membership and dedicate
bikeshare parking to encourage use of the service. Also consider
including space on the vehicle to store personal items while
traveling, such as a basket.
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This measure methodology does not account for the direct GHG emissions from vehicle

travel of program employees picking up and dropping off bikes.

(C—B)xDXEXF

A=-lx G x H

GHG Calculation Variables

ID Variable
Output

A Percent reduction in GHG emissions from
vehicle travel in plan/community

User Inputs

B  Percent of residences in plan/community with
access to bikeshare system without measure

C  Percent of residences in plan/community with
access to bikeshare system with measure

Constants, Assumptions, and Available Defaults

D  Daily bikeshare trips per person

E  Vehicle to bikeshare substitution rate

F  Bikeshare average one-way trip length
G  Daily vehicle trips per person

H  Regional average one-way vehicle trip length

Further explanation of key variables:

Value

0-0.02

0-100

0-100

0.021

19.6

1.4

2.7

Table
T-10.1

Unit

%

%
%
trips per day
per person
%
miles per trip
trips per day

per person

miles per trip

Source

calculated

user input

user input

MTC 2017

McQueen et
al. 2020

Lazarus et
al. 2019

FHWA 2018

FHWA 2017

= (B and C) — Access to bikesharing is measured as the percent of residences in the
plan/community within 0.25 mile of a bikeshare station. For dockless bikes, assume
that all residences within 0.25 mile of the designated dockless service area would

have access.

= (D) — An analysis of bike share service areas in the San Francisco Bay Area estimated
that in locations with access to bikesharing, there were between 21 and 25 bikeshare
trips per day per 1,000 residents (MTC 2017). To be conservative, the low end of this

range is cited.

= (E) — A literature review of several academic and government reports found that the
average car trip substitution rate by bikeshare trips was 19.6 percent. This included
bikeshare programs in Washington D.C., Minneapolis, and Montreal (McQueen et

al. 2020).

=
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= (F) — A case study on average trip lengths for pedal and electric bikeshare programs in
San Francisco reported a one-way pedal bikeshare trip of 1.4 miles (Lazarus et al. 2019).

= (G) — A summary report of the 2017 National Household Travel Survey data found that
the average person in the U.S. takes 2.7 vehicle trips per day (FHWA 2018).

= (H) - Ideally, the user will calculate auto trip length for a plan/community at a scale no
larger than a census tract. Potential data sources include the U.S. Census, California
Household Travel Survey (preferred), or local survey efforts. If the user is not able to
provide a plan-specific value using one of these data sources, they have the option to
input the existing regional average one-way auto trip length for one of the six most
populated CBSAs in California, as presented in Table T-10.1 in Appendix C (FHWA
2017). Trip lengths are likely to be longer for areas not covered by the listed CBSAs,
which represent the denser areas of the state.

GHG Calculation Caps or Maximums

Measure Maximum

(Amex) For projects that use default CBSA data from Table T-10.1, the maximum percent
reduction in GHG emissions (A) is 0.02 percent. This maximum scenario is presented in the
below example quantification.

Subsector Maximum

(ZAmGXT_]8through 122.c =10%) This measure is in the Neighborhood Design subsector. This

subcategory includes Measures T-18 through T-22-C. The VMT reduction from the
combined implementation of all measures within this subsector is capped at 10 percent.

Example GHG Reduction Quantification

The user reduces plan/community VMT by deploying bikesharing throughout the area. In
this example, the project is in the Los Angeles-Long Beach-Anaheim CBSA, and the one-

way vehicle trip length would be 9.72 miles (H). Assuming 100 percent of residents in the
plan/community would have bikeshare access (C) where there was no existing access (B),
the user would reduce GHG emissions from plan/community VMT by 0.02 percent.

(100% — 0%) x 0.021 doﬁ% X 19.6% x 1.4 ”;r'i'gs
—_ - —_ - o
A 1 x trips miles 0.02%
" day-person ' trip

Quantified Co-Benefits

%) Improved Local Air Quality

The percent reduction in GHG emissions (A) would be the same as the percent
reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
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adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

{% Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A).

@ VMT Reductions

The percent reduction in VMT would be the same as the percent reduction in
GHG emissions (A).

Sources

=  Federal Highway Administration (FHWA). 2017. National Household Travel Survey—2017 Table
Designer. Travel Day PT by TRPTRANS by HH_CBSA. Available: https://nhts.ornl.gov/. Accessed:
January 2021.

= Federal Highway Administration (FHWA). 2018. Summary of Travel Trends 2017-National Household
Travel Survey. July. Available:
https://www.thwa.dot.gov/policyinformation/documents/2017 _nhts_summary_travel trends.pdf.
Accessed: January 2021.

* Lazarus, J., J. Pourquier, F. Feng, H. Hammel, and S. Shaheen. 2019. Bikesharing Evolution and
Expansion: Understanding How Docked and Dockless Models Complement and Compete — A Case
Study of San Francisco. Paper No. 19-02761. Annual Meeting of the Transportation Research Board:
Washington, D.C. Available: https://trid.trb.org/view/1572878. Accessed: January 2021.

* McQueen, M., G. Abou-Zeid, J. MacArthur, and K. Clifton. 2020. Transportation Transformation: Is
Micromobility Making a Macro Impact on Sustainability? Journal of Planning Literature. November.
Available: https://doi.org/10.1177/0885412220972696. Accessed: March 2021.

=  Metropolitan Transportation Commission (MTC). 2017. Plan Bay Area 2040 Final Supplemental
Report-Travel Modeling Report. July. Available: http://2040.planbayarea.org/files/2020-
02/Travel_Modeling PBA2040 Supplemental%20Report 7-2017.pdf. Accessed: January 2021.
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Up to 0.06% of GHG
emissions vehicle travel in the
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Climate Resilience

Bikeshare programs can incentivize more
bicycle use and decrease vehicle use, which
have health benefits and can thus improve
community resilience. This can also improve
connectivity between residents and resources
that may be needed in an extreme weather
event. However, they may decrease
resilience if they are the only option
available during a power outage.

Health and Equity Considerations

Provide inclusive mechanisms so people
without bank accounts, credit cards, or smart
phones can access the system.

Measure Description

This measure will establish an electric bikeshare program. Electric
bikeshare programs provide users with on-demand access to
electric pedal assist bikes for short-term rentals. This encourages a
mode shift from vehicles to electric bicycles, displacing VMT and
reducing GHG emissions. Variations of this measure are described
in Measure T-22-A, Implement Pedal (Non-Electric) Bikeshare
Program, and Measure T-22-C, Implement Scootershare Program.

Subsector
Neighborhood Design

Locational Context
Urban, suburban

Scale of Application

Plan/Community

Implementation Requirements

The GHG mitigation potential is based, in part, on literature
analyzing docked (i.e., station-based) bikeshare programs. This
measure should be applied with caution if using dockless (free-
floating) bikeshare.

Cost Considerations

The costs incurred by the service manager (e.g., municipality or
bikeshare company) may include the capital costs for purchasing a
bicycle fleet; installing accessible and secure charging stations;
storing, maintaining, and replacing the fleet; and marketing and
administration. Some of these costs may be offset by income
generated through program use. Program participants will benefit
from the cost savings from access to cheaper transportation
alternatives (compared to private vehicles, private bicycles, or use
of ride-hailing services). The local municipality may achieve cost
savings through a reduction of cars on the road leading to lower
infrastructure and roadway maintenance costs.

Expanded Mitigation Options

Best practice is to discount electric bikeshare membership and
dedicate electric bikeshare parking to encourage use of the
service. Consider also including space on the vehicle to store
personal items while traveling, such as a basket.
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GHG Reduction Formula

The quantification methodology does not account for indirect GHG emissions from
electricity used to charge the bicycles or direct GHG emissions from vehicle travel of
program employees picking up and dropping off bikes.

(C—B)xDXEXF
G xH

A=-1X

GHG Calculation Variables

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions from 0-0.06 % calculated

vehicle travel in plan/community
User Inputs

B  Percent of residences in plan/community 0-100 % user input
with access to electric bikeshare system
without measure

C  Percent of residences in plan/community 0-100 % user input
with access to electric bikeshare system with
measure

Constants, Assumptions, and Available Defaults

D  Daily electric bikeshare trips per person 0.021 trips per day MTC 2017
per person

E  Vehicle to electric bikeshare substitution rate 35 percent Fitch et al. 2021

F Electric bikeshare average one-way trip length 2.1 miles per trip  Fitch et al. 2021

G  Daily vehicle trips per person 2.7 trips per day FHWA 2018
per person

H  Regional average one-way vehicle trip length Table miles per trip FHWA 2017
T-10.1

Further explanation of key variables:

= (B and C) — Access to electric bikesharing is measured as the percent of residences in the
plan/community within 0.25-mile of an electric bikeshare station. For dockless bikes,
assume that all residences within 0.25 mile of the designated dockless service area
would have access.

= (D) — An analysis of bike share service areas in the San Francisco Bay Area estimated
that in locations with access to bikesharing, there were between 21 and 25 bikeshare
trips per day per 1,000 residents (MTC 2017). To be conservative, the low end of this
range is cited. Conventional bikeshare trip rate data was used due to lack of specific
data for electric bikeshare.

= (E) — A study of dockless electric bike share in Sacramento found that the substitution
rate of vehicles trips by electric bikeshare trips was 35 percent (Fitch et al. 2021).

=
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= (F) — A study of dockless electric bike share in Sacramento found that the average one-
way bikeshare trip was 2.1 miles (Fitch et al. 2021).

= (G) — A summary report of the 2017 National Household Travel Survey data found that
the average person in the U.S. takes 2.7 vehicle trips per day (FHWA 2018).

= (H) - Ideally, the user will calculate auto trip length for a plan/community at a scale no
larger than a census tract. Potential data sources include the U.S. Census, California
Household Travel Survey (preferred), or local survey efforts. If the user is not able to
provide a plan-specific value using one of these data sources, they have the option to
input the existing regional average one-way auto trip length for one of the six most
populated CBSAs in California, as presented in Table T-10.1 in Appendix C (FHWA
2017). Trip lengths are likely to be longer for areas not covered by the listed CBSAs,
which represent the denser areas of the state.

GHG Calculation Caps or Maximums

Measure Maximum

(Amex) For projects that use default CBSA data from Table T-10.1, the maximum percent
reduction in GHG emissions (A) is 0.06 percent. This maximum scenario is presented in the
below example quantification.

Subsector Maximum

(ZAmGXT_]8through 122.c =10%) This measure is in the Neighborhood Design subsector. This

subcategory includes Measures T-18 through T-22-C. The VMT reduction from the
combined implementation of all measures within this subsector is capped at 10 percent.

Example GHG Reduction Quantification

The user reduces plan/community VMT by deploying electric bikesharing throughout the
area. In this example, the project is in the Los Angeles-Long Beach-Anaheim CBSA, and the
one-way vehicle trip length would be 9.72 miles (H). Assuming 100 percent of residents in
the plan/community would have bikeshare access (C) where there was no existing access
(B), the user would reduce GHG emissions from plan/community VMT by 0.06 percent.

_ — 0
A=-lx trips miles = -0.06%
J ——— X 972 —
day-person trip

Quantified Co-Benefits

%f) Improved Local Air Quality

The percent reduction in GHG emissions (A) would be the same as the percent
reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
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adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

4§ Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A). This quantification methodology does not account
for the increase in electricity used to charge the vehicles or the fuel consumption
from vehicle travel of program employees picking up and dropping off bikes.

@ VMT Reductions

The percent reduction in VMT would be the same as the percent reduction in GHG
emissions (A). This quantification methodology does not account for the miles
traveled from vehicle travel of program employees picking up and dropping off bikes.

Sources

=  Federal Highway Administration (FHWA). 2017. National Household Travel Survey—-2017 Table
Designer. Travel Day PT by TRPTRANS by HH_CBSA. Available: https://nhts.ornl.gov/. Accessed:
January 2021.

= Federal Highway Administration (FHWA). 2018. Summary of Travel Trends 2017-National Household
Travel Survey. July. Available:
https://www.thwa.dot.gov/policyinformation/documents/2017 _nhts_summary_travel trends.pdf.
Accessed: January 2021.

= Fitch, D., H. Mohiuddin, and S. Handy. 2021. Examining the Effects of the Sacramento Dockless E-Bike
Share on Bicycling and Driving. MDPI: Sustainability. January. Available:
https://www.mdpi.com/2071-1050/13/1/368. Accessed: March 2021.

= Metropolitan Transportation Commission (MTC). 2017. Plan Bay Area 2040 Final Supplemental
Report-Travel Modeling Report. July. Available: http://2040.planbayarea.org/files/2020-
02/Travel_Modeling_ PBA2040_Supplemental%20Report_7-2017.pdf. Accessed: January 2021.
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GHG Mitigation Potential
Up to 0.07% of GHG
emissions from vehicle travel
in the plan/community
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Climate Resilience

Scootershare programs can incentivize
more scooter use and decrease vehicle use,
which have health benefits and can thus
improve community resilience. This can also
improve connectivity between residents and
resources that may be needed in an
extreme weather event.

Health and Equity Considerations

Provide inclusive mechanisms so people
without bank accounts, credit cards, or smart
phones can access the system.

Measure Description

This measure will establish a scootershare program. Scootershare
programs provide users with on-demand access to electric
scooters for short-term rentals. This encourages a mode shift from
vehicles to scooters, displacing VMT and thus reducing GHG
emissions. Variations of this measure are described in Measure
T-22-A, Implement Pedal (Non-Electric) Bikeshare Program, and
Measure T-22-B, Implement Electric Bikeshare Program.

Subsector
Neighborhood Design

Locational Context

Urban, suburban

Scale of Application

Plan/Community

Implementation Requirements

The GHG mitigation potential is based, in part, on literature
analyzing docked (i.e., station-based) bikeshare programs. This
measure should be applied with caution given the likely higher
popularity of scootershare compared to bikeshare.

Cost Considerations

The costs incurred by the service manager (e.g., municipality or
scootershare company) may include the capital costs for
purchasing a scoofer fleet; installing accessible and secure
docking stations; storing, maintaining, and replacing the fleet; and
marketing and administration. Some of these costs may be offset
by income generated through program use. Program participants
will benefit from cost savings from access to cheaper
transportation alternatives (compared to private vehicles, private
scooters, or use of ride-hailing services). The local municipality
may achieve cost savings through a reduction of cars on the road
leading to lower infrastructure and roadway maintenance costs.

Expanded Mitigation Options

Best practice is to discount scootershare membership and dedicate
scootershare parking to encourage use of the service. Consider
also including space on the vehicle to store personal items while
traveling, such as a basket.
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GHG Reduction Formula

This measure methodology does not account for the indirect GHG emissions from electricity
used to charge the scooters or direct GHG emissions from vehicle travel of program
employees picking up and dropping off scooters.

(C—B)xDXEXF
G xH

A=-1X

GHG Calculation Variables

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions from 0-0.07 % calculated

vehicle travel in plan/community
User Inputs

B  Percent of residences in plan/community with 0-100 % user input
access to scootershare system without measure

C  Percent of residences in plan/community with 0-100 % user input
access to scootershare system with measure

Constants, Assumptions, and Available Defaults

D  Daily scootershare trips per person 0.021 trips per day MTC 2017
per person

E  Vehicle to scootershare substitution rate 38.5 % McQueen et

al. 2020

F  Scootershare average one-way trip length 2.14 miles per trip  PBOT 2021

G  Daily vehicle trips per person 2.7 trips per day  FHWA 2018
per person

H  Regional average one-way vehicle trip length Table miles per trip  FHWA 2017

T-10.1

Further explanation of key variables:

= (B and C) — Access to scootersharing is measured as the percent of residences in the
plan/community within 0.25-mile of a scootershare station. For dockless scooters,
assume that all residences within 0.25-mile of the designated dockless service area
would have access.

= (D) — An analysis of bike share service areas in the San Francisco Bay Area estimated
that in locations with access to bikesharing, there were between 21 and 25 bikeshare
trips per day per 1,000 residents (MTC 2017). To be conservative, the low end of this
range is cited. Conventional bikeshare trip rate data was used due to lack of specific
data for scootershare.

= (E) — A literature review of several academic and government reports found that the
average car trip substitution rate by scootershare trips was 38.5 percent. This included
scootershare programs in Santa Monica, Minneapolis, San Francisco, and Portland
(McQueen et al. 2020).

=




T-22-C. Implement Scootershare Program TRANSPORTATION | 169

= (F) — In Oregon, Portland’s scootershare pilot data dashboard reports that the average
trip length of scootershare trips is 2.14 miles (PBOT 2021).

= (G) — A summary report of the 2017 National Household Travel Survey data found that
the average person in the U.S. takes 2.7 vehicle trips per day (FHWA 2018).

= (H) - Ideally, the user will calculate auto trip length for a plan/community at a scale no
larger than a census tract. Potential data sources include the U.S. Census, California
Household Travel Survey (preferred), or local survey efforts. If the user is not able to
provide a plan-specific value using one of these data sources, they have the option to
input the existing regional average one-way auto trip length for one of the six most
populated CBSAs in California, as presented in Table T-10.1 in Appendix C (FHWA
2017). Trip lengths are likely to be longer for areas not covered by the listed CBSAs,
which represent the denser areas of the state.

GHG Calculation Caps or Maximums

Measure Maximum

(Amex) For projects that use default CBSA data from Table T-10.1, the maximum percent
reduction in GHG emissions (A) is 0.07 percent. This maximum scenario is presented in the
below example quantification.

Subsector Maximum

(ZAmGXT_]8through 122.c =10%) This measure is in the Neighborhood Design subsector. This

subcategory includes Measures T-18 through T-22-C. The VMT reduction from the
combined implementation of all measures within this subsector is capped at 10 percent.

Example GHG Reduction Quantification

The user reduces plan/community VMT by deploying scootershare throughout the area. In
this example, the project is in the Los Angeles-Long Beach-Anaheim CBSA, and the one-
way vehicle trip length would be 9.72 miles (H). Assuming 100 percent of residents in the
plan/community would have scootershare access (C) where there was no existing access
(B), the user would reduce GHG emissions from plan/community VMT by 0.07 percent.

(100% — 0%) x 0.021 7—1"B® _ » 38.5% x 2.14 e
A=-1x 7P : P = .0.07%
trips 9 79 miles
" day-person ' trip

Quantified Co-Benefits

=9 Improved Local Air Quality
=
The percent reduction in GHG emissions (A) would be the same as the percent

reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
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adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

4§ Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A). This quantification methodology does not account
for the increase in electricity used to charge the scooters or the fuel consumption
from vehicle travel of program employees picking up and dropping off scooters.

@ VMT Reductions

The percent reduction in VMT would be the same as the percent reduction in
GHG emissions (A). This quantification methodology does not account for the
miles traveled from vehicle travel of program employees picking up and dropping
off scooters.

Sources

= Federal Highway Administration (FHWA). 2017. National Household Travel Survey—2017 Table
Designer. Travel Day PT by TRPTRANS by HH_CBSA. Available: https://nhts.ornl.gov/. Accessed:
January 2021.

= Federal Highway Administration (FHWA). 2018. Summary of Travel Trends 2017-National Household
Travel Survey. July. Available:
https://www.fhwa.dot.gov/policyinformation/documents/2017 _nhts_summary_travel_trends.pdf.
Accessed: January 2021.

= Metropolitan Transportation Commission (MTC). 2017. Plan Bay Area 2040 Final Supplemental
Report-Travel Modeling Report. July. Available: http://2040.planbayarea.org/files/2020-
02/Travel_Modeling_ PBA2040 Supplemental%20Report_7-2017.pdf. Accessed: January 2021.

* McQueen, M., G. Abou-Zeid, J. MacArthur, and K. Clifton. 2020. Transportation Transformation: Is
Micromobility Making a Macro Impact on Sustainability? Journal of Planning Literature. November.
Available: https://doi.org/10.1177/0885412220972696. Accessed: March 2021.

= Portland Bureau of Transportation (PBOT). 2021. Portland Bureau of Transportation E-Scooter
Dashboard. Available:
https://public.tableau.com/profile/portland.bureau.of transportation#!/vizhome/PBOTE-
ScooterTripsDashboard/ScooterDashboard. Accessed: March 2021.



T-23. Provide Community-Based Travel Planning

Up to 2.3% of GHG
emissions from vehicle travel
in the plan/community

2.3%

———

Co-Benefits (icon key on pg. 34)

2 4 @ b D

D

Climate Resilience

CBTP can decrease vehicle use and thus
improve air quality, resulting in health
impacts that may increase the resilience of
communities near freeways and roads. This
can also increase the adaptive capacity of
communities by informing them of travel
alternatives if certain modes become
disrupted due to extreme events.

Health and Equity Considerations

Outreach materials may need to be in
multiple languages to address diverse
linguistic communities.

Measure Description

This measure will target residences in the plan/community with
community-based travel planning (CBTP). CBTP is a residential-
based approach to outreach that provides households with
customized information, incentives, and support to encourage the
use of transportation alternatives in place of single occupancy
vehicles, thereby reducing household VMT and associated GHG
emissions.

Subsector

Trip Reduction Programs

Locational Context
Urban, suburban

Scale of Application

Plan/Community

Implementation Requirements

CBTP involves teams of trained travel advisors visiting all
households within a targeted geographic area, having tailored
conversations about residents’ travel needs, and educating
residents about the various transportation options available to
them. Due to the personalized outreach method, communities are
typically targeted in phases.

Cost Considerations

The main cost consideration for CBTP is labor costs for program
managers and resident outreach staff plus material costs for
development of educational material. The beneficiaries are the
commuters who may be able to reduce vehicle usage or ownership.
The local municipality may achieve cost savings through a reduction
of cars on the road leading to lower infrastructure and roadway
maintenance costs.

Expanded Mitigation Options

Pair with any of the Measures from T-17 through T-22-C to ensure
that residents that are targeted by CBTP who want to use alternative
transportation have the infrastructure and technology to do so.
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GHG Reduction Formula

C
Azngx-ExF

GHG Calculation Variables

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions from 0-2.3 % calculated

household vehicle travel in plan/community

User Inputs
B Residences in plan/community [] residences user input
C Residences in plan/community targeted with CBTP [] residences user input

Constants, Assumptions, and Available Defaults

D Percent of targeted residences that participate 19 % MTC 2021

E  Percent vehicle trip reduction by participating 12 % MTC 2021
residences

F Adjustment factor from vehicle trips to VMT 1 unitless assumed

Further explanation of key variables:

= (D) — Results from program evaluations of CBTP in several counties in Washington and
Oregon across multiple years indicate that an average of 19 percent of residences
targeted will participate (MTC 2021).

* (E) — Results from program evaluations of CBTP in several counties in Washington and
Oregon across multiple years indicate that a 12 percent vehicle trip reduction will occur
among participating residences (MTC 2021).

= (F) — The adjustment factor from vehicle trips to VMT is 1. This assumes that all vehicle
trips will average out to typical trip length (“assumes all trip lengths are equal”). Thus, it
can be assumed that a percentage reduction in vehicle trips will equal the same
percentage reduction in VMT.

GHG Calculation Caps or Maximums

Measure Maximum

(Amax) The maximum percent reduction in GHG emissions (A) is 2.3 percent. This maximum
scenario is presented in the below example quantification.

Subsector Maximum

Same as (Ane). Measure T-23 is the only measure at the Plan/Community scale within the
Trip Reduction Programs subsector.
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Example GHG Reduction Quantification

The user reduces household VMT by having residences in the plan/community participate in
CBTP. In this example, all of the residences in a city of 5,000 are targeted (B and C), which
would reduce GHG emissions from citywide household VMT by 2.3 percent.

Ao 5,000 residences
~ \5,000 residences

) X 19% X -12% x 1 = -2.3%

Quantified Co-Benefits

%) Improved Local Air Quality
The percent reduction in GHG emissions (A) would be the same as the percent

reduction in NOyx, CO, NO3, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

{%’ Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A).

@ VMT Reductions

The percent reduction in household VMT would be the same as the percent
reduction in GHG emissions (A).

Sources

= Metropolitan Transportation Commission (MTC). October 2021. Plan Bay Area 2050, Forecasting and
Modeling Report. Available:
https://www.planbayarea.org/sites/default/files/documents/Plan_Bay Area 2050 Forecasting_Modeli
ng_Report October 2021.pdf. Accessed: November 2021.

=



https://www.planbayarea.org/sites/default/files/documents/Plan_Bay_Area_2050_Forecasting_Modeling_Report_October_2021.pdf
https://www.planbayarea.org/sites/default/files/documents/Plan_Bay_Area_2050_Forecasting_Modeling_Report_October_2021.pdf

T-24. Implement Market Price Public Parking

(On-Street)

GHG Mitigation Potential

& 30% Up to 30.0% of GHG
.' emissions from vehicle travel
in the plan/community

Co-Benefits (icon key on pg. 34)

2 4@ AP

D

Climate Resilience

Implementing market price public parking
could incentivize increased use of public
transit and thus result in less traffic, potentially
reducing congestion or delays on major roads
during peak AM and PM traffic periods. In
addition, this reduces illegal loading/standing
in bus stops and travel lanes. When these
reductions occur during extreme weather
events, they better allow emergency
responders to access a hazard site.

Health and Equity Considerations

Pricing on-street parking at market rates
reduces illegal loading/standing in bus stops
and travel lanes, improving transit times.

Measure Description

This measure will price all on-street parking in a given community,
with a focus on parking near central business districts,
employment centers, and retail centers. Increasing the cost of
parking increases the total cost of driving to a location,
incentivizing shifts to other modes and thus decreasing total VMT
to and from the priced areas. This VMT reduction results in a
corresponding reduction in GHG emissions.

Subsector
Parking or Road Pricing/Management

Locational Context

Urban, suburban

Scale of Application

Plan/Community

Implementation Requirements

When pricing on-street parking, best practice is to allow for
dynamic adjustment of prices to ensure approximately 85 percent
occupancy, which helps prevent induced VMT due to circling
behaviors as individuals search for a vacant parking space. In
addition, this method should primarily be implemented in areas
with available alternatives to driving, such as transit availability
within 0.5. mile or areas of high residential density nearby
(allowing for increased walking/biking). If the measure is
implemented in a small area, residential parking permit programs
should be considered to prevent parking intrusion on nearby
streets in residential areas without priced parking.

Cost Considerations

Municipalities may incur costs from installing the meter network,
which may require meters at individual spaces or at more central
terminals. There would also be staffing costs to monitor the
metered spaces and collect payments. Residents also incur a cost
by having to pay for on-street parking. A portion of costs to the
municipality may be offset through revenue collected by the
parking system.

Expanded Mitigation Options

Pricing on-street parking also helps support individual projects
with priced onsite parking by removing potential alternative
parking locations.
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GHG Reduction Formula

A=E » D-E

C E XFxGXxH

GHG Calculation Variables

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions from 0-30.0 % calculated

vehicle travel in plan/community

User Inputs
B  VMT in priced area without measure [] VMT per day  user input
C  VMT in plan/community without measure [] VMT per day  user input
D  Proposed parking price 1.00-5.00 $ per hour user input
E Initial parking price 0.00-5.00 $ per hour user input
F  Default percentage of trips parking on street 5-75 % user input

Constants, Assumptions, and Available Defaults

G  Elasticity of parking demand with respect to -0.4 unitless Pierce and
price Shoup 2013
H  Ratio of VMT to vehicle trips 1 unitless assumption

Further explanation of key variables:

= (B and C) — Total daily VMT in both the priced area and the plan/community area
should represent the expected total VMT generated by all land use in that areq,
including office, residences, retail, schools, and other uses. The most appropriate source
for this data is from a local travel demand forecasting model. An alternate method uses
VMT per worker or VMT per resident as calculated for SB 743 compliance and screening
purposes multiplied by the population in the area.

- These variables for VMT by area are used to ensure that the percent GHG reduction
from the priced area is at the same geographic scale as the vehicle travel in the
plan/community. If the area priced is a business district and the analysis is limited to
the business district, then the VMT would be equal (B=C).

= (D) — The proposed parking price can be presented in cost per minute, hour, or day,
provided that the same units are used for variable (E)

= (E) — Because this is used to calculate the percent change in parking price, if parking is
free under existing conditions, (E) should be set to (1/2xD), resulting in a percentage
change of 100 percent. In areas where metered parking is common, E may instead by
set to equal the average metered parking price in nearby areas or districts.

= (F) — On-street parking represents only a portion of the total available parking supply.
An estimate will typically range from 5 percent (in locations with offsite parking garages
available) to 75 percent (in locations where most parcels have little to no onsite parking
for visitors). The user should provide a project-specific value within this range, by
surveying the total on-street vs. off-street parking spaces within 4 mile of the study area.
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= (G) — An evaluation of the SFPark program in San Francisco found that a 0.4 percent
decrease in parking demand occurs for every 1 percent increase in parking price (Pierce
and Shoup 2013). Price elasticity of parking demand varies by location, day of the
week, and time of day.

= (H) — The adjustment factor from vehicle trips to VMT is 1. This assumes that all vehicle
trips will average out to typical trip length (“assumes all trip lengths are equal”). Thus, it
can be assumed that a percentage reduction in vehicle trips will equal the same
percentage reduction in VMT.

GHG Calculation Caps or Maximums

Measure Maximum

(Amax) The total reduction in VMT due to on-street parking pricing is capped at 30 percent,
which is based on the following assumptions:

" (% =1 OO%) — Parking prices double (i.e., increase by 100 percent) or parking pricing
is infroduced in previously free areas.

= (F) — 75 percent of all vehicle trips utilize on-street parking. Note that only within a
small-scale commercial district is 75 percent of parking likely to occur on street.

This maximum scenario is presented in the below example quantification.

Subsector Maximum

Same as (Ane). Measure T-24 is the only measure at the Plan/Community scale within the
Parking or Road Pricing/Management subsector.

Example GHG Reduction Quantification

The user reduces VMT by increasing hourly on-street parking costs. In this example, the
hourly parking cost increases from $1.00 (E) to $2.00 (D) in a business district. The
business district daily VMT is 1,000,000 (B), and the scale of implementation is the business
district (B=C). If around 75 percent of the district’s parking supply is on street (F), the user
would reduce GHG emissions from VMT by 30 percent.

VMT
1,000,000 -~
000, 2.00—$1.
A = \;i'%_x$ og] o% 00><75%><.o.4><1=-3o<%)
1,ooo,oood—qy :

Quantified Co-Benefits

%) Improved Local Air Quality

The percent reduction in GHG emissions (A) would be the same as the percent
reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an

=
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adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

{%’ Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A).

@ VMT Reductions

The percent reduction in VMT would be the same as the percent reduction in GHG
emissions (A).

Sources

= Pierce, G., and D. Shoup. 2013. Getting the Prices Right: An Evaluation of Pricing Parking by Demand
in San Francisco. Journal of the American Planning Association 79(1)67-81. May. Available:
https://www.tandfonline.com/doi/pdf/10.1080/01944363.2013.787307 2needAccess=true.
Accessed: January 2021.



T-25. Extend Transit Network Coverage or Hours

GHG Mitigation Potential

4.6% Up ’rg 4.6% of GHQ
emissions from vehicle travel
in the plan/community

Co- Benefl’rs (icon key on pg. 34)

—”4“ &y & B

Climate Resilience

Increasing transit network coverage or hours
improves the reliability of the transportation
network and allows redundancy to exist even
if an extreme event disrupts part of the
system. They could also incentivize more
people to use transit, resulting in less traffic
and better allowing emergency responders
to access a hazard site during an extreme
weather event.

Health and Equity Considerations

This measure increases access to social,
educational, and employment opportunities.
Expansion of transit networks need to ensure
equitable access by all communities to the
transit system.

Measure Description

This measure will expand the local transit network by either adding
or modifying existing transit service or extending the operation
hours to enhance the service near the project site. Starting services
earlier in the morning and/or extending services to late-night
hours can accommodate the commuting times of alternative-shift
workers. This will encourage the use of transit and therefore
reduce VMT and associated GHG emissions.

Subsector

Transit

Locational Context

Urban, suburban

Scale of Application

Plan/Community

Implementation Requirements

There are two primary means of expanding the transit network: by
increasing the frequency of service, thereby reducing average wait
times and increasing convenience, or by extending service to cover
new areas and times.

Cost Considerations

Infrastructure costs for extending the physical network coverage of
a transit system can be significant. Costs to expand track-
dependent transit, such as light rail and passenger rail, are high
and can require resource- and time-intensive advanced planning.
Costs to expand vehicle-dependent transit, such as busses, are
likewise high but may be limited to procurement of additional
vehicles. Any expansion of transit, including just service hours,
would increase staffing and potentially maintenance costs. A
portion of these costs may be offset by increased transit usage and
associated income. Commuters who may more easily be able to
travel without a car may also observe cost savings from reduce
vehicle usage or ownership.

Expanded Mitigation Options

This measure is focused on providing additional transit network
coverage, with no changes to transit frequency. This measure can
be paired with Measure T-26, Increase Transit Service Frequency,
which is focused on increasing transit service frequency, for
increased reductions.
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GHG Reduction Formula

A=-1X B

XDXEXFxG

GHG Calculation Variables

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions from 0-4.6 % calculated
plan/community VMT
User Inputs
B  Total transit service miles or service hours in [ miles user input

plan/community before expansion

C  Total transit service miles or service hours in [] miles user input
plan/community after expansion

D  Transit mode share in plan/community Table T-3.1 % user input

Constants, Assumptions, and Available Defaults

E  Elosticity of transit demand with respect to 0.7 unitless  Handy et al.
service miles or service hours 2013

F Statewide mode shift factor 57.8 % FHWA 2017

G  Ratio of vehicle trip reduction to VMT 1 unitless  assumption

Further explanation of key variables:

= (A) = This formula does not reflect any increase in transit vehicle travel and emissions,
which can at least partially offset the reduction in GHG emissions from passenger
vehicle travel. Inclusion of this component in the percent GHG reduction formula would
require inputs that would not be available to most users.

= (B and C) — Transit service miles are defined as the total service mileage. Service hours
represent the hours of operation. Either metric can be used in the GHG reduction
formula so long as both B and C use the same metric.

= (D) — The transit mode share for the six most populated CBSAs in California are
provided in Table T-3.1 in Appendix C (FHWA 2017). If the project study area is not
within the listed CBSAs or the user is able to provide a project-specific value, the user
should replace these regional defaults in the GHG reduction formula. It is likely for
areas outside of the area covered by the listed CBSAs to have transit mode shares lower
than the values provided in the table. Ideally, the user will calculate existing transit mode
share for work trips or all trips at a scale no larger than a census tract. Potential data
sources include the U.S. Census, California Household Travel Survey (preferred), or local
survey efforts. Care should be taken to not present the reported commute mode share
as retrieved from the ACS, unless the land use is office or employment based and the
ACS tables are based on work location (rather than home location).

= (E) — A policy brief summarizing the results of transit service strategies concluded that a
0.7 percent increase in transit ridership occurs for every 1 percent increase in service
miles or hours (Handy et al. 2013).
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= (F) — Mode shift factor is an adjustment to reflect the reduction in vehicle trips associated
with a reduction in person trips, since some vehicles carry more than one person. It is
calculated as (1/average vehicle occupancy).

= (G) — The adjustment factor from vehicle trips to VMT is 1. This assumes that all vehicle
trips will average out to typical trip length (“assumes all trip lengths are equal”). Thus, it
can be assumed that a percentage reduction in vehicle trips will equal the same
percentage reduction in VMT.

GHG Calculation Caps or Maximums

Measure Maximum

(Amax) The GHG reduction from expanding the transit network is capped at 4.6 percent,
which is based on the following assumptions:

C-B . . . . ..
. (T <] OO%) — The transit network increase is capped at a doubling in size, or 100
percent (twice as many revenue miles are provided, for a 100 percent increase).

= (D) - The CBSA is San Francisco-Oakland-Hayward, which has a default transit mode
share for all trips of 11.38 percent.

This maximum scenario is presented in the below example quantification.

Subsector Maximum

(2 Amaxr.s rough 729 = 15%) This measure is in the Transit subsector. This subcategory

includes Measures T-25 through T-29. The VMT reduction from the combined
implementation of all measures within this subsector is capped at 15 percent.

Example GHG Reduction Quantification

The user reduces VMT by extending an existing transit route or lengthening the service
hours. In this example, the project in a neighborhood of the San Francisco-Oakland-
Hayward CBSA and would increase transit coverage in the area from 20 miles (B) to 40
miles (C). If the existing transit mode share in the study area is 11.38 percent (D), the user
would reduce GHG emissions from VMT by 4.6 percent.

40 miles — 20 mil
A .y AOmiles—20miles) o aee 0.7 x 57.8% x 1 = -4.6%
20 miles

Quantified Co-Benefits

%) Improved Local Air Quality

The percent reduction in GHG emissions (A) would be the same as the percent
reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.
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{L, Energy and Fuel Savings

The percent reduction in vehicle fuel consumption would be the same as the percent
reduction in GHG emissions (A).

@ VMT Reductions

The percent reduction in VMT would be the same as the percent reduction in
GHG emissions (A).

Sources

=  Federal Highway Administration (FHWA). 2017. National Household Travel Survey—-2017 Table
Designer. Average Vehicle Occupancy by HHSTFIPS. Available: https://nhts.ornl.gov/. Accessed:
January 2021.

= Handy, S., K. Lovejoy, M. Boarnet, and S. Spears. 2013. Impacts of Transit Service Strategies on
Passenger Vehicle Use and Greenhouse Gas Emissions. October. Available:
https://ww?2.arb.ca.gov/sites/default/files/2020-
06/Impacts_of Transit Service Strategies_on_Passenger Vehicle_Use_and_Greenhouse_Gas_Emissio
ns_Policy Brief.pdf. Accessed: January 2021.

=



T-26. Increase Transit Service Frequency

GHG Mitigation Potential

Up to 11.3% of GHG
emissions from vehicle travel
in the plan/community

11.3%
~~

Co-Benefits (icon key on pg. 34)

24 @ AD

ED

Climate Resilience

Increasing transit service frequency improves
the reliability of the transportation network
and allows redundancy to exist even if an
extreme event disrupts part of the system. It
could also incentivize more people to use
transit, resulting in less traffic and better allow
emergency responders to access a hazard
site during an extreme weather event.

Health and Equity Considerations

This measure increases access to social,
educational, and employment opportunities.
Expansion of transit service needs to ensure
equitable access by all communities to the
transit system.

Measure Description

This measure will increase transit frequency on one or more transit
lines serving the plan/community. Increased transit frequency
reduces waiting and overall travel times, which improves the user
experience and increases the attractiveness of transit service. This
results in a mode shift from single occupancy vehicles to transit,
which reduces VMT and associated GHG emissions.

Subsector
Transit

Locational Context

Urban, suburban

Scale of Application

Plan/Community

Implementation Requirements
See measure description.

Cost Considerations

Increasing transit service frequency may require capital investment
to purchase additional vehicles. Staff and maintenance costs may
also increase. A portion of these costs may be offset by increased
transit usage and associated income. Commuters who may more
easily be able to travel without a car may also observe cost savings
from reduce vehicle usage or ownership.

Expanded Mitigation Options

This measure is focused on providing increased transit frequency,
with no changes to transit network coverage. This measure can be
paired with Measure T-25, Extend Transit Network Coverage or
Hours, which is focused on increasing transit network coverage, for
increased reductions.
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GHG Reduction Formula

BXEXDXG

A=-Cx -

GHG Calculation Variables

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions from 0-11.3 % calculated

vehicle travel in plan/community

User Inputs
B  Percent increase in transit frequency 0-300 % user input
C Level of implementation 0-100 % user input

Constants, Assumptions, and Available Defaults

D  Elasticity of transit ridership with respect to 0.5 unitless  Handy et al.
frequency of service 2013

E  Transit mode share in plan/community Table T-3.1 % FHWA 2017a

F  Vehicle mode share in plan/community Table T-3.1 % FHWA 2017a

G  Statewide mode shift factor 57.8 % FHWA 2017b

Further explanation of key variables:

= (A) — This formula does not reflect any increase in transit vehicle travel and emissions,
which can at least partially offset the reduction in GHG emissions from passenger
vehicle travel. Inclusion of this component in the percent GHG reduction formula would
require inputs that would not be available to most users. Users can calculate the
absolute changes in passenger vehicle and bus VMT and emissions using the process
described under Co-Benefits.

= (B) - Frequency is measured as the number of arrivals over a given time (e.g., buses per
hour). Frequency is the inverse of transit headway, defined as the time between transit
vehicle arrivals on a given route. This variable can be calculated as [transit frequency
with measure minus existing transit frequency] divided by existing transit frequency.

= (C) — The level of implementation refers to the number of transit routes receiving the
frequency improvement as a fraction of the total transit routes in the plan/community.

= (D) - A policy brief summarizing the results of transit service strategies concluded that a
0.5 percent increase in transit ridership occurs for every 1 percent increase in frequency
(Handy et al. 2013).

* (E and F) - Ideally, the user will calculate transit and auto mode shares for a
plan/community at the city scale (or larger). Potential data sources include the California
Household Travel Survey (preferred) or local survey efforts. If the user is not able to
provide a project-specific value using one of these data sources, they have the option to
input the mode shares for transit and vehicles for one of the six most populated CBSAs
in California, as presented in Table T-3.1 in Appendix C. It is likely for areas outside of
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the area covered by the listed CBSAs to have vehicle mode shares higher and transit
mode shares lower than the values provided in the table.

= (G) — Mode shift factor is an adjustment to reflect the reduction in vehicle trips associated

with a reduction in person trips, since some vehicles carry more than one person. It is
calculated as (1/average vehicle occupancy).

GHG Calculation Caps or Maximums

Measure Maximum

(Amex) For projects that use default CBSA data from Table T-3.1 and (Bma), the maximum
percent reduction in GHG emissions (A) is 11.3 percent. This maximum scenario is
presented in the below example quantification.

(Bmax) The percent change in transit frequency is capped at 300 percent (SANDAG 2019).

Subsector Maximum

(2 Amaxrs hrough 29 = | 5%) This measure is in the Transit subsector. This subcategory

includes Measures T-25 through T-29. The VMT reduction from the combined
implementation of all measures within this subsector is capped at 15 percent.

Mutually Exclusive Measures

If the user selects Measure T-28, Provide Bus Rapid Transit, and converts all transit routes in
the plan/community to BRT, then the user cannot also take credit for this measure or Measure
T-27, Implement Transit-Supportive Roadway Treatments. This is because Measure T-28
accounts for the VMT reduction associated with increased transit frequency and decreased
transit travel time as well as the additional BRT-specific bonus. To combine the GHG
reductions from Measure T-28 with Measure T-27 and/or Measure T-26 would be considered
double counting. However, where BRT is proposed on less than all of the existing bus routes
in the plan/community area, this measure and/or Measure T-27 could be applied to the
remaining bus routes, and the measure reductions could be combined with Measure T-28 to
determine the emissions reduction at the larger plan/community scale.

Example GHG Reduction Quantification

The user reduces plan/community GHGs by increasing transit frequency, thereby
encouraging a mode shift from vehicles to transit and reducing VMT. In this example, the
project is in the San Francisco-Oakland-Hayward CBSA where the transit and vehicle mode
shares would be 11.38 percent and 86.96 percent, respectively (E and F). Assuming the
maximum increase in transit frequency of 300 percent (B) and implementation for all transit
routes (100 percent) in the plan/community (C), the user would reduce plan/community
GHG emissions from VMT by 11.3 percent.

300% x 11.38% x 0.5 x 57.8%

— (o)
86.96% =-11.3%

A =-100% x

=
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Quantified Co-Benefits

%) Improved Local Air Quality

The percent reduction in GHG emissions (A) would be the same as the percent
reduction in NOyx, CO, NO3, SO3, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

@ VMT Reductions

The decrease in passenger vehicle miles (H) and increase in bus miles (L) by the
measure can be calculated as follows.

Passenger Vehicle VMT Reduction Formula

The percent reduction in passenger VMT would be the same as the percent
reduction in GHG emissions (A). The absolute reduction in passenger VMT can be
calculated using the following formula.

H=IXExXxJXBXxDxGXxK

Passenger Vehicle VMT Reduction Calculation Variables

ID Variable Value Unit Source
Output
H  Reduction in passenger vehicle miles ] miles per year  calculated
in plan/community
User Inputs
| Total daily person trips in corridor(s) [] trips per day user input
J  Vehicle trip length [] miles per trip user input

Constants, Assumptions, and Available Defaults

K Days per year transit available 365 days per year assumed
Further explanation of key variables:

= (I) — The total daily person trips in the corridor(s) represents the total daily trips by
all modes between the bus route origin area and the bus route destination area.
This may be obtained through travel demand modeling. If the strategy involves
frequency improvements for more than one transit route, then the total person
trips should reflect the sum of all the routes being improved.

= (J) - If the strategy involves frequency improvements for more than one transit
route, then the trip length should reflect the average of all the routes being
improved.

= Please refer to the GHG Calculation Variables table above for definitions of
variables that have been previously defined.

=
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Bus VMT Increase Formula

The absolute increase in bus VMT can be calculated using the formula below. As
noted above, the formula for the percent GHG reduction (A) does not reflect any
increase in bus VMT and bus emissions. Users that wish to capture these impacts
should calculate absolute changes.

L=P X (My—M;) Xx N x O xK

Bus VMT Increase Calculation Variables

ID Variable Value Unit Source
Output
L Increase in annual bus [] miles per year calculated

miles in plan/community

User Inputs
M;  Bus frequency without [] transit vehicle user input
measure roundtrips per hour
M;  Bus frequency with measure [] transit vehicle user input
roundtrips per hour
N  Bus hours of operation 0-24 hours per day user input
O  Bus route one-way length [] miles per route user input

Constants, Assumptions, and Available Defaults

P One-way trips in a 2 one-way trips per conversion
roundtrip roundtrip

Further explanation of key variables:

= (L) — If the strategy involves frequency improvements for more than one
transit route, then the increase in bus miles should be calculated separately
for each route.

= Please refer to the GHG Calculation Variables table above for definitions of
variables that have been previously defined.

{ér Energy and Fuel Savings

The decrease in passenger vehicle fuel consumption and increase in bus fuel
consumption by the measure can be calculated as follows.
Passenger Vehicle Fuel Use Reduction Formula

Multiply the reduction in passenger vehicle miles (H) above by the fuel efficiency of
the vehicle type (see Table T-30.2 in Appendix C) to output the change in fuel
consumption.

Bus Fuel Use Increase Formula

The absolute increase in bus fuel consumption (Q) can be calculated using the
formula below.
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Q=LxR

Bus Fuel Use Increase Calculation Variables

ID Variable Value Unit Source
Output
Q  Increase in annual bus fuel [ gal per year calculated

consumption in
plan/community

User Inputs
None

Constants, Assumptions, and Available Defaults

R Fuel economy of a transit Table  gal or kilowatt hour per  CARB 2020;
bus, by fuel type T-26.1 mile U.S. DOE
2021

Further explanation of key variables:

* (R) - The average fuel economy for gasoline, diesel, and natural gas transit buses
was calculated using EMFAC2017 (v1.0.3). The model was run for a 2020 statewide
average of UBUS vehicles, disaggregated by fuel type (CARB 2020). The efficiency of
electric buses was calculated based on the gasoline equivalent value (U.S. DOE
2021). The user should reference Table T-26.1 for the fuel economy of the
appropriate fuel type for their location’s transit system. If the user can provide a
project-specific value (i.e., for a future year and project location), the user should run
EMFAC to replace the default in the fuel use increase formula.

= Please refer to the Bus VMT Increase Calculation Variables table above for
definitions of variables that have been previously defined.

Sources

California Air Resources Board (CARB). 2020. EMFAC2017 v1.0.3. August. Available:
https://arb.ca.gov/emfac/emissions-inventory. Accessed: January 2021.

Federal Highway Administration (FHWA). 2017a. National Household Travel Survey-2017 Table Designer.
Travel Day PMT by TRPTRANS by HH_CBSA. Available: https://nhts.ornl.gov/. Accessed: January 2021.
Federal Highway Administration (FHWA). 2017b. National Household Travel Survey-2017 Table Designer.
Average Vehicle Occupancy by HHSTFIPS. Available: https://nhts.ornl.gov/. Accessed: January 2021.
Handy, S., K. Lovejoy, M. Boarnet, S. Spears. 2013. Impacts of Transit Service Strategies on Passenger
Vehicle Use and Greenhouse Gas Emissions. October. Available:
https://ww?2.arb.ca.gov/sites/default/files/2020-

06/Impacts_of Transit_Service Strategies_on_Passenger Vehicle Use and_Greenhouse_Gas_Emissions_Poli
cy_Brief.pdf. Accessed: January 2021.

San Diego Association of Governments (SANDAG). 2019. Mobility Management VMT Reduction Calculator Tool-
Design Document. June. Available: hitps://www.icommutesd.com/docs/default-source/planning/tool-design-
document final_7-17-19.pdf¢sfvrsn=ec3%eb3b_2. Accessed: January 2021.

U.S. Department of Energy (U.S. DOE). 2021. Fuel Economy Datasets for All Model Years (1984-

2021). January. Available: https://www.fueleconomy.gov. Accessed: January 2021.
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Climate Resilience

Implementing transit-supportive roadway
treatments improves the reliability of the
transportation network and allows
redundancy to exist even if an extreme
event disrupts part of the system. It could
also incentivize more people to use transit,
resulting in less traffic and better allowing
emergency responders to access a hazard
site during an extreme weather event.
Furthermore, emergency responders can
use queue jumps and dedicated bus lanes
when needed.

Health and Equity Considerations

Transit facilities can have conflicts with
cyclists. Consider appropriate treatments to
minimize conflicts. Improved transit
investments should be equitably distributed
prioritizing areas with transit deficiencies in
underserved communities.

Measure Description

This measure will implement transit-supportive treatments on the
transit routes serving the plan/community. Transit-supportive
treatments incorporate a mix of roadway infrastructure
improvements and/or traffic signal modifications to improve transit
travel times and reliability. This results in a mode shift from single
occupancy vehicles to transit, which reduces VMT and the
associated GHG emissions.

Subsector

Transit

Locational Context

Urban, suburban

Scale of Application

Plan/Community

Implementation Requirements

Treatments can include transit signal priority, bus-only signal
phases, queue jumps, curb extensions to speed passenger
loading, and dedicated bus lanes.

Cost Considerations

Costs and savings of transit-supportive roadway treatments vary
depending on the strategy pursued, ranging from low-cost route
optimization changes to high-cost infrastructure projects (e.g., bus-
only lanes). Reducing route cycle time without significantly
increasing the number of transit vehicles can result in net cost
savings for the transit system. Dedicated transit infrastructure will
improve transit reliability and increase ridership. This supplements
existing transit income streams for municipalities. Increased
ridership similarly reduces vehicle use, which has cost benefits for
both commuters and municipalities.

Expanded Mitigation Options

This measure could be paired with other Transit subsector
strategies (Measure T-25 and Measure T-29) for increased
reductions.
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GHG Reduction Formula

BXxCXxXxDXEXxXG

A=-1X -

GHG Calculation Variables

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions from vehicle 0-0.6 % calculated

travel in plan/community
User Inputs

B  Percent of plan/community transit routes that 0-100 % user input
receive treatments

Constants, Assumptions, and Available Defaults

C  Percent change in transit travel time due to -10 % TRB 2007
tfreatments

D  Elosticity of transit ridership with respect to transit -0.4 unitless TRB 2007
travel time

E  Transit mode share in plan/community Table T-3.1 % FHWA 2017a

F  Vehicle mode share in plan/community Table T-3.1 % FHWA 2017a

G  Statewide mode shift factor 57.8 % FHWA 2017b

Further explanation of key variables:

= (C) - A literature review of studies from the U.S. and United Kingdom indicates that the
travel time savings associated with one type of transit-supportive roadway treatment—
transit signal prioritization—typically ranged from 8 to 12 percent (TRB 2007). To
account for the likelihood that a user would implement multiple transit-supportive
treatments, the midpoint of this range is used for the measure formula. Use of the
midpoint is still conservative given the additional travel time savings associated with
other transit-supportive treatments. If the user can provide a project-specific value based
on the suite of their treatments, then the user should replace this default in the GHG
reduction formula.

* (E and F) - Ideally, the user will calculate transit and auto mode shares for a
plan/community at the city scale (or larger). Potential data sources include the California
Household Travel Survey (preferred) or local survey efforts. If the user is not able to
provide a project-specific value using one of these data sources, they have the option to
input the mode shares for transit and vehicles for one of the six most populated CBSAs
in California, as presented in Table T-3.1 in Appendix C. It is likely for areas outside of
the area covered by the listed CBSAs to have vehicle mode shares higher and transit
mode shares lower than the values provided in the table.
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= (G) — Mode shift factor is an adjustment to reflect the reduction in vehicle trips associated
with a reduction in person trips as some vehicles carry more than one person. It is
calculated as (1/average vehicle occupancy) (FHWA 2017b).

GHG Calculation Caps or Maximums

Measure Maximum

(Amex) For projects that use default CBSA data from Table T-3.1 and (C...), the maximum
percent reduction in GHG emissions (A) is 0.6 percent. This maximum scenario is presented
in the below example quantification.

(Cinax) The percent reduction in transit travel time is capped at 20 percent, which is based
on the values reported in a literature review of studies from the U.S. and United Kingdom

(TRB 2007).

Subsector Maximum

(2 Amaxr.s rough 29 = | 5%) This measure is in the Transit subsector. This subcategory

includes Measures T-25 through T-29. The VMT reduction from the combined
implementation of all measures within this subsector is capped at 15 percent.

Mutually Exclusive Measures

If the user selects Measure T-28, Provide Bus Rapid Transit, and converts all transit routes in
the plan/community to BRT, then the user cannot also take credit for this measure or
Measure T-26, Increase Transit Service Frequency. This is because Measure T-28 accounts
for the VMT reduction associated with increased transit frequency and decreased transit
travel time as well as the additional BRT-specific bonus. To combine the GHG reductions
from Measure T-28 with Measure T-27 and/or Measure T-26 would be considered double
counting. However, where BRT is proposed on less than all of the existing bus routes in the
plan/community area, this measure and/or Measure T-26 could be applied to the
remaining bus routes, and the measure reductions could be combined with Measure T-28
to determine the emissions reduction at the larger plan/community scale.

Example GHG Reduction Quantification

The user reduces plan/community GHGs by implementing transit-supportive roadway
treatments that decrease transit travel time, thereby encouraging a mode shift from vehicles
to transit and reducing VMT. In this example, the project is in San Francisco-Oakland-
Hayward CBSA where the transit and vehicle mode shares would be 11.38 percent and
86.96 percent, respectively (E and G). Assuming the maximum decrease in transit travel
time of 20 percent (C..x) and implementation for all transit routes (100 percent) in the
plan/community (B), the user would reduce plan/community GHG emissions from VMT by
0.6 percent.

=
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" 100% x -20% x -0.4 x 11.38% x 57.8%

86.96% = -0.6%

Quantified Co-Benefits

=9 Improved Local Air Quality
ES)

The percent reduction in GHG emissions (A) would be the same as the percent
reduction in NOy, CO, NO,, SO,, and PM. Reductions in ROG emissions can be
calculated by multiplying the percent reduction in GHG emissions (A) by an
adjustment factor of 87 percent. See Adjusting VMT Reductions to Emission
Reductions above for further discussion.

{% Energy and Fuel Savings

The percent reduction in passenger vehicle fuel consumption would be the same as
the percent reduction in GHG emissions (A).

@ VMT Reductions

The percent reduction in passenger VMT would be the same as the percent
reduction in GHG emissions (A).

Sources

= Federal Highway Administration (FHWA). 2017a. National Household Travel Survey—2017 Table
Designer. Travel Day PMT by TRPTRANS by HH_CBSA. Available: hitps://nhts.ornl.gov/. Accessed:
January 2021.

= Federal Highway Administration (FHWA). 2017b. National Household Travel Survey—2017 Table
Designer. Average Vehicle Occupancy by HHSTFIPS. Available: https://nhts.ornl.gov/. Accessed:
January 2021.

= Transportation Research Board (TRB). 2007. Transit Cooperative Research Program Report 118: Bus
Rapid Transit Practitioner’s Guide. Available:
https://nacto.org/docs/usdg/tcrp118brt_practitioners_kittleson.pdf. Accessed: January 2021.
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Climate Resilience

Providing BRT can incentivize more people to
use transit, resulting in less traffic and better
allowing emergency responders to access a
hazard site during an extreme weather
event. Furthermore, emergency responders
can use queue jumps and dedicated BRT
lanes when needed.

Health and Equity Considerations

Transit facilities can have conflicts with
cyclists. Consider appropriate BRT
components to minimize conflicts. Improved
transit investments should be equitably
distributed, prioritizing areas with transit
deficiencies in underserved communities.

Measure Description

This measure will convert an existing bus route to a bus rapid transit (BRT)
system. BRT includes the following additional components, compared to
traditional bus service: exclusive right-of-way (e.g., busways, queue jumping
lanes) at congested intersections, increased limited-stop service (e.g.,
express service), intelligent transportation technology (e.g., transit signal
priority, automatic vehicle location systems), advanced technology vehicles
(e.g., articulated buses, low-floor buses), enhanced station design, efficient
fare-payment smart cards or smartphone apps, branding of the system,
and use of vehicle guidance systems. BRT can increase the transit mode
share in a community due to improved travel times, service frequencies,
and the unique components of the BRT system. This mode shift reduces VMT
and the associated GHG emissions.

Subsector

Transit

Locational Context

Urban, suburban

Scale of Application

Plan/Community

Implementation Requirements

The measure quantification methodology accounts for the increase in
ridership from (1) improved travel times from transit signal prioritization,
(2) increased service frequency, and (3) the unique ridership increase
associated with a full-featured BRT service operating on a fully
segregated running way with specialized (or stylized) vehicles, attractive
stations, and efficient fare collection practices. To take credit for the
estimated emissions reduction, the user should implement, at minimum,
these components.

Cost Considerations

Providing BRT will require capital investment to purchase specialized
vehicles, develop passenger information systems, and construct stations
and busways. Total costs vary depending on the suite of BRT components
pursued. Grade-separated busways are more expensive than at-grade
busways and mixed flow lanes. Dedicated transit infrastructure will
improve transit reliability and increase ridership. This supplements
existing transit income streams for municipalities. Increased ridership
similarly reduces vehicle use, which has cost benefits for both commuters
and municipalities.

Expanded Mitigation Options

This measure could be paired with Measure T-25, Extend Transit Network
Coverage or Hours, and Measure T-29, Reduce Transit Fares, for
increased reductions.
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GHG Reduction Formula

y DxFx(BxD)+HxN+G)

A=-C -

GHG Calculation Variables

ID Variable Value Unit Source
Output
A Percent reduction in GHG emissions from vehicle 0-13.8 % calculated

travel in plan/community

User Inputs
B Percent increase in transit frequency due to BRT 0-300 % user input
C Level of implementation 0-100 % user input

Constants, Assumptions, and Available Defaults

D Transit mode share in plan/community Table T-3.1 % FHWA
2017a
E Vehicle mode share in plan/community Table T-3.1 % FHWA
2017a
F Statewide mode shift factor 57.8 % FHWA
2017b
Percent change in transit ridership due to BRT 25 % TRB 2007
H Percent change in transit travel time due to BRT -10 to -20 % TRB 2007
I Elasticity of transit ridership with respect to 0.5 unitless  Handy et
frequency of service al. 2013
J Elasticity of transit ridership with respect to transit -0.4 unitless  TRB 2007
travel time

Further explanation of key variables:

= (A) = This formula does not reflect any increase in transit vehicle travel and emissions,
which can at least partially offset the reduction in GHG emissions from passenger
vehicle travel.' Inclusion of this component in the percent GHG reduction formula
would require inputs that would not be available to most users. Users can calculate the
absolute changes in passenger vehicle and bus VMT and emissions using the process
described under Co-Benefits.

= (B) — Frequency is measured as the number of arrivals over a given time (e.g., buses per
hour). Frequency is the inverse of transit headway, defined as the time between transit
vehicle arrivals on a given route. This variable can be calculated as [transit frequency
with measure minus existing transit frequency] divided by existing transit frequency.

14 As discussed in Chapter 2, Integrated and Resilient Planning, the ICT regulation requires all public transit agencies to
gradually transition to 100 percent zero-emission bus fleets by 2040. Accordingly, combustion emissions from transit
operation will decline as vehicle fleets move to achieve the state’s zero-emission bus goals.
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= (C) — The level of implementation refers to the number of transit routes receiving the
frequency improvement as a fraction of the total transit routes in the plan/community.

* (D and E) - Ideally, the user will calculate transit and auto mode shares for a
plan/community at the city scale (or larger). Potential data sources include the California
Household Travel Survey (preferred) or local survey efforts. If the user is not able to
provide a project-specific value using one of these data sources, the user has the option
to input the mode shares for transit and vehicles for one of the six most populated
CBSAs in California, as presented in Table T-3.1 in Appendix C. It is likely for areas
outside of the area covered by the listed CBSAs to have vehicle mode shares higher and
transit mode shares lower than the values provided in the table.

= (F) — Mode shift factor is an adjustment to reflect the reduction in vehicle trips associated
with a reduction in person frips, since some vehicles carry more than one person. It is
calculated as (1/average vehicle occupancy).

= (G) — A BRT practitioner’s guide summarizing the results of numerous BRT case studies
concluded that, on top of the ridership gains from improved travel times and increased
service frequency, an additional 25 percent increase in ridership would occur from a
full-featured BRT service operating on a fully segregated running way with specialized
(or stylized) vehicles, attractive stations, and efficient fare collection practices.

= (H) — A literature review of studies from the United States and United Kingdom indicates
that the travel time savings associated with one type of BRT component—itransit signal
prioritization—typically average 10 percent (TRB 2007). If the user can provide a
project-specific value based on the suite of BRT components, then the user should
replace this default in the GHG reduction formula. Note that, as described below, (H)
should not exceed 20 percent.

= (I) = A policy brief summarizing the results of transit service strategies concluded that a
0.5 percent increase in transit ridership occurs for every 1 percent increase in frequency
(Handy et al. 2013).

= (J) — A BRT practitioner’s guide summarizing the results of numerous BRT case studies
concluded that a -0.4 percent decrease in transit ridership occurs for every 1 percent
increase in transit travel time (TRB 2007).

GHG Calculation Caps or Maximums

Measure Maximum

(Amex) For projects that use default CBSA data from Table T-3.1 and (Bnme), the maximum
percent reduction in GHG emissions (A) is 13.8 percent. This maximum scenario is
presented in the below example quantification.

(Bmax) The percent change in transit frequency is capped at 300 percent (SANDAG 2019).

(Hmex) The percent reduction in transit travel time is capped at 20 percent, which is based
on the values reported in a literature review of studies from the United States and United
Kingdom (TRB 2007).

Subsector Maximum

(2 Amaxrs rough 120 = | 5%) This measure is in the Transit subsector. This subcategory
includes Measures T-25 through T-29. The VMT reduction from the combined
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implementation of all the non—-mutually-exclusive measures within this subsector is capped
at 15 percent.

Mutually Exclusive Measures

If the user selects this measure and converts all transit routes in the plan/community to BRT
(B), then the user cannot also take credit for Measure T-26, Increase Transit Service
Frequency, or Measure T-27, Implement Transit-Supportive Roadway Treatments. This is
because Measure T-28 accounts for the VMT reduction associated with increased transit
frequency and decreased transit travel time as well as the additional BRT-specific bonus. To
combine the GHG reductions from Measure T-28 with Measure T-27 and/or Measure T-26
would be considered double counting. However, where BRT is proposed on less than all of
the existing bus routes in the plan/community area, Measure T-26 and/or Measure T-27
could be applied to the remaining bus routes, and the measure reductions could be
combined to determine the emissions reduction at the larger plan/community scale.

Example GHG Reduction Quantification

The user reduces plan/community GHGs by implementing a full-featured BRT system,
thereby encouraging a mode shift from vehicles to transit and reducing VMT. In this
example, the project is in the San Francisco-Oakland-Hayward CBSA where transit and
vehicle mode shares would be 11.38 percent and 86.96 percent, respectively (D and E).
Assuming the maximum increase in transit frequency of 300 percent (Bno), the maximum
decrease in transit travel time of 20 percent (Hno), and implementation for all transit routes
(100 percent) in the plan/community (B), the user would r