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This document has been reviewed by the staff of the California Air Resources Board and 
approved for publication. Approval does not signify that the contents necessarily reflect the 
views and policies of the California Air Resources Board, nor does the mention of trade 
names or commercial products constitute endorsement or recommendation for use. 

Electronic copies of this document are available for download from the California Air 
Resources Board’s Internet site at: https://ww2.arb.ca.gov/resources/documents/2020-
mobile-source-strategy. This report can also be viewed at 
https://ww2.arb.ca.gov/legislatively-mandated-reports. To order a hard copy of this report, 
please contact David Ernest García, Ph.D., Legislative Director, at (916) 322-8520 or 
David.Garcia@arb.ca.gov. Additionally, written copies may be obtained from the Public 
Information Office, California Air Resources Board, 1001 I Street, 1st Floor, Visitors and 
Environmental Services Center, Sacramento, California 95814. Because of current travel, 
facility, and staffing restrictions, the California Air Resources Board’s offices may have limited 
public access. 

For individuals with sensory disabilities, this document is available in Braille, large print, 
audiocassette or computer disk. Please contact CARB's Disability Coordinator at 
(916) 323-4916 by voice or through the California Relay Services at 711, to place your request
for disability services. If you are a person with limited English and would like to request
interpreter services, please contact CARB's Bilingual Manager at (916) 323-7053.

For questions, contact: 

Ariel Fideldy, Manager 
South Coast Air Quality Planning Section 
California Air Resources Board 
P.O. Box 2815 
Sacramento, California 95812 

Email: ariel.fideldy@arb.ca.gov 
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Executive Summary 

The California Air Resources Board (CARB or Board) 2020 Mobile Source Strategy 
(2020 Strategy) uses scenario planning to take an integrated approach to identifying the 
technology trajectories and programmatic concepts to meet our criteria pollutant, 
greenhouse gas, and toxic air contaminant reduction goals from mobile sources. It’s 
imperative that we optimize our mobile source control programs to maximize emissions 
reductions from all types of air pollutants in order to meet our many goals and provide 
immediate benefits in the communities that continue to bear the brunt of poor air quality. 
Similar to the 2016 Mobile Source Strategy (2016 Strategy), the 2020 Strategy is a framework 
that identifies the levels of cleaner technologies necessary to meet our many goals and 
high-level regulatory concepts that would allow the State to achieve the levels of cleaner 
technology. 

The 2020 Strategy will inform the development of other planning efforts including the State 
Implementation Plan (SIP) which will translate the concepts included here into concrete 
measures and commitments 
for specific levels of 
emissions reductions, the 
2022 Climate Change 
Scoping Plan (2022 Scoping 
Plan Update), and 
Community Emissions 
Reduction Plans (CERPs) 
required for communities 
selected as a part of CARB’s 
Community Air Protection 
Program. Central to all of 
these planning efforts, and CARB actions on mobile sources going forward, will be 
environmental justice as CARB strives to address longstanding environmental and health 
inequities from elevated levels of toxics, criteria pollutants, and secondary impacts of climate 
change. 

CARB has over 50 years of experience reducing mobile source emissions that have improved 
air quality and reduced climate pollutants. Through these efforts, the State and our most 
polluted regions have seen dramatic improvements in ambient air quality and, as a 
byproduct, CARB has helped California become a world leader in environmental policies and 
clean technologies. Even with our progress, many areas of the State exceed current 
health-based ambient air quality standards that the State must legally meet; in addition, 
many near-source, low-income and disadvantaged communities continue to experience 
disproportionately high levels of air pollution and the resulting detrimental impacts to their 
health. Further, climate change is causing extreme heat, devastating wildfires, historic 

1 
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droughts, torrential storms, causing billions of dollars in property damage and threatening 
human health and the economy of the residents of California – the unprecedented number of 
acres burned by wildfires in 2020 reemphasizes that climate change is here now. These 
immediate threats of climate change demand action and have resulted in a number of State 
of California and CARB policies to date. 

Mobile sources including cars, trucks, tractors, and a myriad of other on-road vehicles and 
off-road equipment, contribute a majority of smog-forming oxides of nitrogen (NOx), the 
largest portion of greenhouse gas (GHG) emissions, and are a significant source of toxic air 
contaminants that directly impact community health. The 2016 Strategy was CARB’s first 
integrated planning effort looking specifically at mobile sources to identify complementary 
policies to reduce emissions of criteria pollutants, greenhouse gases, and toxics. 

In recognition of the value of the 2016 Strategy in relation to the State’s ongoing air quality, 
climate, and community risk reduction challenges, and the ever-evolving vehicle market, the 
California Legislature passed Senate Bill (SB) 44,1 signed by Governor Newsom into law on 
September 20, 2019. SB 44 acknowledges the ongoing need to evaluate opportunities for 
mobile source emissions reductions and requires CARB to update the 2016 Strategy by 2021 
and every five years thereafter. Specifically, SB 44 requires CARB to update the 
2016 Strategy to include a comprehensive strategy for the deployment of medium- and 
heavy-duty vehicles for the purpose of meeting air quality standards and reducing GHG 
emissions. It also directs CARB to set reasonable and achievable goals for reducing emissions 
by 2030 and 2050 from medium- and heavy-duty vehicles that are consistent with the State’s 
overall goals and maximizes the reduction of criteria air pollutants. 

This document, the 2020 Strategy continues the multi-pollutant planning approach to 
illustrate the pathways forward for the various mobile sectors that are necessary in order to 
achieve California’s numerous goals and targets over the next 30 years. As specified in SB 44, 
the 2020 Strategy includes scenarios and programmatic concepts that comprehensively 
address the mechanisms needed to provide for the deployment of clean medium- and 
heavy-duty on-road vehicles. Because achieving all of the State’s near- and longer-term goals 
requires action across the full spectrum of mobile sources, this document also discusses 
light-duty on-road vehicles, as well as a wide range of off-road equipment sectors. By 
including light-duty vehicles and off-road equipment, the 2020 Strategy is more 
comprehensive than what was required under SB 44 and allows for consideration of fuel and 
energy use by the light-duty and off-road sectors in addition to the on-road medium- and 
heavy-duty sectors. The scenarios and concepts included in the 2020 Strategy provide 
emissions reductions for the purpose of meeting federal ambient air quality standards and 
substantially reducing greenhouse gas emissions from motor vehicles. 

1 Skinner, Chapter 297, Statutes of 2019 

2 
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Last year, Governor Newsom signed Executive Order N-79-202 which established a goal that 
100 percent of California sales of new passenger cars and trucks be zero-emission by 2035. In 
addition, the Governor’s order set a goal to transition all drayage trucks to zero-emission by 
2035, all off-road equipment to zero-emission where feasible by 2035, and the remainder of 
medium- and heavy-duty vehicles to zero-emission where feasible by 2045. With this order 
and many other recent actions, Governor Newsom has recognized that air pollution remains 
a challenge for California that requires bold action, and that climate change is happening 
now, affecting the health and safety all Californians. Under the order, CARB is tasked to work 
with our State agency partners to develop regulations to achieve these goals taking into 
account technological feasibility and cost effectiveness. 

On April 21, 2021, Governor Newsom joined a bipartisan group of twelve governors from 
across the country calling for the Biden Administration to build on its early action to tackle 
climate change by creating a path to ensure that all new vehicles sold in the U.S. will be 
zero-emission in the near future, and by amplifying states’ investments in ZEV charging and 
fueling infrastructure. The letter from the coalition of states calls on the Administration to 
bolster the clean vehicle transition’s growing momentum nationwide by setting standards to 
require all new passenger cars and light-duty trucks sold to be zero-emission by 2035 and all 
new medium-duty and heavy-duty vehicles sold to be zero-emission by 2045, consistent with 
the pathways that are identified in the 2020 Strategy for California. 

Further, on July 16, 2021, the Governor signed the 2021-22 State Budget which included 
unprecedented levels of investment in zero-emission vehicles and the infrastructure needed 
to support them. The ZEV budget package includes $2.7 billion in 2021-22 and $3.9 billion 
collectively over three years for CARB, the California Energy Commission, the California State 
Transportation Agency, and GO-Biz. For CARB, the ZEV incentive provides over $1.5 billion 
for clean trucks, buses, and off-road equipment, including an initiative to deploy more than 
1,000 zero-emission drayage trucks, 1,000 zero-emission school buses, and 1,000 transit 
buses, and the necessary infrastructure, to clean up the air in disadvantaged communities. 
There is also over $900 million in CARB funding to invest in consumer adoption of ZEVs and 
in clean mobility for low-income and disadvantaged communities. With the 2021-22 State 
Budget, Governor Newsom is taking a strong stance and proposing the types of investment 
necessary to move the State forward towards attainment of ambient air quality standards, the 
State’s zero-emission future, and to meeting the goals of Executive Order N-79-20. 

2 Executive Order N-79-20 https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-
Climate.pdf 
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https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf
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• Outreach and education to increase consumer awareness and acceptance of advanced
vehicle and equipment technologies; and

• Infrastructure planning and development to support the transition to cleaner
technologies.

For on-road medium- and heavy-duty vehicles, the 2020 Strategy includes the concepts 
within the following scope to move the State towards the goal that 100 percent of 
California-registered trucks will be ZEVs by 2045 where feasible: 

• Manufacturer requirements to foster clean technology production and sales;
• In-use requirements to accelerate penetration of newer technology;
• Incentive programs to promote and accelerate the use of advanced clean

technologies;
• Enhanced enforcement strategies to ensure programs are achieving their anticipated

benefits;
• Outreach and education to increase consumer awareness and acceptance of advanced

vehicle and equipment technologies; and
• Infrastructure planning and development to support the transition to cleaner

technologies.

For off-road vehicles and equipment, the 2020 Strategy includes the concepts within the 
following scope to move the State towards the goal that 100 percent of equipment will be 
zero-emission by 2035 where technologically feasible: 

• Manufacturer requirements to foster clean technology production and sales;
• In-use requirements to accelerate penetration of newer technology;
• Incentive programs to promote and accelerate the use of advanced clean

technologies;
• Outreach and education to increase consumer awareness and acceptance of advanced

vehicle and equipment technologies; and
• Infrastructure planning and development to support the transition to cleaner

technologies.

Tenets of the 2020 Mobile Source Strategy 

As outlined above, a key focus of the 2020 Strategy is advancing the use of zero-emission 
technologies wherever feasible. Regulatory mechanisms will continue to be the core of 
CARB’s programs and provide the vast majority of emissions reductions identified in the 
2020 Strategy. That said, in the near-term, incentive programs to promote and accelerate the 
use of these and other clean technologies will be essential to meeting our pre-2030 air 
quality goals and setting us on the trajectory for the future goals. In addition to funding, it is 
critical that we structure programs so that clean transportation is accessible to all 
Californians, particularly those in low-income and disadvantaged communities who 
experience a disproportionate share of pollution impacts. 

5 
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https://ww2.arb.ca.gov/sites/default/files/2020-11/Draft_2020_Mobile_Source_Strategy.pdf
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quality in the most impacted communities and, as such, has identified in subsequent drafts 
the programs and new concepts that can achieve emissions reductions in the near-term. 

In addition, an informational update on the Draft 2020 Strategy was presented to the Board 
in December 2020. At that time, the Board directed staff to continue to develop the 
2020 Strategy for the primary purpose of building on efforts to reduce emissions to meet 
near-term SIP targets and provide benefits in disadvantaged communities. In addition, the 
Board directed staff to accelerate the adoption and implementation of the Heavy-Duty 
Inspection and Maintenance Program, targeting benefits in low-income and disadvantaged 
communities where possible; and to add to the discussion on efforts to reduce vehicle miles 
travelled (VMT), while considering how we can better partner with locals and other agencies 
to tackle housing and land use, and to support transit and biking options. 

Staff released the Revised Draft 2020 Mobile Source Strategy on April 23, 2021, which 
incorporated public feedback provided on earlier drafts and also addressed Board direction 
given at the December hearing. In addition to informational updates to the Board, three 
public webinars were also held on the 2020 Strategy on March 25, 2020, October 7, 2020, 
and May 6, 2021, each of which saw high levels of public engagement with more than 
200 participants attending each, and staff answering questions through the end of the 
scheduled time. 

Updates Since the Draft Release 

In response to public feedback and Board direction received at the December hearing, a 
number of updates were included in the Revised Draft and this Proposed 2020 Strategy. 
Chapter 4 of this document discusses in detail the newly-identified and ongoing efforts to 
achieve reductions in the next five to ten years. This includes measures from the 2016 
Strategy and associated 2016 State Strategy for the State Implementation Plan, for which 
implementation is ongoing – many of the measures committed to in those plans will achieve 
substantial near-term reductions. CARB staff have continued to work to identify and develop 
additional near-term actions to reduce emissions, and find ways to accelerate emissions and 
target benefits of regulatory programs already in development in priority communities. 

In Chapter 2, we further explore the actions that CARB has taken and current efforts to 
ensure a focus on environmental justice and equity in CARB’s programs into the future. CARB 
has long worked to reduce negative effects from air pollution in the State’s most 
highly-impacted populations, through programs to control emissions from freight transport 
and other significant sources affecting low-income and disadvantaged communities. In recent 
years, CARB and the State have been further enabled through Assembly Bill (AB) 6173 

programs, Senate Bill 3504 (SB 350) equity efforts, and Low Carbon Transportation to renew 

3 C. Garcia, Chapter 136, Statutes of 2017 
4 De León, Chapter 547, Statutes of 2015 
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our focus on and engagement with these communities, but disadvantaged communities 
continue to experience the highest levels of air pollution impacts in California. CARB and the 
State of California are committed to prioritizing the needs of historically under-served 
communities in our work – as such, environmental justice will be a core consideration within 
all CARB actions and programs moving forward. 

Concepts included in the 2020 Strategy that will reduce emissions in low-income and 
disadvantaged communities are shown below and described in further detail in Chapter 2 
and Chapter 6. 

• Cars and Trucks
o Cars: Cleaner combustion and zero-emission requirements
o Trucks and Buses: Zero-emission requirements and regulations to ensure in-use

combustion equipment remains clean
o Vehicle Miles Travelled: Increased access to alternative mobility options such as

walking, bicycling, transit, and equitably address land use issues through
accelerated infill housing development and other means

• Near-Port Emissions Sources
o Drayage Trucks: Full transition to zero-emission by 2035
o Ocean-going Vessels: Cleaner marine engine standards and cleanest vessel

visits requirements
o Commercial Harbor Craft: Clean combustion, renewable fuel and zero-emission

requirements
o Cargo Handling Equipment: Full transition to zero-emission equipment starting

in 2026 at ports and railyards
• Commercial/Industrial and Warehouse Emissions Sources

o Small Off-Road Engines, Forklifts, and Transport Refrigeration Units: Full
transition to zero-emission equipment starting in 2024

o Locomotives: Accelerated turnover to cleanest combustion
o Construction, Industrial and Mining: Replace dirtiest vehicles with cleanest

available technology
• Other Emissions Sources

o Recreational Boats: Cleanest combustion and zero-emission requirement
o Aircraft: Cleaner engines, efficiency improvements and zero-emission operation

CARB and the State of California are committed to dismantling embedded systems of 
disenfranchisement and discrimination, and to prioritizing the needs of historically 
under-served communities in our work. In order to comprehensively address equity in 
California's transportation system, we must do more than reduce emissions by transforming 
the fleet to cleaner and zero-emission vehicles – we must also find ways to provide increased 
mobility options to the communities who need them and state and local governments must 
address the land use issues that stand in the way of progress. Historic decision-making 
favoring single-occupancy vehicle travel shaped many communities. Where and how 
communities plan and build housing imposes and often reinforces long-standing racial and 

8 
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economic injustices that leave residents with little choice but to spend significant time and 
money commuting long distances in search of an affordable place to live. This places a 
disproportionate burden on low-income Californians, who end up paying the highest 
proportion of their wages for housing and transportation. In the Beyond ZEVs section of 
Chapter 6, we identify strategies CARB can undertake to help address these issues, which 
would simultaneously reduce VMT, achieve additional emissions reductions and support 
implementation of regional planning efforts. 

Moving forward, the concepts contained in the 2020 Strategy will be translated into 
federally-enforceable measures and commitments that will be included in the next State 
Implementation Plan strategy being developed for the 70 parts per billion (ppb) 8-hour 
ozone standard. Further, the 2020 Strategy will inform mobile source elements of the 
2022 Scoping Plan Update, and be incorporated into community emission reduction plans 
and other CARB planning documents to be released in the coming years. As such, in 
addition to a final Board hearing on the 2020 Strategy this fall, the concepts included here 
will see many opportunities for public input as they are incorporated into additional planning 
documents, and further developed into regulations and other programs through formal 
rulemaking processes. 

9 
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Chapter 1 - Introduction 

Over the last 50 years, California air pollution control efforts have resulted in dramatic 
improvements in smog levels, as well as reductions in a variety of harmful pollutants in urban 
and rural areas. Despite this 
progress, the State still has more 
work to meet many federal and State 
ambient air quality standards and 
other health and climate stabilization 
targets over the next 30 years. 
Emissions must be reduced from all 
sources of air pollution in California 
to not only meet the federal 
standards, but to minimize negative 
health effects in the State’s most impacted and disadvantaged communities, and to lessen 
climate impacts. 

To that end, much needs to be accomplished. The State of California and CARB have many 
air quality standards, targets and goals to meet over the next 30 years (Figure 1). 

Figure 1 – California’s Air Quality Targets and Greenhouse Gas Reduction Goals 

2030: 2050: 
2023: GHG 2037: GHG 
South 40 percent South 80 percent 

Coast & below Coast & below 
SJV Ozone 1990 SJV Ozone 1990 

2024/25: 2031: 2045: 
AB 617 South Carbon 

Communities, Coast & Neutrality 
SJV Ozone South Coast 

& SJV PM2.5 

The State’s climate goals include the mid-term target in 2030 for 40 percent GHG emissions 
reduction below 1990 levels, codified under Senate Bill 32,5 and longer-term targets for 
economy-wide carbon neutrality in 2045 as set in Executive Order B-55-18, and 80 percent 
GHG emissions reduction below 1990 levels by 2050 as directed by Executive Order S-3-05, 

5 Pavley, Chapter 249, Statutes of 2016 
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a target that was reinforced by Governor Brown’s Executive Order B-16-2012 that added a 
80 percent reduction goal specific to the transportation sector. While our future climate 
goals are 10, 25, and 30 years into the future, the existential threat of climate change is a 
crisis of the present and is already causing extreme heat, torrential storms, historic droughts, 
and the devastating wildfires that California is currently experiencing. In order to forestall the 
most extreme of impacts of climate change, it’s pivotal that we act this decade to curb 
greenhouse gas emissions. 

In recognition of the severity of the climate 
crisis and the need for immediate action, 
Governor Newsom signed Executive 
Order N-79-20 on September 23, 2020. 
This order established a first-in-the-nation 
goal for 100 percent of in-state sales of 
new passenger cars and trucks to be 
zero-emission by 2035. In addition, the 
Governor’s order set a goal to transition 
100 percent of the drayage truck fleet to 
zero-emission by 2035, all off-road 
equipment where feasible to zero-emission 
by 2035, and the remainder of 
medium- and heavy-duty vehicles to 

zero-emission where feasible by 2045. Under the order, CARB will work with our State 
agency partners to develop regulations and strategies to achieve these goals taking into 
account technological feasibility and cost-effectiveness. 

For the national ambient air quality standards (standards), there are legally-obligated 
deadlines by which areas must attain; these are established by the federal Clean Air Act (Act) 
and implemented by the U.S. EPA each time a new standard is promulgated based on 
updated information showing health impacts at increasingly lower levels. California has the 
two areas with the most critical air quality challenges in the nation, the South Coast Air Basin 
and the San Joaquin Valley. The near-term targets for these areas are our outlined in Table 1, 
alongside the mid-term attainment years of 2031 and 2037 for the more recent 8-hour ozone 
standards. 

Table 1 – Attainment Deadlines for National Ambient Air Quality Standards 

Attainment Year Standard 

2023 80 ppb 8-hour ozone 
2024 35 µg/m3 24-hour PM2.5 
2025 12 µg/m3 annual PM2.5 
2031 75 ppb 8-hour ozone 
2037 70 ppb 8-hour ozone 

11 
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In addition to regional air pollutant levels, many communities in the State experience 
measurable harm in the form of negative health impacts from high levels of localized 
pollution. There is an immediate need to reduce emissions and exposure in these 
highly-impacted, low-income and disadvantaged communities throughout the State, and 
specifically, communities with Community Emissions Reduction Plans (CERPs) under AB 617.6 

Communities selected for CERPs set five and ten-year targets to reduce community 
exposure; the targets for the first CERPs adopted by the Board begin in 2024, and included 
in many of these plans is a focus on mobile source measures and reductions. 

As research continues to show harmful effects from air pollution at increasingly lower levels, 
achieving the State’s complementary goals, targets and standards will provide much-needed 
public health protection for the millions of Californians that still breathe unhealthy air and will 
reduce exposure in the State’s most highly-impacted and disadvantaged communities. 
Meeting California’s GHG emissions reduction targets is an essential part of the worldwide 
action needed to slow global warming and achieve climate stabilization, as California 
continues to serve as an example on climate action to many across the world. Finally, actions 
to meet California’s public health and climate goals will also provide economic benefits 
including increasing the demand for skilled labor in green jobs, and will reduce our 
dependence on petroleum and establish a more secure energy future. 

Further, national parks and wilderness areas in California are known for their dramatic 
landscapes and striking vistas. Views of these natural landscapes are diminished when 
pollutants from anthropogenic and natural sources scatter and absorb light, reducing clarity, 

color, and overall visibility. The 
presence of pollutants that 
diminish visibility is known as 
haze. The Act requires states 
to reduce haze and protect 
visibility at Class 1 areas known 
for their vistas. California has 
29 Class 1 areas located 
throughout the State and is 
required to develop state 
implementation plans every 
10 years to remedy visibility 
impairment and prevent future 
visibility degradation at our 

Class I areas. Mobile source emissions are the dominant source of visibility reducing 
particulate matter at California’s Class I areas. Continued efforts to control emissions from 

6 C. Garcia, Chapter 136, Statutes of 2017 
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mobile sources is necessary to meet the State’s obligation to improve visibility required by 
the Act. 

Mobile sources and the fossil fuels that power them continue to contribute a majority of NOx 
emissions, a significant precursor to smog and particulate matter, and are the largest portion 
of GHG emissions in California. The 2016 Strategy demonstrated how the State could target 
strategies that simultaneously meet air quality standards, achieve greenhouse gas emission 
reduction targets, decrease health risk from transportation emissions, and reduce petroleum 
consumption through 2031 through a combination of efforts including widespread actions to 
deploy both zero-emission and cleaner combustion technologies. The 2016 Strategy included 
scenarios and measures to deploy zero-emission technologies across a broad spectrum of 
mobile sources including passenger vehicles, targeted truck and bus applications, forklifts, 
and other off-road equipment and transport refrigeration units. Actions were also discussed 
to require cleaner combustion technologies for sectors such as heavy-duty trucks, 
locomotives, and ocean-going vessels; these measures would provide the bulk of the NOx 
reductions needed to meet federal air quality standards by statutory deadlines in 2031. 

Elements of the 2016 Strategy were incorporated into the 2016 State SIP Strategy and 
supported complementary efforts including the 2017 Climate Change Scoping Plan, the 
California Sustainable Freight Action Plan, and CARB’s Short-Lived Climate Pollutant 
Reduction Strategy. Each of these documents drew from the 2016 Strategy to incorporate 
and build upon the actions and policies relevant to meet individual program goals. 

With the passing of SB 44, the California Legislature acknowledged the value of the 
2016 Strategy in relation to the State’s many air quality, climate, and community risk 
reduction challenges. By requiring CARB to update the Mobile Source Strategy every five 
years, SB 44 further acknowledged the ongoing need to evaluate opportunities for mobile 
source emissions reductions in California as the vehicle and equipment market continues to 
evolve. Specifically, SB 44 requires CARB to update the 2016 Strategy to include a 
comprehensive strategy for the deployment of medium and heavy-duty vehicles for the 
purpose of meeting air quality standards and reducing GHG emissions. In addition to 
providing a status on the measures in the 2016 Strategy, it also directs CARB to set 
reasonable and achievable goals for reducing emissions from medium- and heavy-duty 
vehicles that are consistent with the State’s overall goals. Because meeting all of the State’s 
near- and longer-term goals requires action across the full spectrum of mobile sources, this 
document also discusses light-duty on-road vehicles, as well as a wide range of off-road 
equipment sectors. 

The 2020 Strategy meets the requirements of SB 44 through the inclusion of scenarios and 
programmatic concepts that comprehensively address the mechanisms needed to provide 
for the deployment of clean medium- and heavy-duty on-road vehicles. By including 
light-duty vehicles and off-road equipment, the 2020 Strategy is more comprehensive than 
what was required under SB 44, and allows for consideration of fuel and energy use by the 
light-duty and off-road sectors in addition to on-road medium- and heavy-duty vehicles. The 
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https://ww2.arb.ca.gov/resources/documents/2016-state-strategy-state-implementation-plan-federal-ozone-and-pm25-standards
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scenarios and concepts included in the 2020 Strategy can illustrate how the state can obtain 
emissions reductions for the purpose of meeting federal ambient air quality standards and 
substantially reducing greenhouse gas emissions from motor vehicles. 

Defining the scope of actions necessary to implement a strategic vision to meet all of 
California’s goals requires an integrated planning process. In order to identify the strategies 
and program concepts that will best help CARB and the State meet all of its targets, it is 
imperative to look comprehensively at the potential benefits to all three categories of 
pollutants that CARB strives to reduce: criteria pollutants, toxics, and greenhouse gases. As 
we know that significant emission reductions from mobile sources are needed from all 
pollutants, this type of coordinated planning effort is essential to address the interplay 
between pollutants and sources, and consider the benefits of different technologies and 
energy sources. This planning effort serves as a foundation, but does not substitute for the 
public process, including analyses and review as required under the California Environmental 
Quality Act (CEQA), that will take place if CARB pursues each of the individual program 
concepts. 

To take an integrated approach, CARB uses scenario planning tools to quantify changes in 
ozone and PM2.5 precursor emissions, GHG emissions, diesel toxics emissions, and 
petroleum usage as various technologies are projected to populate the vehicle and 
equipment fleets. CARB’s tools, known as the Mobile Emissions Toolkit for Analysis (META) 
and Vision, are used to evaluate scenarios with varying assumptions about potential 
technology and fuel mixes, and explore different rates at which those technologies could 
become widely used. These tools are discussed further in Chapter 6. 

The analysis in the 2020 Strategy illustrates scenarios for meeting the State’s public health, 
climate, and community risk reduction goals with a strategy consisting of cleaner vehicle 
technologies, energy and fuel supply sources, and a reduction in vehicle miles traveled. 
Technologies, energy sources, and vehicle travel, as well as the best policy tools, will vary by 
sector based on the status of technology development in various applications, the 
multi-pollutant benefits, and the interactions between regulatory and programmatic 
strategies. The scenario analysis identifies the types of technologies and level of penetration 
into the respective fleets that will be necessary to meet the various goals. While a scenario 
may outline the overall approach for a sector and include program concepts that will move 
the State in the needed direction, the specific strategies for each sector will continue to be 
refined as the planning and public process for implementing specific actions moves forward. 
The concepts contained in the 2020 Strategy are less defined than the measures included in 
the 2016 Strategy, in part due to the accelerated timeframe for completing the 2020 
Strategy as defined under SB 44. The concepts in the 2020 Strategy will continue to be 
developed and then translated into more clearly defined measures for the next State SIP 
Strategy and other CARB planning documents over the coming years. 

It is clear that the rate of natural vehicle fleet turnover will not be sufficient to meet near- and 
long-term air quality or climate goals; as such, actions to accelerate the deployment of 
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cleaner technologies through regulations, incentives, system efficiency improvements, and 
support for the use of advanced transportation technologies such as intelligent 
transportation systems and autonomous and connected vehicles, are critical to achieving 
both near- and long-term goals in California. Existing mobile source regulatory programs and 
the many regulatory efforts underway will drive technology development and provide for 
significant reductions in emissions, but more will be needed. Given that the development and 
implementation of new regulations takes substantial time, strategic use of incentive funding 
is essential to achieve earlier penetration of cleaner combustion and zero-emission 
technologies than would happen through natural turnover, and the associated emissions 
reductions which are necessary to meet near-term goals. 

Where We Are Today 

While CARB has made substantial progress through its many regulatory and programmatic 
efforts, there remains a great need for emissions reductions in the immediate future to 
alleviate negative health impacts and meet federal and State air quality deadlines. Statewide, 
more than 28 million Californians live in areas that exceed the federal ozone and PM2.5 
standards;7 within those, there are many low-income and disadvantaged communities that 
experience pollutant levels significantly higher than the federal standards, as well as 
exposure to toxics, which can have immediate and detrimental health effects. 

Of CARB’s many goals, the air quality standards that need to be met in the next five years 
pose immediate challenges and will drive policies and the need for considerable, strategic 
investment to accelerate the transition to cleaner technologies beyond what would occur 
through natural fleet turnover. Attainment of the ozone standard in 2023 remains a challenge 
for the South Coast Air Basin. While some of the needed reductions will be achieved through 
regulatory measures included in the 2016 Strategy and related SIPs, reductions from federal 
measures and/or additional incentive funding are needed to achieve a majority of the 
remaining NOx reductions that are necessary to meet this standard. 

7 Based on 2019 monitored ozone and PM2.5 design values contoured over population by census tract 
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In the San Joaquin Valley, attainment of PM2.5 standards in 2024 and 2025 is the near-term 
challenge driving many policies. The 2018 Plan for the 1997, 2006, and 2012 PM2.5 
Standards and the San Joaquin Valley Supplement to the 2016 State SIP Strategy (Valley 
State SIP Strategy) included State 
commitments to achieve 32 tpd of NOx and 
0.9 tpd of PM2.5 emissions reductions in 
the San Joaquin Valley beyond the existing 
emission controls. Almost 90 percent of the 
reductions needed to meet these PM2.5 
standards will come from ongoing 
implementation of the existing control 
program, combined with regulatory 
measures identified in the Valley State SIP 
Strategy. Since deployment of cleaner 
technologies through new incentive funding 
will also be critical, CARB continues to look 
for innovative opportunities to reduce 
emissions in the San Joaquin Valley in the near-term. 

Reducing exposure to air pollution for residents of low-income and disadvantaged 
communities throughout the State is a critical near-term driver. The passage of AB 617 and 
creation of CARB’s Community Air Protection Program (CAPP) has given the State the 
opportunity to take a closer look at and dedicate targeted resources towards helping to 
reduce exposure to harmful pollutants in the State’s most heavily-impacted communities. 
Under the direction of AB 617 and guidelines created under the CAPP, beginning in 2018, 
CARB annually considers low-income and disadvantaged communities to begin new 
monitoring programs and emission reduction programs. CERPs are developed through 
coordination between CARB, local air districts, and community groups, and set five and 
ten-year targets to reduce community exposure – the targets of current CERPs adopted by 
the Board begin in 2024, with many programs including a focus on the turnover of dirty 
mobile sources and their engines to zero-emission technologies, as sought by communities 
and their representatives. 

In support of the goals of AB 617 and the CAPP, the Legislature has appropriated funding to 
support early actions to address localized air pollution through targeted incentive funding to 
deploy cleaner technologies in these communities, as well as grants to support community 
participation in the AB 617 process. Further, AB 617 includes new requirements for the 
accelerated retrofit of pollution controls on industrial sources, increased penalties, and 
greater transparency and availability of air quality and emissions data, which will help 
advance air pollution control efforts throughout the State. The legislation also requires the 
development of new resources that work together to support emissions reductions in 
communities, including a Technology Clearinghouse to be used to identify rules, regulations, 
technologies, or practices that could offer emissions or exposure reduction opportunities 
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within the selected community. Once complete, this tool will allow users to easily find 
existing rules and identify next generation technologies that are beyond existing regulatory 
requirements. CARB will prioritize adding sources that are of high importance to existing 
AB 617 community members to the system as it is developed. 

To ensure clean transportation is available to all Californians, SB 350 directed CARB to study 
the barriers for low-income Californians to access clean transportation options, including 
those in disadvantaged communities, as well as recommendations on how to increase access. 
In February 2018, CARB released the Final Guidance Document – Low-Income Barriers Study, 
Part B: Overcoming Barriers to Clean Transportation Access for Low-Income Residents 
(SB 350 Barriers Report). CARB’s SB 350 Barriers Report is an initial step in identifying the 
main barriers low-income residents, including those in disadvantaged and tribal communities, 
face in accessing clean transportation and mobility options. This effort, together with the 
CAPP, provide an opportunity to better integrate community, regional, and State-level 
programs to increase access to clean transportation and provide clean air for all Californians. 
Ongoing funding will be critical to support the CAPP and related programs and to provide 
the reductions needed in these impacted communities. 

In 2006, California’s first GHG reduction target was established under the Assembly Bill 32,8 

the Global Warming Solutions Act of 2006. AB 32 created a comprehensive, multi-year 
process to reduce GHG emissions in California and required CARB to develop a Climate 
Change Scoping Plan. The first Climate Change Scoping Plan, completed in 2008, described 
California’s approach to achieving the goal of reducing GHG emissions to 1990 levels by 
2020. In 2016, four years ahead of schedule, California emissions fell below the 1990 levels of 
431 million metric tons carbon dioxide equivalent. Going forward, the next GHG reduction 
target is a 40 percent reduction from 1990 levels by 2030 as codified in SB 32. The 
2017 Climate Change Scoping Plan demonstrated how California will meet the 2030 target 
and showed that there are substantial emissions reductions still needed. CARB will be 
working to develop the 2022 Scoping Plan Update over the coming year, which will map out 
the path to achieving Statewide carbon neutrality in 2045, and the 2050 goal of 80 percent 
reduction in GHG emissions below 1990 levels. Additionally, the 2022 Scoping Plan Update 
will be looking to move the State away from the combustion of fossil fuels as much as 
possible. We know that the transition of the transportation sector to zero-emission vehicles, 
and more accessible, efficient mobility, will be major factors in meeting these and other 
future climate goals. 

What We Are Learning from the COVID-19 Lockdown 

The COVID-19 pandemic and the resulting health and economic crisis have had drastic and 
wide-ranging impacts on the lives, livelihoods, and behaviors of people around the world. To 

8 Núñez and Pavley, Chapter 488, Statutes of 2006 
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date, it has taken millions of lives worldwide, and has had a direct impact on countless more. 
As it pertains to air quality, this pandemic has reemphasized the need to reduce emissions 
and achieve cleaner air, as air pollution may be a key factor in increasing the vulnerability of 
individuals to contracting COVID-19, as well as increasing the severity of illness and mortality 
risk from the virus.9 CARB is currently funding additional studies to look at the connection 
between air quality and health impacts of COVID-19. 

The measures put into place to slow the spread of COVID-19 resulted in significant changes 
in human activity that present opportunities to evaluate the real-world effect of those 
changes on air quality. Most notable are the short-term reductions in both heavy-duty and 
light-duty VMT across the State’s highways and local roads, and the resulting emission 
reductions. In California, VMT fell to its lowest point in early- to mid-April, with an 
approximately 25 percent reduction in heavy-duty VMT and 50 to 60 percent reduction in 
light-duty VMT. Since that time, both heavy-duty and light-duty VMT have steadily increased, 
with heavy-duty VMT returning to pre-lockdown levels in early June. However, the reductions 
in VMT in April and May provide an opportunity to test the real-world implications of 
emissions reductions associated with the on-road mobile sector. Such analysis, though, is 
complicated by several factors: 

1. There is a natural, seasonal reduction in pollution levels (e.g., NOx and carbon
monoxide) from March to May, which occurs every year as winter transitions to spring,
and separating meteorological effects from VMT-related emissions changes is
non-trivial;

2. The largest reductions in heavy-duty VMT occurred outside of the peak ozone season,
and ozone chemical regimes can change from spring to summer due to seasonal
variations in emission sources including biogenic emissions; and

3. The largest reductions in VMT occurred over a relatively short time period (less than
two months), making analysis of impacts more difficult.

CARB staff are working on finalizing an analysis of the effect of reduced VMT on ambient 
pollution levels and putting those findings in the context of long-term ozone trends and the 
State’s emission control strategy moving forward. Findings will be published in a peer 
reviewed scientific journal. While the 2020 Strategy is a long-term planning document and 
COVID-19 stay-at-home orders and related closures are temporary measures, there is 
potential for changes made during this time to have far-reaching implications for 
transportation mode choice, shared mobility, vehicle choice, and VMT into the future. 

Before the COVID-19 pandemic, Californians were continuing to drive more, and carpool less 
to work. Auto ownership was increasing and transit ridership was falling across California, and 

9 Petroni et al (2020). Hazardous air pollutant exposure as a contributing factor to COVID-19 
mortality in the United States. Environ. Res. Lett. 15 0940a9; Liang, Donghai et al. “Urban Air Pollution May 
Enhance COVID-19 Case-Fatality and Mortality Rates in the United States.” medRxiv : the preprint server for 
health sciences 2020.05.04.20090746. 7 May. 2020, doi:10.1101/2020.05.04.20090746. Preprint. 
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there continues to be a relatively small percentage of people that walk and bike to work.10 

Mobility in California dropped dramatically after shelter-in-place orders were enacted early in 
the COVID-19 pandemic, as people and organizations (including CARB) successfully 
operationalized widespread teleworking, and continued teleworking is a promising source of 
commute VMT reduction into the future. However, telework is not a panacea for VMT 
reduction – only a subset of jobs can support a telework arrangement. Essential workers 
largely cannot telework, many of whom are lower income or depend on transit services. 
Transit service has been decimated by fears raised by the pandemic, and we must provide 
viable modes of transportation that can support our essential workforce. 

Mobility and VMT rebounded as mandates eased, but vehicle travel in California became 
more distributed throughout the day and 
the roadway network was not as 
congested in many cities. We have 
experienced the profound impacts that 
getting cars off the road has on reducing 
congestion, especially during peak 
commute times. We know building more 
roads only leads to more congestion11 and 
now we have seen a future where we can 
be more efficient with, and prioritize fixing 
and maintaining, our existing rights-of-way. Total light-duty VMT in California will continue to 
grow as the State’s population grows. As discussed in more detail later, per capita VMT 
growth must be reduced but continue to accommodate essential travel. Our roadway 
network was extremely congested prior to the pandemic, and as travel restrictions ease, it is 
becoming so again. It’s critical that we provide viable alternatives to single occupancy vehicle 
travel as we move forward, with 10 million vehicles expected to be added to our roadways in 
coming decades. 

Health Impacts 

Despite decades of progress in improving air quality, large areas of California still suffer some 
of the worst air quality in the nation. Mobile source emissions contribute to a wide range of 
heart and lung illnesses, chronic health conditions, increased cancer rates, and premature 
death. Every year, over 5,000 premature deaths and hundreds of illnesses and emergency 
room visits for respiratory and cardiovascular disease in California are linked to PM2.5 

10 CARB. 2018. 2018 PROGRESS REPORT: California’s Sustainable Communities and Climate Protection Act. 
Available: https://ww2.arb.ca.gov/sites/default/files/2018-11/Final2018Report_SB150_112618_02_Report.pdf 
11 S. Handy, M. Boarnet. 2014. Impact of Highway Capacity and Induced Travel on Passenger Vehicle Use and 
Greenhouse Gas Emissions. https://ww2.arb.ca.gov/sites/default/files/2020-
06/Impact_of_Highway_Capacity_and_Induced_Travel_on_Passenger_Vehicle_Use_and_Greenhouse_Gas_Emiss 
ions_Policy_Brief.pdf 
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pollution, of which more than half is produced by mobile sources. 12 Recent research 
demonstrates that fine particulate pollution impacts not only the heart and respiratory 
system, but also brain health and adverse birth outcomes.13 During the COVID-19 pandemic, 
we have learned that air pollution may be a key factor in increasing the vulnerability of 
individuals to contracting COVID-19, as well as increasing mortality risk from the virus, and 
the severity of illness in people suffering from COVID-19.14 Moreover, for the millions of 
California residents living in low-income and disadvantaged communities and experiencing 
disproportionate levels of negative health impacts from air pollution,15 actions to reduce 
fossil fuel combustion and move to cleaner power sources are even more important. 

Health Impacts from Mobile Source Emissions 

Fossil fuel combustion from cars, trucks, buses, and on- and off-road equipment emits criteria 
air pollutants and their precursors, including NOx and oxides of sulfur (SOx) emissions. While 
NOx and SOx emissions are harmful in themselves, NOx is also a precursor to ozone, which 
can cause irritation and damage lung tissue, worsen asthma and chronic illnesses including 
obstructive pulmonary disease and reduce lung function. 16 Studies have linked short-term 
ozone exposure with increased risk of death.17 

12 CARB. (2016). Mobile Source Strategy. https://ww2.arb.ca.gov/resources/documents/2016-state-strategy-
state-implementation-plan-federal-ozone-and-pm25-standards 
13 USEPA. (2019a). Integrated Science Assessment for Ozone and Related Photochemical Oxidants (External 
Review Draft). Retrieved from https://cfpub.epa.gov/ncea/isa/recordisplay.cfm?deid=344670. 
U.S. EPA (2019b). Policy Assessment for the Review of the National Ambient Air Quality Standards for 
Particulate Matter, External Review Draft 
14 Petroni et al (2020). Hazardous air pollutant exposure as a contributing factor to COVID-19 
mortality in the United States. Environ. Res. Lett. 15 0940a9; 
Liang, Donghai et al. “Urban Air Pollution May Enhance COVID-19 Case-Fatality and Mortality Rates in the 
United States.” medRxiv : the preprint server for health sciences 2020.05.04.20090746. 7 May. 2020, 
doi:10.1101/2020.05.04.20090746. Preprint. 
15 American Lung Association. (2020). State of the Air; Union of Concerned Scientists, U. (2019). Inequitable 
Exposure to Air Pollution from Vehicles in California (2019); Cushing et al. (2015). Racial/ethnic disparities in 
cumulative environmental health impacts in California: evidence from a statewide environmental justice 
screening tool (CalEnviroScreen 1.1). American journal of public health, 105(11), 2341-2348. 
16 U.S. EPA (2019b). Policy Assessment for the Review of the National Ambient Air Quality Standards for 
Particulate Matter, External Review Draft. 
17 Ibid. 
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In addition to contributing to ozone, the biggest impact on health from NOx and SOx 
emissions comes when they are converted to PM2.5 in the atmosphere. PM2.5 pollution 
contributes to more fatalities than other air pollutants, and can lodge deep in the lungs or 
pass through the lungs to enter the blood stream and affect the heart, brain, and other 
organs.18 Short-term exposure to PM2.5 pollution is associated with increased 
hospitalizations and emergency room visits for heart and lung illnesses, and can lead to 
premature death.19 Adverse health effects from long-term exposure to PM2.5 pollution 

include increased risk of heart attacks and heart 
disease, impaired lung development in children, 
the development and exacerbation of asthma, and 
premature death.20 Other possible impacts from 
PM2.5 exposure that are being investigated 
include low birth weight and impacts to the 
brain.21 

Diesel engines emit a complex mixture of air 
pollutants, including both gaseous and solid 
material. The solid material in diesel exhaust is 
known as diesel particulate matter (DPM or diesel 
PM). More than 90 percent of DPM is less than 
1 µm in diameter (about 1/70th the diameter of a 

human hair), and thus is a subset of PM2.5.22 DPM is typically composed of carbon particles 
(“soot”, also called black carbon) and numerous organic compounds, including over 
40 known cancer-causing organic substances such as benzene and formaldehyde. In 1998, 
CARB identified DPM as a toxic air contaminant which has been linked to increased cancer 
risk, respiratory and cardiac illnesses and premature deaths.23 CARB estimates that about 
70 percent of total known cancer risk related to air toxics in California is attributable to 
DPM.24 Diesel exhaust also contains gaseous pollutants, including volatile organic 

18 U.S. EPA. (2019a). Integrated Science Assessment for Ozone and Related Photochemical Oxidants (External 
Review Draft). 
19 Ibid. 
20 Ibid. 
21 Boothe, V. L., Shendell, D. G. (2008). Potential health effects associated with residential proximity to freeways 
and primary roads: review of scientific literature, 1999–2006. Journal of Environmental Health, 70(8), 33-41.; 
Wang et al (2020). Traffic-related Metrics and Adverse Birth Outcomes: A Systematic Review and Meta-analysis. 
Environmental Research, 109752. 
Woods et al (2017). The influence of the built environment on adverse birth outcomes. Journal of Neonatal-
Perinatal Medicine, 10(3), 233-248. 
CARB (2018) Air Pollution and the Brain https://ww2.arb.ca.gov/resources/fact-sheets/air-pollution-and-brain 
22 CARB (2020). Overview: Diesel Exhaust & Health https://ww2.arb.ca.gov/resources/overview-diesel-exhaust-
and-health 
23 Ibid. 
24 Ibid. 
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